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A.I.D. Research Advisory Committee
 

Seventy-Third Meeting
 

November 17-18, 1981
 

Pan American Health Organization Building*
 

Conference Room."C"
 

AGENDA
 

November 17 TAB
 

9:00 a.m. Opening Remarks Dr. Ralph Smuckler
 
(Chairman, RAC)
 

Dr. Miloslav Rechcigl
 
AID Representative, RAC
 

9:10 a.m. Remarks by the Dr. Nyle Brady
 
Senior Assistant SAA/S&T
 
Administrator for
 
Science and Technology
 

10:15 a.m. Morning Coffee
 

R:30 a.m. Report on Science Dr. Howard Minners U
 
Advisor's Program AID/SCI
 

11:00 a.m. Proposal for RAC Review
 

Sporozoite Induced Immunity in Dr. J. P. Carter(Ch) N
 
Simian Malaria - Use of Hybridoma Dr. C. C. Black
 
for the Characterization of Dr. B. S. Schweigert
 
Protective Sporozoite Antigens Dr. T. H. Weller
 
- New York University
 

Project Manager: Mr. Edgar Smith
 
S&T/HEA
 

L2:15 p.m. Adjournment for Lunch
 

*Twenty-third Street and Virginia Avenue, N. W.
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1:15 p.m. ,Proposals for RAC Review
 

Studies on the Culture Dr. S. Wishik (Ch)
 
of Malaria - Rockefeller Dr. E. B. Connell
 
University Dr. D. Pimentel
 

Dr. T. H. Weller
 

Project Manager: 	 Mr. Edgar Smith
 
S&THEA
 

2:30 p.m. In-vitro Cell Culture Dr. D. Pimentel (Ch)
 
of the Exoerythrocytic Dr. J. P. Carter
 
Stage of Malaria Para- Dr. T. H. Weller
 
sites - Biomedical Dr. S. Wishik
 
Research Institute
 

Project Manager: 	 Mr. Edgar Smith
 
S&T/HEA
 

31:00 p.m. Afternoon Coffee
 

3:15 p.m. Proposal for RAC Review
 

Ticks Immunology Research Dr. D. Pimentel (Ch)
 
- International Centre for Dr. T. R. Greathouse
 
Insect Physiology and Dr. M. L. Peterson
 
Ecology (ICIPE) 	 Dr. T. H. Weller
 

Project Manager: 	 Dr. Douglas W. Butchart
 
S&T/AGR
 

4:30 p.m. RAC Subcommittee Report
 

Interiational Fertility 	 Dr. E. B. Connell (Ch)
 
Research Program (IFRP) 	 Dr. F. E. Linder
 

Dr. E. R. Swanson
 
Dr. S. Wishik
 

Project Manager: 	 Dr. James Shelton
 
S&T/POP
 

5:30 p.m. Adjournment
 



November 18
 

8:30 a.m. Opening Remarks 


8:45 a.m. Proposal for RAC Review
 

In-vitro Cultivation 

of Human Malaria -

New York University 


Project Manager: 	 Mr. Edgar Smith
 
S&T/HEA
 

10:00 a.m. Morning Coffee
 

10:15 a.m. Proposal for RAC Review
 

Agricultural Development 

in Senegal: Prospectives, 

Risks and Production Strategies 

- Princeton University 


Dr. Raiph Smuckler 
Chairman, RAC 

Dr. S. Wishik (Ch) 
Dr. J. P. Carter 
Dr. B, S. Schweigert, 
Dr. T. H. Weller 

0 

Dr. E. 0. Heady (Ch) 
Dr. W. P. Falcon 
Dr. J. D. Montgomery 
Dr. E. P. Skinner 

M 

Project Manager: Mr. David Shear, USAID/Senegal
 
Washington Liaison: Ms. Frances Johnson
 

AFR/SWA
 

11:30 a.m. Terminal Evaluation of Project
 

The Development Potential 

of Agricultural Settlement 

in New Lands - Institute for 

Development Anthropology 


Dr. E. P. Skinner (Ch) 

Dr. C. A. Anderson
 
Dr.' M. L. Elmendorf
 
Dr. J. H. Ehrenreich
 

Project Manager: 	 Dr. Robert A. Simko
 
S&T/RAD
 

12:00 NOON Adjournment for Lunch
 

L 
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1:00 a.m. Terminal Evaluation of Sorghum -

Millet'Research Projects by RAC 
Dr. M. L. Peterson(Ch) 
Dr. C. C. Black 
Dr. D. N. Moss 
Dr. E. R. Swanson 
Dr. B. S. Schweigert 

Inheritance and Improvement 
of Protein Quality and Content 
of Sorghum bicolor -Purdue 
University 

H 

Improvemment of Grain 
Sorghum for Developing 
Countries - Texas A&M 
University 

, 

Development of Improved 
Sorghum Physiology of Yield 
and Stress Reaction - Uni­
versity of Nebraska 

J 

Agronomic and Nutritional 
Improvement of Pearl Millet 
for Semi-arid Areas - Kansas 
State University 

K 

Project Manager: Dr. Robert I. Jackson, 
S&T/AGR 

3:00 p.m. Afternoon Coffee 

3:15 p.m. Terminal Evaluation of Projects by RAC 

Energy Policy and Planning 
Resources for the Future 

- Dr. J. A. Hrones (Ch) 
Dr. E. 0. Heady 
Dr. J. D. Montgomery 
Dr. D. Pimentel 

R 

Project Manager: Dr. Pamela L. Baldwin 
S&T/EY 

4:15 p.m. International Primary Commodity 
Markets and Economic Develop-
ment - University of Pennsyl-
vania 

Dr, E. Thorbecke (Ch) 
Dr. W. P. Falcon 
Dr. J. D. Montgomery 
Dr. E. R. Swanson 

S 

Project Manager: Dr, T. Morrison 
PPC/EA 

5:30 p.m. Adjournment 
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AGENCY FOR INTERNATIONAL DEVELOPMENT
 
RESEARCH ADVISORY COMMITTEE
 

Minutes of the Seventy-first Meeting
 
March 3-4, 1981
 

Dr. Smuckler opened the meeting at 9:00 a.m. He introduced
 
Dr. Stephen Joseph, who is the Acting Assistant Administrator
 
for the Development Support Bureau.
 

Dr. Joseph remarked that this was an interesting period in
 
AID. There was, of course, a change of national administra­
tions and this was creating some changes in AID. In addition a
 
new Science Advisor had been appointed and he would be affect­
ing some of the deliberations of the RAC.
 

Dr. Joseph indicated that he would sit in on the review of 
some
 
of the projects as well as the discussion with the AID Admini­
strator scheduled for later in the day.
 

Dr. Smuckler remarked that Dr. Wishik was writing a more com­
prehensive response to the Administrator following the discus­
sion on research review and policy from the last meeting. He
 
reminded the RAC members that he had sent to the previous
 
Administrator an executive summary of the RAC's recommenda­
tions. The document being prepared by Dr. Wishik and now
 
before them in draft form was a bigger document and provided
 
more detail.
 

Dr. Smuckler then introduced Dr. Howard Minners, the new
 
Science Advisor.
 

Dr. Minners told the RAC that there had been a number of
 
changes since the last RAC meeting. His appointment had been
 
completed and he was 
beginning to get his office established.
 
The Office of the Science Advisor was a line item in the budget

appropriations. He would be putting together a small staff as
 
soon as he identified and recruited qualified people. Out of
 
the budget for the Science Advisor he reminded the RAC that six
 
million dollars would be going to the research project in NAS
 
that the RAC had reviewed at its last meeting.
 

Dr. Minners indicated that the program for the Science Ad­
visor's Office needs discussion inside and out. The emphasis

would be on science and technology. He also wanted to move to
 
stress career opportunities in science in LDCs. Beyond the
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strengthening of capability, he indicated that there would be 
a
small program to provide opportunities for investigators to
submit small innovative proposals in science and technology.

He was having some problem determining how small research
should be defined. 
 In addition to his program, Dr. Minners was
looking at 
several other matters. For example, he wanted to
consider the question of peer review versus 
interdisciplinary
review. There was some 
feeling within the Agency that changes
could be made so that quality and relevance in the research
 
process could be assured to a greater extent.
 

He remarked that during the preceeding day, he had met 
several
members of the RAC who were 
in town for a subcommittee discus­sion. He went over 
some of the items in greater detail with
 
those members.
 

Dr. Minners indicated that he welcomed suggestions from the RAC
about the Science Advisor's programs, about peer review and
 
other matters.
 

Dr. Montgomery suggested that it would be useful to have peer
review for mission research largely by scientists from LDCs.
He thought that scientists should take a broad view of research
and that 
some kind of network of peer review for missions
 
should be possible.
 

Dr. Greathouse felt that the review concept used in the CRSPS
might be appropriate for all research. 
He gave as an
illustration the small ruminants CRSP which was 
reviewed by
people in 
the missions, by his co-workers, and by researchers.
 
on the site.
 



Discussion with the A.I.D. Administrator
 

Dr. Smuckler described the type of review carried out by the
 
Research Advisory Committee, to the Administrator. He pointed
 
out that RAC spends most of its time reviewing specific project
 
proposals. The Committee has existed for many years and met
 
regularly with previous A.I.D. Administrators Hannah and
 
Parker. However, the Committee met on rare ocassions with
 
Administrators, Gilligan and Bennet.
 

Dr. Smuckler expressed appreciation on behalf of the RAC for
 
thiF chance to get Mr. McPherson's views on matters concerning
 
the RAC.
 

Dr. Smuckler explained that the RAC membership was drawn from
 
all over the country and from many academic fields. He pointed
 
out that the Committee included a number of medical doctors who
 
were engaged in research, a number of social scientists, econo­
mists, political scientists, an anthropologist, several agri­
culturalist, an engineer, one specialist in animal science,
 
education, and various other specialities.
 

Recently, the RAC had paid considerable attention to the ques­
tion of research policy and the research reveiw process. Gen­
erally, the Committee was considering how the RAC review could
 
result in the Administrator having greater assurance of good
 
research projects, how the results from these projects could be
 
picked up quickly by field missions and how the projects could
 
be made more relevant to the AID program overseas. All of
 
these topics were addressed in the last meeting of the RAC and
 
the Administrator would be hearing in the near future from the
 
RAC concerning that discussion.
 

Dr. Smuckler then introduced the new Administrator to the RAC
 
and pointed out that he was a graduate of Michigan State Uni­
versity, had completed law school and had served in the Peace
 
Corps. Mr. McPherson was on the White House staff of President
 
Ford, he later practiced law in the state of Washington, re­
cently he was a part-time member of the BIFAD, and through that
 
broad range of experience has learned much about development.
 
Mr. McPherson was also on the transition team from the Carter
 
Administration to the Reagan Administration..
 

Dr. Smuckler remarked that it was unusual for A.I.D. to have an
 
Administrator with that range of experience.
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Mr. McPherson mentioned a few thoughts that he had formulated
 
on the A.I.D research program in the few days that he had been
the A.I.D. Administrator. 
He has dug through the program and

talked to the A.I.D. staff about institution building and

technology transfer. However, he 
felt that it was not possible

to turn the A.I.D. program upside down. Obviously, the crea­
tion of new technology and new information is required in the

adaptation of technology in LDCs. 
 He expressed confidence that

he knew quite well what the JRC and BIFAD should be doing but

knew less about the RAC. He thought that the Agency should be

taking a look at the CGIAR and the CRSP to see 
if each develop­
ment dollar is being spent well. 
 He expressed the opinion that
it was 
not obvious that major technological breakthroughs have

been very critical in economic progress through our history.

There is much technology available now that could be trans­
ferred to LDCs but, on 
the other hand, it was obvious that new
 
technology is needed.
 

The RAC had been deeply involved in individual projects.

Mr. McPherson felt that perhaps it 
was necessary to get some

broad policy thinking as opposed to project review from the
 
RAC. Maybe the need is 
for an NIH peer type review system. If
the goal is to make major use of technology it is clear that

somebody has to have as 
his primary mission the formulation of

broad policy. 
He pointed out that his thoughts were in the

formative stage and that he was open for suggestions and com­
ments.
 

Dr. Smuckler commented that Dr. Wishik has prepared a summary

paper of the RAC discussion on the topic of how AID research

should be reviewed. 
This provides additional information over
 
the executive summary which had been sent 
to the previous

Administrator. le 
pointed out that the RAC is charged with
broad responsibility on 
research policy in its charter. How­
ever, the Committee has not devoted much of 
its attention to

the broader questions of research. Such activities by the RAC

would impinge on several 
zones of AID in which the Committee
 
has little knowledge to function effectively. The same was the
 
case with setting priorities. The malaria network was an ex­
ample of priority setting by the RAC where RAC's advice has

been very effective. However, priority setting is very dif­
ficult for the RAC and that function might be better handled
 
within AID.
 



Dr. Smuckler pointed out that the Committee has emphasized
 
project review such that each project is subjected to inter­
disciplinary review by the Committee. Comments by the Com­
mittee are passed on to the Administrator. He pointed out that
 
one or two projects at every meeting are always taken apart and
 
major changes are recommended and are actually implemented on
 
RAC's advice. In the past, the RAC has been challenged within
 
the Agency on several ocassions and these challenges have al­
ways been reviewed by outside experts. He pointed that the
 
Committee has always been supported by these independent re­
views.
 

Dr. Mongtomery remarked that he wasn't sure that there was a
 
substantial market for research policy in AID. However, RAC
 
has been helping to build a policy in an inductive way. He
 
felt that the best discussion on this topic is grounded in
 
experience. RAC's experience in reviewing in detail specific
 
projects gives it a comparative advantage over policy setting
 
groups without the benefit of this experience.
 

Dr. Montgomery pointed out that the RAC was successful in
 
helping to establish a policy on malaria research. They have
 
made major contributions in the field of population, and in
 
earlier years in the field of economics, particularly, in
 
economic projects dealing with growth and equity. He pointed
 
out that there are two categories of research which never
 
enters into this scenario: 1) there is some research that's
 
not called research because project managers prefer that it not
 
go to the RAC and 2) there is research carried out by AID
 
regional bureaus and missions overseas. Such research is
 
thought to be generated out of country needs. He doubted that
 
this type of research was entirely site specific. Such re­
search is never subsequently reviewed and cannot be depended
 
on. He pointed out that development policy requires cumulative
 
knowledge building. It requires much more than the experience
 
and review by specialized peer groups.
 

Dr. Connell was interested in the recent decision by the
 
Administrator that AID would not support abortion research.
 
She pointed out that it is the number one method of family

planning and that AID now has two projects which supports some
 
form of abortion research along with other forms of contracep­
tion. She asked the Administrator to clarify his position on
 
this topic since there were recent new attacks on the use of
 
IUDs, pills, etc. and there was some danger that these family

planning methods could also be defined as a type of abortion.
 
She suggested that if the Administrator would like to defer
 
discussion of this topic that would be fine. However, if he
 
wanted to clarify his position she would appreciate it.
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Mr. McPherson stated that his position is that AID will dis­continue research on methods of performing abortions. He

pointed out 
that Senator Helms had been interested in the

question of abortion type research prior to his appearance

before the Senate Budget Committee. 
 He felt that it was

important to deal with the issue for the sake of the whole

budget and hoped that by stating his position early that a

potential issue had been defused. 
He pointed out that last
 
year $750,000 had been spent on research on methods of abortion
 

Dr. 
Connall pointed out that abortion takes place at many
different times. 
 She asked if he was limiting this policy to
surgery? 
 She felt that AID should continue to support IUDS.
 

Mr. McPherson restated the position that AID would not support
research on methods of performing abortion. 
He did not wish to
 
go into greater detail on this.
 

Dr. Heady posed a general question. He felt that it 
was neces­sary to 
think what the research philosphy should be for the
 
next twenty years. 
 How will AID research contribute to

development? 
 How is AID to control its research? Recently,

there has been considerable fragmentation of the research

effort in AID. 
He asked if this research effort is under AIn

control? Dozens of institutions appear to be defining and re­viewing research for AID. 
He was of the opinion that the

situation was becoming increasingly complex and that it was now
 
necessary to think through the AID research program very

carefully.
 

Dr. Smuckler added that recently much research had been con­
tracted to intermediaries who were making decisions on AID
 
matters. He felt that AID must have 
a way of dealing with
research directly and a strong internal group of researchers is
 
needed.
 

Dr. Greathouse remarked that from his experience as a member of
both BIFAD and RAC, the approach to research was indeed very

diverse. 
There was the Title XII approach; There are

strengthening grants; and there is 
the ISM approach. In one
 
sector the issues are technical while in another sector they
are not. And he feels that he is in 
two different worlds. 
 He

feels the Agency needs an opportunity to attract top qualified
 
persons.
 

Dr. Anderson pointed out 
that while the Committee's decisions

focused on the merits of particular projects, the decisions
reflect on the extent to what the RAC knows is going on in the
 
Agency. It would be desireable too if there were better

linkage between what goes on the Agency and what comes 
to the
RAC. The Committee does not hear much about the activities of
 
the Agency.
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Dr. Falcon pointed out that the role of the RAC is in part that
 
of memory bank for the Agency. There was more continuity on
 
the RAC in some matters than in AID itself. This is both good
 
and bad. The good part is the continuity and the bad part is
 
the frequent change in the AID staff. He also commented on the
 
limited technical capabilities in the Agency and questioned
 
whether the Agency should hire more people with strong quali­
fications.
 

Dr. Falcon thought that this would depend to a large extent
 
where the Agency is going. He asked Mr. McPherson if he saw
 
any new directions on the horizon for AID.
 

Mr. McPherson responded that he has been aware for some time of
 
the lack of technical expertise in the Agency. He thought that
 
perhaps this could be overcome to some extent through better
 
contracting methods, through joint appointments of people by
 
both AID and other institutions. He described how he persuaded
 
the President, that the Agency should have its work force re­
duced only by 300 and not 500 in FY 82 as was proposed by the
 
Budget Office. The fact that the President agreed with him, he
 
took as a sign that Mr. Reagan is attaching a lot of importance
 
to the Agency. He was aware of the fact that AID is becoming
 
an Agency of generalists and this is a factor that will have to
 
be dealt with in the future as personnel changes are made.
 
With regard to the AID budget, Mr. McPherson pointed out that
 
the food and nutrition sectors will continue to be heavy and
 
that population would continue to grow. Initially many coun­
tries were not interested in the population program of AID.
 
There are many interested now and he questioned why there were
 
not other donors in this area.
 

He pointed out that it would appear that the Agency will be
 
using, as much as possible, the private voluntary organizations
 
to deliver its program. This is a reflection of Congressional
 
interest as well as the budget cuts. He asked whether contrac­
tors could provide monitoring for the PVOs. And he asked also
 
whether there should be more host country contracting. He
 
thought that might be important for technology transferring.
 
He pointed out that technicians cost a lot to send overseas.
 

On a different subject Mr. McPherson pointed out that if a RIF
 
is to be avoided, AID will have to reduce the level of its
 
employment of host country nationals.
 

Dr. Tanter suggested that the system used by the Department of
 
Defense in many of its research activities might be applicable
 
in AID. He pointed out how at the Department of Defense a
 
single group would take a project through the entire funding
 
cycle, including research, testing, and evaluation. AID, on
 
the other hand, has separate research and development groups.
 



He thought that AID consider looking at the procedure at DOD to
 
see how they assure use of research products.
 

Dr. Elmendorf thought that there was a need for coordination of
 
the operations research, mission research, etc. She thought
 
that there was a lack of operationalization of pure research.
 
If the operationalilzation is done to show usefulness resist­
ance of AID missions to research could be overcome. She
 
pointed out that a strong central research unit would be needed
 
to register the research projects to abstract them and to see
 
that the products were made available for use.
 

Mr. McPherson asked if it is feasible to have a strong central
 
unit and yet have projects run out of missions? He pointed out
 
that as we move in the direction of technology transfer the
 
process cannot be U.S. based, ISTIC is an example of this
 
problem. If we are to be better aware of what's needed then
 
the technology transfer must be done from overseas.
 

Dr. Elmendorf agreed that most of the technology transfer
 
should be done overseas. However, much research is done in one
 
country that is applicable in other countries and AID should
 
have a system which takes advantage of this.
 

Dr. Carter pointed out that it was impossible to divorce AID
 
from the political process. In the absence of ISTIC and also
 
under conditions where we cannot build up a technical staff it
 
is imperative to create an island of objectivity. This is one
 
reason for peer review. He is not sure how this would be done
 
that if missions function in a political context.
 

The Administrator had to leave the RAC meeting. Dr. Smuckler
 
thanked him for coming on behalf of the entire RAC and ex­
pressed hpoe that he would be able to return to future meetings.
 

2/
 



Review of Malaria Research Workshop and Revision of Malaria
 
Vaccine Strategy
 

Dr. Weller, Chairman of the RAC malaria subcommitte, reported
 

on the workshop which had been held in January in Washington.
 

I. SUBCOMMITTEE REPORT
 

As summarized in the minutes of the 69th meeting of RAC (June

17-18, 1980) the malaria subcommittee recommended at that time
 
that two or three meetings be convened that would: a) promote
 
integration of research activities and identify high priority

targets within the network and b) separately identify a small
 
group of consultants knowledgeable in the area of genetic en­
gineering, who would work with AID supported investigators, the
 
RAC subcommittee, and AID staff to suggest ways of applying
 
this new technology to the malaria vaccine field.
 

It was emphasized that application of the techniques of genetic
 
engineering might well by-pass the laborious antigenic purifi­
cation and concentration processes that are the primary goals
 
of several investigators in the network.
 

When RAC met in November, 1980, plans for a meeting scheduled
 
for January, 1981 had been developed. This was held on January
 
14-16, 1981 at the Uniformed Services University of the Health
 
Sciences School of Medicine, Bethesda, Maryland. More than 90
 
scientists participated. These included eleven principal
 
investigators of AID supported projects and their associates; a
 
group of scientific consultants; Dr. Peter Twrigg, Secretary of
 
the WHO Scientific Working Group on Malaria; and scientists
 
working on malaria from WRAIR, the Navy, NIH and CDC. RAC was
 
represented by Drs. Schweigert and Pimentel, Wishik and Weller
 
who attended throughout.
 

As to format, after opening remarks, the first day and the
 
first part of the second morning was devoted to reports by the
 
principal investigators. Then Mr. Miller and Dr. Contacos
 
presented an updated Pert Chart. On the second afternoon, the
 
group split for two mini-workshops; one on "hybridoma tech­
nology and engineering" and the other on "in-vitro culture
 
systems." This format was continued on the third morning with
 
two workshops; one on "antigen characterization and purifica­
tion" and the other on "Aotus biology." On the final afternoon
 
the AID principal investigators met with Dr. Erickson to dis­
cuss administrative matters and concurrently the consultants-were
 

€ 
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assigned the task of updating priorities. The consultant
meeting suffered from early departures to catch planes, how­ever, 
a concensus was reached on some priorities. The final
scheduled session, a gathering of all participants to update
the AID strategy did not materialize. A post meeting session
 was held on Satuarday morning, January 17th, at which Mr. Smith,
Dr. Erickson, Dr. Rechcigl, Dr. 
Wishik, and the speaker met to

review new proposals.
 

In general, the three day session was a highly constructive
meeting. Of particular value was the presence of the co­investigators and junior investigators who profitted from the
scientific interactions. 
The principal investigators acknow­ledge the need for integration and standardization of technical
approaches. The transcript of the meeting is not yet avail­able. However, 
a summary may be of interest to RAC.
 

In an excellent introductory statement Dr. Stephen Joseph
traced the development of the AID malaria network. 
 He empha­sized that the next five years would be a period of great
budgetary stringency, that the AID network should be incorpo­rated with the WHO malaria immunology program, and that as soon
as possible applied research in the field should be featured.
 

Dr. 
Peter Trigg, of WHO, summarized administrative aspects of
the WHO program. The WHO malaria component is now budgeted at
a level of $900,000 a year, and for 
next year $1.3 million is
requested. However, 
the WHO special program has fallen short
of its fund-raising goal, and increased funding for malaria
research is probably unrealistic. 
 Dr. Trigg did not outline
WHO's progress or 
priorities. As a consequence, although the
meeting which provided a qood overview of AID and non-AID
funded malaria research in the United States, it failed to
provide background information on the large amount of research
being carried out in other parts of the world. 
 This objective

should be addressed.
 

Their findings and directions were numerous. 
 Several workers
 are 
now using rabbits for the production of anti-sera against
various malarial antigens; however, both Jensen and Green have
demonstrated cross antigenic reactivity between coccidia that
commonly infect rabbits and the malarial parasites. Therefore,

coccidia-free rabbits must be used.
 

While Siddiqui's group has concentrated on the 
use of saponin
to release merozoites from infected red cells, Trager believes
that such merozoites may have an antifactual antigenic struc­ture, and that only spontaneously released merozoites should be
 
employed in vaccines.
 



That parasites may change on prolonged cultivation, and that
different strains may be heterogeneous antigenically was
repeatedly indicated. 
 Therefore, if results 
from different
laboratories, or within a laboratory, are to be compared then
parasite lines must be cloned and working stock stabilates
prepared. 
Cloning of parasites is 
now underway in Trager's and
in Green's laboratory. 
Green has developed four different
cloned strains from a Trager cultured line. These vary as to
presence or absence of knobs, rapidity of growth in-vitro, as
to pathogenicity for Aotus monkeys, and as to patterns of
recrudescence in inoculated monkeys.
 

The hybridoma technique has been widely adopted by investiga­tors within and without the AID network. Nussenzweig and her
NIH collaborators now have nine hybridoma lines producing mono­clonal rodent malaria antisporozoite antibody; these have a
range of activities. 
Mention was made of the availability of
P.f. and P.v. sporozoite monoclonal antibodies and protective
test done in collaboration with CDC. 
A different NIH group
has antigenic monoclonal antibody. 
Several laboratories have
anti-schizont, anti-merozoite, or 
 nfected cell membrane hybri­doma-produced antibodies including several groups of workers at
the NIH, Dr. John David's group at Harvard, the group at WRAIR,
and Reickmann's group at Albuquerque. An obvious next step
will be to select and standardize hybridoma reference sera for
distribution to the network. 
The protective capacity of such
sera 
will be a key determinant, and further work is 
needed to
correlate in-vivo and in-vitro assays of parasite inhibition
 
and protectiveness.
 

Several "breakthroughs" or 
advances were reported at the
meeting. Vandenberg claims to have solved the problem of
producing infective P. f. gametocytes by using a combination of
aged culture media and the incorporation of hypoxanthine in the
nadium. Hollindale reported marked progress on growth of
preerythrocytic stages of P. berghei using human lung cell
cultures. Intra-cellular schizonts dlevelop. 
 However, while
young merozoites harvested at 
24-48 hours apparently are in­fective for mice, no evidence was presented indicating that the
cycle had been completed in-vitro, with infectivity at 65-90
 
hours.
 

In the discussion of priorities, issues arose 
that deserve
immediate attention by AID. 
Foremost is 
the consideration of
patent policies an] the propriety of AID investigators estab­lishing relationships with commercial companies in the rapidly
expanding area of genetic engineering. This matter is empha­sized by press reports that one investigator supported by AID
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is negotiating with a recently founded company in the field of
 
genetic engineering. While an Inter-Agency Coordinating Com­
mittee is tentatively scheduled to meet in June to consider
 
matters of patent rights for malaria vaccines, the current
 
events indicate that all malaria network investigators should
 
be made aware of AID patent policies inherent in signed con­
tracts.
 

The recommendations for action and for priorities stemming from
 
the January meeting were considered at a RAC malaria subcommit­
tee meeting held yesterday. Working with Mr. Smith and
 
Dr. Erickson the following statement was developed:
 

Priorities:
 
A. 	Procedural
 

1) Standardize techniques:
 

a) agreement on selection of strain; cloning
 

thereof; working pool & stabilates
 

b) develop standardized monkey challenge
 

2) 	Should emphasize limited development of breeding
 
for Aotus
 

B. 	Scientific
 

1) 	To identify specific antigens of the several stages
 
of the parasites that are responsible for the
 
development of protective immunity. This may well
 
require the comparison and standardization of assays
 
of protective immunity by in-vitro methods. Once
 
identified, studies should be initiated to determine
 
if the antigens can be replicated by biogenetic
 
engineering.
 

2) 	To develop the methodology for culture of other
 
species of human malaria with emphasis on P vivax.
 

3) 	Continue present level of effor on erythrocytic,

sporozoite, and exoerythrocytic stages.
 

4) 	Defer studies on adjuvants for present time.
 

5) 	The culture of parasites per se has developed to a
 
point where further efforts to increase yields, or
 
to achieve synchrony are not indicated at present.
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Dr. Wishik referred to the conference in Bethesda where the
 
subject of patenting was discussed. He felt that AID should
 
encourage its principal investigators to take out patents. The
 
matter is likely to be in court for years and the fact an AID
 
principal investigator takes out a patent does not mean that he
 
will profit from it. It will, however, prevent an idea de­
veloped through AID research from being preempted by out­
siders.
 

Dr. Wishik pointed out that several members of the network had
 
already taken advantage of the meeting of the network investi­
gators by changing their protocols. He traced the history of
 
the network to some extent. Initially the scientific world was
 
convinced that a malaria vaccine was not possible. 
AID gambled

and picked one institution to begin work in this area but that
 
institution did not succeed due to the complexity of the prob­
lem. So AID decided to go another route to disburse the effort
 
but at the same time to maintain relationships among the vari­
ous investigators, thus the network was born.
 

In the early stages it was necessary for the network to choose
 
among mosquitoes, animal models, etc. each one of which had
 
certain types of specificity. For example, once the type was
 
selected it was necessary to choose the stage of development of
 
the malaria parasite. The decision was therefore made to take
 
certain parallel routes. There was for example work in the
 
sporozoite stage of the mosquito as well as the merozoite. The
 
early emphasis was that as things changed new research topics
 
can be added and old ones can be dropped. Now there are about
 
four parallel tracks. The network function has changed from
 
that of simply providing a quick exchange of information to
 
contractual where different members of the network are con­
tracted to pursue different lines of investigation. AID needs
 
applied research moving hopefully to a rapid conclusion.
 
Now the network approaches can be standardized and consequently

members in the network can become specialists.
 

Dr. Wishik suggested that we should give full recognition to
 
the network. It has been very successful. No one could ever
 
have hoped to have been so far along in the vaccine research as
 
the program is today.
 

Dr. Pimentel remarked that he was 
not involved at the formation
 
of the network, however, he complimented the RAC for making the
 
suggestion. He thought the network was extremely effective in
 
reducing duplication of research and adding a quick and ef­
fective exchange of information. He also complimented the
 
project managers on their management of the program.
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Dr. 
Joseph remarked that he had attended part of the workshop

and was 
impressed with the flow of information and the ability
of the researchers to work together. 
 He listed some issues

about which he was concerned and thought the RAC's advice on
these would be useful: (1) the technical aspects of the

research are becoming increasingly complex, (2) the technical
capacity of AID to 
handle the research, and (3) lack of
dissemination of information. 
 He also indicated that the
 
network was 
indeed a very valuable tool and came at an
 
excellent point in time.
 

Dr. Weller pointed out that the problems which caused concern
 
to Dr. 
Joseph were not alien to the thinking process of the
RAC. 
 He agreed that the situation is becoming increasingly
complex. 
 He felt that the technical capacity of AID and RAC to
deal with the issues was 
too thin. The subcommittee method 
now
in effect is a good one. 
 HWwever, he recommended a small ad

hoc group on the subject of genetic engineering. The question
of the interchange of information was not 
a concern to him
since the malaria network involved a few people and was highly

interlocked.
 

Dr. Hrones summarized an article in the New Times 
 which de­
scribed malaria as 
being wiped out. In discussion with lay
people he also had the impression the feeling was prevalent
that malaria was beaten. He warned that this could lead to
difficulty in 
funding if such impressions are left unchallenged.
 

Dr. Wishik agreed that there was 
a need to think ahead on the
issues suggested by Dr. Joseph. 
 He described a personal ex­perience along 
these lines where he had been responsible for
establishing a new population unit. 
 The first person hired was
a philosopher, who was qiven 
the task of listing the issues
surrounding the subject of population. 
 He suggested that per­haps a short contract to 
list the issues surrounding malaria
might be feasible. He also pointed out 
that computerized data

and an information system might be useful.
 



Malaria Immunity and Vaccination - University of Hawaii
 

Dr. Carter, chairman of the subcommittee, which also included
 
Drs. Schweigert, Weller and Wishik reported as follows:
 

I. SUBCOMMITTEE REPORT
 

At the Malaria Workshop, in the final session, the working group

discussed priorities for future research. It was decided that
 
"the technology for tissue cuAtivation had progressed to a
 
satisfactory point and that this facet of the research should
 
have a low priority."
 

By definition, therefore, a significant portion of Dr. Siddiqui's

proposal falls into this category. Dr. Siddiqui has forwarded
 
an appended proposal dated January 30, 1981, and written after
 
the Workshop, in which he proposes more sophisticated immuno­
analysis of parasitic antigens. However, he and his group lack
 
prior experience in this area, i.e., hybridoma technology.
 

In addition, while Siddiqui et al have been consistently and
 
moderately productive, there has always been a subtle mistrust
 
of his findings on the part of many of his colleagues.
 

Since the funding situation is critical, it would seem to be
 
more cost-effective to go with the aspects of the proposal which
 
fit in with the recently established priorities. They are:
 
antigenic analyses of parasite fractions, use of sonicated
 
particulate parasite material, and examination of long-term
 
cultured parasites as immunogens.
 

However, the proposal makes no mention of the use of clones or
 
of the desirability of comparing stabilates of different passage

levels as to possible loss or acquisition of new antigens during
 
cultivation.
 

Other aspects of the proposal, such as:
 
1) large scale production of parasites 

2) increased yield and synchronization of parasites 

3) release and purification of schizonts with saponin 
(comment was made at the Malaria Workshop that saponin 
may destroy essential immunogens) 

yE
 



are less relevant to producing a vaccine at this point in time,

and of a lower priority according to what was discussed at the
 
Malaria Workshop.
 

In addition, Siddiqui et al have also been involved in the
 
immunization and challenge of Aotus. 
 This work should not be
 
funded unless it is integrated into the network and the
 
techniques for immunization and challenge of Aotus are
 
standardized.
 

Also, cloned isolates and preserved stabilates should be used in
 
these vaccination studies.
 

The new study, proposed by Siddiqui, of the nature of Aotus
 
immunoglobulins appears peripheral to 
the main objectives. Also,

Siddiqui et al appear to be the only ones placing emphasis on the
 
study of adjuvants. This work should be supported and continued.
 

With regard to staffing and budgetary matters, the following

comments have been made about the Siddiqui application:
 

1) Dr. Ono, a new 100% time appointee has had no prior ex­
perience with malaria. This position should perhaps be 
deleted. 

2) Mr. Kramer, also 100% time, is a candidate for the MPH 
degree at Hawaii. How can he do both? 

3) Dr. Kan, who is Dr. Siddiqui's associate, made a 
favorable impression on several members of the sub­
committee. 

4) Do the few monkeys require 75% time of an animal man? 

5) After several years of support, they are still buying
major pieces of equipment. 

6) The Coulter counter should be deleted. It has been re­
quested and rejected on past applications. 

7) Another tissue culture hood is not essential. 

8) The request for $8500 for permanent equipment in year
two should not be approved without specific justifi­
cation.
 

In summary, therefore, the proposal should be revised. Those
 
aspects which fit in with the overall strategy and newly es­
tablished priorities at the Malaria Workshop, should be 
en­
couraged and funded. The others should be deleted. For example,
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"other laboratories are heavily involved in hybridoma work;
 
Siddiqui'should not be encouraged to do likewise."
 

This will amount to funding at a reduced rate. A completely;
 

revised proposal should be submitted first.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. Schwei~ert noted that the University of Hawaii malaria team
 
had made significant contributions to malaria research. He felt
 
that the present proposal had components which could be de­
veloped, revised and rewritten proposal which could continue to
 
contribute to this research.
 

Dr. Ieller suggested that redirection of the project was probably
 
not the appropriate approach to take. He was concerned that the
 
research staff at the University of Hawaii did not have the know­
how and experience to redirect it. He thought it better to pick
 
from the strengths of the research team and ask them to continue
 
their research in these areas. In particular, he thought the
 
purification of parasite cells might deserve further explora­
tion. In addition, he thought that if Dr. Siddiqui and his team
 
could work out his technique more completely and compare his
 
results with those of the Trager method. He specifically sug­
gested that Dr. Siddiqui not get into hybridoma research.
 

Dr. Wishik supported the comments by the other subcommittee mem­
bers. Over the past several years Dr. Sidiqqui and his research
 
team have made consistent and valuable contributions to the state
 
of the art in malaria research. At first, he was involved in
 
animal inoculation. Since then he has used monkey vaccines in
 
different ways. Dr. Siddiqui has taken up some new techniques
 
developed by other members of the network, but has not taken up
 
some others. The tissue culture work is an example.
 
Dr. Sidiqqui was trying to learn about parasite culture, but has
 
not considered the work that has been done in Germany. His
 
directions have now been bypassed by events in other places. He
 
has a tendency to go off on tangents in his research.
 

OTHER COMMENTS
 

Mr. Smith, of the AID staff, provided a few background comments
 
for perspective on this proposal. He reminded the RAC that the
 
University of Hawaii project came into the network with the first
 
request for proposal. The project was approved then on the basis
 
that AID neede,' many people working in the area of malaria re­
search. He had on his team several young professional persons.
 
After Dr. Trager's breakthrough, Dr. Sidiqqui reproduced Trager's
 
work. Later AID asked for proposals for developing methods for
 
culturing parasites. Dr. Siddiqui responded. He was the first
 
to immunize Aotus monkeys. He learned quickly after getting
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into the subject. In his current proposal he has adapted and
 
prepared his research plans around the priorities of two years
 
ago. The priorities have changed only in the past January.
 
Dr. Siddiqui was quite understandably upset at the new priorities
 
since they gave the work that he was doing a lower priority.
 
However, he was prefectly willing to take on the work that had
 
been listed as high priority and prepared an amendment to his
 
project.
 

Dr. Erickson, of AID staff, pointed out that Dr. Siddiqui had
 
achieved several successes in his lab. Dr. Kahn, who is a member
 
of his team, has purified antigens which appear to work well. He
 
is continuing work on the sapon issue. His project proposal does
 
not mention clones but neither do other project proposals since
 
cloning is a relatively new development and standardiza- tions
 
came up only at the recent workshop. Dr. Ted Green, at the
 
University of Missouri, was the first to clone.
 

Dr. Erickson was sure that the principal investigator would get
 
into cloning quickly.
 

Dr. Erickson pointed out that percol has been used by many others
 
to purify antigenic material. However, he indicated that percol
 
residue creates a problem. The researcher does not know what
 
effect it may have upon the vaccine material.
 

Dr. Siddiqui has already begun work on the hybridoma technique.
 
Perhaps it is duplicative but it may also be useful. He has
 
experience working with antigens and is interested in using the
 
hybridoma technique as a tool, He is also interested in a
 
variety of other techniques. With regard to the issue of the
 
experience of Dr. Ono, has a Ph.D. from Japan in Immuno-

Chemistry. He has worked with Dr. Contanie as a Post-Doctoral
 
Fellow. A second member of the staff, Mr. Kramer, works 100% of
 
the time as a technician on the project.
 

The University of Hawaii encourages technicians, such as
 
Mr. Kramer, to continue their education and Mr. Kramer is
 
enrolled as a candidate for a masters degree in public health.
 
All the hours that he misses from the laboratory are made up

after hours. The caretaker for the monkeys is fully occupied

also. Dr. Siddiqui has 40 monkeys on hand and plus rabbits, etc.
 

1-V
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III. 	 MOTION: That the project be approved subject to revision.
 
That it be focused on those elements that fit in with
 
the newly established priorities of the malaria vaccine
 
network. For example, purification and antigenic analysis
 
of saponized cells and comparison with preparations using
 
the Trager technique. The revised application should be
 
submitted to the malaria subcommittee. Dr. Siddiqui should
 
deemphasize mass production of the parasite. He should not
 
be encouraged to go into hybridoma technology. Inevitably,
 
a reductiion in funding level should result.
 

Dr. Rechcigl asked for clarification of the motion. It would
 
appear from the motion that the project would have to come back
 
to the RAC at its nex. meeting. However, the Agency was ex­
periencing a shortage in travel funds and there was a possiblity
 
that the next RAC meeting will not be held until October. That
 
would be too long a delay for the project.
 

Mr. Smith pointed out that the current project ends in June and
 
unless the project is continued at that time Dr. Siddiqui's
 
research team would lose personnel as has happened in prior
 
ocassions.
 

Dr. Wishik proposed a friendly amendment. He suggested that the
 
malaria subcommittee be designated to work with the AID staff to
 
review the revision of this project and that RAC delegate au­
thority to the subcommittee to recommend approval.
 

Dr. Carter pointed out that the intent of the motion is to allow
 
funding to continue but with realignment of the work. He agreed
 
that the subcommittee could handle this.
 

Dr. Weller thought that the amendment by Dr. Wishik was not
 
approval of the amount of money requested by the principal in­
vestigator. He pointed out that with the realignment of work
 
there could be substantial savings in the budget.
 

AID staff found both the motion and the friendly amendment to be
 
acceptable.
 

Vote: Unanimous for approval.
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Antigenic Analysis of Cultured Plasmodium falciparum - Michigan 
State University 

Dr. Smuckler turned the chair over to Dr. Montgomery during the
 
discussion of this project and left the room since he is from
 

Michigan State University.
 

I. SUBCOMMITTEE REPORT
 

Dr. Schweigert, chairman of the subcommittee, that also in­
cluded Drs. Carter, Weller and Wishik reported as follows:
 

Dr. Jensen has submitted a project for a three year period as a
 
follow-up to support for a small project initiated during the
 
past year (approximately $34,000 in support) with the objective
 
of developing an analysis of the antigenic properties of cul­
tures of Plasmodium falciparum. It will be recalled he is the
 
scientific associate with Dr. Trager of Rockefeller University
 
that developed the continuous culture system for this parasite.
 

Dr. Jensen and his colleagues propose to identify, isolate and
 
characterize soluble antigens in the exhausted culture medium
 
used in growing Plasmodium falciparum. They plan to use rab­
bits, guinea pigs and monkeys to test the cultured antigenic
 
preparations and to ascertain if the soluble parasite antigens
 
obtained from the medium will neutralize the inhibitory ac­
tivity of serum from humans determined to be functionally im­
mune to malaria from the Sudan. They have an associated pro­
ject investigating malaria in the Sudan. They plan to
 
follow-up with the antigens that show promise as potential
 
vaccine candidates to analyze and characterize these antigens.
 

The importance of developing highly purified preparations of
 
key antigens is emphasized in that extraneous material as­
sociated with contaminating erythrocytes has most likely caused
 
severe anemia not associated with the properties of the malaria
 
antigen active components. Further, there is of course some
 
evidence that other contaminating proteins induce an immune
 
response completely unrelated with the malaria circumstances.
 

Purification techniques anticipated include column chromato­
graphy, DEAE ion exchange chromatography, and preparative
 
electrophoretic methods such as disc-gel electrophoresis and
 
isoelectro-focusing.
 

It should be emphasized that starting these methods and
 
developing the sophisticated laboratory procedures and controls
 
is a challenge in any laboratory.
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As the work progresses, they will be interested to determine if
 
any of the soluble parasite antigens are possible vaccine can­
didates. Hopefully, by using animal models and comparing with
 
human immune sera, a sound basis for proceeding will be de­
veloped. They anticipate in the latter phase of the program
 
determining the subcellular position in the parasite where the
 
soluble parasite antigens are located. This, of course, is
 
considerably in the future, and the priority and design for
 
these experiments may well be in need of major review and
 
redefinition.
 

Dr. Jensen has submitted a proposed budget approximating
 
$100,000 a year for a three year period. All of his salary is
 
to be paid by Michigan State University. He has an extensive
 
list of equipment proposed for purchase in the first year, and
 
he has provided justification for each item. While it is sur­
prising to me that his laboratory is still not well equipped,
 
it is noted that he is not proposing any additional new equip­
ment in the second and third year.
 

Dr. Jensen has established a new program of research support at
 
Michigan State University in very rapid fashion after leaving
 
the Rockefeller University. He has three other major research
 
grants--all dealing with malaria including the studies on re­
sistance of Plasmodium falciparum to the drug 4-amino quinoline
 
in the Sudan, a study on erythrocyte requirements supported by
 
WHO, and the small grant program for antigenic analysis sup­
ported by AID. It can be assumed that the new contract, if
 
approved, would be a follow-on to the latter grant so that
 
actually he would have two other continuing grants.
 

Dr. Jensen is very impressive on the basis of his excellent
 
training and publication record and achievements to date. He
 
certainly appears to be attacking the key problem of charac­
terizing antigens that may be potential vaccine candidates for
 
malaria. The project is of modest size and scope, and is
 
."do-able" even though he has two other major research grants.
 
The key evaluation of this project will center around the
 
priorities and planning developed for future strategies in the
 
malaria program.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. Carter stated that he would like to see some statement to
 
the principal investigator that he should be looking at a
 
strain of malaria that is specific to the Sudan.
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Dr. Weller remarked that he would like the motion to include a
directive to the principal investigator that the focus of re­search be on the exoantigen studies and limited to that. He
 was not 
sure why the principal investigator needed a $3,000
scale. 
 The budget was not broken down sufficiently to show
 
that.
 

Dr. Wishik pointed out 
that this was a three year project that
would be following a one year small project. 
The summary re­port of that small project appeared in the appendix. It was
useful in assessing the potential of this new project. 
 He felt
the one year project had achieved an acceptable level of
analysis and that several accomplishments had been achieved.
 

Dr. 
Wishik pointed that there are three parallel tracks in the
malaria research approach now and that this project represents

one of those three tracks. 
 It deals with the approach involv­ing soluble exocellular antigens. He pointed out that this
project adds a whole new dimension to malaria research, an
 
important dimension.
 

The principal investigator has used information gained from the
 
January conference in his proposal.
 

Dr. Wishik continued to explain that the Sudan work is 
funded
from other sources than AID. 
He was surprised that the
principal investigator was careless about where he obtained the

malaria parasite and the sera 
with which he worked. This was
surpris- ing because in previous work with rabbits he had
carefully saved the rabbits until later in the experiment where
he used the same 
rabbits for testing to avoid any complications

that would be caused by using different rabbits.
 

Dr. 
Wishik thought the project should be supported.
 

III. OTHER COMMENTS
 

Mr. Smith, of AID staff, pointed out that Dr. Jensen's original

proposal was considerably larger. 
 He wanted to do some work in

the Sudan but was asked 
to cut this from his proposal.
 

Dr. 
Erickson thanked the subcommittee for providing him with
written comments in advance and described the written comments
 
as being very important in preparing for the meeting.
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lie pointed out that the work that Dr. Jensen had proposed to do
 
in the Sudan had been cut out because previous RAC discussion
 
(U. of Missouri) felt it was premature to go into Africa.
 

Dr. Erickson also explained that Dr. Jensen was requesting a.
 
normal laboratory scale and that the cost was entirely in line
 
with todays prices.
 

IV. MOTION
 

That the project be approved with two provisos: (1) the
 
research be focused on the study of exoantigens and (2)

the budgetary and other items be reexamined by AID staff
 
'in light of RAC's discussion.
 

V. VOTE
 

Unanimous in favor.
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Antigens of Plasmodium falciparum - Scripps Clinic and Research 
Foundation 

I. SUBCOMMITTEE REPORT
 

Dr. Wishik, chairman of the subcommittee, that also included
 
Drs. Pimentel, Schweigert and Weller reported as follows:
 

The project has two major aims: 
 To identify immuno-effective
 
membrane antigens for P. falciparum parasites and for infected
 
erythrocytes; and secondly, to clone the essential proteins by

hybridoma technic. 
 These are high priority components of the
 
AID malaria network objectives.
 

The principal investigator presents a confidential detailed
 
description of steps that would be taken. 
 The purposes, hypo­
theses, procedures and sequential attack are logically laid
 
out. 
Although the subject is technically complex and highly

specialized, the relevance of the plan is evident. 
 The prin­
cipal investigator's primary strengths are in biochemistry,

with particular attention to malaria in his 
recent years at the

Rockefeller University. He is familiarizing himself with hy­
bridoma work.
 

Dr. Robert Reese will join the Scripps Research Institute in
 
April of this year. Dr. Wishik visited the Institute, inter­
viewed the Director, Department Head, and Dr. Reese and looked
 
over the facilities.
 

The clinic is an outstanding biological research center with a
 
high reputation, new buildings and 
an annual research budget of

25 million dollars. It 
has no direct university affiliation,

though some 
staff share time. There is a high level Scientific
 
Advisory Board and each department has a full external program

review every five years. There are five departments - clini­
cal, biochemistry, developmental and cellular immunology,

molecular immunology, cellular biology and immuno-pathology ­
which would offer a strong supporting scientific context for
 
the proposed project, especially in the closely relevant fields
 
of biochemistry and immunology.
 

Fourteen-hundred square feet of laboratory space are
 
immediately available for Dr. Reese. 
 Although this is said to

accommodate 8 to 10 persons, Dr. 
Reese thinks that would be
 
crowded. Large equipment are located in adjacent space. The
 
Institute fur- nishes investigators with centralized supporting

services, on pro-rated charges to each project budget. 
 These
 
include: 
 protein labeling and protein sequencing units,

electron micro- scope unit, photography, animal facilities and
 
care, workshop and electronic repair shop and dishwashing.
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All transfer problems from Rockefeller University to Scripps

have not been resolved, especially with respect to equipment
 
purchased on Dr. Reese's past contracts and qrants. Neither
 
Rockefeller nor NIH officials seem willing to initiate neces­
sary correspondence about the listed items attached to the
 
project proposal. There seems to be a bureaucratic impasse.

It is also likely that Dr. Trager will continue to work at
 
Rockefeller after the previously scheduled termination date of
 
December, 1981. He seems to want to keep the thirty monkeys.
 
These considerations have a bearing on the project budget.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. Pimentel remarked that Dr. Reese appeared to be an out­
standing scientist who had submitted a very well written pro-.
 
ject. He suggested that if Dr. Reese's thesis is correct then
 
the project would contribute very much to malaria research.
 

Dr. Pimentel thought the budget appeared to be a little high
 
but was unable to comment in detail on this.
 

Dr. Schweigert commented that he was reassured by Dr. Wishik's
 
visit. He felt that Dr. Reese, the principal investigator,
 
had not been fully responsive on budget items but felt that the
 
project should be supported.
 

III. OTHER COMMENTS
 

Dr. Erickson, of AID staff, pointed out that the Office of
 
Health had the proposal reviewed by several expert
 
malariologists. With reqard to the move from Rockefeller
 
University to Scripps, Dr. Erickson pointed out that
 
Rockefeller University has no problem transferring equipment
 
that were purchased by Dr. Reese at Rockefeller. Similarly,
 
WHO and the Department of Army have no problems with regard to
 
equipment that Dr. Reese was using which had been purchased by

those two aqencies and which now would be shifted to Scripps
 
Dr. Reese was still neqotiating with NIH with reqard to moving

NIH purchased equipment to Scripps. Dr. Trager, of Rockefeller
 
University, has written a letter stating that he would support
 
the equipment transfer to the Scripps.
 

With regard to the monkeys Dr. Trager has indicated that he has
 
no problem with the transfer of the monkeys. However, it is
 
necessary to wait for aninmal facilities to be prepared at the
 
Scripps Foundation.
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Dr. Wishik noted that while the principal investigator from the
 
University of Hawaii had simply made reference to carrying out
 
work using the hybridoma technique, Dr. Reese in his proposal
 
had given a detailed protocol of how the hybridoma technique
 
would be used. He felt that this difference should not be lost
 
on the RAC.
 

IV. MOTION
 

That the project be approved as proposed.
 

V. VOTE 

Unanimous in favor.
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Biological Medical Institute
 

Dr. Weller brought up for RAC consideration a very preliminary
 
proposal that had come in from the Biological Medical Insti­
tute. This proposal proposes to do some work on Plasmodium
 
falciparum and Plasmodium vivax. The cost of the proposal was
 

and that included_100,000 overhead.
 

Dr. Weller pointed out that the work in this area indicated
 
that progress thus far in this area was not great and it
 
appeared to the subcommittee that it was premature to move the
 
experiments which the Biological Medical Institute was doing to
 
human systems until it was demonstrated beyond doubt in rodents;
 

Recommendation: That the request be disapproved.
 

Dr. Carter concurred.
 

The recommendation passed by a voice vote and it was-requested
 
that the minutes record RAC's consideration of the project.,­



Discussion on Setting a Date for the Next RAC Meeting
 

Dr. Smuckler pointed out that there was a strong desire within
 
AID that the Committee not meet until the next fiscal year.

His personal view was that given the small cost of a RAC
 
meeting ($12,000) that this was primarily a bureaucratic
 
problem that should be resolved within AID.
 

Dr. Weller thought that the cost of a RAC meeting was also very

small in comparison with the importance of the meeting. He
 
felt that the Science Advisor should perhaps discuss this
 
problem informally but he would like to extend the RAC
 
suggestion that the meeting should be held as scheduled to
 
include site-visit travel, which Dr. Weller felt was 
important.
 

Dr. Smuckler then asked if the consensus was that if there was
 
research to be reviewed the meeting should be held. He and
 
other members of the RAC pointed out that site-visit money is
 
usually from project funds and not from operating funds and
 
should be separated from this. However, the consensus was that
 
the RAC should be on record that adequate site-visit money

should be available.
 

Dr. Connell also suggested that evaluations of individual
 
projects be made known as a line item in the budget.
 

Dr. Erven Long, of AID, explained that the Agency had overspent

its travel budget and that the need to curtail RAC travel was
 
simply a reflection of this rather than any decision not to
 
have a RAC meeting.
 

Dr. Rechcigl described the items which might be included on the
 
RAC agenda for the next meeting. There were three or four
 
extensions of projects and two new projects as well as several
 
terminal reviews.
 

The Committee set a tentative date of June 1-2, 1981 for the
 
next meeting if it is held and October 21-22 and possibly 23
 
for the following meetinq.
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Man and the Bioshphere(MAB) II -,Consortium for, the Study of
 
Man's Relationship with the Global Environment"
 

I. SUBCOMMITTEE REPORT
 

Dr. Pimentel, chairman of the subcommittee, that also included
 
Drs. Ehrenreich, Hrones and Swanson reported as follows:
 

From AID's perspective, the toals of this proposal are to
 
improve environmental protection and natural resources manage­
ment in LDCs and to increase sustainable use of those resources
 
to better satisfy basic human needs.
 

The objective of the Consortium to Study Man and the Biosphere
 
is to develop the basis within the natural and social sciences
 
for the rational use and conservation of the biosphere and for
 
the improvement of the relationship between man and the envi­
ronment.
 

The primary project areas of MAB are: (1)tropical forests, (2)
 
temperate forest, (3)grazing lands, (4)arid and semiarid
 
zones, (5) fresh and coastal waters, (6)mountains and tundra,

(7) islands, (8)bioshphere reserves (conservation of natural
 
diversity), (9) pesticides and fertilizers, (10) major engi­
neering works, (11) urban ecosystems, (12) demography, (13)

perception of environmental quality and (14) pollution.
 

Clearly many important environmental resource management prob­
lems are identified in these subject area headings of the MAB
 
program. AID specifically identified several items that it
 
stated were "most important problems." These are:
 

--	 Billions of tons of soil are lost every year as a result 
of deforestation and poor land management. 

--	 Deforestation is forcing people to switch to burning dung 
and crop residures badly needed to regenerate cropland. 

--	 Tropical forests are disappearing at an alarming rate 
and this deforestation relates to flooding siltation, 
and desertification. 

--	 Deforestation is causing the rapid extinction of many 
plant and animal species. 

--	 Aquatic systems, both fresh and saline, are suffering 
widespread pollution. 
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All of the areas mentioned by the MAB program and those five
 
related areas mentioned by AID are important environmental and
 
resource management problems. 
 Most of the areas deserve the
high priority for research and education and will help LDCs to
strengthen their capability to solve their problems.
 

However, if one of the major concerns in the MAB II program is
 as stated soil erosion, siltation, and flooding, then the great

emphasis on forest ecosystems is misplaced. Most soil erosion,

siltation, and flooding problems are associated with agricul­
tural ecosystems. For example, in the United States three­
quarters of the soil erosion and siltation problem is associ­
ated with agriculture while the remaining one-quarter is asso­
ciated with forests and construction projects.
 

If indeed our concerns in the MAB II program are for the envi­
ronment and for 
the basic human needs of people in the LDCs,
then environmental protection and natural 
resource management

should include land and water resources for agriculture at the
top of the list. Soil erosion rates in LDC agriculture are
 
estimated to be much more severe than in the United States­
reports from India suggest soil erosion from agriculture is

three times more severe than in the United States.
 

Soil erosion has serious effects on land productivity, food
 
supplies, and resource needs. 
 For example, for each inch of
topsoil lost crop productivity may be reduced 5%. In addition,

valuable nutrients of nitrogen and phosphorus are removed with
 
the eroded soil. 
 With each metric ton of soil eroded, about 5

kg of nitrogen and 1 kg of phosphorus are removed from the

land. 
 With soil erosion rates ranging from 20 to 40 tons per

hectare in row crops grown on slopes over 2%, 
the impact is
important. 
 Nitrogen and phosphorus are essential fertilizers

and are costly to LDC farmers especially with high energy costs.
 

These fertilizers and pesticides washed into aquatic ecosystems

cause problems and this was mentioned in the MABII program.

This problem is important but not as important as maintaining

the productivity of agricultural lands for sustained food
 
production.
 

Water associated with fresh and coastal aquatic ecosystems was
 a major topic, but water 
resource management for agriculture

and other human needs was hardly mentioned. Water is the major

limiting factor for crop production and the demands for irri­
gated crops are immense. Under arid conditions, over one mil­
lion gallons of water per acre are required for the growing

season. 
 During the season the crop will transpire about
 
500,000 gal per acre.
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Not only are there serious water shortages in most regions of

the world, but agriculture is suffering from serious environ­
mental degradation due to poor water resource management. It
is estimated that about 60% are suffering from salinization and
other irrigated lands suffer from waterlogging due to poor

drainage.
 

When the specific investigations are being carried out, this

applied research would benefit if the investigators also con­
sidered the social, cultural, economic, and health aspects

directly benefitting development. Efforts should also be made

for the principal investigators to collaborate with the LDC
 
scientists.
 

The average grant of $50,000 
for research in developing coun­
tries appears too small to make substantial contributions when

travel, per diem, and overhead are subtracted. It would appear

desirable to at least double the maximum size of the grants.
 

Recommendations
 

(1) Instead of listing urban ecosystems, perception of envi­ronmental quality, and pollution, as major environmental prob­
lems in the LDCs, it would be immensely more helpful for
development to focus on agricultural land and water resource
 
management. Most of the LDCs have 
 serious food shortages now

and anything that can be done to protect the environmental and

agricultural resources of the rural poor should receive top

priority.
 

(2) The applied research projects are 
urged to also consider
 
the social, cultural, economic, and health aspects that di­
rectly benefit development. Because most actions to 
improve

the environment and to amanage natural resources are public

policy in nature, recognition of the LDC context for policy

decision is crucial in the implementation of any research
 
results. Collaboration with LDC scientists should encouraged.
 
(3) The contribution of the past two years of the Consortium
 

should be evaluated and reported to RAC.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. Ehrenreich strongly supported the proposal and felt that
 
AID should be involved in this multi-agency program. He

pointed out, however, that many of the particular projects of

the MAB II Consortium have not always met their goals. 
 Some of

the MAB II projects were not either applied or 
basic research

but were more in the form of technical assistance. Other pro­
jects were on 
topics which had already been extensively re­
searched.
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Dr. Ehrenreich felt that $50,000 average amount to be spent on

each project was not likely to be enough money to permit adding

much to the total bank of knowledge. He would like to see AID
participate in only a few of the 
areas listed by the Consor­tium. And these, he felt, should be in the areas of high

interest to the Agency. He reiterated that he supported vari­
able size of funding so that some of the projects at least
would have a greater amount of money than $50,000 to support

their research. He hoped that the Agency would not fall into

the management trap that other projects with this Consortium

had fallen into. He felt that AID participation could help

clean up management problems when they occur.
 

Dr. Ehrenreich pointed out that in the proposal there was con­
siderable over-dramatization of the problem. 
For example, many

egosystems are 
very resilient and after destructive events have
 
occurred bounce back to 
recover very quickly.
 

Dr. 
Hrones thought the proposed areas of research were very

important. 
 He agreed that the average amount of funding was
too small. He thought AID participation in the program should

be more sharply focused. In almost every project he felt the

researchers were attempting too much for the amount of money

available. The instructions for preparing project proposals

encourage prospective proposers to cover all areas and thus

reduce the sharpness of the focus of the proposals
 

Dr. Swanson commented on 
the review process that the Consortium

used to select projects. He thought that technically and
 
scientifically that process wauld be strong. 
 However, he

wondered if a different set oF standards would be used for
projects in the U.S. as compared to 
those in LDCs. He pointed
out that of the sixteen funded projects, only four were in LDC

sites. He would like to see more 
specificity in project pro­posals. 
 It appears that the project proposals would not in­
clude the topic of public policy.
 

Dr. Swanson felt that this should be reviewed and clarified.
 

Dr. Falcon did not particularly like being asked to approve a

procedure. 
 He had quite a problem with the project. He

pointed out that the issue was not the importance of the topic
but whether or 
not AID would continue to handle research in the
 manner proposed here. 
 He thought that the procedures were not

reasonable for a $50,000 funding limit. 
 He thought it would be
much more useful to focus on one or two issues and spend more
 
money on each of the issues.
 

Dr. 
Heady pointed out that other organizations would carry out

research on questions on erosion etc. He wondered why the Soil

Conservation Service had been left out of the Consortium.
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Dr. Pimentel pointed oul that AID had not contributed to the
 
selection of projects in the past. The subcommittee was quite

concerned about the size of the grants.
 

Dr. Pimentel was of the opinion that even $100,000 would not be
 
enough to have much effect on the amount of knowledge produced

from these small research projects. However, if the proposals
 
were tailored to fit the funds available, the projects could
 
make a contribution. The problem being addressed by this
 
program is immense and of tremendous concern to everyone.
 

Dr. Wishik asked whether there was an option for the AID con­
tribution to be kept separate from that of other contributors.
 
What would be the implications of handling the AID funds sepa­
rately?
 

Dr. Ehrenreich replied that the procedure would be that the
 
project proposals would go first to AID project managers, then
 
to peer review and then return to the AID project manager.
 

Dr. Greathouse had questions about this particular procedure.

He felt that the Agency was asking for trouble by handling its
 
research in this manner.
 

Mr. Roseborough, of AID staff, pointed out that the program

would not ignore erosion and agriculture. In the draft project
 
paper he had only indicated some problems. Erosion happened to
 
be the first one cited. He stated that the researchers are
 
finding that population is a driving force to find more ways to
 
increase production. Now the trend is to move into infertile
 
land, slopinq land, and other types of lands that previously
 
were not used for aqriculture. Erosion of these lands tend to
 
be excessive. He mentioned the firewood problem and pointed
 
out that in developing countries 90% of the fuel come from
 
firewood and this percentage was accelerating. For this reason
 
he did not feel the program had an over emphasis on forestry.

He hoped that, however, more projects in AID areas would be
 
incorporated into the program.
 

Mr. Roseborough felt that $50,000 projects as described in the
 
program looked good to him. Mr. Roseborough thought that AID
 
should not address all project areas in the MAB II program.

Out of the fourteen programs AID has cited only six. Project

proposals will be received in only some of these six.
 

Mr. Roseborough then described the review procedure used by the
 
Consortium.
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Dr. Pimentel pointed out that the U.S. Forest Service and the
 
Fish and Wildlife Service and other members of the Consortium
 
had not had significant experience in the international area.
 
He thought that the researchers could accomplish quite a lot
 
with a small sum of money.
 

III. MOTION
 

That the Science Advisor encourage research efforts on
 
agricultural land degradation and reforestation. That
 
this consortium project be approved with three sugges­
tions: (1) Instead of listing urban ecosystems, percep­
tion of environmental quality; and pollution, as major

environmental problems in the LDCs, it would be immensely
 
more helpful development to focus on agricultural land and
 
water resource management. Most of the LDCs have serious
 
food shortages now and anything that can be done to pro­
tect the environmental and agricultural resources of the
 
rural poor should recieve top priority; (2) The applied

research projects should also include social, cultural,
 
economic, and health topics that directly benefit de­
velopment and to manage natural resources are public

policy in nature, and recognition of the LDC context
 
for policy decisions is crucial. to the implementation

of any research results. Collaboration with LDC
 
scientists should be encouraged; (3) The contribution
 
of the past two years of the consortium should be
 
evaluated and reported to RAC.
 

IV. VOTE
 

Approval with four abstentions.
 

The RAC members who abstained were asked to explain why. One
 
member pointed out that he felt the project needed more focus,
 
the size of the money for each project was not enough and that
 
he was being asked to judqe a procedure rather than to pass

judguent on research projects. Another pointed out that the
 
open ended wholesaling of research projects was not to the
 
benefit of AID. 
The third and fourth also had reservations
 
about the wholesaling out of research projects.
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Program for Applied Research on Fertility (PARFR) -
Northwestern University
 

I. SUBCOMMITTEE REPORT
 

Dr. Wishik, chairman of the subcommittee, that also included
 
Drs. Carter, Linder and Weller reported as follows:
 

The PARFR was reviewed by RAC at its last meeting. It was
 
approved with the proviso that the funding would be continued
 
with a 10% inflation factor, at the rate of $3.6 million per
 
year. The first year funding would be made available and would
 
be at a somewhat smaller amount than $3.6 million. The proviso
 
provided for a review of the projects to be carried out shortly
 
after the November RAC meeting and the continuation of the
 
PARFR project was made conditional on the outcome of the review.
 

Team members on the review team were as follows: Dr. Patinelli,
 
of NIH; Dr. Mishell, of USC; and Dr. Wishik. Dr. Wishik
 
pointed out that the team members were careful and critical in
 
their review and very balanced in their approach. The review
 
team came to the general conclusion that the PARFR project was
 
worthy of continuation.
 

Dr. Wishik commented that the staff at Northwestern University
 
appeared to be too small for the magnitude of the project. He
 
pointed out thit every small grant made under this program was
 
visited once per year by the contractor. He indicated that the
 
sub-projects were subjected to a very good level of selec­
tivity. The program has been reasonably successful at stimu­
lating research in the biomedical area. It has, however, only
 
been moderately effective at dissemination of results. There
 
have been many efforts to publish data from results. However,
 
publication is very often such that the information does not
 
get into the mainstream of information of the biomedical
 
field. The review team recommended that attempts be made to
 
publish some of the findings of the research in stand- ard
 
medical journals.
 

At the November RAC meeting a list of questions was raised by
 
RAC members, but most of these were covered by the site visit
 
report: (1) the size of the staff at PARFR is too small and it
 
should be enlarged. There should also be a corresponding en­
largement of office space, (2) there is a question of inter­
mediaries carrying out AID research. However, although it is
 
justified that this research be carried out by intermediaries,
 
the PARFR program should be allowed to have adequate staff and
 
(3)although the Scientific Advisory Committee was composed of
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outstanding scientists, a few had dual roles as administrators
 
and implementors of the PARFR program and advisors on the
 
Scientific Committee. It was recommended that the chairman of
 
the committee be removed from the SAC.
 

Dr. Wishik attended a full day of the Scientific Advisory

Committee for PARFR and was impressed with the quality and
 
objectivity of the Committee's discussion.
 

Dr. Carter pointed out that he was satisfied that the review of
 
the human experimentation aspects was more than adequate. He
 
was concerned about the possibility of a conflict of interest
 
with the head of PARFR also sitting on the Scientific Advisory

Committee. He pointed out that the budget is twice what it was
 
previously and it is very difficult to justify such an 
in­
crease. He felt that it might be necessary to select some of
 
the PARFR projects and carry them through to the end while
 
delaying other aspects of this research.
 

Dr. Carter was generally satisfied with the review and the
 
quality of science in the PARFR project.
 

Dr. Linder remarked that he generally liked the report from the
 
review committee. The project appears to be small and tightly

managed with good attention to scientific standards. He raised
 
the question of the increase in funding. He pointed out that
 
in the first nine years of the PARFR project the average cost
 
per year was one million dollars and that it had suddenly

jumped to $3.5 million. He questioned whether the organization
 
was able to absorb such a quick increase and asked whether or
 
not such an increase should be phased in.
 

Dr. Weller remarked that the review report was very reassur­
ing. He was pleased that the possibility of conflict of
 
interest had been looked into. He was concerned that there is
 
not enough management staff at AID and at Northwestern to
 
manage the project carefully. He thought that if more staff
 
were available the end result would improve.
 

Dr. Weller asked again for clarification on the level of fund­
ing. le questioned why the PARFR committee needed a computer
 
expert, why it couldn't be tied into the computer network at
 
Northwestern University. 
 He pointed out that the workshops

carried out by this project were well written and appeared to
 
have a lot of scientific merit. On the other hand, this
 
material almost never got into scientific journals.
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Dr. Wishik then pointed out that, at the present, PARFR priori­
tizes projects and in fact could fund more projects were the
 
money available.
 

Dr. Carter agreed. He did not think the project was unmoni­
tored, if anything it was overmonitored. He pointed out that

in the opinion of the reviewing committee, the scientific

monitoring was of very high caliber and was quite adequate.

The monitoring of the human experimentation aspect of the pro­
gram was very adequate and monitoring by AID staff was being

done relatively effectively. However, the monitoring workload
 
was very heavy.
 

Dr. Speidel, of AID staff, reminded the RAC that this was the

third year of a continuing resolution for the Agency. This
 
year there was some indication that there would be a modest
 
increase in the budget for the Population Office which would
 
give the office some latitude to increase funds for the PARFR

project. Unless there was a substantial increase it was very

unlikely that the Population Office would have the money to

increase expenditures in this program very much. However, the

office wanted the authority to do so should the money be avail­
able. He pointed out that the proposal for a separate computer

had been shelved. The Population Office was also concerned
 
somewhat about the lack of published papers in standard jour­
nals. The workshop publications were very good and were often
of journal quality as an alternative to being published in the
 
more common biomedical journals.
 

Dr. Speidel pointed out that Popline, a computerized informa­
tion system, is up and running at the National Library of
Medicine and all the findings of the PARFR program are avail­
able from that source. He remarked that it was not very likely

that the workload for the AID staff in monitoring this program

will change very much since staff increases were not contem­
plated.
 

With regard to the question of conflict of interest, Dr. Shelton

pointed out that there was considerable question as to whether
 
or 
not you could get the best people in this field on the
 
Scientific Advisory Committee and still have people available
 
to actually carry out the research projects. AID would make
 
every effort to comply with the recommendation to avoid any

conflict of interest.
 

Dr. Wishik pointed out that one of several recommendationsr­
about the Scientific Advisory Committee was that the chairman
 
should be changed. At present the principal investigator is

the chairman. Several people were disturbed about this.
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Dr. Shelton stated that Dr. Wishik had watched the Scientific
 
Advisory Committee in action. It should have been fairly ob­
vious that the chairman, who is the principal investigator of
 
the project, can run the meeting without voting.
 

Dr. Speidel pointed out that the chairman is extremely effec­
te and unbiased in the way he runs the meeting. He ties a
knowledge of staff into the meeting. 
 Dr. Speidel would like to
defer on the question of changing the chairmanship of the Com­
mittee. At present they are trying to stablize the budget and

it would be difficult for AID to commit themselves to making

such a change.
 

Dr. Wishik pointed out that one device that may be used to
 
stabilize the budget is to 
use a three year roll over system

where one year's budget is added each year.
 

Dr. Speidel replied that if there is 
a large increase that this
 
would actually add to the PARFR budget. He did not see how the

rollover would work. It would not be different than RAC giving

additional authority to increase the budget.
 

IV. MOTION
 

Dr. Wishik then proposed the following motion:
 

(1) That the previous RAC recommendation of approval and
 
funding for 
the first year be extended to the remainder of
 
the project period and at the requested budget level; (2)

That copies of annual progress reports be made available to
 
RAC; (3) That there be a thorough project review and site
 
visit two years after the last one, including RAC represen­
tation.
 

V. Vote
 

Unanimous in favor.
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International FertilityResearch Program (IFRP) - intrfnatioal 
Research Program 

I. SUBCOMMITTEE REPORT
 

Dr. Connell, chairman of the subcommittee, that also included
 
Drs. Linder Montgomery and Wishik reported as follows:
 

IFRP was established on July 1, 1971. 
 Its goal was to conduct
 
comparative field trials on 
new means of fertility regulation

primarily in developing countries. In order to accomplish

this, IFRP developed an international network of more than 250
 
collaborating investigators working in over 30 countries. Data
 
collection was preceeded by the establishment of standard
 
methods of gatering and reporting clinical data. The earlist
 
work by IFRP documented the short-term safety and effectiveness
 
of a number of fertility regulation methods. It also pointed

out the relative appropriateness of the different methods and
 
procedures for people living in a variety of cultural and
 
medical environments. Finally, IFRP disseminated the informa­
tion generated by these trials, and helped to imprcve develop­
ing-country research capabilities.
 

IFRP has conducted straight and comparative field trials in six
 
major areas: 1) systematic contraception including oral pre­
parations, 2) intrauterine contraception, 3) menstrual regula­
tion, 4) pregnancy termination, 5) male sterilization, and 6)

female sterilization. The emphasis has shifted from time to
 
time, but support to continue work in these same general cata­
gories is currently being sought. In March, 1977, a renewal
 
proposal was reviewed by RAC. 
A number of serious issues were
 
raised and funding was not approved pending further study. In
 
september, 1977, a RAC subcommittee visited IFRP. During the
 
site visit, the subcommittee looking into the validity and
 
reliability of methods of data collection and analysis.

concluded that while the data were generally satisfactory, 

It
they


had not been subjected to more than rudimentary analysis.
 

The subcommittee also considered proposals which would have
 
expanded IFRP's functions to include studies of alternative
 
community-based delivery systems, program evaluation, program

administration and implementation strategies. 
 In the view of
 
the subcommittee, IFRP's capability for doing this type of
 
research was extremely limited and thus it felt that these
 
activities would require procedures and skills quite different
 
from those which IFRP had developed to date and thus should not
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be undertaken. Moreover, such a change, it concluded, would
 
take IFRP away from its original and unique role in research on
 
family planning technology. At the conclusion of its site
 
visit, the RAC subcommittee made a number of recommendations
 
which included the following.
 

1. 	IFRP should set a ceiling on the number of participat­
ing centers, the amount of data be generated, and the
 
duration of data collection.
 

2. 	IFRP should be more selective in maintaining its repos­
itory of data for future use; it should develop more
 
complex study designs and use more sophisticated
 
analytical techniques in processing existing data.
 

3. 	IFRP should reassess its staffing pattern and the
 
makeup of its consultative groups.
 

4. 	IFRP should consider the addition of a senior staff
 
member with wide prior training and experience in
 
basic research in reproductive biology regulation
 
techniques.
 

5. 	IFRP should continue to place its greatest emphasis on
 
clinical trials and the services needed for the imple­
mentation of the various fertillty regulation tech­
niques.
 

6. 	IFRP should not attempt to cover the much broader
 
administrative community and social. aspects of plan­
ning program development.
 

7. 	In the future, only the research components of the IFRP
 
program should be reviewed by RAC.
 

Following receipt of the report of the RAC subcommittee and
 
consultation with AID staff, a number of changes were made by

IFRP in both staffing and administrative procedures, a number
 
of them recommended by RAC. Those areas which contained pri­
marily the research elements of the program were identified and
 
a new contract was written to cover them. Thus, IFRP has sup­
port to continue their biomedical research in the area of fer­
tility regulation as well ad related research in the social
 
sciences.
 

IFRP also applied for and received funds under a new grant

which allowed it 
to carry out certain other programmatic ac­
tivities. Under the grant, a considerably broader range of
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activities are funded in the area of institutional development

for fertility research and programmatic support for family

planning services.
 

In September, 1980, at the request of AID, an American Public

Health Association (APHA) Evalulation Team was selected.
consisted of Dr. Ellizabeth B. Connell, Chairman, Dr. 

It
 
Donald


Lauro, Sociologist/Demographer, REsearch Associate, Columbia
University Center for Population and Dr. Nicholas Wright,
Epidemiologist, Chief of the Contraceptive Evaluation Branch,
NICHD, NIH. The 
team first reviewed a number of documents

including annual contract and grant reports for 1978, 1979, and
1980, the current IFRP table of organization, project descrip­tions, reseerch forms procedure, a publications list, minutes
of the Board meetings, and copies of trip reports. 
After read­ing this material, the team made a site visit to IFRP where
interviews were carried out with members of the various divi­sions and with individual staff members to hold more in-depth
discussions relevant to their particular areas of inerest. 
 The
team then met on several occasions to discuss their findings.
Notwithstanding the considerable differences in the academic
backgrounds and work experiences of the various team members,
there was complete unanimity of opinion on all of the major
issues under review and the report sent to the RAC members
 
represents the unanimous conclusions and recommendations of all
 
its 	members.
 

Following this extensive review and deliberation, the team

concluded that IFRP was continuing to make progress in dealing
with the recommendations of the RAC subcommittee but that there
 were areas in organization, staffing and research which could
be further strengthened. 
 Therefore, a series of recommenda­
tions were made dealing with the following areas:
 

1. 	Structure: IFRP is currently being funded by AID under
two mechanisms, a contract and a grant. 
 This has had

both advantages and disadvantages for the overall IFRP
 
program. 
At the present time, projects funded under
the contract are almost entirely in the research
 
category. However, there are a number of studies

supported by grant monies which are also research in
 
nature b;ut are not reviewed by RAC. Additionally,
there are a number of small projects which the team
 
felt were handled as research projects but were best

called program introductions.
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2. 	 Focus: The team felt that more attempts should be made
 
to move beyond short-term clinical trials into field and
 
clinical studies of the long-term impact of fertility
 
regulation techniques in developing countries. More­
over, it is believed that grant activities, though
 
necessarily at times deviating significantly from
 
contract efforts, should focus in the same general di­
rections as the contract-supported work. It felt that
 
to use the flexibility built into the grant as a mandate
 
to go off in a number of new directions would be a
 
mistake.
 

3. 	Staff: The team noted the changes in staffinq over
 
the past year, particularly the shift to lower level
 
positions. It, like RAC, recommended the early recruit­
ment of a senior scientist with broad biostatistical
 
and 	epidemiological training. The team further recom­
mended the establishment of contractual links with local
 
universities, including the UNCSPH, to increase the
 
skills necessary to IFRP's research program. It felt
 
that the presence of scientists from neighboring insti­
tutions might help to re-establish prior links with
 
these academic groups.
 

4. 	Projects: The team made a number of specific technical
 
recommendations regarding individual projects, as noted
 
in their final report.
 

5. 	Technology Transfer and Training: The team believed
 
that IFRP's interest in providing mini-computers and the
 
necessary software packaging and training required for
 
their effective use to LDC's was worthwhile and recom­
mended that IFRP conduct more short-term formal, train­
ning courses.
 

6. 	Technical Advisory Committee: The team felt that, as
 
presently constituted and utilized, the TAC did not
 
sufficiently serve the needs of IFRP for systematic
 
review of particular research proposals and projects,

providing only an overview function. Thus, it strongly
 
recommended that all research proposals be subject to
 
thorough and rigorous review by a revitalized and re­
oriented TAC.
 

This is a large, complicated and expensive project.
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II. SUBCOMMITTEE COMMENTS
 

Dr. Linder thought there were many points about the project

that could be criticized. However, at this point he preferred

not to discuss the details of the project in depth. He per­sonally thought it was a poor project of low grade science. He
 
would go along with this review committee providing that the

review is not a whitewashing of what is really being done at
 
IFRP.
 

Dr. Linder pointed out that the relationship with University of

North Carolina which was described in the project documents
 
doesn't exist. 
 It is quite clear from the previous reviews
 
that the IFRP is professionally isolated.
 

Dr. Montgomery asked with so many flaws in the program, why

should the PARFR program continue? Or better yet, why not

continue only those activities in the program that 
are es­
sential to AID's Population program? Even though the data base
 
is not what it should be the information that has been provided

by IFRP has been valuable and if this organization did not

exist it would have to be 
invented because such an organization

is necessary.
 

Portions of the portfolio are supervised and standardized.
 
There is 
some research done in that portion. There are docu­
ments describing the program, one is describing research and
 
one describing a technical assistance component.
 

Dr. Montgomery could not distinguish between the two in terms
 
of the activities that were undertaken. He pointed out that

there were reports of tension among the staff between those in

research and those on technical assistance activity. Research

activities are 
reviewed; the technical assistance activities
 
are not. Why is IFRP in research? The leaders in the program

say they need to establish credibility among scientists in the

Population field. Dr. Montgomery was not sure that they added
 
to their credibility with statements of this type.
 

Dr. Wishik commented that there was a need for a thorough

review. 
Even if there were no technical reservations about the
 
program the fact that it is carried out at great expense to AID

would warrant a special indepth review. The review, in Dr.
 
Wishik's opinion, should include an overseas 
trip to observe
 
activities in LDCs.
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Dr. Wishik thought the intensive review should include a
statistical look at 
the material in the data file at North
Carolina. 
 He was wondering if just any type of data can be put
into the IFRP data bank.
 

II. 
 OTHER COMMENTS
 

Dr. Carter asked why are 
there no other donors to the IFRP?
The program presently is almost totally funded by AID. 
Second,
he wondered why it wasn't associated with the University.
During an 
earlier review there was some suspicion because the
IFRP printed their own journal.
 
Dr. 
Carter pointed out that it appeared to him that an enormous
amount of funding was being spent and the management of that
funding was somewhat out of control.
 
Dr. Connell did not 
think that the IFRP was such a monster.
She pointed out that IFRP had, itself sold the journal that it
published. 
 For economic reasons 
there are elements of the
program that were out of control but not irreversibly so.
 
Dr. Anderson asked how did we get into this program? 
Did not
RAC want to look at the project carefully?
 
Dr. 
Moss said the project was extremely difficult to deal
with. He asked for 
some of the RAC members to point out some
of the excellent things that the project had accomplished.
 
Dr. Connell remarked that there were 
enough good points. There
are many projects that are well conceived and well carried
out. The problems in many of the areas of the IFRP program
were not 
insurmountable.
 

Dr. 
Carter asked if IFRP had a continuing relationship with
outsiders.
 

Dr. Montgomery pointed out that when the project was
visited the last time it came 
site­

looked at 
to RAC the review committee
some new research proposals. 
New research was dis­couraqed then because the staff expertise at IFRP was not suf­ficiently strong. 
 He did not think that the IFRP had struc­tured a process for continual appraisal of research since then.
 

Dr. Wishik asked what are 
the merits of the program? He
pointed out that the breakthrough in contraceptive techniques
was accomplished after the disassociation of contraception and
sex. Contraceptive technology which the IFRP is field testing
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can't breakthrough some of the obstacles to these family plan­
ning methods. There are only two organizations, WHO and IFRP
 
carrying out research on contraceptive methods. WHO does not
 
subject new methods to Phase III testing, IFRP does.
 

Dr. Wishik pointed out that IFRP has made sufficient contribu­
tions but it is necessary to learn more about what these con­
tributions are. The program needs to be narrowed and tightened
 
up and controlled better. He felt that the ongoing relation­
ship with a RAC subcommittee was necessary. Finally, Dr. Wishik
 
thought that the Population Office should act to set up a
 
strategy plan for contraceptive research.
 

Dr. Elmendorf remarked that as a field worker who has worked for
 
a large organization such as IFRP, she feels that this program

is important. Better organization is needed but the importance

of the work is beyond question. With regard to the data bank,
 
Dr. Elmendorf felt the great need was for following through on
 
new prospective contraceptive techniques rather than obtaining

quick results. She pointed out that the IFRP had no women on
 
its research staff.
 

Dr. Speidel, of AID staff, remarked that the project plays a key

role in AID's population program. As an example, IFRP has pro­
vided a reliable set of guidelines on more than one ocassion
 
which were used to make decisions on the purchase and distribu­
tion of IUDs and other contraceptive devices. However, he also
 
felt some frustration since the program was not living up to its
 
initial promise. It has not become the outstanding field
 
research unit that it was intended to be. Steps had been taken
 
to resolve problems in the organization management of IFRP but
 
the reforms were not fully realized.
 

Dr. Speidel pointed out that the University relationship with
 
IFRP didn't really work out as it was planned. Initially, the
 
field work was to be carried out with IFRP being located within
 
the University of North Carolina. This did not work out and it
 
was necessary to establish a separate unit. As for the funding

of IFRP it was true that most of their funds come from AID.
 
However they do have one $600,000 grant from the National
 
Institutes of Health. The organization is being encouraged to
 
seek diversified support.
 

With regard to the research versus the technical assistance or
 
grant part of the AID support for IFRP, Dr. Speidel remarked
 
that AID was keeping the relatively rigorous research under con­
tract. Grants had proven to be better for the other type of
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work that the IFRP does tor AID. As for a contraceptive

stragtey program, Dr. Speidel did not wish to address that
 
issue oft the top of his head.
 

Dr. Shelton, also of AID staff, pointed out that apparently

everybody agrees that some good is coming from IFRP as are 
some
 
accomplishments that are not so good. He personally thought

that the contributions of the IFRP are very good. It's true
 
that almost every decision the Agency has made in the
 
population field has relied very heavily on IFRP data. 
 Perhaps
 
we are making decisions on not so good data but there has been
 
good correlation with other work. He agrees that they lack
 
some senior people and that they need to improve the role of
 
the technical advisor. ie didn't agree with the report on the

differences between the grant and research. 
There are
 
definitely differences in the type of activities carried out
 
under each. He did not think the organization was out of
 
control. There are only 99 people working and the yearly

budget is smaller than previously (2.0 million last year as
 
compared to 2.3 million for the previous years.) A lot of
 
these issues were much worse in 1977 when the project came to
 
the RAC and progress has been made in resolving the problems.
 

III. MOTION
 

That the proposal be approved with a three-year authori­
zation but only a one year approval for financing at the
 
present time; (2) That the chairman of RAC appoint a RAC
 
subcommittee which will have an overvie, function for the
 
duration of the project; (3) That a review team be con­
stituted. The team should have representation from RAC,

AID and the IFRP Board of Directors. The team should
 
have expertise in management, biostatistics, medicine,

epidemiology and demography. Selection of the team
 
members should be carried out jointly by the AID Popu­
lation Office and RAC; (4) That the team conduct an
 
in-depth review of the entire IFRP program funded by AID,

both the grant and the contract. This on-site review
 
should encompass the activities in North Carolina and a
 
representative number of the overseas projects; (5) That
 
the team write a comprehensive report of its findings and
 
make a series of concrete detailed recommendations; (6)

That this report be completed as rapidly as possible, con­
sistent with thoroughness, but, in any event, within one
 
year of this date; (7) That a status report be sent to
 
RAC by the Population (ttice prior to its tall meeting in
 
1981; (8) That a final report covering the team's recom­
mendations be made available to HAC prior to its winter
 

toD
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meeting early in 1982; (9) That decisions regarding

recommendations for future funding and program content be­
yond one year be made at the time of that winter RAC meet­
ing.
 

Dr. Wishik wanted to make a friendly amendment to the motion.
 
He thought the scope of the review should include both the
 
grant and research under activities under IFRP.
 

Dr. Rechcigl asked about the role of the contractor in the
 
review.
 

Dr. Speidel pointed out that the contractor will work with the
 
review team.
 
Dr. Mongtomery asked about a continuing relationship between
 

IFRP and the RAC.
 

Dr. Connell reported that she did not see this as a single time
 
involvement of the RAC. She felt that the relationship between
 
the RAC and IFRP would continue.
 

Dr. Wishik pointed out that there were two ways of having a
 
continuing relationship with the RAC, one would be to have a
 
subcommittee within RAC to review the project continuously, the
 
second approach would be to have outside experts plus a RAC
 
subcommittee that would continue for the life of the project.
 

Dr. Anderson asked Dr. Linder why wasn't the project eliciting
 
a collegial relationship with the University of North Caro­
lina? Why aren't other professionals talking to them? How
 
much of their work shows up in publication, etc.?
 

Dr. Linder sketched the history of the relationship between the
 
University of North Carolina and IFRP. Originally, the project
 
was in the medical school of the University. There were con­
stant conflicts between the project and the University admini­
stration. The project was impatient with administrative pro­
cedures at the University. The IFRP engaged in human experi­
ments using devices that may or may not have had the necessary
 
approval of the FDA and others. The University was afraid of
 
reactions to this. They did not have a formal relationship

with the Biostatistics Department of the University of North
 
Carolina. Finally, the relationship disolved because the IFRP
 
did not accept the advice of the members of the statistical
 
faculty and others in the University. It was a messy sort of
 
divorce. However, this did not prevent consultation from
 
members of the University faculty to IFRP sponsored projects.
 



IV. VOTE
 

The motion was approved with two abstensions.
 

The chairman of the RAC interpreted the motion to mean that a
permanent subcommittee of the RAC would be established to work
with IFRP in keeping the program under review.
 
Dr. 
Smuckler will advise the Committee of the permanent chair­man who would be appointed shortly.
 



Forest Surveys - Contractor(s) to be Selected
 

I. SUBCOMMITTEE REPORT
 

Dr. Ehrenreich, chairman of the subcommittee, that also in­
cluded Drs. Hrones, Moss and Pimentel reported as follows:
 

The proposal, "Forest Surveys", a research proposal to monitor
 
tropical deforestation by remote sensing, is a very timely,

appropriate and important one considering the importance to the
 
world community of the world's tropical forests. This project

would be a logical first step in developing a global research
 
strategy in helping to solve the problems of tropical defores­
tation.
 

The research proposed would address five principal areas of
 
forest survey activities: (1)delineation of forest types from
 
images (stratification), (2) automatic classification, (3)

change detection, (4) sampling, and (5) area measurement. The
 
research is being designed to interrelate these five topics

into a systems approach to forest survey. Dr. Paul, the pro­
ject manager, is to be congratulated on producing a fine draft
 
proposal. He is obviously up-to-date on the status of tropical

forestry and the problems associated with Landsat computer-­
aided processing. The only important omission appears to be
 
the work done by Dr. Donald Stellingwerf in Indonesia and
 
reported in the The Manual of Remote Sensing and in ITC reports.
 

The RAC subcommittee assignment is to review this draft pro­
posal and offer comments for improvement. Hopefully, these
 
comments will be helpful to Dr. Paul in polishing his excellent
 
draft proposal.
 

Page i and Page 1: The statement "to effectively exhaust the
 
world's supply of tropical forests" may be a bit exaggerated,

and would suggest picking an example from some country or
 
region to illustrate the point that the tropical forests are
 
being depleted.
 

Pages 1-4: The Introduction and Background is generally con­
vincing of the need for the proposed project although some of
 
the subcommittee members have a few comments which are worth
 
Dr. Paul's consideration.
 

Pages 4-6: The case is well made here that the tropical

forests have never been accurately inventoried and it is indeed
 
essential that a baseline study such as the one proposed here
 
be made to assess extent and type of tropical forests as well
 
as rates and directions of change. Remote sensing (including

low and medium altitude photography) followed by ground true
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measurements is the only practical way such baseline informa­tion may be obtained. As Dr. Hrones points out, this is parti­cularly true for tropical zones in LDCs where there are huge

roadless expanses of unsurveyed land.
 

Page 6, line 9: aerial or area?
 

Page 7 last sentence: 
 After a time there ....
 

Page 7-17: An excellent description of tropical forest para­meters, problems in measuring them and the need for this in­
formation.
 
Page 12, line 5: 
 ...or natural disasters such as stress,
 
insect or disease damage ...
 

Page. 15, 
lilne 6: ... Landsat
 

Page 16, line 15: ...contrast ratios ...
 

Page 18-50: 
 Again the section on Review of Current Remote
Sensing Techniques in relation to forest stratification,

classification, change detection, sampling strategy and area
measurement is very well done although there are a number of
specific comments listed below.
 

bining pixels into jroups of 9 pixels and using the new values
 

Page 24, line 15: In forestry ... 

Page 26, line 10: each of the Landsat 

Page 26, line 15: drawn Landsat ... discrete ... 

Page 27, line 16 & 17: Strahler et al ... technique 

Page 28, line 13: assigned to classes ... 

Page 29: Page 29 is missing. 

Page 30: On page 30, there is still disagreement about com­

in classification. 
For one 
thing, it lowers resolution and the
shifting cultivation fields are usually of the order of 2-3
 
pixels.
 

Page 31: On page 31, principal component (PC) analysis appears
more fruitful than linear discriminant analysis. The Inter­national Training Center in Enschede, The Netherlands has done
 a good bit of work on this (Mulder et al.).
 

on line 12 should be LDA is a ...
 
on line 18 respectively:
 

(it
 



Page 34, line 12: of Landsat
 

Page 35, line 11: (1980), a
 

Page 36, lilne 7 & 8: is required.
 
patterns-of change,....
 

Page 37, line 1: approach
 

Page 38, line 14: 
 Thus, a second iteration of
 

Page 39, lines 2 & 13: ... in equation 6. 
of this proposal. This will 

Also concerning page 39: to get at seasonal aspects or change
detection over years, you may use optical combiners as was done 
to detect newly irrigated fields (Heller & Johnson, 1979; last 
2 pages). 

Page 40:
 
Under a) basal area
 

Under c) 
can identify tree species only at extremely large
 
scales.
 

Under d) 
All of these could only be obtained from the
 
ground or from very large scale.
 

Page 41, line 14: Langley
 

Page 41 & 42: 
 The 2nd equation on nested probabilities is not

shown. The equation on the bottom of page 42 is the equation
for the Coefficient of Variation. 

Page 44, line 7: ... inventories (Langley, 1975). 

Page 46, line 11: However, in situations ... 

Page 48, line 4: Landsat 

Page 49, lines 5 & 17: Circular 
(and, if necessary, K2 ) 

Page 50, last sentence: This study will not prevent depletion,

but merely provide some baseline information necessary for

formulating a plan to prevent depletion.
 

Page 55, line 14: 
 ... combine fine spatial ...
 

There are 
seven other general comments on the proposal which
 
may be of use to Dr. Paul:
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1) 	There is no 
doubt that a large research institute such as

ERTM in Michiqan, rLARS at 
Purdue, Remote Sensing Institute
 
at Brookings, or a large consulting company such 
as Lock­
heed, Earthsat, Electromagnetic Systems Laboratory, etc.
 
could address such a proposal. Upon completion of the
 
research, could the developing countries with lack of

trained personnel, adequate computer facilities and soft­
ware programs handle such a program? Would it be more
 
realistic to use Landsat images optically with the accompy­
ing 	aircraft (multistage) photographs and ground data? 
The
 
developing countries could handle this with a minimum of
 
specially trained people and lower cost equipment.
 

2) 	Although there 
are highly qualified people to undertake such
 
research, it is obvious that increased training programs for
 
LDC personnel are also needed. 
 Should these training pro­
grams be part of this proposal?
 

3) 	If shifting cultivation advances into the forest in bands,

could not these bands or 
lines be the stratification on
 
which most research is centered?
 

4) 	Cloud cover 
in the moist tropics accompanied by the small

size of newly cleared forest areas may make Landsat a poor
 
source of basic data.
 

5) 	The Landsat program is in temporary trouble. Landsat 1 is
 
out of commission, Landsat 3 has line-start problems and is
 
now only recording 16 gray scales instead of 127, and
 
Landsat 2 has not video tape recorders operating. In other

words, only Landsat 2 is a currently reliable satellite and
 
then when in line-of-sight of a ground receiving station.
 
The study could use old satellite data for the past land
 
cover condition but the 
new 	data may be difficult to
 
acquire. Landsat D is 
now 	scheduled for late 1982 and with
 
the Thematic Mapper still later. Finally, in making change

detection assessments with two date images, registration

problems both optically and with the computer are dif­
ficult. Pixel registration is difficult for 8 channels of
 
data even with the same satellite. Detecting 2-10 pixel

land cover changes under these conditions is problematical.
 

6) 	There is general agreement with Dr. Pimentel's comment:
 

"The proposal points out why tropical forests are valuable

and why they should be assessed (monitored), but little or
 
no mention is made of how these data will be used 
to con­
serve 
the world forests for the benefit of mankind. One
 
might legitimately ask, why assess the problem when we
 
already know that it is bad? 
Why not spend any money

that is available for reforestation?"
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7) This proposal, if carried out, would be of immense value to
 
the LDCs and the entire world. AID would receive tremendous
 
recognition for such an effort and it is predicted that these
 
research results would be some of the most often used through­
out 	the world for decades to come.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. 	Hrones' comments are summarized as follows:
 

1. 	The use of remote sensing is essential to the management of
 
natural resources. There is no other practical way to moni­
tor on a continuing basis the state and rate of change of
 
those resources. This is particularly true of tropical
 
zones in LDCs where there are huge expanses of unsurveyed
 
land.
 

2. 	The results of the proposed research can be used worldwide.
 

3. 	The launching of Landsat-D will provide important additional
 
data.
 

4. 	To develop the much needed forest survey system, research
 
of the nature indicated in the preliminary project state­
ment is essential.
 

5. 	There are highly qualified interested people available to
 
undertake the research.
 

6. 	Extensive training programs for LDCs personnel are needed.
 

Dr. 	Moss remarked that he didn't know much about tropical rain
 
forests. He read some of the language in the RFP that seemed
 
to dramatize the need for forest measurements somewhat. He
 
thought the RFP was a bit judqmental. The remark that tropical
 
forests produce a large proportion of the oxygen in the
 
atmosphere is an example of the proposal's exaggeration. He
 
felt the oxygen there would be produced no matter what type of
 
vegetation was growing there.
 

Dr. Moss thought that based on the present evidence it would be
 
difficult to use satellite imagery when the land was sloping.
 

Despite these observations, Dr. Moss thought the proposal was
 
sound and should be supported.
 

Dr. Pimentel thought the RFP required a paragraph or two to say
 
how the data from the surveys would be used. He also asked,
 
why not simply proceed with reforesting rather than spend large
 
sums of money measuring changes in the tropical forest? He
 
thought that this particular point should be discussed in the
 
proposal.
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Dr. Pimentel then provided 
some specific comments on the pro­
posal. First, he thought that a specific region should be used
 
as an example to help strengthen the proposal. He then pointed

out some inaccuracies in the text of the proposal. 
For
 
example, the proposal states 
that only five nations have
 
coniferous forests. Also the statement that 40-50 percent of
 
the earth's species of plant life exi-t in 
the tropical is an
 
exaggeration. 
These should be checked.
 

He thought the proposal should discuss more of the large quani­
ties of plant and animal food harvested from the tropical

forest. Such forests are used for much more 
than conserving

water by reducing 
runoff and helping to stabilize world climate.
 

Like other members of the subcommittee, Dr. Pimentel was very

much in 
favor of the proposal, but made suggestions for
 
improvement, since the proposal was 
in a relatively early stage

of development.
 

III. OTHER COMMENTS
 

Dr. Falcon was less enthusiastic about the proposal than were
 
other RAC members who commented on it. His primary concern was
 
with the project as 
part of the overall research strategy of
 
the Agency. On the previous day of this RAC meeting the
 
Committee had discussed a small grants program which delegated

important research decisions to outsiders. Today this
 
particular project appears to be 
a hardware program without a
 
well defined purpose.
 

Dr. Falcon wondered where the Agency is 
going with regard to
 
its research program. As a research strategy in forestry the

Agency would not start with this project. He felt that since
 
the project was basically a hardware project that perhaps NASA
 
should be doing this particular piece of work.
 

Dr. Falcon felt the funclamental problem was not to measure the

tropical forest but to determine public policy with regard to
 
the tropical forest. He 
feared that the project would produce

maps and data that would not be interpreted without some need
 
for public policy behind it.
 

Dr. Heady asked if one 
of the major goals of the project should
 
riot be concerned with the potential for 
food production from
 
land that is cleared in the tropical forests? 
 He recognized

that the program would give a good inventory of slash and burn
 
type agriculture and this had great long 
run importance.

However, the measurement of change in the forest should be tied
 
in some way to food production potential.
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Dr. Eimendorf suggested that the Agency look at 
the people who

live in the forested areas as 
they relate to reforestation and

other activities that might result from the forest survey data.

She suggested that if there were indigenous people in the area,

that those people could reveal secrets for effective use of the
 
areas surveyed that might not be obvious to outsiders.
 

Dr. Carter pointed out that there was an opportunity here to

internationalize this project. There is 
an opportunity to
 
cross national borders and move into the international sphere.

This opportunity was not available with many AID projects.
 

Dr. Hrones pointed out that to an engineer this would not be a
 
hardware project. 
 It would be very much an application or

software project. With regard to the issue of priorities, Dr.

Hrones remarked that reforestation as well as depletion of the
forests are 
long range problems. An investment of such an
 
amount as 
that proposed for this project would not contribute
 
significantly to solving the depletion of the forest nor 
to
 
reforestation. Reliable survey methods to detect forest

changes would be a significant contribution to what will

certainly be a continuous problem that requires close
 
monitoring.
 

Dr. Ehrenreich agreed that there was a need to see 
a general

forest research strategy. 
There was now a number of forestry

projects in AID, including some 
in the regional bureaus. The
 
Agency should be encouraged to develop an overall strategy in
 
this area.
 

Dr. Elmendorf asked again if it would be possible to get infor­
mation on the people as well as the forests as part of the
 
total natural and social resources picture. And she asked a
 
second question. What was the relationship of this project

with the Man and Biosphere project which was also reviewed by

the RAC?
 

Dr. Feldman, of AID staff, commented that AID has formulated a
policy statement on forestry. Policy Determination No. 74 is
 
a sort of a declaration of general intent 
to go everywhere and

do everything in the area of forestry. 
The policy is intended
 
to make it possible for missions to attack specific forestry

problems and yet allow the Agency to do other 
things. One

central theme of the policy concentrates on the fact that
 
people live in the forests and because of this there is

degradation of agriculture soil. There is a question whether
 
the tropical forests should be retained and conserved or
 
whether some 
removal of the forest should be permitted to
 
permit more agriculture. That part of the forest which is yet

undisturbed is now in 
the process of being disturbed and it's

important that the Agency try to monitor the changes that are
 
occurring.
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As far as public policy is concerned, Dr. Feldman pointed out

that there are other projects which get to this issue. The

Agency approach is sensitive to the fact that even thouqh some
 
things are technically possible, unless methods for 
the
 
collection and use of data are developed public studies will
 
not be carried out.
 

Dr. Feldman pointed out that the Agency has some $200 million
 
dollars in forestry projects. DSB projects are supposed to

provide the cutting edge in support of this investment. He
 
commented that the proposal would cost $4 million dollars for
 
six years. In the view of most people who reviewed it, the
 
proposal is for a software or application project that will
 
support the larger AID effort in forestry.
 

Dr. Feldman remarked that the Policy Determination No. 74 would
 
be sent to the RAC members.
 

Dr. Paul, of AID staff, expressed appreciation for the RAC's
 
comments. He pointed that he is very sensitive to the issue of

how data from the surveys will be used. The research proposal

does not say anything about implementation of the project

beyond the collection of data. 
 There is a need for ground

sampling methodology which was not described in the proposal.

He commented that the Agency is in constant communication with
 
the Food and Agriculture Organization of the United Nations
 
(FAO) and the positions of AID and FAO are compatible on the

subject of forest inventory . The data collected as a result
 
of this project should be of tremendous help to FAO in carrying

out its charges in the area of forestry.
 

With regard to the question about NASA doing this work,

Dr. Paul pointed out that NASA has no international responsi­
bilities except for some work they had done in the area of
 
grain crop measurement in nhina and the Soviet Union. 
 NASA has
 
no international clients and therefore projects such this
as 

one must be supported by organizations such as AID. He pointed

out that training might have been overlooked in the RFP and
 
this would be corrected. It was intended to bring

professionals from LDCs 
to the United States for two years of
 
study in U.S. universities.
 

Mr. Bob Otto, of the LAC Bureau, commented that the LAC Bureau
 
had serious questions about the project. He felt that it was
 
time to look at the payoff from such a project at a cost of $2
 
million dollars. He felt the cost benefit ratio was not very

high.
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Dr. Rechcigl pointed out that it was not the usual procedure

for regional bureau representatives to comment on projects
 
before the RAC. Such comments were usually taken into con­
sideration prior to a project coming to the RAC.
 

IV. MOTION
 

That RAC go on record as recognizing the importance of
 
this proposed research and further encourage AID to pro­
ceed with the necessary steps leading to funding and
 
implementation of this program.
 

V. VOTE
 

Unanimous in favor.
 



Nitrogen Fixation by Tropical Legumes (NifTAL) - University of 
Hawaii
 

I. SUBCOMMITTEE REPORT
 

Dr. Moss, chairman of the subcommittee, which also included
 
Drs. Black, Greathouse, Peterson and Swanson reported as
 
follows:
 

This is a second extension of an original three year contract
 
previously extended for three years. This project has been
 
identified by DS/AGR as being of high priority, and its
 
extension for five years has been included in DS budget plans.
 
The plan of action presented in the proposal may be expected to
 
provide substantial benefits to LDC countries who rust increase
 
food production with minimum inputs. The cost estimates are
 
appropriate for the planned level of effort; reduction of
 
budgets will result in reduced level of effort.
 

The project apparently will be funded as a "cooperative
 
agreement." Perhaps Dr. Frederick could comment on the
 
implication for RAC if that contractual arrangement is indeed
 
used.
 

Rationale for Extension
 

The main rationale for extension of the NifTAL project is that
 
the facets of the food/fertilizer/energy scenario which justi­
fied the original (1975) proposal and its extension in 1978
 
have persisted and intensified. The project is on target in
 
its projected ten-year life and the in-country outreach pro­
grams have been welcomed to an extent that could not have been
 
anticipated. The investment of time and resources in forming a
 
highly qualified team of scientists, developing the methods and
 
assembling the materials needed for in-country field trials
 
with legumes and rhizobia is now paying off. There is demand
 
for NifTAL's services worldwide and there is active participa­
tion by a host of institutions (at their own expense) in the
 
biological nitrogen fixation programs coordinated and back­
stopped by NifTAL. Other international BNF programs, some
 
funded largely throuqh USAID, draw on NifTAL for support in
 
areas in which they do not have specific expertise (training/­
inoculand production), for materials, and to extend their
 
testing to regions in which NifTAL has strong institutional
 
linkages.
 

With increasing frequency, the success stories of the "green
 
revolution" are being reappraised as the limitations of pro­
duction systems that depend so heavily on high inputs become
 
apparent. Sustained productivity with low inputs is now re­
cognized as a more valid objective than high yields in the
 
short term. Thus biological nitrogen fixation is being re­
sorted to increasingly for sustained production of high-protein
 
crops with minimal dependence on nitrogen fertilizers.
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Given the multi-facted needs of the urban rural poor in de­
veloping countries, legumes have a potential importance not
 
only for food production but also to provide timber for shelter
 
and fuel for cooking.
 

Given the protfolio of BNF programs supported by USAID at the
 
International Agricultural Research Centers that deal wtih the
 
world's major commodity legumes, an ability by NifTAL to give

attention to innovative technologies with less-known or minor
 
legume species is the key to provision of balanced, comprehen­
sive development support to countries seeking to exploit BNF to
 
the full in their agriculture. NifTAL, more than any of the
 
IARCs, has the flexibility to be responsive in addressing in­
novative technologies because of: the size and expertise of
 
NifTAL's research team which specializes exclusively in BNF;
 
the 	lange of tropical soils and climates accessible within
 
Hawaii for field-testing legume production systems for specific
 
regions of the world; and also because NifTAL is not so rigidly

tied to the highly focused commodity and geographic mandates
 
that have emerged as a characteristic of the IARC management

regimes. Thus, although several other BNF programs have
 
emerged as a logical consequence of political and economic
 
pressures to perfect agrotechnologies that use less nitrogen

fertilizers, the NifTAL project continues to have a unique and
 
major international role to play.
 

Specific rationales for this proposed extension of the NifTAL
 
project are:
 

1) 	that the three-stage program of developing country field
 
trials, begun in 1979, should be completed;
 

2) 	that a capability for provision of BNF services should
 
be generated in the regions from 1983 and within
 
developing countries by 1986;
 

3) 	that agrotechnologies developed in the U.S. and
 
Australia and modified in Hawaii should be fine­
tuned to regional (by 1983) and national (by 1986)

circumstances; and
 

4) 	that the project be permitted to arrive at its projected

conclusion, its objectives having been accomplished.
 

PROJECT MANAGEMENT
 

The project is the exlusive occupant of a suite of spacious

buildings on the island of Maui. Linkages with the main Uni­
versity of Hwasii campus at Manoa are assured through location
 
there of the NifTAL Information Office, Communications Center
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and laboratory, two key professional personnel and the NifTAL
 
Graduate Assistants.
 

Two of the project's objectives will be undertaken through

subcontracts to institutes with predominant expertise in thoss
 
subject areas.
 

The overseas operations (INLIT) are coordinated on a regional.

basis with project staff assigned as Regional Coordinators.for
 
Africa, Asia, and the Americas.
 

Training courses will continue to be mounted in developing
 
countries with cooperating institutions.
 

Over the period of the extension, the hub of project activities
 
will transfer from Hawaii to the Regional BNF Resource Centers.
 

TECHNICAL ASPECTS OF PROJECT BACKGROUND
 

The NifTAL project recognizes that the major constraint to
 
fuller implementation of legume-based BNF technology in de­
veloping countries is inadequate understanding of the interac­
tions between host legumes, rhizobial strains, and the environ­
ments in which they are grown. As a result it is impossible to
 
predict whether a legume will respond to inoculation in a
 
particular region.
 

The NifTAL project has been designed to complement other re­
lated projects sponsored by national and international agencies
 
in tackling the constraints to fuller implementation of legume­
-based agrotechnologies in a comprehensive and balanced manner.
 

The NifTAL project has assembled, and will preserve in per­
petuity, a major genetic resource housing strains of Rhizobium
 
of worldwide origin. Technicians and professional researchers
 
have been trained.
 

PURPOSE
 

The main purposes of this proposed extension of the project
 
are: to permit completion of the three-year sequence of de­
veloping country field trials implicit in the INLIT concept; to
 
provide further technical and professional training; to develop

methodologies for quantifying the nitrogen balance in legume­
-based technologies through selection of superior rhizobia for
 
tropical soils and simplification of the inoculant production
 
process; development of appropriate inoculation methods for use
 
by small farmers in developing countries, and to establish
 



regionally located BNF Resource Centers for provision of tech­
nical assistance in inoculant production, developing training
 
programs for extensionists, performing regionally-specific
 
adaptive research, and quantifying the nitrogen balance in
 
legume-based cropping system of the region.
 

In 1986, it is intended that NifTAL will have catalyzed a
 
capability within developing countries for implementation and
 
further development of the BNF component in legume production
 
systems. The support in the form of research services and
 
technical assistance that is currently provided centrally by
 
the University of Hawaii NifTAL project will become increas­
ingly available on a regional basis after 1983 through the bnf
 
Resource Centers that are proposed for Asia, Africa, and the
 
Americas. By 1986 the scenario in which legume-based BNF
 
technologies are being implemented will be such that the needs
 
of developing countries for this research can best be met
 
nationally and regionally, and it is therefore proposed to
 
terminate the NifTAL project in 1986.
 

SPECIFIC OBJECTIVES
 

Objective 1
 

Assemble a Rhizobium Germplasm Resource comprised of authenti­
cated, characterized rhizobial strains from a wide array of
 
plant hosts and diverse geographic origins, from which to
 
select strains which effectively nodulate agriculturally im­
portant legumes under the conditions prevailing in developing
 
countries.
 

a) 	Augment Rhizobium Germplasm Resources (currently have
 
collected and maintain 1500 strains)
 

b) 	Identify three Rhizobium strains for each potentially
 
important legume (now have 3 for 13 priority legumes).
 

c) 	Produce legume inoculants on a pilot scale (now do this
 

in small quantities in Hawaii)
 

Objective 2
 

Establish a serum bank housing antisera for identifying the
 
strains of Rhizobium used in inoculants for the International
 
Network of Legume Inoculation Trials (INLIT). This will be a
 
new activity to develop rabbit and anti-Rhizobium antisera for
 
identification of strains and make this available to research­
ers.
 

.,%
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Objective 3
 

Determine the economic yield benefit resultinq from the inocu­
lation of local varieties of aqriculturally important legumes
 
under the soil and climatic conditions of the regions in the
 
tropics where they are, or will be, grown.
 

This will include continuation of worldwide trials (100 now
 
being conducted), providing materials and technical advise to
 
cooperators (a procedural manual was published in 1979), per­
forming statistical analyses for cooperators, and distributing
 
information. NifTAL has cooperated in organizing an Inter­
national BNF workshop at CIAT in Cali, Colombia, March 9-13,
 
1981.
 

Objective 4
 

Develop systems for improved inoculant delivery, and for ensur­
ing dependable, effective nodulation in the field.
 

This activity was postponed, to be initiated during the exten­
sion.
 

Objective 5
 

Develop improved techniques and cultural practices for in­
creasing the nitrogen fixed and the contribution of nitrogen to
 
companion or following non-leguminous crops in tropical crop­
ping systems.
 

This would include developing methodologies for quantifying the
 
nitrogen balance in tropical cropping systems and employing it
 
to study nitrogen balance in cropping systems. This would
 
include evaluation of leguminous trees for improvement of
 
grazing and wood supplying capacity of non-agricultural land.
 

Objective 6
 

Establish a Legume Germplasm Resource comprised of seed of
 
those legumes that have an agricultural potential in the
 
tropics but which are not readily available to researchers in
 
developing countries from commercial sources, nor from the
 
world's major Germplasm Resource Centers.
 

Currently NifTAL gets about 100 requests a year for seed of
 

special promising legumes which they have catalogued.
 

Objective 7
 

Study the effects of soil infertility on symbiotic performance
 
of legumes in order to define tolerances, guide choice of
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legumes for agricultural systems, improve performance, and
 
lower costs of soil management.
 

This would be a subcontract to the University of California,

Davis, and would include a search for phosphorus efficient
 
species. It would also test validity of current greenhouse

screening methods for classifying Rhizobium strain activity.
 

Objective 8
 

Provide economic information on the relative costs of BNF
 
technology and of fertilizer nitrogen technology through an
 
economic analysis of the demand for legume inoculants.
 

This would be a subcontract to the University of Minnesota to
 
be completed in 18 months. Dr. Swanson will have specific
 
comments on this objective.
 

Objective 9
 

Provide for regional and in-country support to legume programs

in developing countries.
 

This includes identifying a capable cooperative institution in
 
each of the three developing countries prepared to host a
 
Regional BNF Resource Center to provide for research, technical
 
assistance and training support to the African, Asian and latin
 
American regions. They will locate an outreach scientist
 
specializing in BNF technology at each Regional BNF Center by

the end of 1983. They will install a pilot-scale inoculant
 
production plant at each Center by the end of 1984. Also, they

plan to assist former NifTAL trainees now located in developing

countries to design relevant production-oriented research
 
programs by providing $10,000 competitive grant support to 15
 
NifTAL trainees.
 

Objective 10
 

Train 14 professional researchers, 140 trainees, 50 techni­
cians, and in a new activity, train extension workers for their
 
respective roles in the development and implementation of
 
legume-based BNF technologies. They would also provide 12
 
internships at NifTAL.
 

Dr. Black, a member of the subcommittee, who is not present

submitted his written comments on the project as follows:
 

Last July I was the RAC representative on the evaluation team
 
for the NifTAL project in Davis, California and in Hawaii. I
 
admit to being somewhat skeptical regarding the use of legume
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inoculants in agriculture; but these workers have convinced me

that it is worthwhile, particularly when introducing new
 
legumes.
 

This project obtained excellent leadership in Jake Halliday.

He is young, vigorous, and has a "no bureaucratic nonesense",

"let's-get-the-job-done" sort of personality. 
 RAC can be

confident that Halliday will push everyone on the project ( and
 
no doubt ruffle a few feathers in the process). The clarity of
the project write-up for RAC members to read is an example of
Dr. Halliday's ability to provide clear directions.
 

The project has been successful. They have a fine culture
 
collection. They have means 
for testing field inoculation
 
through fluorescent antisera. They have a network of legume

inoculation trials operating in tripical agricultural situa­
tions now. They have developed a carrier system (peat pri­
marily but they are 
looking at other locally available vege­
tative carriers) which can be readily used in LDCs to deliver
 
the inoculants. 
 They have small pilot plants for growing the

bacteria which work. 
 They realize the diversity of environ­
mental problems in tropical agriculture which may influence

successful inoculation (i.e., temperature, competition, pH, Al,

etc.) and are addressing these. 
 This is an area where the
 
California basic research input is particularly useful.
 

They have and are developing a delivery system in LDCs. This
 
was particularly impressive--the training of people, then the

pilot-plants, then the peat carrier, then application and field
 
testing.
 

They are covering the breadth of uses for tropical legumes 
-

not just food or bean type legumes. For example, they have
 
work on tree/shrub type legumes for 
use in soil conservation-­
erosion control, or for use as livestock browse, or for use as
 
wood.
 

In an overall view, certainly the staff is fine, the facilities
 
are ok, and the training is working. In other words, the
 
project is operational with a "head-of-steam."
 

Dr. Black was surprised at the large budget. But since RAC

tells itself it can't set budgets, AID staff is expected to
 
support the budget. Personally, he would favor a reduction but
 
have not studied the budget closely. The detailed budget in

Appendix C does not show much "slack" where he could suggest
 
cuts.
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Finally, he likes the fact that the project predicts a termina­
tion date (on page 4) with its work done and the results turned
 
over to LDCs to carry on.
 

Dr. Swanson reported as follows:
 

Objective III (page 6) - This objective deals with the determi­
nation of the "economic yield benefit resulting from inocula­
tion of local varieties..." It is not clear until one reads
 
about the planned output that the purpose of this economic
 
yield benefit analysis is apparently the selection of site and
 
legume crop by the principal investigator and his staff. The
 
initial impression is that the determination of the yield
 
be:>efit is tc assist the producer to determine if inoculation
 
should take place.
 

Objective V (page 7) - This is a very important objective and
 
without information on the contribution of nitrogen to com­
panion and/or following non-leguminous crops one cannot really
 
evaluate the "economic yield benefit" in Objective III. There
 
is a danger than an economic yield benefit calculated in Objec­
tive III may not correspond to the economic benefit when the
 
particular cLop is placed in the context of the total cropping
 
system.
 

Objective VII (page 8) - This objective proposes to study the
 
effects of soil infertility in order to "lower costs of soil
 
management." It should be emphasized that lowering costs of
 
soil management is a means to an end (increasing yield) and
 
not an end in itself. It may not always be optimal from the
 
standpoint of the total farm business to lower the cost of soil
 
management. These efforts might better be applied somewhere
 
else in the crop enterprise in order to increase crop produc­
tion and to lower total costs of producing crops rather than
 
the costs of soil management.
 

Objective VIII (page 9f Subcontract B pages 36-39)
 

The subcontract calls for three separate components: (1)
 
specified farm model, (2) inventory available data, and (3)
 
estimation of demand.
 

First of all, given the regional variation within countries and
 
among countries, it is not likely that a single farm model can
 
usefully capture the essentials. Consequently it will be
 
necessary to choose from among areas and this will require some
 
judgements made in close collaboration with the principal
 
investigator.
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In the section on inventory of available data it is indicated
 
that the analysis will be restricted to the single region.

This is somewhat disappointing in that the results are not
 
likely to give the desired generality.
 

The third component "estimation of demand" seemed to be 
some­
what obscure. The stated intent is to estimate an aggregate

demand function. The time for 
such an estimation should have
 
been before this project started. After all, most of the

efforts in providing the inoculation technology that will

eventually be available for a very low cost 
(approximately one
 
percent of the seed costs) is from public funds. 
 Presumably

the research effort has assumed from its beginning that there
 
will be a substantial demand from an aggregate view.
 

It is important that the analysis of the selected farm situa­
tions indicate how the inoculated legumes will fit into the

cropping sequences. This is more important than studying the
 
impact of such variables that are mentioned on page 36, 
es­
pecially the value of carryover nitrogen to the succeeding
 
crops. The latter is an implicit component of an optimal
solution. 
Although I would not want to generalize from U.S.
 
Corn Belt conditions we found that with alternative cropping
systems including corn, soybeans, wheat with a legume catch
 
crop, anJ meadow, the elimination of nitrogen fertilizer as a
 
source f~r nitrogen caused soybeans to become the most profit­
able crop. Meadow could be forced into rotation only if we

require, the farm to have a positive nitrogen balance. If
 
negative nitrogen balances were permitted the rotation of corn
 
an soybeans, although less profitable than continuous soybeans,

at le,.st in shortrun, was optimal.
 

Para'eterizing the yield response to 
the previous inoculated
 
legime crop would be an 
important aspect of determining just

how much impact on the succeeding crop is necessary before it
ber-'mes economically optimal to
to shift to another rotation or

fo ago the use of nitrogen fertilizer. Are the experiments

de igned in such 
a way that this yield response does not have
 
to be parameterized?
 

In any event, the need for an aggregate demand function for
 
legume inoculants is not readily apparent. 
 If a price analysis

is done the companion supply function would also be needed.

However, the private cost of inoculants is so small that this
 
may not be a very interesting exercise.
 

All in all, this is 
a good proposal and its extension should be
 
supported.
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Dr. 	Greathouse had the following comments:
 

The 	Project Paper is very well written. The SOTA and Technical
 
Review is excellent but sober. 
 The author is to be commended
 
for not overglorifying Biological Nitrogen Fixation (BNF).
 

An analysis should be made of prejected BNF research (type and
 
magnitude) to be conducted in the Bean/Cowpea, Peanut, and Soil
 
Management Collaborative Research Support Programs (CRSPs).
 

RE: Objective 9. It is probably overly optimistic to try to
 
establish three BNF centers within the next five years. The
 
three regions (Africa, Asia and Latin America) should be
 
prioritized and only one selected to see: 
 1) if the concept

will work, and 2) if a bnf center will truly reach and benefit
 
all 	LDCs in the region.
 

RE: Objective 2. How does the current Rhizobium Germplasm

Bank compare with others that evidently exist (such as Austra­
lia)? Has this been thoroughly analyzed for duplication of
 
effort?
 

Considering current budget constraints, this seems to be an
 
over commitment of research dollars when compared with other
 
well-defined needs. A more thorough cost/benefit analysis is
 
needed, with specific attention paid to the connection between
 
BNF 	research and actual farm use. Some specific budget con­
siderations are:
 

a. 	Why isn't this project handled like a CRSP? 
Why 	isn't
 
the 	University of Hawaii more directly involved admini­
stratively and ona cost-sharing basis? The UH contri­
bution is about 2% compared to the 25% matching in
 
CRSPs.
 

b. 	From 1975-81 there were no facility lease and utility
 
costs, but the 1981-86 budget shows a $471,000 alloca­
tion for these two items. Why?
 

c. 	What is the significance of a Cooperative agreement
 
versus Research Contract (see cover letter Holliday
 
to Frederick)?
 

Objective 8 should have occurred much earlier! 
An economic
 
analysis should precede the decision to fund a major extension
 
of this contract. Hidden constraints probably exist and may be
 
nearly insurmountable. These must be identified before a major

outreach program is initiated.
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In Appendix 1 (p. E-L2) of the PPy, the author states "...the
 
principal contribution of biological nitrogen fixation to human
 
nutrition will continue to be a via the protein in legume
 
grains." The conclusion of the author is that N contribution
 
of a grain legume crop to a following cereal grain is small but
 
significant (3-6 kg/ha). Studies conducted in the wet/dry
 
tropics show an accumulation of up to 80 kq/ha of N in the
 
A-horizons of soils at the end of the dry season ("Birch ef­
fect"). To use this illustration the need for soil management
 
research focussed on NO3 dynamics in soils as a major contri­
bution to cereal grain nutrition. Cereal grain yields per unit
 
area and per year are still much higher than for grain le­
gumes. Also, the author's statement that "the priority given
 
in legume breeding programs to improving their harvest index,
 
i.e., maximizing the fraction of each plant's total production
 
that is removed as grain should be called into question" is
 
very controversial. The Egyptian plow is not a very good tool
 
for incorporating legume residues and few farmers in the
 
tropics have sufficient acreage or labor to allow land to
 
remain out of production. To support the author's statement
 
above, an intensive effort to increase the yield potential of
 
grain legumes is urgently needed. Also, a greater effort to
 
introduce improved higher yielding grain legumes to LDCs, along
 
with consumer education programs, is needed.
 

In summary, Dr. Greathouse cannot support the extension of this
 
project as presented. He recommended that an economic impact
 
analy;is be conducted to evaluate the cost/benefit ratio of a
 
continued project in relation to LDC needs. He believes a RAC
 
analysis is inadequate for sufficient long-term feasibility
 
approximations. He further recommended the investment in an
 
in-depth review of the degree of integration of this project
 
with current and planned CRSPs involving this area of research.
 

II. OTHER COMMENTS
 

Dr. Heady pointed out that the University of Hawaii is
 
contributing significantly to technology transfer. The
 
University collected data and an economist had been hired to
 
analyzed the data for policy considerations. He would agree
 
that the analysis of demand probably is impossible and maybe
 
should be deleted from the project.
 

Dr. Ehrenreich remarked that under subcontract A the experi­
mental design was not shown and included many vague statements
 
such as "we shall compare." He noted the overhead charges,
 
which were quite sizeable, and then separate charges for some
 
items which would be normally covered under overhead.
 

Dr. Wishik asked what portion of the nitrogen would be supplied
 
in a cropping system that included inoculated seed for legumes?
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Dr. Frederick, of AID, remarked that that would depend on the
 
type of system that was set up. If the crop is lequmes, then
 
all the nitrogen costs are taken care of through nitrogen
 
fixation. With cereals about 20% of the cost could be supplied
 
through nitrogen fixation.
 

Dr. Frederick commented that he usually uses a figure of 20%
 
of nitrogen in a farming system which included nitrogen fixa­
tion. He pointed out that some 65 million tons of nitrogen
 
fertilizers are used in the developing world every year. The
 
cost of that nitrogen varied in the United States from anywhere
 
from $500 a ton to $800 a ton. The cost to LDCs therefore,
 
could be estimated to be at least $50 billion dollars per
 
year. Twenty percent, the saving of a siqnificant proportion

of this amount of money would be an important contribution to
 
development.
 

Dr. Carter asked Dr. Greathouse to elaborate on his comment
 
that BNF was overrated.
 

Dr. Greathouse responded that his concern was the cost/benefit
 
ratio. Secondly, the concept of one university carrying out
 
the research was not something he agreed with. He felt that
 
the work should be carried out by a consortium of universities.
 

Dr. Frederick commented on the budget, why it was so high. He
 
said that at the present time international cooperative trials
 
would be carried out and airfares for people to participate in
 
these trials was another item added to the cost. In general
 
there were three or four new activities in the proposed list
 
compared to the last time. There was the economic analysis
 
that had been added and then the resource centers themselves
 
had added cost.
 

Dr. Frederick commented on the importance of seroloqy. He
 
described an experiment where when the researchers finally
 
learned to identify the bacteria that was fixing nitrogen, they
 
discovered that there were no nodules of nitrogen when the soil
 
already contained some nodules. This is why Hawaii is propos­
ing to look at this particular problem. This particular phe­
nomena added some work to the research. It is now necessary to
 
identify strains of bacteria in the soil. He answered the
 
question, why an economic analysis? He felt that only now is
 
the project getting data that is reliable and only now could an
 
economic analysis begin. He pointed out that Brazil in parti­
cular has developed a sizable inoculant program over 30 years
 
and the work in that country was proceeding rapidly. He
 
thought a five year extension was needed in order to prevent
 
interruptions in the work.
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Dr. Frederick answered the question of how this project inter­
acted with the CRSP. He thought that this was an area for
 
consideration by the Joint Research Committee of BIFAD. They

did not want to include BNF in their priority area of re­
search. He pointed out that the funding crisis prevented

including BNF research in crop activities with one exception.

There was a small BNF project in the beans and cowpeas

project. The Agency does need a core activity in this area.
 

Dr. Frederick pointed out that he is constantly trying to get

the project management to integrate more completely into the
 
University of Hawaii. He noted that there had been important

contributions from the University of Hawaii even though the
 
project itself is located in buildings just off campus from the
 
University.
 

Dr. Wishik asked, in view of the recent appreciation of dif­
ferences in strains, could one have confidence that the effec­
tiveness of the inoculant is stable?
 

Dr. Frederick replied that this varied with the legume.
 

III. MOTION
 

That the project be approved with consideration by AID
 
staff of the suggestions made by RAC.
 

IV. VOTE
 

Unanimous for approval.
 

Dr. Greathouse then commented on the difference between the
 
cooperative agreement as compared to a contract. He felt that
 
this project has opportunities which may be missed under a
 
contract, that the contract could not specify exactly what
 
product should be produced in a project where new opportunities
 
are occurring with new research findings.
 

Mr. Babb, of AID, pointed out that the field missions could
 
easily access a contractor. The cooperative agreement was much
 
more flexible for this purpose. There was no need to go

through complicated changes in a contract when a cooperative
 
agreement is in effect.
 

Dr. Wishik asked about when the project would be reviewed
 
within the five year period?
 

Dr. Frederick responded in the third year.
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Research on Nonformal Education for Preliterate Adults '-:World
 
Education, Inc.
 

I. SUBCOMMITTEE REPORT
 

Dr. Anderson, chairman of the subcommittee, which also .included
 
Drs. Elmendorf, Skinner and Tanter reported as follows:
 

The subcommittee is not asked to assess a proposal preliminary
 
to approval or disapproval by RAC. Our task is to evaluate the
 
activities that were funded. The request for extension of time
 
(without additional funds) to complete the final report calls
 
for no action by RAC.
 

Documentation is quite full. Additional information to be
 
expected in the final report---especially details about in­
dividual villages--are available now only in brief, form. But
 
the preliminary final report (and supplementary material) is
 
long and candid. There are serious methodological problems

about the procedure; these are discussed below.
 

The contractor did what he proposed within the limitations of
 
their understanding of criteria for evaluation, and these
 
criteria can be debated. Whether the outcomes of the work are
 
commensurate with the $400,000 disbursed must be judged in
 
terms of one's position on the methodological issues.
 

A genuine merit of the program is that it does not presuppose

literacy of the people - particularly women--with whom it
 
works. However, the coordinators from a village and the
 
facilitators from outside are supposed to be literate. This
 
program faces a difficulty common to all instruction (or "ani­
mation"): does it select its pupils for particular poten­
tialities? The same question must be asked with respect to
 
choice of villages. World Education or other users of this
 
kind of program do enot need to decide that question, but any

evaluation data are strongly affected by this ambiguity.
 

Evaluation requires that one identify project outcomes. One is
 
expected also to decide whether these outcomes serve develop­
ment needs of individual and community. This task is com­
promised by multicollinearity. And, if the tasks or activities
 
are chosen by the women of a village, who is to decide whether
 
they facilitate development?
 

(
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The program is supposed to integrate the concerns of the women
 
(as for health) "as (they are integrated) in daily life" (final

report p.1). Each project is to be integrated. How does one
 
identify this integration?
 

Women's aims and activities are to be linked to the economy,
 
not something separate from or even superior to mere economic­
affairs--a highly commendable aim.
 

The program is supposed not only to teach certain skills but to
 
also teach women how to learn. The report concedes that learn­
ing aides work well because they are used well, not because of
 
their own features (Tototo report p. 30). Here again one
 
confronts the difficulty that what works is determined in some
 
part by the characteristics of the village social climate.
 
Collecting data for that evaluation is difficult.
 

To identify wormen's principal needs (final report p. 2) and
 
make women conscious of these needs is commendable. Women are
 
supposed to 
be shown how their own goals relate to broader aims
 
in development (Ibid p. 2). Both these tasks presuppose deeper

knowledge of life in the villages than the outside "facilita­
tors" are likely to have and presuppose more insight about the
 
larger scene than the local coordinator can have. If a program

works well, was it not a main need?
 

One often reads that planners must understand the social con­
text for their programs. They must know what will be accept­
able in each village. This is very difficult and in some
 
degree is what this program is to demonstrate. Most judgments

of "fit" or congruity in societal matters are post hoc. The
 
backlash that accompanies almost every effort at ameliorating

social conditions should tell us how rarely can sponsors of
 
programs have-this knowledge. One infers that this program

relies on trial and error to find out what a village wants to
 
do--and that is something that answers to a need of the village

people. Knowledge of the social context in advance will be
 
rare.
 

It is said that this program will study "learning processes" to
 
see if they are carried out. How does one collect the perti­
nent data? How to structure the design so as to obtain such
 
answers? The learning processes in community development are
 
inchoate (perhaps fortunately); they involve many crisscrossing

loops; they are directed often toward vaguely phrased aims. In
 
particular, to decide whether unintended events have 
influenced
 
the outcome of a program surely will rarely be possible.
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The 	foregoing queries go to the foundation of the program--only

makes its evaluation impossible. It is difficult to formulate
 
aims, difficult to judge what different individuals will have
 
done 	during the activities, difficult to identify influences at
 
work. 
 Seldom can one judge what were the crucial conditions
 
that 	must be replicated in order to carry out similar sequences

of activities elsewhere. Where this sort of program does work,
 
.the results can be impressive; in many or most situations
 
success will be limited. Can odds be estimated in advance?
 

The 	AID in-house report by Barnes for Kenya lists the steps in
 
a village program:
 

1. 	village leaders are consulted
 
2. 	villagers choose a local person to be trained as
 

coordinator
 
3. 	these are given training
 
4. 	how a program works is explained to villagers (mainly
 

women)
 
5. 	villagers are stimulated to express needs
 
6. 	villagers set priorities among their needs
 
7. 	learning sessions "pursue a specific interest"
 
8. 	villagers agree on how to proceed with task
 
9. 	central project administrators counsel local leaders
 

10. 	 the local coordinator takes over and outside advisers
 
drop out
 

11. 	 an outside evaluation team makes its survey.
 

Relationships with government for one of these self-actualizing

projects are ambigous--as also often has been true for 
com­
munity have a range of services from government. In some
 
places emphasis is put on the "unofficial" activities in the
 
program and detachment from the central government's agenda of
 
programs is recommended. World Education apparently prefers to
 
work with nongovernmental agencies (proposal p. 10). But at
 
several points it is stated that approval by the local village

leader or local represnetative of government is a preliminary

step in getting a program underway. There are sufficient
 
instances mentioned of undue influence by local leaders
 
(whether officials or not) to make one uneasy on this point.
 

Of nonformal education generally one can point out two vari­
ants. A NFE program can be deliberate; sponsorhip or initia­
tive 	can in varying degree be official or not, local in origin
 
or dependent upon permission or support or cooperation by

supra-village agencies. On the other hand, one can prefer when
 
speaking of NFE to emphasize the situation in which it emerges

due 	to the absence, deficiency, or malfunctioning of central
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agencies. The degree of responsiveness to "local needs" will
 
depend upon the particular mixture of these circumstances
 
relating to nonformal program.
 

The project was supposed to have certain outputs (proposal p.
 
5):
 

-evaluation data (including estimates of cost & effective­
-ness)

-develop a research method for learning what gains are made
 
-provide guides for subsequent use in another village

-develop organizational and administrative patterns
 
-demonstrate how to shift responsibililty to residents of
 
the village and away from the outside stimulators.
 

In the nature of the case, a "community development" approach
 
cannot generate firm principles or generalizations in a form
 
useful to new users of the method. Good field workers or
 
leaders in this sort of an approach acquire lore; they often
 
become sensitive and skillful advisors. By apprenticeship
 
other individuals may absorb that lore, but they do this by
 
working with successful leaders.
 

.The judgments on this program are much the same as would be
 
offered on a program in community development. The present
 
findings add little to the literature or lore on community
 
development. The "self-actualizing" procedure has been a basic
 
feature of that earlier sort of program.
 

However, this program definitely is more free of anti-economics
 
views such as characterized many (most?) advocates of community

development. Art Mosher (once Chariman of RAC) was skeptical
 
about using community development techniques ior programs
 
directly related to economic change.
 

These "self-actualizing" procedures could be made part of
 
normal extension programs. Some readers now would say that it
 
is less important to insure that solid research results are
 
available for extension than they would have said before this
 
self-actualizing method had become known.
 

There is no separate reason why the self-actualizing method
 
should not be built into extension programs. Its advocates
 
would contend that their approach emphasized freedom of vil­
lagers to choose and to carry out activities irrespective of
 
whether the activities are aligned with programs sponsored by
 
specialized agencies (health, agriculture, etc.). This pro­
cedure is a very labor-intensive way of stimulating local
 

/o. 1 



-75­

groups to undertake self-help activities. Some observers would
 
say also that provision of money to in-village coordinators
 
subverts some important principles.
 

This procedures seems especially suited to programs conducted
 
by religious and philanthropic organizations, as with many
 
programs, it promises to flourish more vigorously when it is
 
unconnected with officials.
 

When all its steps or stages are considered, this self­
actualizing approach entails a very large amount of stimulation
 
by outside personnel. But when one reads all the activities
 
embraced in a successful village endeavor, on has to ask (para­
doxically) whether the programming or training of these semi-­
professional personnel is sufficient.
 

It is difficult to decide that question. The reason is that
 
villages in any society will vary greatly in their degree of
 
integration, cohesion, or capacity for self-direction. This
 
fact complicates any assissment of the procedures advocated in
 
the project of World Education. When one places this method
 
against the larger background of community efforts, one has to
 
ask will it inhibit tendencies toward family enterprise or
 
diligence. Surely the participants would be disproportionately

drawn from the more change-prone residents.
 

Dr. Rechcigl posed four questions in his letter to the sub­
committee. On the basis of the foregoing discussion terse
 
replies are given here.
 

1. 	Did the project accomplish all of its objectives de­
scribed in the project paper?
 

The project demonstrated a set of procedures by carrying
 
them out (to varying extent) in several villages in
 
Kenya and in the Philippines. Whether the accomplish­
ments were novel can be questioned. There are formid­
able difficulties about finding cogent evidence.
 

2. 	What well-defined end products resulted from the result?
 

On the basis of evidence so far supplied, one cannot test
 
the completeness of the protocols. The procedures intended
 
are comparatively definite; to a varying degree in different
 
villages these procedures for arousing and guiding partici­
pation by villagers were carried out; rather unsystematic
 
comments about factors in success or deficiency of the pro­
cedures were offered. Due to the logical questions raised
 
in previous comments, "well-defined" should perhaps not be
 
applied.
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3. 	Do the results have potential to be qenerally useful to LDCs
 
or to AID's development assistance program?
 

As would be true of practices in "community development"
 
(were such nowadays in fashion), the procedures could be
 
used elsewhere in the world and could become auxiliary to
 
many AID programs. But the procedures are inherently in­
choate. Whether they are used and to what degree are
 
questions not susceptible of precise conclusions.
 

4. 	Are there any precautions that AID should take in making
 
use of the research results?
 

This is a procedure that could be recommended to many kinds
 
of participatory programs. Whether it would be effective
 
must depend on local capability in carrying through the
 
operating steps. Effectiveness must also depend on the
 
estimated correlation of the procedure with particular
 
characteristics of the villages and villagers who would be
 
included. But selectinq the villaqes or estimating those
 
correlations will be difficult, and this difficulty pre­
cludes prior estimates of likely success or of benefit/cost
 
rations for its use.
 

Some operations (including this one) can be evaluated only
 
impressionistically because of the inherent complexity of the
 
-work.
 

If the AID staff had reviewed the literature on community
 
development, they could have known that useful evidence would
 
be very difficult to procure---irrespective of how effective
 
"community development" may be in favorable circumstances.
 

We do not say that everyone know what the contractors would
 
discover. We say rather that evaluating these kinds of opera­
tions is an intractable task.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. 	Skinner commented on the project as follows:
 

The partial draft-final report needs to be completed if one
 
would assess the conclusions of the study: "Education for
 
Adults." If indeed there is no more to be added, then I fear
 
that I must consider this project to have been a simplistic
 
waste of time.
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The view that the less-developed countries lack critical in­gredients in their socio-cultural systems, or 
they would have
developed, papers over a range of complex factors. 
That
"education" is 
one of these factors is conceded. Yet, we are
still far from any agreement as 
to what kind of education is
useful to the development process.
 

The views expressed in the paradigm used in this study, and the
methodology used to educate illiterate women for development
are highly questionable. 
 It is really true that "ultimately
development workers and rural residents have similar objec­tives?" In this case no effort was made to find out. 
 There
 are no data bout what the rural Kenyan and Philippino women
view as the proper role of 
women in their societies. Is clean­liness, friendliness, cooperation, listening to the ideas of
others, and arriving at consensus, pertinent to development?
There is no background data that suggest that the women sub­jects lacked "self-reliance." 
 Did they not have an "n" or "im"
or 
"ps and gs" factors in order to survive in their own soci­ties? 
Must people "have fun while they learn?" Did the women
have to be told to 
learn to do for themselves and not have
people do things for them? 
 Is it not just possible that co­operation and not individualism may be the way to develop at
this specific period in 
the world's history?
 

The methodologies used 
to select the villages and the personnel
for the study are simply bad. The training sessions were
juvenile. In fact 
one sensed that the project designers be­lieved that preliterate or "non-literate" people are children.
 

Although Dr. 
Carolyn Barnes concluded that this project was a
success, she correctly highlighted its major shortcomings. If
as 
she pointed out the participants learned not to 
fear govern­ment officials, what does this mean in 
an environment where
deference is necessary for dealing with officials?
 

Dr. Barnes' comment that it 
was unrealistic to expect the
villagers to pay for the services of the coordinators raises
the most troubling problem of them all--and one 
foreseen by
RAC. True, it does take 
some 
risks for people to develop, but
why expect people to pay for services whose need they were
invited to want? 
 In other words, this appears to me to be form
of exploitation of the local people. 
 The people in the under­developed world have few resources to 
begin with, and yet
outsiders come and attempt to 
rechannel these sources 
in novel,
and untested ways. 
 Why should not these outsiders bear all the
cost until the projects are well tested?
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Dr. Barnes left too many unanswered questions: Why did one
 
coordinator drop out midway? 
 Why did the sixth village group
 
not complete any project and was disbanded after midpoint? 

suspect that data on 
these and other topics might have provided

the necessary information for future projects. In summary,

then, I do not believe that the project accomplished its ob­
jectives. The projected research was not good, 
nor the results
 
generalizable. Professional bias aside, the Agency should
 
ensure 
that such projects have a good anthropological data base
 
before they are tried.
 

Dr. Elmendorf had the following comments on the project:
 

Objectives
 

The purpose of this project was to design and test an innova­
tive approach for educating preliterate*/ rural adults which
 
would draw upon their inherent interests and skills to develop

problem solving methods to be applied to everyday life.
 

Specifically, the project put to 
test the following assumptions:
 

1) that the Self-Actualization Method (SAM)**/ will have an
 
important effect on behavioural attitudes and learning of
 
preliterate rural adults;
 

2) that indicators may be generated to show whether such 
an
 
approach leads to 
improved quality of life, fuller contribution
 
to and participation in community and family development, and
 
better integration into preliterate rural adults' national
 
economies;
 

*/ It is important that a distinction be made between "pre­
literate" and "illiterate"... preliterate being the anthropo­
logical term used to 
signify an interest and willingness to
 
acquire literacy and modernization.
 

**/ The Self-Actualization-Method (SAM) accepts Abraham
 
Maslow's theory that human needs are hierachical. An in­
dividual must satisy one category of need, real or 
preceived,

in order to traverse to a higher developmental phase in the
 
journey toward full human potential; that given the opportunity

and ability to remove obstacles, it is the natural condition of
 
people to grow toward their human capability.
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3) that SAM may be used within the context of a program re­
sulting in increased local participation with program responsi­
bility being maintained at the community level without signifi­
cant outside support.
 

The 	project paper lists the anticipated research products as:
 

1. 	comprehensive evaluation data on impact
 

2. 	research methodology and instruments for determining
 
learning gains related to the goals of rural adults
 
engaged in the self-actualization method
 

3. 	guidelines for replication.
 

(1) Did the project accomplish all of its objectives as de­
scribed in the project paper?
 

As was noted in the RAC meeting of March-April 1977 (p. 46-47),

there are many similar efforts in non-formal education and
 
community development - and have been since the 1950st There
 
are, however, some specific differences in this approach which
 
enhance both the conceptual and real contributions to education
 
and development. The approach is nearer to being truly inte­
grated and interdisciplinary than most. Approaches which are
 
holistic in their integration of a variety of issues and prob­
lems seem unmanageable to planners and agencies who are used to
 
implementing programs representing specific disciplines, such
 
as family planning, improved nutrition and agriculture and
 
health. For example, in attempts to meet the 1990 target for
 
providing all people with safe drinking water*/ and improved
 
sanitation, and "health for all by the year 2000,"**/ increased
 
emphasis must be given to their interdependence if these laud­
able goals for enhancing the quality of life are to be
 
achieved. Both of these efforts depend on mobilizing community
 

*/ UN Conference on Water in Mar del Plata, Argentina, 1979
 

*- WHO/UNICEF Primary Health Conference at Alma Ata, Rusia,
 
1978 
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participation and resources. 
But how to generate broad-based
community participation is a key problem for all agencies.

World Education in these two programs show how, working with
 
groups of preliterate women, support for projects can be en­gendered in a community if learners identify priorities and use
 
an "active" learning approach (Clark, 1979, p.46). 
 Women are
seen in their multiple roles, as co-participants with men

the community development process. If 

in
 
we look at the seven
features outlined in the proposal and discussed at the last RAC
meeting, we can evaluate briefly the strong and weak points of
 

each.
 

1) The need-based structure of the curriculum
 

The materials and activities used 
to create dialogue and solve

problems were not entirely unstructured but were hierarchial

and integrated, just as 
the social and economic factors are
interrelated in the villages. 
We saw in the report that the
learners did move toward solving problems of their own choosing

and gradually experienced successes which they had brought
about. Interestingly, they took hold of small fragments of

knowledge and moved 
to other needs - ones planners might have
considered more basic. 
 As they learned decision-making tech­
niques and new problem solving skills, they applied them to 
new
 ways to improve the quality of life. 
 The techniques and learn­
ing materials for identifying needs were outstanding contribu­
tions of the programs.
 

2) Local, fLexible teaching designs
 

The cultural differences in priorities in Kenya and the Philip­pines were interesting, and the facilitators/coordinators

responded to them differently, using various educational
materials as 
they fit the needs of each qroup. For example, in
Kenya 30 percent of the participants saw a session dealing with
income-relatd activities as valuable and enjoyable versus only
six percent in the Philippines. Projects chosen by the groups

reflect their interests.
 

The organizational differences in the two programs, as well as
the ages and experience of the coordinators/frontliners, make
comparisons difficult, but it is obvious that the groups were
flexible in their teaching designs. 
 At the same time, these
differences point out the usefulness of the approach in various

situations iI flexibility is maintained.
 

Q%
 



- The extensive field training in the learner-centered 
methodologies, including techniques for development 
of appropriate materials for stimulating dialogue and 
problem solving, is undoubtedly a key to the success 
of these programs. 

- The "tested participatory activities for trainers" 
From the Field, World Education, Crone and Hunter, 
1980, based on experiences from Kenya and the Philip­
pines, as we; as other countries, is a related con­
tribution from these projects and one which allows for 
creativity and flexibility in trainers and learners in 
various situations. 

- The monthly meetings of the field workers with support 
staff provided an opportunity to evaluate the various 
approaches and to discuss changes as noted in the vil­
lage. 

3) Periodic tests of change
 

The idea of having several checks of changes of knowledge,

attitudes and behaviour was carried out as planned in the
 
proposal. The ongoing assessment, which started at the begin­
ning of the project, included:
 

- a weekLy log kept by the field teams in which careful
 
observations and reactions to each group meeting were
 
recordead, including participation of individual members,
 
techniques and materials used;
 

- records kept by the field work supervisor and project
 
director of their frequent field visits for monitoring
 
and ob:ervation;
 

- proqre:;s on the project as reported by randomly selected
 
villagers whose individual participation and changes were
 
also noted.
 

Even though details on the baseline survey on village condi­
tions were not included, data from these, along with a needs
 
assessment documenting participants' goals and objectives at
 
the outset, were used to determine change. Specific evalua­
tions by outsiders were made to determine outcomes of the
 
project at two specific times, but the evaluation by the parti­
cipants and the coordinators is probably the most valuable
 
contribution since it records the process of the project. The
 
analysis by outsiders of the total process and the participa­
tory evaluation as summarized in the draft of the final report
 
is an extremely useful document.
 

/
 



4) The use of behavioural indicators
 

As noted in the RAC Minutes (1977, p. 45) the most important

element in the program is probably behavioural change and not
 
just new attitudes and knowledge. It was noted that anecdotal
 
material in the field logs and reports referred to numerous
 
changes in personal hygiene and sanitation, but details of
 
these changes were not always included. Numbers and timing
 
related to presentations and projects are extremely valuable
 
for the always difficult task of analysis of such materials, as
 
were given, for instance, in connection with the bakery project

in Kenya where many behavioural changes were noted. The build­
ing of latrines and taking of inoculations to meet health
 
requirements for opening the bakery had village-wide implica­
tions. By mid-point it was established that 23% of the 60
 
women who baked and sold the bread had already been screened
 
and certified fit by the regional health officer and further
 
screenings were being made. AIl of the women who were baking

had had the required inoculations. Equally important is the
 
fact that 90. of the women interviewed at mid-point were
 
purchasing btead, which would be particularly beneficial for
 
children, for instance, who had some distance to travel to
 
school. Similar benefits were noted with the poultry-raising

scheme.
 

The child-care center in village four, Kenya, also met broader
 
community development goals in that it insured supervision of
 
children while freeing parents for a time to pursue other
 
activities. Health needs such as santitation were addressed
 
since latrines for basic hygiene mus, by Kenyan law, be in­
stalled for such group projects as nursery schools, bakeries
 
and the like.
 

The various successful projects -- bakeries, poultry and pig

raising, mushroom culture -- are described in detail, but other
 
equally important behavioural changes, such as increased cor­
fidence in approaching government agencies, or in participating

in meetings or discussions with friends and family were not as
 
fully reported in the available materials. It was further
 
noted that many women dressed more neatly, carried themselves
 
with more pride, and took more interest in community affairs.
 

5) Use of paraprofessional staff
 

The village-level workers, "coordinators" or "frontliners",
 
played key roles in the project, but there was some conflict
 
with lowest level career helpers, the "facilitators." There
 
was not a one-to-one mentor relationship as or' inally pro­
posed, but more of a semi-supervisory one. The difference in
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salary was resented by the villaqe-level workers, who are being
 
faced with lack of any income, since Lew villages can sustain
 
the programs yet. One recommendation which seems worth pursu­
ing is to eliminate the facilitator role except as a training/­
supervisory person with say 10 or 12 villages.
 

6) Use of non-literate teaching methods, or non-formal educa­
tion for preliterates was a valuable part of the project since
 
it opened participatio. to the total community, literate or
 
illiterate, without shame or discimination. Interestingly
 
enough, even though literacy was not one of the goals, improved
 
attendance at literacy classes, or establishment of such
 
classes, has been reported by coordinators in Kenya and seems
 
to be related to the goups' interest to earn more income.
 

Less motivatLon for literacy in the Philippines is probably due
 
to the fact that more participants had schooling, but with
 
low-skill level. The teaching methods were appropriate for the
 
Filipinas, who enjoyed particularly the group dynamics and
 
problem solvinq sessions.
 

7) The use of non-governmental organizations instead of the
 
Ministry of iducation was a very important part of the project
 
design. To have worked within the Ministry of Education would
 
have limited flexibility and process. The Kenyan project was
 
easier to operationalize since the cooperating agency did not
 
have village-level workers and understood the basic goals of
 
the project. In the Philippines there was difficulty in main­
taining harmony between the field personnel of the cooperating
 
agency and the project. Such a partnership is difficult at any
 
time and, in a bottom-up approach, extremely complicated. This
 
part of the evaluation should be carefully analyzed for use in
 
developing a cooperative mechanism before replication.
 

In fact, the group approach within the village was an im­
portant key to the success of the project. It was interest­
ing to note that when risk and uncertainty were present,
 

the
 
group dwindled - or when giveaways were not offered - but
 
peer support in the risk takers kept the momentum going and
 
others rejoined. For instance, in Kenya the 48-member group
 
dropped to 11 as they struggled to raise money for the
 
nursery ,-chool. When the risk takers showed that the goal
 
could be achieved, the group grew to 34.
 

(2) What well defined end products resulted from the result?
 

The final evaluation will undoubtedly answer some of the ques­
tions raised in this brief review, but the results as already
 
reported have great potential to be generally useful to LDCs
 
and AID.
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The statement made by Dr. 
Carolyn Barnes, after her February

1980 field trip to Kenya, reflects my feelings after reading

the evaluations of the projects and realted literature:
 

The project process based on the self-actualization method

has resuLted in a very impressive outcome whereby women or­
ganize and obtain some technical guidance to launce and
 
operate Local-level development activities identified by

them. The basically low-cost approach has been proven to
 
be effective in the Kenya experiment and is worthy of seri­
ous attention and replication.
 

The project'; success and usefulness to others can be measured

in part by the fact that requests have been received "a) by new

members to join existing groups, b) for training 
to be given to
 
agents of other organizations, c) to form new groups (one

request came from the men in village one), 
and d) for the
 
project to take over 
flagging groups currently under other
 
organizations."
 

In fact, the 
two projects, with some reservations noted in the

following comments, showed clearly in the mid-point evaluation
 
in July 1979 that "it 
is possible to organize and facilitate
 
education to address the real interests of village residents
 
and that learning objectives of the groups are consistent with

generally accepted development goals. Furthermore, it is clear
that in those villages where the learning approach comes
 
closest to the "ideal" 
one characterized as the self-actualiz­
ing method, 
success has been most apparent."
 

Based on reports and my observations in various countries, the
 
impact of tecnniques and methods used by World Education have

already had widespread application in successful projects in

Thailand, Honduras and Indonesia. A longitudinal study of the
 
ways in which the self-actualizing approach has been incorpo­
rated into various projects could help AID and LDCs find ways
 
to:
 

- achieve more 
effective and efficient integration among the
 many fragmented services and programs designed to meet basic
 
needs;
 

- incorporate planning, research, training and evaluation into 
an iterative learning process where "users" and "providers"
are in a continuing dialogue of problem solving.
 

(4) Are there any precautions that the Agency should take in
 
making use of the research results?
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Care must be taken:
 

- that the learning materials do not become ,,too standardizedt' 

- that flexibility be maintained in relation to needs as defined 
by the villagers; 

- that local coordinators/fronliners are selected by their com­
munities and have some financial support and continuing pres­
tige;
 

- that there be monitoring and supervision, which should be more
 
like continuing learning, sharing and evaluation of the pro­
cess with upward mobility for some coordinators to keep up
 
motivation;
 

- that some seed money, long-term .oans or a revolving fund be
 
available to get the self-help projects going, where needed;
 

- that the emphasis be kept on women in their multiple roles,
 
but that men not be excluded from the process;
 

- that relationships with other agencies - non-governmental and
 
governmental - be explored to expand the impact and prevent
 
politization.
 

In closing, it is recommended that the requested extension be
 
granted to World Education and urge that extra funds be made
 
available, if needed, to prepare and publish a training manual
 
and guidelines for replication.
 

Dr. Tanter reported as follows:
 

The most important aspect in this project is behavioral
 
change. The project was quite innovative in recording infor­
mation from field logs that documented changes in personal
 
hygiene and sanitation. It would have been helpful, however,
 
if the project had had a more systematic method for reporting
 
this information.
 

There seems to be a made off between the rich descriptions
 
presenxted and the external validity or generalizability of the
 
results. Successful projects concerning poultry, pig raising,
 
etc., are described in rich detail. The generality of such
 
descriptions, however, is unclear.
 

cK*
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The materials developed may be the most useful end products.
 
Again, however, the generality or applicability across time and
 
space is unclear. The self-actualization method itself has
 
been validated under various conditions, and the present work
 
may be considered further validation.
 

With respect to internal validity, moreover, how can one be
 
sure that the effects attributed to nonformal educational
 
techniques are due to them rather than to other factors?
 
Indeed, the problem is even more difficult because of the
 
probable intercorrelation among factors that help determine
 
behavioral change.
 

It is extremely difficult to get a handle on this type of
 
project. It is intended to be outside the mainstream of
 
traditional approaches and achieves this result!
 

Dr. Montgomery asked if any efforts to put indicators into the
 
final report had been made.
 

Dr. Anderson responded that there was both a lack of indicators
 
and an apparent inability to use indicators. This was the main
 
weakness of the report.
 

Dr. Elmendorf felt that the report did use some indicators.
 
She suggested that perhaps longitudinal indicators were more
 
appropriate than those used.
 

Dr. Sprague, of AID staff, expressed appreciation for the
 
comments, especially the range and the diversity of comments
 
that were received. He remarked that the Office of Education
 
likes to adhere to as much rigor as possible in education
 
research projects, but did not have available the means for
 
creative evaluations of those projects.
 

Mr. Hoxeng, also of AID staff, said that in the beginning the
 
project was not an experiment. A log that was kept on the
 
activities allowed some experimental control of the project.
 
The evaluation that later became a part of the project was not
 
in the initial project design. The log will be in the final
 
report.
 

Mr. Hoxeng went over some of the results of the experiment to
 
indicate the type of findings that appeared in the report.
 
For example, in Losotho there were some 800 different groups
 
identified that were providing nonformal education. The
 
techniques that were being used by these groups should be
 
useful. In the Philippines and in Kenya people were denied
 
change. He pointed out that the project included a broad
 
spectrum of countries and the results should be useful. Some
 
Moslem countries were included.
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Distribution of Gains, Wealth and: Income for Economic and
 
National Development - Rice University
 

I. SUBCOMMITTEE REPORT
 

Dr. Falcon, chairman of the subcommittee, which also included
 
Drs. Montgomery, Tanter and Thorbecke reported as follows:
 

Background - The Rice project coincided almost perfectly with
 
the decade of the 1970s. The initial grant of nearly $600,000
 
covered fiscal years 1971 throuqh 1973. The oriqinal qrant was
 
extended into 1975 when a major project supplement totalling an
 
additional $500,000 was aqain approved by AID. In short, this
 
was a large project covering about $1 million over an 8 year
 
period, 1971-78.
 

The Rice project contains a number of important features that
 
need specific assessment. However, it is also an approriate
 
general vehicle with which RAC and AID can assess where the
 
profession of development economics has come (or gone) during
 
the 1970s. Moreover, in terms of the task of the Committee,
 
understanding the milieu of 1971 is extremely important for
 
evaluating this project. The central review question on this
 
project is not whether RAC would recommend fundinq for the same
 
topic if it were to come up for review at the present time.
 
Rather the issue is whether the support of the project was a
 
sensible action in 1971 and 1975. Although the Committee is
 
critical of several elements of the project, particularly
 
during the 1975-78 period, RAC generally agreed overall that it
 
was a useful program of research for AID to support.
 

To help set the stage for this review, it is appropriate to
 
remind all RAC members about the nature of development econo­
mics in the late 1960s. Based to a considerable extent on the
 
research of Simon Kuzents--work that helped him to win a Nobel­
Prize--the prevailing (if caricatured) view in the 1960s was
 
that capital was a limiting factor of economic growth, that
 
growth was the best way to solve development problems, and that
 
a worsening of income distribution was almost inevitable during
 
the process of development. The argument took various forms,
 
but centrally at issue was what the poor did with the incomes
 
that they earned. Part of the arqument had to do with the
 
nature of their consumption expenditures and part had to do
 
with their rates of savinq. Most people believed the poor
 
would not save and/or they would consume in ways that were
 
conductive to the long run growth of the economy. The Rice
 
project was among the first to challenge these assumptions and
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it is to their credit (and AID's) that they were among the
 
leaders in looking at the question of whether greater income
 
growth and improved income distribution were compatible during
 
the development process.
 

The "style" of the Rice project also deserves mention. Much of
 
the economic research on development being conducted and sup­
ported in the late 1960s and early 1970s was more of a program
 
variety, rather than a tightly defined project with more
 
limited objectives. At Yale, the group under Llyod Reynolds
 
was working on a series of country growth studies with AID
 
support. Similarly, Hollis Chenery and his associates at
 
Harvard were also working on an extensive array of issues on
 
structural change and development planning. Thus, the early
 
funding of the Rice project appears to have been very much in
 
the style of the day. That is, the research was on an impor­
tant broad topic at a major academic center. The assumption
 
was that this was the best way to mobilize a substantial number
 
of good people in a flexible way to work.on a central topic.
 

The breadth, the style and the substance of economics research
 
has changed dramatically in the late 70s and early 80s--prob­
ably all for the better. Nevertheless, the two points that
 
have just been made underscore the appropriateness of RAC and
 
AID behaving as they did in 1971. By 1975, however, the gen­
eral situation had changed and one can certainly raise more
 
doubts about the funding of the last half of the project.
 

Objectives of the Research - The research at Rice had several
 
major themes. Most importantly, it was concerned with income
 
distribution and the structure of demand. It asked the empiri­
cal question of how poorer groups spent their money and whether
 
their savings rates were different from upper income groups.
 

Tese questions were of central interest to development
 
theory. First, if savings rate of the poor could be shown to
 
be similar to the rich, a major blow could be struck against
 
the idea that inequality of income was necessary for develop­
ment. The traditional argument was that rich capitalists were
 
needed to provide the savings and investment required for
 
future growth. If low income groups had reasonable actual or
 
potential savings rates, the implications for development were
 
enormous.
 

A second major issue involved the factor intensity of the goods
 
which the poor consumed. A key question of the Land/Soligo
 
model was whether the consumption bundle of the poor contained
 
items with relatively high labor to capita ratios.
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If this proved true emphirically, and if more income could be
 
d--7rected towards the poor, a developmen-t mechanism could be
 
started whereby income was made more rather th:.i less equal.
 
More specifically, if the poor consumed goods with hgih labor
 
ratios, such consumption patterns would add to employment. And
 
additional employment, as everyone might guess, was crucial in
 
leveling the distribution of income within most of the develop­
ing world. Moreover, since capital was still thought to be the
 
critical impediment to growth, the low-capital component in the
 
consumtion basket of the poor would be of further benefit by
 
reducing the capital needs of a society.
 

A third part of the program had to do with indirect employment
 
effects. In housing, for example, (which was a controversial
 
element of the project during the second review process) the
 
Rice group hypothesized that the indirect employment and income
 
distribution effects might outweigh the direct component. Even
 
though housing would be demanded by the upper income groups,
 
the labor involved in the construction of housing might make
 
income distribution within a society more egalitarian. (it is
 
important to recoqnize that the Rice project had a heavy
 
Colombia association, and that housing issues in that country
 
were then a major featlure of economic policy). The foregoing
 
list of specific topics could be expanded but the three ex­
amples just presented provide a flavor of the theory, hypo­
theses, and empirical content of Rice's work on income distri­
bution.
 

A second broad part of the Rice project included an anlysis of
 
how government policies might be used to assure that the poor
 
were not disadvantaqed during the development process. The
 
final part of the project was designed to determine how
 
ethnicity and other social variables might either enhance or
 
retard a more egalitarian distribution of income.
 

Contributions of the Project - The Rice project was successful
 
in developing more than 50 working papers and published arti­
cles on this set of topics. The work contributed significantly
 
to a series of review articles on income distribution in the
 
development process. Various later projects, e.g., the Prince­
ton project on Korea, several volumes on Colombia, the Brook­
ings volume on Latin America, and the World Bank volume on
 
Redistribution with Growth, drew somewhat on the'general find­
ings of the Rice group. At the same time, there are few essays
 
from the project that can now be regarded as classics.
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The empirical findings of the project, which perhaps should
 
have been anticipated from the outset, contained no universal
 
truths. In general they showed that policies to alter income
 
distributions in mixed economies were often frustrated. They
 
showed that what the poor do with their income varies impor­
tantly in different countries, and that conclusions on this
 
topic cannot yet be educated from first principles. The
 
results showed further that the data required for making such
 
analyses were extremely demanding and often governments which
 
had such data unwilling to release them for analysis. (Part of
 
the difficulties of the project was the lack of real data and
 
the need to resort continually to simulation.) More generally,
 
the Rice project added to the mainstream of development econo­
mics by showing that income distribution issues were topics
 
that required analysis rather than assumptions. The fact that
 
they came to no universal theory is less a matter of the pro­
ject, and more a matter of the nastiness of the problem.
 
Sometimes even the answer, "it depends," is a useful step
 
forward.
 

One specific study on savings is illustrative of the foregoing
 
point. The Rice group had hoped to show that low income groups
 
were high savers or potential savers. Yet in fact, in one of
 
their key studies on Colombia, certain poor groups were shown
 
to have different rates of time preference than the rich, and
 
that even when the poor were faced with the same savings op­
tions, they; i;aved less. Studies in a number of other coun­
tries by othei qroups have shown contrary results. The im­
portant point, however, is that the work at Rice helped demon­
strate that income-distribution situations differed by country
 
and perhaps by staqe of development. The Rice project was thus
 
part of a process that took development theorizing about dis­
tribution out of the armchair and into the nitty-gritty of
 
specific-country settings.
 

While the Committee is impressed with the work of the Rice
 
project in general, and my colleagues will speak to the
 
specific contributions as they see them, it is clear that the
 
1975 project extension was less useful than the original
 
grant. The differences were several. The central idea of the
 
Land/Soligo model was probably strong enough to carry the group
 
for four years, but not enough for eight in light of the vary­
ing empirical results. The return of Professor Land to the
 
land--he became a rancher--was a significant blow to the pro­
ject. The failure of the government of Malaysia to release the
 
income distribution data precisely because it might indicate
 
differences by ethnic group was a serious setback as well as to
 
the Rice study on ethnicity. Finally, the changed role of the
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AID mission in Colombia, plus the changed set of outside ad­
visors in Bogota', had an important negative impact on
 
providing the data base that was quite essential to the second
 
phase of the project. With a different scenerio in Colombia,
 
the research and policy contributions of the project could have
 
been quite different.
 

Conclusions - The overall reading of the project is that it had 
modest success, with the project more successful than the later 
part. The ma-ior contribution was in helping AID and others to 
think about a broader set of questions that linked income 
qrowth and in(:ome distribution. Few of their results can be 
linked with specific AID actions, and yet how the Aqency 
thought about many specific policies changed drastically during 
the decade, presumably in part because of the work at Rice. 

Two strategy conclusions can be drawn from the project that may
 
be relevant for the 1980s. First, work on income distribution
 
should still remain an important topic for empirical research
 
in economics, but the days of broadly based program research on
 
this topic are probably over. What is needed instead is a much
 
more specific set of projects geared to particular questions,
 
sectors, policies and countries. Second, at least for social­
-science research, the Rice project probably points up the
 
danger of trying to support individual projects for more than
 
five years. Because of the importance of the general topic,
 
and because of the quality of the staff at Rice, the benefits
 
of their total effort exceeded the costs. It is suspected,
 
however, that the ratio would have been substantially higher if
 
the project had been terminated in 1975.
 

Dr. Tanter who was also on the subcommittee to review the
 
project reported as follows:
 

The part of the Rice project concerned with political science
 
is not nearly as tight as the economics portions. The Minutes
 
of the April 1971 RAC meeting suggested that the proposed
 
analysis dealing with political phenomena needed to be
 
strengthened. Specifically, the efforts of quantitatively
 
oriented political scientists could complement the statistical
 
work of the economists at Rice.
 

The ostensible interdisciplinary nature of the Rice project
 
breaks down due to the lack of complementarity between the
 
economists and political scientists. In addition, there is an
 
absence of a theoretical synthesis, across disciplines and
 
subprojects.
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The analysis of low government policies might be used to assure
 
that the poor were not disadvantaged during the development
 
process could have been more systematic than it if sohphisti­
cated tools had been used. Similarly, the work on ethnicity

and other social variables lacked methodological sophistica­
tion, and hence this work does not say as mluch as it could
 
concerning the ways to enhance equity in income distribution
 
for given levels of growth.
 

A principal finding is that income growth distribution situa­
tions differ by country and by stage of development. This
 
finding is of potential policy relevance, especially if the
 
Rice analysts could specify the characteristics of the situa­
tions themselves in general terms.
 

Dr. Montgomery agreed with Dr. Tanter's commen.s. He felt that
 
when the project was reviewed the Land/Soligo model was pre­
sented to the PAC. The results that were being reviewed were
 
an over simplification of this model. This proved the theory

that growth required unequal distribution. Price supports

usually redistribute from poor to the rich. Rice continued to
 
work after the conclusion of the project. The reports that
 
come out after this evaluation would lead to more positive
 
comments on the final project.
 

Dr. Falcon pointed out that all the reviewers had reservations
 
about the project and particularly the last phase of the pro­
ject. There were fewer reservations for the political science
 
aspect.
 

Dr. Swanson asked if there was anything in the agriculture
 
sector in this project that was dealing with income distribu­
tion and the agriculture sector. Specifically, he wanted to
 
know if there was anything that was specific by policy and by

country, and second whether or not there was anything on how
 
price policy affects those people with low incomes.
 

Dr. Montgomery, thought the comparative analysis of cross
 
countries was useful. The hypothesis is that cross-country
 
analysis of policies is necessary.
 

Dr. Heady commented that his university had a project going on
 
in Southeast Asia and he wondered if there were lessons to come
 
out of the project that might be used elsewhere such as in
 
Southeast Asia.
 

Dr. Falcon responded that nothing classic was produced.
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Mr. Silverstone, of AID staff, expressed appreciation for the
 
review. He thought that the project in the beginning was very
 
hopeful and exciting. He was disappointed, however, in the end
 
result. He thought that there was a failure in conceptualiza­
tion in the project.
 

Mr. Silverstone suggested that while Rice did some interesting
 
things they were, however, handicapped by the fact that AID did
 
not allow them to go to the countries involved in the study.
 
Ethnicity cause a problem in the study. Mr. Silverstone in­
dicated that he was personally interested in that subject. He
 
was also fascinated with the attempt to view the quality of
 
data. Data for the assessment of social-economic situations
 
have proven to be extremely difficult to obtain and data have
 
been poor in all projects. He thinks the delphi technique that
 
was used in the project was very interesting. He commented on
 
the findings of the project in the political science area. He
 
thought, for example, the differential effects of expenditures
 
as presented in the project were very interesting.
 

Mr. Silverstone felt that the thinking in this field had been
 
advanced a great deal by a lot of work that included this
 
particular pcoject. He pointed to some research being done at
 
Princeton University also in the area of policy and income and
 
that particuLar study hopefully, is more productive than this
 
one.
 

Dr. ElmendorC pointed out that there is a network of women
 
looking at women's income distribution and this type of
 
information might be used to supplement that in the report.
 

V) 
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Inheritance and Improvement of. Protein Quality and Content in 
Maize - Purdue University 

I. SUBCOMMITTEE REPORT
 

Dr. Moss, chariman of the subcommittee, that also included Drs.
 
Carter, Greathouse and Heady reported as follows:
 

The Purdue maize project began in 1970. It was funded to take
 
advantage of what was considered a significant breakthrough in
 
nutritional quality of maize. Two mutants had been discovered
 
which showed a significantly improved balance of amino acids in
 
their kernel protein--particularly a higher percentage of ly­
sine. These two single-gene mutants, given the names Opaque-2

and Foury-2 from the appearance of the kernel endosperm, were
 
the first indication that the value of maize protein for human
 
nutrition could be improved. These two mutants, discovered at
 
Purdue, were the only known sources of an improved protein

quality in maize. It was hoped to transfer quickly the mutant
 
genes into locally adopted maize inbreds around the world and
 
cause a major improvement worldwide in the nutritional quality

of maize for man an monogastric animals.
 

That hope proved disappointingly illusive. These genes proved
 
to have pleo-tropic properties (or to be tighly linked to other
 
genes), which caused significant yield reductions compared to
 
normal lines.
 

At a RAC meeting on March 20, 1975, at which time the project
 
was extended for three years, the following summary of the
 
problems and potential was given:
 

The primary objectives of this project was to utilize the
 
Opaque-2, Floury-2 or any other genes of maize still to be
 
discovered to improve protein content and quality of maize.
 
The principle quality limitations of maize nutrionally
 
are lysine and tryptophane. Transfer of these genes to
 
superior hybrids is a simple matter. The difficulties
 
which led to the research project are the characteristics
 
associated with these genes that are undesirable and that
 
are transferred along with the Opaque-2 and Floury-2 genes.
 

II. SUBCOMMITTEE COMMENTS
 

Dr. Carter pointed out the difficulty of separating yield and
 
protein as content of maize is increased yields tends to be
 
reduced. He felt that the people who wrote on this topic were
 
optimistic because of emphasis on national adaptation. He
 
personally hoped that the yield problem might be overcome with
 
local adaptation.
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Dr. Greathouse agreed with the report given by Dr. Moss. He
 
did not feel that the project reached its objectives but
 
nevertheless, made significant contributions in the field of
 
maize breeding.
 

Dr. Heady pointed out that when the project was initiated it
 
was thought that there was a need to increase the protein
 
content of maize. Given this objective the outcome was not as
 
great as was expected. However, it should be pointed out that
 
the task was very complex and that the project should not be
 
judged badly by not having reached that objective.
 

Dr. Falcon asked for more information in one point made in
 
Dr. Moss's report. He sits on the Board of CIMMYT and members
 
of this Board think that the yields of high protein maize is
 
much more nearly equal to those of traditional maize varieties
 
than has been stated in the project report.
 

He wondered if the committee had access to latest data on this
 
subject. He personally thought the progress in this area was
 
exordinary.
 

Dr. Rechcigl, of AID staff, remarked the project goes back 
to 
prior to 1970 and was instigated by the discovery of opaque 2 
corn. He pointed out that cooking properties of high protein 
maize was a problem . It was initially tested by chemical 
means and this didn't say very much about the biological
 
utilization of the protein in the new maize.
 

Dr. Moss remarked that he was aware that opaque 2 corn and
 
varieties were in the corn breeding program in various places
 
although there were no commercial varieties produced by this
 
project. The various breeding programs were still using the
 
genes from this corn apparently without any problem of low
 
yield.
 

Dr. Wishik felt that the project had tried to improve gene­
tically the protein content of the corn and had failed.
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RESEARCH ADVISORY COMMITTEE MEETING
 
March 3-4, 1981
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AGENCYFOR INTERNATIONAL DEVELOPMENT
 
RESEARCH ADVISORY COMMITTEE
 

Minutes of the Seventy-Second Meeting
 
July 21-23, 1981
 

July. 21 

The meeting was opened promptly at 9:00 a.m. by the chairman,
 
Dr. Smuckler.
 

Dr. Rechcigl then was asked to introduce the ad hoc'members of
 
the RAC, four people who had been invited to participate as
 
experts in this RAC meeting.
 

Dr. Rechcigl introduced Dr. Clarence Idyll, Dr. J. H. Farrell,
 
Dr. C. Sloger and Dr. J. Sanderson. The ad hoc members were
 
added to the RAC for this meeting to add expertise in
 
particular areas in projects which had been received.
 

Dr. Minners, the Science Advisor, then introduced his assi­
stant, Dr. Asher, and Mr. Robert Meehan, who had been detailed
 
to the Science Advisor's office during this period in order to
 
expedite the funding of projects in the new program.
 

Dr. Minners pointed out that the Science Advisor's program was
 
going to take time to develop. He was trying out a comoetitive
 
program where researchers were invited to submit proposals and
 
then AID would fund only the best of these proposals. He re­
marked that his office had not advertised his program or the
 
availability of funding from his program at all, that the word
 
had gotten about from word of mouth and that he had received
 
numerous proposals. It was his intention to identify the best
 
ones and then hold some other projects for wider competition.
 

He pointed out that there had been an internal review of the
 
projects within AID and the results of that review had not been
 
made available to RAC because he wanted the RAC review to be an
 
independent review. He did not promise the internal reviewers
 
that the projects would be funded if approved by RAC. He men­
tioned that he himself does not have the broad kind of wisdom
 
to determine what we should do in every field since the re­
search program will be covering a great many fields. He had
 
asked for small proposals on innovative topics. Originally,
 
the Science Advisor's budget was set at $12 million but he re­
minded the RAC that $6 million of that had been obligated for
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the National Academy of Sciences project that had gone through 
the RAC earlier. Currently there is about $ 5.25 million dol­
lars yet to be obligated. He did not want to fund with this 
money any research that is not of very high quality. 

Dr. Wishik thought that it should be put on the record that
 
this was a special meeting of the RAC. He pointed out that in
 
all previous meetings the RAC had needed recommendations to the
 

Administrator. This was very different now in that these
 
projects would not be sent for the Administrator's approval.
 
He also pointed out that because of the way in which the
 
materials were received that the RAC members were not able to
 
review the ma- terials as carefully as they normally do.
 

Dr. Smuckler then explained that with the appointment of
 
Dr. Brady, as the Assistant Administrator for the Science and
 

Technology Bureau, there will be created three directorates
 
headed by people with broad expertise in their areas of
 
responsibility. The existence of these directorates will
 
somewhat change the nature of the central core talent in AID.
 
The nature of central research is under the scrunity of Dr.
 
Brady and others in AID and the RAC perhaps will find itself
 
with a new role as a result of this scrunity.
 

Dr. Long remarked that out of this experience over the next
 
couple of days AID and the RAC may gain experience which is
 
useful in establishing a new system of review for the central
 
research program.
 

Dr. Wishik noted that the innovativeness of the research pro­
posals before the RAC was very apparent. Reviewing these
 
proposals and making recommendations on them is much more like
 
gambling than usual.
 

Dr. Peterson then pointed out that the real strength of the RAC
 
is in the debate that takes place with each project. If in the
 

future there is a large number of projects, such as there is at
 
this meeting, then each project cannot be closely reviewed and
 
debated.
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To Assess the Ergot Contamination Prnblems in India by
 
Determining the Levels of Ergot Alkaloids in Grain and 
Foodstuffs and Obtaining Corresponding Epidemiological Data -

Food and Drug Administration 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Schweigert, chairman of the subcommittee
 
which also included Drs. Connell and Moss follows:
 

The investigator in coordination with Dr. Samuel Page of the
 
Bureau of Foods of the U.S. Food and Drug Administration has
 
developed a research proposal to assess the ergot contamination
 
problem in India. The approach is to determine the level of
 
ergot alkaloids in grains and other foodstuffs and to obtain a
 
corresponding epidemiological data from the regions concerned.
 

Toxic syndromes associated with the ingestion of ergot alka­
loids produced by various fungi growing on various grains
 
including pearl millet in India have been described. This is a
 
major concern with respect to the public health safety of these
 
foods which are vital to providing important cereal grain foods
 
to the population. It is further brought out in the research
 
proposal that the toxicities and alkaloid content of affected
 
grains may vary widely and in certain instances, methods for
 
estimating quantitatively the ergot content of such foods may
 
need further development. The ergot alkaloids in millet are
 
apparently d'fferent than those that develop from fungal in­
fections in rye and wheat.
 

The research plan is to isolate alkaloids from contaminated
 
pearl millet and to establish the chemical characteristics of
 
the alkaloids. Up to date, seven alkaloids have been detected
 
by thin layer chromatographic techniques. It is in this phase
 
that coordination with the Bureau of Foods of the FDA would be
 
particularly valuable in providing analytical support for these
 
studies.
 

The investigators then plan to utilize high pressure liquid
 
chromatographic methods for separation and quantitative anal­
ysis of ergot alkaloids produced by the major fungal species
 
(Claviceps fusiformis). After evaluation of the method and
 
improvement in extraction techniques they plan to develop and
 
evaluate sampling techniques for obtaining representative
 
samples. They then anticipate surveying samples of pearl
 
millet and millet products in areas where ergot contamination
 
has been known to have occurred. In this connection, it is
 
significant to note that they anticipate needing one thousand
 

/ 
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samples to assure statistical validity. The basis for this
 
estimate was not presented. They plan to conduct epidemiologi­
cal studies in areas where there is high incidents of ergot
 
contamination and further analyses of foods may be needed if
 
toxic manifestations are noted in the population.
 

The National Institute of Nutrition in Hyderabad has had con­
siderable experience in working in the general area of food
 
toxicology with emphasis on mycotoxins. The above'project is
 
developed to more specifically define the potential toxicologi­
cal problems with ergot contamination in millet. No background
 
was provided in the brief proposal relative to methods of pre­
venting the growth of the fungi and thereby developing some
 
technique to eliminate or minimize the presence of these ma­
terials. Obviously, after they are produced it is important to
 
know they are there and if they have biological significance.
 
Even more important is attention to prevention. This issue was
 
not addressed. It is further recognized that even when such
 
toxins are present in a foodstuff when food is extremely scarce
 
we have a difficult tradeoff with respect to biological effects
 
(some degree of toxicity with the ingestion of the toxicant
 
versus limited total food intake which has its own obvious
 
biological effects).
 

The investigator appears to be well trained and productive

based on documentation provided. In fact, it is regretable
 
that the project was not as thoroughly documented (4 pages) as
 
the background, publications and other activities of the prin­
cipal investigator (11 pages).
 

For the budget, the high pressure liquid chromatography and
 
equipment and supply categories appear to be very high based on
 
knowledge of cost vs. comparable items in the United States.
 
Subject to discussion from other subcommittee members, it is my

recommendation that there be a deferral of this proposal until
 
there is greater elaboration of the research proposal and some
 
discussion of approaches to prevent or minimize the growth of
 
the fungi prolucing the toxins. There seems to be a linked
 
phase to this project unless extensive research has already
 
been done. In the latter case, comment is essential to give
 
this project proper evaluation. It would also be helpful if we
 
could have some biographical data on the coordinator, Dr. Page
 
of the Bureau of Foods. It would be most reassuring to have
 
some documentation of his qualifications. In view of these
 
facts, I hav3 not provided a quality ranking for the four cate­
gories proposed. Certainly, the capacity strengthening and
 
relevance would have a high rating of 1. It is not possible to
 
judge the scientific merit adequately from the limited material
 
provided. Consequently, I am deferring this subject to the
 
discussion in the RAC meeting.
 



II. OTHER COMMENTS
 

Dr. Peterson remarked that he contacted Dr. Glenn Burton, an
 
expert in this field who pointed out to him that some improved
 
varieties of grain may eliminate ergot contamination tbrough
 
crop breeding.
 

Dr. Skinner asked about the nature of the system through which
 
the project was being judged. He felt that he would give this
 
particular proposal a score of 1 on capacity building but
 
otherwise, it should be deferred. He pointed out that some
 
LDCs would look at capacity building and other features of that
 
type much more than they will at the scientific merit of the
 
proposal.
 

Dr. Schweigert suggested that without scientific merit there
 
was no point in funding a project for capacity building.
 

Dr. Greathouse questioned why the project proposal did not
 
refer to the CRSP on sorghum and millet. He pointed out that
 
ICCRISAT had been working on sorghum and millet and this work
 
had not been recognized in the proposal.
 

Dr. Long suggested that if the project is only to determine the
 
frequency and the magnitude of ergot contamination there might
 
be reason to defer it. The interesting question is how to
 
prevent ergot contimation. It would appear that the re­
searchers are asking $150,000 to determine if this is the
 
problem.
 

Dr. Schweigert pointed out that deferral does not mean that
 
the work would be done. He agreed that the principal investi­
gator did not seem to be aware of all the developments in this
 
area when he prepared the proposal.
 

Dr. Wishik suggested that an approach to ergot prevention might
 
emerge from the epidemiolology. He thought the proposal needed
 
much more work.
 

III. MOTION
 

A motion was made to defer the project and that motion was,
 
approved unanimously.
 

Dr. Linder asked what was the purpose of the voting if the
 
motions would not go forward to the Administrator.
 

Dr. Smuckler then explained that when a project is approved,
 
RAC members would be asked to rate that project on various
 
factors on a scale of 1 to 3. He suggested that when a project
 
was deferred the RAC subcommittee chairman should say why it
 
was deferred but deferred projects and disapproved projects
 
would not require the rating of the individual factors.
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Food from Wood: A New Enzymatic System for Degradation of'
 
Liqnocellulose - University of Idaho
 

Dr. Ehrenreich, who is on the faculty of University of Idaho,
 
left the room during the discussion-of the project.
 

Dr. Greathouse, chairman of the subcommittee, that also in­
cluded Drs. Schweigert and Wishik reported as follows:
 

BACKGROUND
 

According to the author of this project, the proposed study is
 
to explore a newly discovered lignin biodegradation system and
 
to evaluate its potential for large-scale technical use. The
 
author anticipates that this system will enable man to feed the
 
resulting upgraded fibrous plant materials to livestock.
 

It has been well established that fibrous plants represent the
 
most abundant renewable raw material on earth, yet they are
 
practically useless to man. Efficient conversion of ligno­
cellulosic (woody plant) fiber to animal products would help
 
relieve world shortages of food and materials while utililzing
 
an abundant natural resource. The principal barrier to such
 
conversion is lignin. It is believed that lignin is totally
 
undigestible to mammals and that increasing lignification
 
directly decreases cellulose digestibility. Before high
 
quality livestock feeds can be generated from liquified plant
 
materials the lignin barrier must be removed and the lignin
 
degradation products changed into non-toxic and perhaps even
 
nutritionally useful molecules.
 

The proposed project is to investigate a biosystem by which
 
lignin is removed and apparently utilized by an unusual and
 
highly specialized rodent, Aplodontia rufa (mountain beaver).
 
This biosystem, recently discovered by the authors, appears to
 
efficiently degrade and utilize both cellulose and lignin from
 
high fiber diets. The plan is to evaluate the system's tech­
nical potential for increasing digestibility of low quality
 
fibrous plant materials for farm livestock.
 

Mountain beaver is a unique, primitive and highly specialized
 
rodent with separate evolution dating back to the Pleistocene
 
period. It is endemic and well adapted to the mild, rainy
 
areas of the Pacific Northwest. The main feed sources of
 
mountain beavers are coarse, fibrous and highly lignified
 
shrubs, trees and ferns. Given the choice, mountain beavers,
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according to the authors, consistently selected plants with
 
higher fiber and lignin content as their feed. These animals
 
apparently are able to utilize more than half of this lignified
 
fiber which to other animals is practically undigestible. With
 
their history of separate evolution, it appears that mountain
 
beavers have evolved with an efficient and highly specialized
 
lignin degradation system. The authors speculate that since
 
lignin degradation systems appear to be very useful and effi­
cient in supplying mountain beavers with adequate nutrients
 
from other wise poor quality roughage, the system, if properly
 
identified and duplicated, could supply farm animals with
 
highly nutritious feed prepared from millions of tons of waste
 
product.
 

The general experimental design being proposed involves the
 
evaluation of the lignin degradation biosystem under controlled
 
laboratory conditions in vivo and in vitro. This eighteen
 
month study will involve a series of nutritional studies to
 
evaluate the amount of lignin removed from various fibrous
 
feeds using fistulated beavers.
 

II. DISCUSSION
 

Dr. Wishik described the project as consisting of a very
 
exciting idea. He wondered how the principal investigators
 
could be helped along in defining an acceptable research pro­
posal He raised a question, however, that after four years of
 
working on the project, why has nothing significant been pro­
duced from the research? What would the principal investiga­
tors do differently in this project proposal than they have
 
been during in the past four years?
 

III. MOTION
 

Dr. Schweigert recommended that the proposal not be supported
 
by AID because of its lack of clarity in describing the re­
search that would be done.
 

This was put in the form of a motion to disapprove the project.
 
The vote was 14 in favor and 2 opposed to disapproving the
 
project.
 

This project was the second project in the group of 41 to be
 
considered by the RAC. After some discussion of the procedures
 
that would be used to rate the projects the Committee felt that
 
a revote on this particular project was necessary.
 

Dr. Ehrenreich left the room once again.
 



Dr. Greathouse then moved that the project be deferred until
 
the issues raised in the comments before the Committee were
 
resolved.
 

Dr. Farrell explained that one of the reasons for deferral was
 
that the linkage between the enzymatic degradation of ligno­
cellulose and food production was not clear in the proposal.
 
There was little explanation as to how the enzymes responsible
 
for the degradation of lignocellulose would be isolated and
 
studied.
 

The vote on the proposal was unanimous in favor of deferral.
 



Resource Enhancement of Giant Clams (Tridocnidae) in the
 
Republic of Belau (Palau), West Caroline Island - Palau Marine 
Research Institute
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Idyll, chairman of the subcommittee that also
 
included Drs. Ehrenreich and Farrell follows:
 

It would be desirable to reestablish and strengthen the popula­
tions of giant clams in the areas of the South Pacific where
 
they have been reduced or elilminated, even though it seems
 
doubtful that the real impact of this on the food supply of the
 
inhabitants of the islands would be significant. But it is not
 
clear that this project will go far toward accomplishing this
 
end. The level of technology in the culture of these clams is
 
too low at the moment to proceed with most of the work pro­
posed, and the understanding of the problem by the principal

investigators suggests that the chance of accomplishment of the
 
objectives stated is small.
 

The proposal is soft in its statement of objectives and of
 
procedures. Of the four objectives, only one is really

relevant to the projecti. this is to conduct experiments on
 
propagation, reproduction, larval biology, growth and survival
 
rates of clams. One objective is to establish sanctuaries for
 
the clams, whereas it turns out that these have already been
 
established by action of the legislature. Another objective is
 
to spawn and raise juvenile clams to reseed the reefs. This is
 
stated as though this were an established technique, whereas
 
there are very few if any solidly established examples of the
 
success of such a procedure. The last objective, to reseed
 
reefs at Ponape, is stated in the project to be largely a
 
public relations gesture.
 

Perhaps, the weakest part of the proposal is that the principal

investigator does not make it clear how far the culture
 
technique for these animals has progressed, nor what the next
 
steps will be.
 

II. MOTION
 

To disapprove the project.
 

III. VOTE
 

Unanimous in favor of the motion..
 

\QJ 
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Spawning and Developmental Physiology of Tridacnid (Mollusca,

Bivalvia) - University of California, at Santa Barbara
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. idyll, chairman of the subcommittee that also
 
included Drs. Ehrenreich and Greathouse follows:
 

The subcommittee recommends that this proposal be funded. It
 
shares with the other project on giant clams (from the Palau
 
Marine Research Institute) some of the same strengths (e.g. the
 
desirability of reestablishing these stocks in South Pacific
 
Islands) and weakness (e.g. the uncertainty that any signifi­
cant food supply would be available from these stocks). But
 
this project is stronger. First it establishes by a well pre­
pared background of the biology of the clams that laboratory
 
culture and eventually mass/commercial culture cannot succeed
 
without an understanding of and an ability to manipulate the
 
symbiosis of the clam and certain dinoflagellates.
 

Because of the complexity of this symbiosis, the time seems
 
rather distant when mass culture hatcheries can be maintained.
 
But since this desirable objective apparently cannot be real­
ized without the fundamental biology proposed here, the sub­
committee suggests support for the research.
 

The level of science is high and the description of the pro­

posed research appears sound.
 

II. DISCUSSION
 

Dr. Ehrenreich explained that the approaches in this project
 
and the one preceeding it on giant clams were greatly dif­
ferent. This particular project is proposing basic biological

research. The proposal outlines carefully what the researchers
 
plan to do. In the previous proposals such details were lack­
ing.
 

Dr. Greathouse remarked that the budget caused him some prob­
lems. He thought that it was somewhit high.
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Dr. Pimentel noted that the subcommittee thought the science in
 
the project was high but that the capacity strengthening and
 
relevance to LDC problems was low yet. He asked for some
 
clarification.
 

Dr. Carter remarked that the project carried with it a very low
 
chance of increasing food production. Why shouldn't AID let
 
others fund the project?
 

III. MOTION
 

The motion was made to approve the project.
 

IV. VOTE
 

Two Committee members opposed the motion; the remainder were in
 
favor. The motion carried.
 

It was further explained in response i- Dr. Pimentel's question
 
that the ranking on the various factors would be done on the
 
forms that were available to each RAC member. The overall pro­
ject could be approved and yet some factors within the project
 
could be rated low. Since there was some confusion over the
 
evaluation process a discussion on this topic followed.
 

Dr. Smuckler summarized the approach which was being used. The
 
RAC would be asked to vote for one of three choices; approve,
 
defer or diaspprove. Only for those that were approved would
 
RAC members be asked to vote on the various factors.
 

Dr. Smuckler suggested that Dr. Minners would rely heavilyon
 
the views of the subcommittee, whose members will have spent
 
more time on the projects then the Committee as a whole. He
 
suggested that the subcommittee members put a small s in the
 
upper right hand corner of their rating sheets so that in the
 
event of differences of opinion it would be possible to defer
 
the subcommittee.
 

Dr. Carter asked how did the Science Advisor receive so many

proposals on,such short notice?
 

Dr. Minners responded that once information that a new source
 
of funding is available gets out, it gets around very quickly
 
and there was no difficulty in getting numerous proposals sub­
mitted. One should ask if there were any criteria for the dis­
tribution of projects by the region or sectors of the country
 
or by subject matter. What was the range of the projects that
 
were before the RAC today? Such a tabulation of the projects
 
had not been done.
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Analysis of Southeast Asian Aquaculture Systems for the
Enhancement of Production and Improvement of Institutional
Research and Teaching Capabilities - University of Michigan
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. 
Idyll, chairman of the subcommittee that also
included Drs. Ehrenreich and Farrell follows:
 

The subcommittee recommends that this project be accepted in
principle and that the principal investigator be asked to re­
write and refocus it.
 

The focus of the proposal is somewhat fuzzy, but if its main
thrust is that Thai aquaculture could be enhanced and its pro­ductivity increased by the application of modern science on top
of successful and ancient trial and error methods, then it
 
should be funded.
 

The need for food 
in Thailand is high, and the contribution of
fish culture is already important. The chance of higher per
unit yields is good if some modern practices could be intro­duced. The principal investigator is competent and he has a
long experience in Southeast Asia. 
 The local research and
development facility (built within the last few years with
Canadian funds) is excellent, and the Thai staff which works on

the project is competent.
 

Reservations by the subcommittee about the project center
around the lack of focus of the objectives of the project, and
the slowness with which practical results are promised.
appears to the subcommittee that given the advanced state 
It
of
aquaculture in Thailand and the competency and experience of
the principal investigator, it should not take so long (three
years) to 
identify the factors holding back higher production,
collect background information, identify gaps, establish prior­ities--the gist of the objectives stated in the proposal.
 

It is recommended that the project be deferred until the
principal investigator can satisfy the RAC that practical
results can be achieved more quickly. As it stands now the
proposal appears too much as an academic exercise and too
little of an application of modern technology.
 



II. OTHER COMMENTS
 

Dr. Farrell thought that this project was headed in the right
 
direction. The project should specify its objectives clearly
 
particularly with regard to the modelling that it proposes. He
 
thought that the project had very good potential but should get
 
down to cases.
 

Dr. Pimentel remarked that there is a great deal of information
 
about shrimp and fishes. There is a need to assemble the in­
formation in some logical fashion and then determine which
 
factors should be studied. The proposal does not do this.
 

Dr. Ehrenreich thought that one of the strong points was the
 
model. He thought modelling in the biological sciences is on
 
the forefront science in those areas. He thought that using
 
the model it would be possible to look at and analyze related
 
areas. He agreed the project should be tighten up and that the
 
time frame should be expanded to two years.
 

Dr. Pimentel said he recognized the value of models but that it
 
was impossible to build good models without information. He
 
thought that in this case the old rule "garbage in garbage out"
 
applied very clearly.
 

Dr. Long, of AID, thought the researcher was suggesting more
 
than could be made use of in AID. He reviews the technology
 
that is now available but has outstripped AID's use of that
 
technology. He thought the researcher should be required to
 
deliver a usable product within a finite period and a finite
 
budget.
 

Dr. Minners pointed out that deferral does not mean that
 
quality's lacking but additional information is necessary.
 

Dr. Wishik suggested that on several of the projects before RAC
 
researchers should .go back and make improvements before actual­
ly starting the research.
 

III. MOTION
 

The motion was made to defer the project and the vote was unan­
imous in favor of the motion.
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Anatomy and Histology of Carp - Univ'ersity of Idah 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Idyll, chairman of the subcommittee, that
 
also includes Drs. Greathouse and Schweigert follows:
 

The subcommittee recommends that this project not be approved.
 
This is despite the information that RAC has already in the
 
past approved the project, but was unable to fund it. The
 
recommendation is based on the view that the relevance of this
 
work seems lower than that of other proposals, and that it does
 
not promise significant contributions to the aquaculture ef­
forts of LDCs.
 

This kind of work should be funded by publishing companies.
 
The principal investigator is reputedly a meticulous worker and
 
an excellent artist, so that the product should be of interest
 
to certain publishers. One member of the subcommittee has made
 
inquiries and found that at least one publishing house might be
 
persuaded to undertake this project.
 

II. OTHER COMMENTS
 

Dr. Pimentel remarked that the principal investigator is a very
 
good scientist but that, to his knowledge, he has never worked
 
with carp. Therefore, he personally would question the prin­
cipal investigator's credibility in this field.
 

Dr, Schweigert pointed to one statement in the project proposal
 
that he did not agree with. The statement was that in the
 
field of aquaculture, there is enough information available on
 
the disease and histopathology of the carp. He thought this
 
was not true.
 

Dr. Greathouse was the subcommittee member who had contacted a
 
publishing house. The publishing house appeared to be inter­
ested in this project and Dr. Greathouse suggested that this
 
particular type of project could be funded through that source
 
rather than through AID.
 

A motion was made to disapprove the project, the vote was
 
unanimous in favor.
 



The Potential for Utilizing Seagrasses to Restore Caribbean
 
Benthic Nearshore Impacted Areas , Florida-International 
University
 

I. SUBCOMMITTEE REPORT
 

Dr. Idyll, chairman of subcommittee, that also includes Drs.
 
Ehrenreich and Farrell reported as follows:
 

The members of the subcommittee have some reservations about
 
the proposal, which is somewhat untidily written, but they
 
agree that it has potential for benefit. These potential
 
returns are long-term.
 

The principal investigator has good experience and background
 
in the research proposed, and in the Caribbean area where the
 
work would be conducted. The link with Jamaica is good, and
 
facilities at the Jamaican institution are apparently adequate
 
for this work.
 

The main concern of the subcommittee is whether the work as.
 
described can be accomplished in a reasonable time. On top of
 
that, the proposal does not specify how long the research is
 
expected to take. The budget is only for one year, but the
 
research obviously cannot be performed short of several years.
 
It is unclear whether the AID is being asked for multi-year
 
support.
 

There is a major scientific flaw in the proposal in that the
 
experimental design appears to be unrealistic, with too many
 
variables to be handled properly within the apparent scope of
 
the research project. There are to be three species of sea­
grasses, three planting techniques, an unspecified but ap­
parently multiple number of different kinds of areas, and an
 
unspecified number of different densities to be compared. The
 
number of replications necessary to get statistically reliable
 
results would seem to be unrealistic. It is suggested that
 
before a final decision is made on the grant, the principal
 
investigator be asked to narrow the scope of the work, and to
 
inform the RAC of the details of an experimental design that
 
can be accomplished in a reasonable (specified) period of time.
 

II. DISCUSSION
 

Dr. Peterson made four points. First he pointed out that it
 
was not clear in the proposal whether the researchers intended
 
to plant seagrasses in areas under stress from pollution or
 
not. Second, the type of experimental design that would be
 
used was not indicated. Third, there was no indication of
 
duration the project. Dr. Peterson pointed out that plant
 
sessions take time to develop. And fourth, Dr. Peterson
 
wondered who would pay for the work other than salaries since
 
this was not given in the proposal.
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Dr. Pimentel asked how Jamacia had avoided pollution in these
 
areas? If they were continuing to pollute there is no reason
 
to plant seagrasses. He thought the proposal needed more care­
ful documentation.
 

Dr. Smuckler was bothered by the indeterminate nature of the
 
proposal.
 

Dr. Greathouse suggested that deferral would be an inappro­
priate way to handle this project. He thought the project
 
should be disapproved.
 

Dr. Farrell disagreed. He thought a middle area was needed or
 
else the Committee would be making decisions on partial infor­
mation.
 

Dr. Connell pointed out that procedurally the deferrals were
 
falling into a pattern. There were those projects that could
 
be better structured and those that should be written.
 

Dr. Smuckler suggested that the boxes on the rating sheet
 
should be checked for all projects and that the reasons for
 
projects being deferred should be put into the motion.
 

Dr. Long remarked that if a project is deferred it could be
 
interpreted that the Committee favors the project but that
 
there is a specific road block to approval. He suggested that
 
the four criteria on the rating sheet are not equal to each
 
other. He asked whether the lack of scientific merit should
 
not result in the project being dropped or declared irrele­
vant. He felt that capacity and innovation should be given
 
weights only as only additional value to scientific merit.
 

Dr. Minners said that he would accept that.
 

Dr. Long remarked that he attaches a lot of importance to in­
novation.
 

Dr. Skinner remarked that he had quite a lot of concern with
 
this particular project on seagrasses. It had good science,
 
but he wondered if it was practical.
 

Dr. Peterson suggested that an alternative to the particular
 
evaluation system would be to rank the projects using a mental
 
process and criteria for evaluation and then to summarize those
 
ranks over the Committee.
 

Dr. Wishik suggested that deferral meant it had merit but needs
 
more work. Disapproved meant that it was inappropriate for AID.
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Dr. Rechcigl noted that when a project was diapproved there was
 
no reason that it couldn't be resubmitted in the same way that
 
deferred projects were.
 

Dr. Wishik then suggested that, on the basis of the discussion,
 
the mountain beaver project should be subjected to a second
 
vote. He thought that the proposal was a good idea with merit
 
but had obstacles which prevented the Committee from approving
 
it.
 

A motion was then made to defer the project on seagrasses with
 
the suggestions (1) that the principal investigator should
 
specify the design of experiment, (2) that the length of time
 
of the project should be indicated and (3) that it be made
 
clearer as to who would do the field work.
 

The vote on the motion was unanimous in favor.
 

Prior to beginning the review of projects on the afternoon of
 
the 21st, the Committee settled on 17th and 18th of November as
 
the tenative dates for the next RAC meeting. A motion was then
 
made to approve the minutes from the March 3 and 4 meeting.
 

Dr. Wishik indicated that he had found some typos that changed
 
the meaning of some of the minutes and with the understanding
 
that these typos would be corrected he supported approval of
 
the minutes.
 

The vote was to approve the minutes of March 3 and 4.
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Development of Fishery Research and Management Capabilities in
 
the West Coast Region of North and Central Africa ,--UniVersity
 
of Maryland
 

I. SUBCOMMITTEE REPORT
 

Dr. Idyll, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Swanson reported as follows:
 

The subcommittee recommends that this proposal be approved in
 
principle. The problem that it proposes to address--shortage
 
of food--is urgent in that area, and the possibility of being
 
able to increase the supply of food by successful completion of
 
the project is reasonable.
 

The qualifications of the two principai investigators are very
 
high, and their experience in this field of endeavor and their
 
understanding of the problem are both broad.
 

The researvations of the subcommittee concerning the proposal
 
center around the concern that too much is being suggested in
 
too broad a geographic area in the time proposed. The objec­
tives are broad and ambitious, and the problems too varied and
 
complex for reasonable solutions to be achieved in two rears.
 

The subcommittee recommends that before final decisions are
 
made about a grant, that the principal investigators be asked
 
to provide more details and specific directions for the work
 
proposed, and that they narrow the scope of the activity. The
 
budget seems high for what is likely to emerge in the first two
 
years of effort.
 

The link with the African countries to be involved in the work
 
may be good, the formal arrangements that must precede success­
ful collaboration appear to be soft so far; two countries have
 
expressed tenative agreements of cooperation, but it may be
 
useful to make these more solid.
 

II. DISCUSSION
 

Dr. Idyll remarked that Sea Grant had considered funding this
 
particular project and in its review had made the same sugges­
tions as did the subcommittee. Revisions of the project pro­
posal were already underway as a result of the Sea Grant re­
view. Therefore, a requirement for revisions should not be a
 
heavy burden for the principal investigators.
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Dr. Ehrenreich added that the principal investigator should
 
also try to reduce the budget.
 

Dr. Pimentel hoped that the principal investigators will docu­
ment their contacts in West Africa. He thought that it was
 
necessary that there be agreements from both sides before the
 
grant is made.
 

Dr. Smuckler pointed out that this was not a research pro­
posal. It was really an establishment of collaboration between
 
an African institution and the University of Maryland.
 

Dr. Peterson agreed that this is not a research project.
 
Whether it is a developmental project was also open to question.
 

Dr. Minners noted that he had several questions about the pro­
ject. It was in reality a capacity strengthening project.
 
Therefore there was not much in the way of technical informa­
tion provided by the researchers.
 

Dr. Long suggested that one way out would be not to let the
 
talent go to waste. To ask the principal investigators if they
 
could develop a feasible research project.
 

Dr. Greathouse asked what involvement would the project have
 
with REDSO, the Regional AID African Organization. Also he
 
wondered if there had been enough internal discussion of the
 
project.
 

Dr. Idyll agreed that it was not a research project. There
 
would be some research involved but it would deal much less
 
with agriculture than ocean fisheries and would be in -areas
 
that could not be considered research.
 

Dr. Farrell suggested that the principal investigators should
 
identify the problems they want solved before requesting a
 
grant.
 

Dr. Elmendorf pointed out that this is a capacity strengthening
 
proposal and that more of the money was actually being budgeted
 
for the University of Maryland than for African institutions.
 
She wondered which institution would be strengthened.
 

The motion was made to defer the project and ask the principal
 
investigator to narrow the scope of the research, to sharpen
 
the objectives of the proposal and to reduce the budget.
 

The vote on the motion was unanimous in favor.
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An Inventory of the Plant Resources of Selected Areas on the
Eastern Slope of the Andes in Peru 
- Missouri Botanical Garden
 

I. SUBCOMMITTEE REPORT
 

Dr. Farrell, chairman of the subcommittee, that also included

Drs. Ehrenreich and Sloger reported as 
follows:
 

This proposal is essentially a taxonomic effort in an area of
rapidly declining naturalness due to agricultural penetration
of virgin vegetation cover. Its scientific worth is utlimately

great, but probably long term in its potential utility.
 

II. DISCUSSION
 

Dr. Ehrenreich pointed out that this type of study collects
basic information before launching into the revegetation

program. He suggested that before the project is 
funded col­
lection sites should be identified.
 

Dr. 
Pimentel raised a question about the relevance of the pro­ject. 
 He felt that it may not be strong enough for approval.
He personally gave more weight to relevance than did 
some other
 
members of the RAC.
 

Dr. Skinner wondered whether new or useful plants would be
found. 
 The utility of the project would then go beyond that
suggested in the proposal. This is virgin territory. There 
.s
 no other approach that can be used except 
a basic taxonomic
effort. It is a very fundamental step. 
 It is difficult for
him to see this project as an AID undertaking except maybe as a

long range project.
 

Dr. Greathouse pointed out that the authors did not summarize
what their predecessors had done in this geographic area.
could not believe that nothing had been done there. 
He
 

Dr. Ehrenreich noted that some other institutions had worked
out there. However, no information had been provided on the
 
basic taxonomy of the areas.
 

Dr. Elmendorf felt the project could place more emphasis on
food and medicinal plants. 
 She also pointed out that none of
the Latin American bibliography was 
included in the proposal.
 

Dr. Pimentel remarked that the project does not deal with pre­serving the environment. It is simply collecting and classify­
ing plants.
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Dr. Farrell responded that before the ecology of the area could
 
be understood, one must understand what plants are there. 

is a virgin area. The interdependence of the species there

This
 

must be determined first before any steps toward revegetation
 
can be taken. This is really a modest first step.
 

Dr. Long remarked that he personally gets turned off by the

search for new medicinal plants. 
He felt there was a sampling

problem involved in the project. Is it the intent of the prin­
cipal investigators to use the two areas 
they have identified
 
as a proxy for a larger area? Otherwise you can't move from

the information collected to an AID program is 
a larger area.
 
If the areas are a proxy for a larger area then there must be
 
some intention to do something more than simply collect the
 
basic toxonomic information.
 

Dr. Farrell pointed out that the researchers had identified two

key areas. The characteristics of these two areas could be

better defined. However, there is 
no way the researchers could
 
undertake taxonomic effort for the entire Andes region.
 

A motion was made to approve the project.
 

The vote was 8 in favor of the motion and 8 not in favor of the
 
motion. The 8 that voted to disapprove the motion could be

broken down as 3 who would vote for deferral and 5 for:outright

disapproval of the project.
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Reference Manual for Forest Biomass Energy Resource Assessment
 
- The Solar Energy Research Institute
 

I. SUBCOMMITTEE REPORT
 

Dr. Farrell, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Pimentel reported briefly on the project.
 

Dr. Farrell said that the subcommittee recommended disapproval
 
of this particular proposal because of its low relevance to the
 
AID program. In additon, he pointed out that the objectives
 
had already been met by a Forest Service contract which is well
 
on its way to completion.
 

Dr. Ehrenreich pointed out that another project funded by AID
 
at $1.5 million included the objectives of this project. The
 
report from this large project was to be delivered to AID on
 
October 1.
 
The contractor was contemplating the possibility of renewal of
 
the contract.
 

Without further discussion the motion was made to disapprove
 
the project.
 

The vote was unanimous in favor of-the motions.
 

lf7v"
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Domestication of the Babassu Palm 
- New York Botanical Garden
 

I. SUBCOMMITTEE REPORT
 

Dr. Ehrenreich, chairman of the subcommittee, that also
 
included Drs. Farrell and Peterson reported as follows:
 

This project looks interesting and well prepared and the prin­
cipal investigator certainly seems capable of carrying out the
 
objectives. Although the project is titled "domestication", it
 
is really background work, although necessary, for a domestica­
tion project (which may have to be done by othrer persons). As
 
the author states, "From an agronomic viewpoint, it is impos­
sible to know with this group of palms exactly what organisms
 
are, and how they are 
related to each other, vital information
 
that must be determined before an expensive domestication pro­
gram is undertaken. For as much time and effort is spent

blindly collecting seeds with no knowledge of their true
 
identity or phenotypic plasticity (here I would add ecological

amplitives), the danger is that one might end up with collec­
tions of things thought to be different, but under identical
 
conditions of cultivation found to have been only ecotypes or
 
similar forms. The background information is well reviewed and
 
points out the potential economic values from possible domesti­
cation (food, fiber, fuel, etc.).
 

The basic inventory work seems logical and appropriate, al­
though anticipated counter cooperation may be more difficult to
 
obtain than indicated. It would seem that while the inventory

is being made that some information could be obtained on Oeno­
carpus and Jessenia Palms at no extra cost to this project.
 

The scientific approach seems logical, sound, and achievable
 
from the taxonomic and ecological points of view. It appears

that the principal investigator has excellent experience in the
 
regions to be studied, good LDC contacts, and excellent oppor­
tunities for LDC participation and institutional strengthening.
 

II. DISCUSSION
 

Dr. Peterson pointed out that the project mentions a Brazilian
 
institution. Has such an institution been identified?
 

Dr. Greathouse asked if Brazil is the most appropriate coun­
try? How secure are the linkages to further development?

Where will the funds to continue come from?
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Dr. Pimentel remarked that the babassu palm is a valuable tree
 
but it has some problems. The collection of samples and tax­
onomic work is being proposed. The proposal never suggests how
 
the palm might be domesticated.
 

Dr. Pimentel also pointed out some inconsistencies in the
 
report concerning comments on high yield and on the average
 
fruit yielded.
 

Dr. Ehrenreich remarked that the main point of the proposal is
 
that this was a predomestication effort. Domestication would/
 
take place in several places with similar habitats.
 

Dr. Smuckler asked the subcommittee chairman if the germplasm,
 
bank would be established and maintained in Brazil? The re­
sponse was yes.
 

Dr. Long asked who would provide later funding?
 

Dr. Ehrenreich responded that the Brazilians should be able to
 
do it without too much trouble. The maintenance of the germ­
plasm bank would not require much of an investment.
 

Dr. Smuckler suggested that the question of who would provide
 
future funding should be answered if the project is approved.
 

Dr. Long pointed out that in this project collaboration with
 
some institution in Brazil would be totally necessary.
 

Dr. Farrell remarked that botantists do know enough about the
 
babassu palm to say'that some high yielders are there. How­
ever, they must be labeled and characterized prior to any
 
domestication efforts.
 

Dr. Pimentel pointed out that yields are not measured in a
 
single year. He also thought the project proposal was'weak in
 
terms of its attempts to domesticate the babassu palm.
 

Dr. Farrell responded that scientists have to begin somewhere
 
and in this case the first step was identification of the
 
species available and their characteristics.
 

Dr. Ehrenreich pointed out that while the author called it
 
domestication it really was predomestication.
 

Dr. Peterson suggested that the researchers should find the.
 
best plants and then look at them next year.
 

Dr. Smuckler asked if this was a 10 to 15 year plant'breeding
 
project to obtain good plants.
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Dr. Peterson thought that it 
was. Only some identification
 

will be accomplished in this project.
 

Dr. Pimentel pointed out that the researchers were plant tax­
onomists.
 

Dr. Peterson suggested that the researchers would need to know
 
whether the palm trees are cross pollenating and other features
 
of this type before attempting to domesticate the palm.
 

A motion was made that the project be approved.
 

Dr. Pimentel then commented that if in this project, informa­
tion on palm trees is collected and then we leave that informa­
tion in Brazil, the project would be a deadend activity.
 

Dr. Greathouse suggested that the project be deferred. There
 
are too many missing components of the research proposal.
 

Mr. Roseborough, of AID staff, pointed out that the MAB project
 
was now finishing its second year and that this particular
 
proposal would be an extension of a project in the MAB pro­
gram. He knew that there was enthusiasm from Brazilian re­
searchers about this activity. There was already in fact a
 
seed bank for such palm trees in existence.
 

Mr. Benge, of AID staff, pointed out that there was no indica­
tion in the proposal that the researchers plan to link up with
 
any international group. He felt that the proposal would be
 
strong if there were such linkage.
 

The vote on the motion was 8 to approve and 8 to disapprove and
 
of those 8 all of them would have preferred to defer the pro­
ject.
 

Dr. Pimentel suggested that they defer the project with a con­
dition suggested earlier by Dr. Ehrenreich. Dr. Wishik also
 
thought that modification would be more like AID wants it if
 
the project is deferred.
 

Dr. Long said that if RAC is advisory, the administration could
 
proceed even if the RAC recommended that the project be defer­
red. *Th- issue is not so closed. Project broadening is ap­
parently being suggested. He felt this particular project was
 
a launching pad for later events. It involves predomestication
 
of the babassu palm. If all conditions were met, this group
 
should pack up and leave the next step to others. If for
 
$150,000 this project can get something started, then the pro­
posal is a good idea.
 

Dr. Peterson says he could go from approval to deferral because
 
different type of people are needed for the next step in the
 
research.
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Agronomic and Domestication Studies of Oenocarpus 
-Jessenia 

Palms - New York Botanical Garden
 

Dr. Ehrenreich, chairman of the subcommittee, that also:
 
included Drs. Peterson and Sloger reported as follows:
 

This proposal does not have the well defined objectives and
 
approach of the other palm proposal. The approach is not crisp

and logical, but rather vague, which leaves one with uncer­
tainty as to exactly how the principal investigator plans to
 
carry it out. This is even more important because the prin­
cipal investigator is a recently graduated Ph.D. and does not
 
have the depth of experience of the principal investigator on
 
the other palm proposal.
 

The proposal has a number of subprojects such as somatic
 
hybridization, which seems out of place for this particular
 
proposal given the objective, time frame, and budget. There
 
are also too many unanswered questions for one to feel comfort­
able that the principal investigator can indeed carry out the
 
objectives such as description of the sampling method (see the
 
Babassu project), the so-called suitable research center for
 
germ plasm banks, the number and place of the "selected popula­
tions" of species to visit, the tie with an LDC institution
 
seems vague and uncertain, the "learning" of ethnobotanical
 
uses from aboriginal people is vague. Also, it said that my­
corrhizal studies will be done; it is not specific how, where,
 
or when they would be done.
 

For the above reasons the Committee could disapprove this pro­
posal for funding, but suggest that the principal investigator
 
could work with the principal investigator of the Babassu pro­
posal.
 

II. MOTION
 

The motion to disapprove was,made by the subcommittee
 
chairman.
 

III. VOTE
 

The vote was unanimous .in favor of the motion.
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Sesbania - University of Hawaii. 

I. SUBCOMMITTEE REPORT
 

Dr. Peterson, chairman of the subcommittee, that also included
 
Drs. Sloger and Skinner reported that the Sesbania plant had
 
proven not to be very useful in California where it was tried
 
some years ago. He recommended disapproval of the proposal.
 

Dr. Wishik remarked that if the Agency was looking for innova­
tive ideas why not consider this legume? The proposal certain­
ly was innovative.
 

Dr. Peterson replied that it 
was an old old legume. There had

been a lot of work done with it and it had not proven to be
 
useful.
 

Dr. Elmendorf remarked that she had inquired about sesbania at

the National Academy of Sciences where she was told that its a

fairly common source of animal feed and was potentially anu­
tritious human food.
 

Dr. Greathouse suggested that this proposal could tie into
 
existing efforts on sesbania.
 

Dr. Pimentel agreed. He pointed out that in India rice plants

are sometimes interplanted with sesbania since the sesbania
 
also provide biological nitrogen from the air. 
He suggested

that this type of technology might prove to be useful.
 

Dr, Long remarked that he too had seen sesbania growing in rice

bunds in India and in quite large quanitities. He suggested

that what was needed is a survey of what has been done with
 
sesbania around the world.
 

Dr. Slocer remarked that sesbania is 
a fairly interesting plant
that ixes nitrogen in water on its roots and as well as on its
 
stem. The measured rate of nitrogen that is fixed from the air

with sesbania is ten or more times as much as that for soy­
beans. There is some 
interest in the scientific world in

sesbania as a green manure because of its excellent nitrogen

fixing characteristics. There is 
a lot of interest in the

collection of the rhizobia from sesbania. 
 It belongs to the
 
cowpea group so that in most cases, the required bacteria is
 
already in the soil.
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Dr. Elmendorf suggested that there was an opportunity to tie
 
into the University of Hawaii project Niftal and the other AID
 
research projects in soils. Also there was a potential tie in
 
agriforestry projects done in Hawaii.
 

Mr. Benge, from AID, cited a study he had done in 1974 on
 
sesbania. The Office of Food and Natural Resources is very
 
interested in this particular plant. He felt that it was
 
widely used as a crop.
 

Dr. Peterson then changed his motion to the following:
 

II. MOTION
 

RAC moves that this project be deferred for purposei-of re­
questing that a revised project be submitted which will;
 
1) provide a review of current literature showing where
 
and how sesbania is currently being used in LDCs, 2) show
 
evidence that the project leader has been in communication
 
with other investigators working on sesbania and has taken
 
their ideas into consideration and 3) provide information
 
clarifying project leadership which is not clear since the
 
-proposers and investigators are different people. Assur­
ance is requested that adequate leadership is provided..
 

Dr. Wishik asked Mr. Benge if there would be any merit to
 
reviewing what is going on with this particular plant.
 

Dr. Sloger then pointed out that since part of the proposal is
 
to prepare a state of the art paper, the type of review sug­
gested by Dr. Wishik would be done.
 

Dr. Peterson said he would be concerned if the uses and pur­
poses of the research were not cited. He felt that more docu­
mentation should be done on the proposal.
 

Dr. Long then summarized some of the points that were made.
 
First the proposal should cite the literature on this subject,
 
second, information is needed on who is doing what should be
 
the main subject of this project. Third, there should be a
 
tie-in with other projects.
 

Dr. Greathouse thought the potential was here for a young re­
searcher to find out what the state of art is in this field'.
 

III. VOTE
 

The vote on the motion was unanimous in favor.
 



-28--


Selection of Prosopis Pod and Woody Biomass Producing

Characters for Use in LDCs - Texas A&I University
 

I. SUBCOMMITTEE REPORT
 

Dr. Moss, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Farrell reported as follows:
 

The four best pod producers of widely divergent backgrounds

developed from the California screening trials i.e., a P.
 
pubescens (screwbean), a P. Alba from South America, a P.
 
velutina from Arizona, and a California native P. gland'losa
 
var torreyana selection with 17% protein has been planted in
 
three replicates of 25 trees each at three phosphate levels of
 
0, 60, and 120 kg/ha P05, respectively. Sixteen - 0.09 ha
 
plots of our best woody biomass produ2er have been planted to
 
allow harvest of four replicates every year for four years and
 
thus determine biomass accumulation as a function of time. Two
 
small trials of Leucaena leucocephala (Hawaii Giant K-8) have
 
been planted to examine woody biomass production and forage ,

production in the South Texas climate which receives more frost
 
and less rainfall than Hawaii or the Philippines. A 0.8 ha
 
plot has been established to examine selections for fast grow­
ing thornless ornamentals. Two hundred trees from a thorny
 
parent with high sugar content and large pods have been planted
 
to examine progeny for segregation of pod and thorn charac­
ters. To meet seed requests of developing countries, 100 trees
 
of 8 outstanding selections possessing either high woody bio-­
mass production, early pod production, salt tolerance or frost
 
tolerance have been planted at wide spacing (7.5 m or 24.6 ft.)

to serve as a seed orchard. A small screening nursery has been
 
planted to examine recently obtained P. tamarugo from Chile,
 
carob from Cyprus, other tree legumes and sympatric non-legum­
inous species such as jojoba.
 

All previously mentioned plots have been planted by Felker and
 
one technician. Pod collection, data analyses, cultural prac­
tices such as tree pruning and staking, weed control, on this
 
multi-facted 12 ha plantation is a far greater takd than can be
 
completed by Felker and one technician, two graduate students,
 
and three part-time undergrades for data collection, data
 
analyses and maintenance of these plots.
 

With funding from the UNDP and with the cooperation of
 
Mr. Musnad and Mr. Houri of the Forestry Research Institute at
 
Khartoum, Sudan, Felker has established a screening trial of 30
 
tree legume species near Khartoum. Felker hand carried seeds
 
and rhizobia to Khartoum in the summer of 1979 and provided
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special planting containers. Some of these trees are now pro­

ducing pods in only a little more than a year from transplant­

ing. Excellent relationships have been developed with
 

Mr. Houri, Director of the Institute, and Mr. Musnad, his
 

associate.
 

A student under Mr. Houri's guidance is seeking to study ap­

plied aspects of tree legume physiology with Felker in Texas.
 

Support is requested from AID to visit the Sudan Prosopis
 

plantings and to renew collaborative efforts with Musnad and
 

Houri.
 

Seeds, rhizobia, and technical expertise in both woody biomass
 

production and pod production will be provided to "Operation
 
Mr. Micheal
Double Harvest" in Haiti through a visit by Felker. 


Benge has agreed to assist in providing contacts with operation
 

double harvest.
 

This proposal is, then, a follow-up of work done in Califor­

nia. It is not a proposal for specific work, but rather an
 

add-on to an ongoing Texas A&I project--essentially help so
 

they can do a little more.
 

The subcommittee does not know the principal investigator. No
 
judge his ability. We have no
vita was attached so we cannot 


way of knowing how much work has been done since there is not
 

literature review. Dr. Ehrenreich is familiar with much Pro­

sopis done in many southern states going back at least 70
 

Work on animal food value has been done in Arizona, New
 years. 

Texas Tech has a major project on
Mexico, and California. 


control of Prosopis, which is a troublesome "weed" in much of
 

West Texas.
 

The proposal has some positive shreds, although its lack of
 
The subcommittee recom­completeness makes it hard to judge. 


It may be that the
mends rejection of the proposal as written. 

RAC would want to support a specific proposal outlining a
 

clearly defined piece of work on Prosopis which was applicable
 

to LDCs. The subcommittee cannot recommend support of the
 
us.
general, add-on proposal which is before 


II. DISCUSSION
 

Dr. Greathouse suggested disapproval of the project as it was
 

laid out.
 

Mr. Benge, of AID, remarked that this project would not be
 
was already a good firewood
introducing a plan to Haiti. It 


crop there. It is a multi-purpose plant that also is good for
 

forage.
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The King Ranch in the United States now looks at it as a
 
promising plant even though at one time they considered it a
 
pest. There is a need to link up with the LDCs in carrying out
 
the work. A graduate student should be able to carry out this
 
project.
 

Dr. Ehrenreich suggested that one of the problems of the pro­
posal is its scientific merit.
 

Dr. Schweigert asked how Texas planned to use this plant in the
 
future. He was very sensitive to the priorities that had been
 
given to eradicating the plant in the past.
 

Dr. Greathouse remarked that he preferred AID to work through
 
major institutions in Texas and elsewhere in the West if such
 
research on this plant is to be done.
 

Dr. Peterson asked Mr. Benge why the King Ranch now likes the
 
plant?
 

Mr. Benge responded that the state of Texas was looking at it
 
for biomass for energy. They were particularly interested in
 
the thornless variety as a potential forage for cattle.
 

MOTION
 

The motion was made to disapprove the proposal.
 

VOTE
 

The vote was unanimous in favor,
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Feasibility and Planning Studies for Low-Cost Television
 
Systems Adapted to Less Developed Country Use - Battelle
 
Pacific Northwest Laboratories
 

I. SUBCOMMITTEE REPORT
 

Dr. Anderson, chairman of the subcommittee, that also included
 
Drs. Hrones and Elmendorf reported as follows:
 

The subcommittee felt that if the production of these sets
 
could be calculated as in the proposal it would seem that this
 
praticular venture is now ready to turn over to a manufacturer
 
and there would be no reason for AID to become involved in it.
 
He felt that a manufacturing company could carry out the re­
maining engineering productions design much better than could
 
Battelle.
 

Dr. Hrones while not present at the RAC meeting had suggested
 
in his letter to Dr. Anderson that the estimate of the cost for
 
the television tubes was considerably underestimated by at
 
least a factor of four.
 

Dr. Elmendorf suggested that the work should also go to a firm
 
if production of these television sets was as far along as
 
indicated.
 

The subcommittee was not sure what Battelle was agreeing to
 
deliver to AID beyond the analysis of production possibilities
 
that were already stated in th6 proposal.
 

Finally, the subcommittee asked what provisions or patents

would be made if the research was carried out?
 

II. DISCUSSION
 

Dr. Shenkkan, from the Office of Education, remarked that this
 
was an unsolicited proposal. He felt that Dr. Anderson's ques­
tions were legitimate. However, the proposal, while looking at
 
receivers, also looked at the entire television system. He
 
pointed out that television technology has gotten more com­
plicated rather than less so. The costs probably were not
 
underestimated, however one must go through this project in
 
order to determine if the cost can be reduced. Senegal now has
 
1,000 such receivers. If sets could be produced locally then
 
some time could be commanded for education by television.
 

Dr. Weller suggested that the project seemed to be illogical
 
and out of phase.
 

Dr. Wishik said he could react positively to the proposal.:'under
 
some circumstances. However, why wouldn't Battelle invest
 
$100,000 dollars to carry out the project.
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Dr. Sanderson had problems with the proposal. 
He said that it
was merely a proposal to strip some of the components from the
standard television set and to degrade video quality for the
purpose of reducing costs, cae channel would be left.
the television would be stripped down so that it 
In fact,
 

is viewable
only in a dim room. 
 You would need a receiver in each vil­lage. If you look at the overall cost for a system that would
not be satisfactory, the proposal was not one that should be
 
supported.
 

Dr. 
Peterson asked why hasn't private industry done this?
 

Mr. Shenkkan from DS/ED, said that at 
this time there was no
market. 
He found the comments about costs of the television to
be curious and pointed out the transitor radios in developing
countries sell quickly for $20.00 to $30.00. 
 This television
set would cost less than that. 
 He felt that it would be useful
 
as an educational device.
 

Dr. Skinner pointed out that there are 
certain types of tech­nology that are already available. Therefore, why aren't these
television sets already produced by commercial firms?
 

Mr. Shenkkan from DS/ED, remarked that he thought that there
would be a market. It 
was a matter of introducing the idea
into developing countries.
 

Dr. Anderson pointed out both Dr. Hrones and Dr. 
Sanderson
thought the development of a high quality but cheap television
receiver was probably not feasible.
 

Dr. Elmendorf thought the Committee should not overlook the
fact that this project is innovative and it is relevant; but

apparently it 
is not feasible.
 

III. MOTION
 

A motion was made to disapprove the project.
 

IV. VOTE
 

The vote was 
in favor of the motion. However, there was one
abstention from the voting and several RAC members voted
 
against the motion.
 

\'
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Policy Studies on Information Technology and.Development
 
Academy for Educational Development
 

I. 	SUBCOMMITTEE REPORT
 

Dr. 	Skinner, chairman of the subcommittee that also 'included
 
Drs. Hrones and Anderson reported as follows:
 

The object of this proposal is to study the relationship of
 
various kinds of communication technologies on development.
 
The communication devices would include radio, telephony,
 
television (both full - motion and "slow scan") audio and video
 
teleconferening, data storage and data communications, cassette
 
and 	disc storage of video and audio, and message storage and
 
retrieval technologies, especially by low-cost
 
micro-computers. These technologies were often used in
 
combii ation. Certain of them are more important for major LDC
 
uses than others.
 

We are urged to imagine the following scenario: "A Kentucky

farmer sits down at a video terminal called a Green Thumb Bus
 
at his local agricultural cooperative to find out the latest
 
price for corn and hogs. An Alaskan village school teacher
 
sends a message over the electronic mail system to find out
 
what teaching materials are available on tundra technology...
 
In the South Pacific an agricultural extension worker goes to
 
the local university of the South Pacific extension center to
 
find out what can be done with citrus by products. His
 
question is typed into a microcomputer terminal and sent via
 
satellite to the College of Agriculture in Western Samoa. In
 
an Egyptian village, a vegetable wholesaler phones Alexandria
 
to find out how much produce will be needed in the next
 
twenty-four hours."
 

What our investigators would like to find out are:
 

1) 	What socio-economic effects these techniques have on
 
development?
 

2) 	What criteria should be used to determine what technologies
 
necessary for what kind of projects?
 

3) 	What technologies AID should consider in its strategies for
 
development? What information is available along these
 
lines? What can AID do to get government agencies to trans­
fer 	these technologie3?
 

4) 	How can information technologies supplement or partially
 
substitute for other forms of technical assistance?
 



The hope is that:
 
a) a set of recommendations on -p0licy evaluation could be
 

provided for AID in helping LDCs.
 

b) 	recommendations for U.S. industry to provide technologies
 
for LDC markets
 

c) 	exchange data among U.S. government bureaus, representatives
 
of LDCs
 

d) 	increase understanding by AID of other governmental and
 

non-governmental use of technologies
 

e) 	write a book on information technologies and development.
 

The cost of this would be a modest $500,000.
 

The Committees views are that the proposal is too diffuse and
 
general. There was not enough thought given to conditions in
 
the LDCs to facilitate the use of the proposed technologies,
 
nor were data provided to show what is now being done in the
 
LDCs with the technologies at hand. In fact there is no
 
evidence that one of the principal participants in this
 
proposal ever was in the Ivory Coast even though this fact was
 
cited.
 

There was a feeling on the part of one Committee member that
 
there was a need for the kind of data and analysis suggested,
 
but this proposal does not suggest the methodology for such a
 
project. Another Committee member raised a number of questions
 
dealing with the lack of attention in the proposal of dealing'
 
with the "level of development" as linked to technology.
 
Moreover, there was the suspicion here that A.E.D. has not
 
clearly thought out all the implications of,this topic and
 
others such as whether AID should turn over its "Policy
 
Analysis" to others.
 

In summary, then, the unanimous opinion of the Committee was to
 
reject the proposal.
 

Dr. Anderson felt that the institute at least on the surface
 
was not competent to carry out the project. There wasn't
 
complete information on this however.
 

Dr. Linder pointed out that he had similar questions about the
 
qualifications of the principal investigator. The principal
 
investigator has had eight jobs in nine years.
 

Dr. Smuckler commented that his views tended to reinforce the
 
negative comments of Dr. Linder.
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Dr. Wishik thought the idea was good, this very simplistic.

project talks about seminars and writing a book.
 

Dr. Block, from the Office of Education, pointed out that the
 
idea of doing the study came from discussions between Deputy

Asministrator Wheeler and COMSAT and others.
 

Dr. Block then described the qualifications of the Academy and

pointed out that generally they were considered to be qualified

for this type of work. In any event, the Academy would not
 
function alone.
 

Dr. Sanderson was concerned about the amount of money

involved. There is enough information already available in
 
this area to indicate that its 
a very fast moving technology.

He was concerned that the information obtained might be

obsolete in three to four years. 
 The study was a very limited
 
study and the information could be obtained a lot cheaper.
 

Dr. Skinner questioned whether or not the technology that was
 
proposed was appropriate.
 

II. MOTION
 

A motion was made to disapprove the proposal.
 

III. VOTE
 

The .
 te was in favor of the motion with to abstentions from
 
the vote..
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Investigation of the Feasibility of Using Microcomputers in
 
Less Developed Countries Statistical Processing Applications
 
U.S. Bureau of the Census
 

The 	report of Dr. Linder, chairman of the subcommittee that
 

included Drs. Falcon and Swanson follows:
 

I. 	SUBCOMMITTEE REPORT
 

The project proposal makes the case that many statistical
 
operations in the LDCs fail at the data tabulation stage. This
 
is undoubtedly true. Bilateral and multilateral technical
 
assistance agencies have contributed literally millions of
 
dollars to assist the taking of censuses and large scale
 
surveys in LDCs and yet all too often the results never appear
 
because of tabulation failures. The WFS, for example, has
 
spent something like 40 million in assisting some 40 countries
 
to take fertility surveys yet in many cases no results have
 
appeared due to tabulation problems and in many cases the data
 
had to be brought to London for tabulation.
 

Successful tabulation of a census or a large survey require the
 
computer input of a very large number of items, a relatively
 
small amount of computer manipulation of those data, and then a
 
large output of detailed tables. This now requires a large
 
scale mainframe computer needing a special environment, and a
 
specialized staff.
 

At the present stage of development, microcomputers are not
 
feasible for these large input-output applications. Input is
 
difficult, and data-editing is limited. Microcomputers are
 
especially useful in managing census operations or the
 
tabluation of very small surveys, but present microprocessors
 
are really not suitable for large-scale tabulation because of
 
their limited memories, limited auxilliary equipment and the
 
non-existence of appropriate software.
 

The Census Bureau proposal believes that a potential solution
 
to these problems may be at hand with the rapid development of
 
large-scale zapacity on microcomputers and the development of
 
appropriate software.
 

The 	proposal is for the Census Bureau to study:
 

1. the state-of-the-art of microcomputer hardware, in­
cluding capacity, availability and maintenance problems
 
in LDCs.
 

2. 	the state-of-the-art of existing software as it is
 
available for large-scale data processing.
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3. 	the feasibility of software redesign by adapting ex­
sisting Census software packages (Cents, Concor, etc.) 
to microcomputer use. 

4, 	to design one demonstration software module.
 

5. 	to make recommendations as to the feasibility of turnkey
 
microcomputer systems for LDC use.
 

In the short range, there is some doubt that this project could
 
produce an immediately useful evaluation report. But the
 
stakes are high and the prospective results would be valuable
 
in scientifically advancing the successful tabulation
 
capability of the LDCs.
 

In the longer run, although there is still some gamble, the
 
potential payoff would be very high. 	 0
 

The project draft which was distributed is somewhat deficient
 
in that no detailed budget is given, no overall time table i's
 
given (except for man-months for each project element) and no
 
indication is given of the professional level of the Census
 
staff which would undertake the work. All subcommittee members
 
remarked on this point as well as Dr. Ehrenreich. A revised
 
draft satisfies these points.
 

Someone raised the question of the capacity of the Census
 
Bureau to undertake this type of work. The outstandingly

creative history of the Census Bureau in the data processing

field is preeminent. The Census Bureau designed and built
 
electrical punch card equipment before IBM existed; 
it designed

and built mechanical punch card equipment before the power

equipment was commercial; the first data processing computer

(UNIVAC 1) was built under the direction of, and with Census
 
Bureau funds; Census Bureau has taken worldwide leadership in
 
developing data processing software (CENTS, CONCOR, COCENTS);

the Census Bureau has taken worldwide leadership in introducing

computer methods in LDCs and is training LDC nationals in the
 
use of various hardware and software applications as well as
 
general statistical and data collection methods.
 

If the Census sees, which it obviously does, the evolution of
 
microcomputers to have an important role in computer data
 
processing, this project deserves high priority.
 

The subcommittee recommends approval of this project as
 
presented with an understanding that the focus stated in the
 
RAC discussions be clarified.
 



-38-


OTHER COMMENTS
 

Dr. Swanson felt the focus on the data processing might be
 
misleading in a number of countries where resources are needed
 
to improve coverage and quality of data. He could be more
 
supportive if the proposal were divided into two parts, one
 
part to look at the state of the art and the second part,
 
depending on the information obtained in part I, to implement
 
the project. There is a tendency in the proposal to be
 
presumptiveabout the state of the art. The project would
 
proceed without first accumulating information on where we
 
stand now with respect to microcomputers.
 

Dr. Wishik thought the project proposal could be a very
 
important document. It is concerned with a very important
 
problem in developing countries. Also, the Bureau of the
 
Census is the best institution to carry out this work.
 
However, he thought the proposal should be better defined. One
 
part of the proposal is concerned with exploration. A second
 
part moves the Census Bureau directly into implementation.
 

Dr. Wishik thought the study should focus on a single type of
 
microcomputer. It appears that the researchers want to do a
 
complete overview of the field. On a second point, Dr. Wishik
 
pointed out that the microcomputer is useful for many types of
 
data; the researchers will apparently look at them all. It
 
would be better to focus on just a few types of data.
 

Dr. Wishik felt the proposal needed considerable modification
 
and should be deferred. As a final point he suggested that it
 
would be premature to have in mind "a clearinghouse" for the
 
shipment of microcomputer software overseas, for software
 
development, and hardware maintenance.
 

Dr. Long, of A.I.D., hoped that the Agency could go forward
 
with this proposal. It is an innovative idea in an area that
 
needs some work. He felt this proposal required some follow-up
 
but was a candidate for outright approval rather than deferral.
 

Dr. Skinner remarked that in his view, the problem in studies
 
involving surveys were in collecting good data anc* not in data
 
processing.
 

Dr. Pimentel thought the project could make a contribution to
 
the developing world. He thought the value of the project was
 
high.
 

Dr. Wishik suggested that the work be confined to a single
 
country.
 

III. 	 MOTION: That the project be approved with an under­
standing that the focus of the project as
 
stated in the RAC discussions, be clarified.
 

IV. VOTE: The motion was unanimously approved.
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International Awards for Population Research: Program on the
 
Determinants of Fertility in Developing Countries - The
 
Population Council
 

I. SUBCOMMITTEE REPORT
 

Dr. Linder, chairman of the subcommittee, that also included
 
Drs. Connell, Swanson and Wishik reported as follows:
 

This project was approved by RAC in June 1980 by a close vote
 
and with RAC expressing a number of concerns. The project
 
considered last year was for a 5-year contract wih the Popula­
tion Council for some 7.3 million, under which the Population
 
Council would establish a program of subcontracts for research
 
relating to determinants of fertility having a bearing on na­
tional population policy decisions.
 

The need and desirability for this type of research was ac­
cepted by RAC in accord with the statement made by Dr. Speidel
 
that "...the project was designed to redress an imbalance ( a
 
view held by some) between socioeconomic and medical research
 
in the population program." RAC's concerns were not so much
 
with the relevance of the proposal as with its probable effec­
tiveness and the policies and mechanics of its operation.
 

Because of these concerns, RAC requested a review after the
 
first year of operation. This review is the subject of the
 
agenda item now before RAC.
 

RAC will recall that two years ago, a contract was approved for
 
the NAS to set up a committee to identify areas which appeared
 
to be promising for future research in factors determining
 
fertility rates in LDCs which would seem to be related to
 
policy decision-making. This Committee was not to undertake
 
new data collecting or analytical research but to formulate an

"agenda" for future research which would seem to be promising.
 

This NAS Committee has been established and has had a number of
 
meetings. It has commissioned some 39 short papers on various
 
topics and 27 of these are now on hand. These will be incor­
porated into 8 critical essays. It is not a RAC task at this
 
time to review the work of this NAS Committee, but it will be
 
recalled that the "agenda" to be developed by this Committee is
 
considered a major base for the research granting program of
 
the Population Council. Early input to the Population Council
 
program and a general coordination of these two activities is
 
achieved by an overlapping of three members of the NAS group
 
and the Program Committee for the Population Council work.
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A wordshould be said about the steps taken in the past year by

the Population Council to implement its program.
 

1. 	A Program Committee has been appointed and has had
 
several meetings.
 

2. 	The first action of the Program Committee was to formu­
late a statement about the purpose, policies and pro­
cedures for requesting a research subcontract. Over
 
14,000 of these announcements were distributed world­
wide in December 1980 and January 1981.
 

3. 	In response, the Council has received 96 short pre­
liminary research grant proposals.
 

4. 	These 96 short proposals were reviewed by the Program

Committee and, of these 24 applicants were invited to
 
submit full proposals. Sixteen of these full proposals
 
have now been received.
 

5. 	These 16 proposals are now being reviewed by peer groups
 
which will assign scores or rankings to them.
 

6. 	Later this month (July 1981), the Program Committee will
 
meet again and make awards to some of the 16 proposals

based on the scores and on the funds available.
 

In its original consideration of this project in June of last
 
year, RAC expreszed a number of concerns. Primarily these
 
were: a) the composition of the Population Council Program

Committee, b) the coordination with the NAS "agenda" commit­
tee, c) the priority to be given to LDC institutions as re­
search sites, d) the open-ended nature of the statement of
 
program priorities, e) whether new ideas could be produced,
 
f) possible conflict of interest in the granting process, and
 
g) the balance between overhead costs and grant costs.
 

The RAC subcommittee believes most of these concerns have been
 
satisfied:
 

1. 	The Program Committee consists of 8 persons, all of whom
 
have extensive LDC experience and 2 of whom originate
 
from LDC universities.
 

2. 	Coordination with the NAS "agenda" working group is
 
achieved by an overlapping of three of the Program
 
Committee members.
 



-41­

3. LDC institutions as sites for the proposed research is
 
shown by the fact that of the 16 institutions invited
 
to submit detailed proposals 6 were from LDC institu­
tions, 8 were from American, English or Australian in­
stitutions, and only 2 were from developed countries
 
institutions (Harvard, Edinburgh) without specification

of LDC participation.
 

4. 	The open-ended character of the program has been narrow­
ed down by the preparation of a detailed "Program Pri­
orities Statement." Presumably, this first statement
 
will be further revised and narrowed as the input from
 
the NAS "agenda" working group nears completion.
 

5. Detailed research proposals for the 16 projects now
 
under consideration show a variety of innovative pro­
jects. While the detailed research proposals have not
 
been submitted to RAC, the research topics are available
 
and show relevance to policy decision making. The sub­
committee believes these topics indicate a progressive
 
program.
 

6. 	The Population Council has prepared a formal statement
 
on conflict of interest which should satisfy this pos­
sible criticism of the program (Tab 7). This statement
 
seems to follow the NIH policy on this point.
 

7. 	No information is given in this report relating to
 
overhead costs.
 

It is the subcommittee view that this project is progressing

well and it is unanimous in recommending continuation of this
 
project.
 

RAC may wish to consider if it wishes to have an annual review
 
of the project, or, as suggested earlier, a more detailed re­
view at the end of the third year (i.e., 2 years from now) when
 
the form and content of the program will be fully developed.
 

II. DISCUSSION
 

Dr. Connell added that she felt the Population Council had done
 
everything that they had been asked to do after the last review
 
by the RAC. They have an excellent program committee. She
 
raised a question of the budget split of 60% for projects and
 
40% for management, and thought this particular issue might

require some attention.
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Dr. Wishik remarked that he fully subscribed to Dr. Linder's
 
remarks. He felt the chief accomplishment of the year was the
 
preparation of the statement on research. The statement needed
 
to be paraphrased and broken into discrete pieces and then
 
translated into practical jobs. However, the overall statement
 
was of high quality. He suggested that the RAC go on record as
 
urging the Population Council to move into the field and agres­
sively search for projects. He agrees that another review in
 
one year is necessary.
 

Dr. Wishik asked the question; how can AID closely oversee the
 
project? One approach might be to have a RAC member invited to
 
be present at the program meeting. Generally, he felt the
 
project thus far had been well done and should be continued.
 

Dr. Anderson thought the document on priorities was lacking in
 
coherence and in novelty. He asked whether if the docket of
 
projects supported through this program should be new and dif­
ferent. If so, he did not feel encouraged by that particular
 
paper.
 

Dr. Schweigert found the report extremely interesting. He
 
thought the mechanism that had been established was very ef­
fective and the committee appeared to be highly qualified.
 

Dr. Speidel, of AID, remarked that the Population Office had
 
been pleased with the progress of the program. The Population
 
Council had tried to ascertain AID needs. He felt the program
 
statement prepared by the Population Council was of high quali­
ty and the quality of consultants which were available to the
 
Population Council was also very high. He pointed out that
 
they had achieved a balance between overhead and project cost.
 
That in itself was quite an accomplishment. Working with de­
veloping countries requires frequent use of staff, therefore
 
heavy input from the Population Council and this shows up as
 
overhead in the budget.
 

Dr. Jansen, of AID, described the interchange between the
 
Population Office and the Population Council. He felt the
 
program that had been developed was excellent. The Population
 
Council had actually sent staff members down to Washington to
 
discuss the program and to make sure that it was addressing the
 
needs of AID. They culled information from the Agency and that
 
information was showing up in their work.
 

Dr. Wishik asked what will the program committee do next year,?
 
He felt the committee should be giving the program an overview.
 

X6
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Dr. Wishik thought there was a mosaic of ideas that needed
 
investigating and the committee should be looking at the gaps.

He thought the cost should be broken down into two subsec­
tions. One would be overhead and other would be implementation.
 

Dr. Clark, from AID, said that when the research agenda is in
 
full form, Dr. Wishik's suggestion will be conveyed to the
 
Population Council.
 

Dr. Anderson pointed out that the priorities do not say how the
 
linkage will be made between socio-economic factors in fer­
tility. He felt this was an important omission in the program
 
prepared by the Population Council.
 

Dr. Linder, pointing out that the RAC should express its opin­
ion after reviewing the project, made the following motion.
 

III. MOTION
 

That the continuation of the project for the 5-year term be
 
approved. Because of the size of the project, RAC requests a
 
regular annual report of progress and the issues considered.
 

Dr. Long asked what would the review be about?
 

Dr. Linder responded that some of the issues raised here today
 
would be gone over each year.
 

Dr. Speidel added that if the program is going well and is
 
trouble free, then the regular annual review by AID staff
 
should be appropriate. If problems are found then RAC can
 
request a full review.
 

Dr. Peterson then asked if there was not an issue that this
 
type of program is taking the research program out of AID and
 
outside the review of the RAC.
 

Dr. Linder pointed out that he initially had been troubled by
 
this but these projects were very small and the review mecha­
nism set up by the Population Council is excellent. He felt in
 
this case" wholesaling" was necessary.
 

Dr. Smuckler pointed out that the removal of projects frpm RAC
 
review is something that the annual review of project by the
 
RAC would include.
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Immunization Against Trypanosomiasis ," University of.California, 
San Diego 

II. SUBCOMMITTEE REPORT
 

Dr. 	Weller, chairman of the subcommittee, that also included

Drs. Carter, Greathouse and Schweigert reported as follows:
 

This application, prepared in September, requested $79,940 from

the 	U.S. Army Research and Development Command for support of

research on immunization against Trypanosoma brucei rhodesiense
 
for 	the year January 1 to December 31, 1981. Lack of money for
 new 	projects in the Army R&D budget prevented funding, and the
 
request is now 
sent to AID. This time delay poses problems per

se. 
 The project, which is extensive and ambitious, lists three

scientists and one technician: the sci'entific component con­
sists of Dr. 
Davis at 10% time, Dr. Braude at 5% time, and an

infectious disease fellow, Dr. Ballon-Landa at 50% time. How­
ever, Dr. Ballon-Landa's funding expired as 
of July 1, 1981.

Further, Dr. Davis is currently a Fogarty Fellow working on

trypanosomiasis in Nairobi, Kenya at the 
International Labora­
tory for Research on Animal Diseases (ILRAD); he will return to
 
San Diego in September 1981.
 

The research proposal is highly technical and documented by an

extensive review of pertinent literature. It is now well known

that typanosomes in the invertebrate host escape host immune

defense mechanism by a sequential process of antigenic change

which involves variation in the nature of the glycoprotein

surface coat. 
 The 	shifting antigenic composition of the coat
precludes development of effective humoral and cellular immune
 
responses. Additionally, there is 
some evidence that the coat

glycoproteins are involved in immunosuppressive phenomena which
 
are a feature of trypanosomal infections.
 

In view of these considerations the investigators propose to
 
prepare other surface components and trypanosomal products free

of glycoprotein and to test their immunizing capacity in rats.

Additionally, whole procyclic organisms that lack a glycopro­
tein coat will be examined. Briefly, they plan to study:
 

1) 	A toxic substance produced by trypanosomes, tryptophol;

available as indole-3-ethanol.
 

2) 	A platelet aggregating factor, probably a protein, pre­
viously isolated by the investigators in the course of
 
studies on thrombocytopenia in trypanosomiasis.
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3) 	A lipo-polysaccharide substance, known as complement
 
activating factor (CAF-T).
 

4) 	Cytoplasmic membranes.
 

5) 	Flagellae.
 

6) 	Glycoprotein coat degraded with trypsin.
 

The facilities for the proposed work are adequate and well
 
equipped. The budget, as prepared for one year, i.e., 1981, is
 
reasonable in terms of supplies and equipment but not relevant
 
with respect to personnel in view of changes 'since prepara­
tion. The proposed research is sound and excellently describ­
ed. The applicants indicate that the several objectives out­
lined can not all be accomplished in one year. This statement
 
bears on the single area of concern revealed on review of the
 
proposal, namely, the relatively small proportion of time that
 
the scientific staff plan to devote to the project. Dr. Davis
 
indicates 10% effort and Dr. Braude 5% effort. The research
 
Fellow, Dr. Ballon-Landa is listed at 50% time. There is only
 
one technician who listed for 100% efffort. It appears doubt­
ful that a team of this size will in fact be able to prepare
 
and test the 7 different antigens that are the justification
 
for the purchase of 490 rats, and to additionally utilize 200
 
mice and 50 rabbits as budgeted.
 

In summary; this is a sound proposal that rates a "1" on the
 
basis of scientific merit, relevance, and innovative charac­
ter. It has no capacity strengthening component. However, the
 
budget needs updating and the limited staffing deserves consi­
deration. If AID desires to support a new initiative of this
 
type, then it should be visualized as a multi-year project and
 
the group at San Diego should be prepared to invest an augmen­
ted and commensurate proportion of their scientific effort.
 

II. DISCUSSION
 

Dr. Smuckler asked if the Army was running out of money for
 
research purposes.
 

Dr. Weller responded that while the Army wasn't running out of
 
money, research funding at the Department of the Army was in­
deed becoming scarce.
 

Dr. Schweigert pointed out that the budget was very modest for
 
the amount of work that would be done. Neither he nor Dr.
 
Weller had requested a budget reduction.
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Dr. Wishik described his visit to the research facility at the

University of California in San Diego and where he found a
great variety of research being done on this topic. The
 
trypanosomes keep changing and the researchers have worked out
 
a way of bypassing the changes. 
The idea for doing this had

occured quite accidently when a San Diego man who had con­
tracted trypanosomiasis had extensive bleeding. 
Through caring

for this man an antigen was identified that is the common fac­
tor for all trypanosomes. There are some problems yet to be

worked out in this activity, however, and that's the purpose of
 
the present proposal.
 

The co-investigator is 
to return from Nairobi and will bring an

African strain of trypanosomiasis with which future research
 
will be done.
 

Dr. Smuckler asked if this was one of the diseases that is
 
included in the WHO research program?
 

Dr. Weller said yes. There was a tremendous amount of research

going on not only in WHO but by some commercial companies

also. However, this particular project has unique aspects.
 

Dr. Long asked if this would have merit at $800,000? Would it
be an inadequate framework to examine whether AID should get

into this vaccine work?
 

Dr. 
Weller replied that with a reasonable extension it may

stand on its own.
 

Dr. Wishik agrees that the field will pick up the research if

this particular project were successful. He recommended in­
creasing the budget and extending the project to 2 years.
 

Mr. Ed Smith, of AID, pointed out that this proposal does not
 compete for money with malaria proposals. The continuation of

the project would depend on the interest of the Africa Bureau.
 
However, he felt that we should not think of this as 
strictly

an AID funded project. The trend in this area 
is very much in

the direction of multi-donor projects.
 

III. MOTION
 

The motion was made to approve the project with the suggestion

that the staff explore a new higher budget for a two-year

period to provide for of higher supervisory inputs into the
 
project.
 

The motion was accepted unanimously.
 

V.
4A



Effects of Insect Pathogens on the Ability of.Mosquitoes''to,
 
Transmit Malaria - University of Florida
 

I. SUBCOMMITTEE REPORT
 

Dr. Pimentel, chairman of the subcommittee, that also included
 
Drs. Weller and Wishik reported as follows:
 

The incidence of malaria in the world populaLion is growing

rapidly due to insecticide resistance in mosquitoes, drug
 
resistance in the pathogen, and other factors related to
 
malaria control. One of the worst situations, for example, is
 
in India where the incidence of malaria that had been reduced
 
to about 100,000 cases per year in 1961 has now (1978) been
 
estimated at 50 million cases. Clearly, malaria remains one of
 
the major diseases of mankind.
 

The objective of this research project is to determine if
 
induced sublethal infections in mosquitoes by some insect
 
pathogens will reduce the ability of the Anopheles quadri­
maculatus mosquitoes to transmit malaria protozoan organisms
 
(Plasmodium sp.). The research has merit if it can be docu­
mented that mosquito pathogens kill mosquitoes and/or reduce
 
the ability of the modquitoes to transmit the human malaria
 
parasite when mosquitoes themselves are infected with a patho­
gen. Thus, some mosquito pathogens may offer two methods for
 
human malaria control.
 

The sublethal effects of some pathogen types on mosquitoes
 
warrant investigation as proposed by Dr. Martin Young. Pre­
vious investigations have demonstrated that Nosema algerae
 
(protozoan) reduced malarial oocyst development of P. falci­
parum in the mosquito, A. gambiae, by more than 90%. Addi­
tional studies have further confirmed that if Anopheles mos­
quitoes are infected with the protozoan Nosema sp., then the
 
development of protozoan Plasmodium sp. is suppressed. Thus,
 
the investigator's selection of Nosema algerae and Vavrai
 
culicis as two protozoans with potential to reduce infections
 
in Anopheles quadrimaculata of Plasmodium berghei is sound.
 
The sublethal development of either of the two mosquito proto­
zoan pathogens appears to have the possibility of interfering
 
wth the development of the malarian protozoan in the mosquito.
 
Indeed, the potential benefits of this research are significant.
 

The inclusion of Baccilus thuringiensis (BT) and B. sphaericus
 
(BS) in this investigation is questionable. Both BT and BS
 
live and multiply extracellularly, therefore, the chance of
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either Bacillus interfering with Plasmodium infections in mos­
quitoes is probably zero. In contrast, Nosema and Vavraia are
 
both microsporidians that live and multiply7intracellularly
 
within the mosquito, in a manner similar to that of Plasmodium
 
sp. This is probably the biological reason why these proto­
zoans interfere with Plasmodium development within mosquitoes.
 

Some recent data were sent that indicated that the longevity of
 
adults of A. abimanus that survived an exposure to BT (H-14)
 
had a 70% reduced longevity when 73% of the larvae died.
 
Eclosion was somewhat affected at this high larval mortality
 
level.
 

These findings are not surprising with BT that includes a toxi­
cant. Sublethal dosages of any toxicant (including insecti­
cides) may give similar results to BT on mosquitoes. If normal
 
feeding, growth, the development are affected by a toxicant (BT
 
or insecticide), then effects may be noted in the pupal and
 
adult stages. The impact may be increased pupal mortality,
 
reduced longevity in adults, and reduced egg production.
 

The possible advantage of the protozoans over the bacterial
 
organisms is that they might be self-sustaining infections in
 
some mosquito populations. If this were so, they have several
 
advantages over the BT and BS because these organisms have to
 
be cultured and sprayed like insecticides for mosquito control.
 

Once some data are obtained on the effectiveness of the proto­
zoans in suppressing malarial parasite development in the mos­
quito both by killing the mosquito and suppressing development
 
of the malarial parasite, it would be beneficial to make a
 
theoretical assessment of the potential of this control system
 
for malaria under natural conditions.
 

Details on how the experiments are done are not included. No
 
time scale for the research over the three-year period is given
 
for the study.
 

Ratings of this proposal are as follows:
 

(1) 	Scientific ability of the Principal Investigator
 
(Outstanding)
 

(2) 	Scientific merit (Medium)
 
(3) 	Transferability (Low)
 
(4) 	Relevance (High)
 
(5) 	Innovation (Protozoan = high - Bacteria = low)
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Three items in the budget deserve examination:
 

The salary for a graduate student at the full-time equivalent
 
of almost $16,000 a year seems excessive. Travel costs to
 
meetings are excessive by NIH standareds. The item, "supplies
 
- animal work" is not justified. On the other hand, a figure
 
of $200 a year in years 2 and 3 for publication costs seems
 
inadequate. A dissecting microscope is also listed in the
 
budget with no justification.
 

No discussion was included concerning the environmental impact
 
of employing pathogens for mosquito control. Insect pathogens
 
may affect beneficial non-target species. Although this pro­
ject is only a preliminary laboratory study, it would be of
 
value for the investigators to be cognizant of the potential
 
environmental impact of employing insect pathogens for mosquito
 
control.
 

II. DISCUSSION
 

Dr. Rechcigl asked if there would be environmental problems
 
with this project and if so should they be part of the inves­
tigation.
 

Dr. Wishik remarked that these two projects would add two more
 
approaches to the malaria network. He suggested that this work
 
be limited to the lab to avoid any environmental problems.
 

Mr. Smith, from AID, pointed out that he was a little confused
 
by the RAC procedures. This project had been approved by the
 
RAC earlier and now a motion was being made to defer it. He
 
thought that the researchers should be given a free hand. He
 
pointed out that they were top investigators, the research was
 
innovative and he did not think the researchers hands should be
 
tied.
 

Dr. Pimentel remarked that the project had been approved by the
 
RAC with provisos at an earlier meeting. Now it was being
 
submitted for consideration for the Science Advisors program.
 
In the context of special review for the Science Advisor's
 
program he would recommend deferral with the same conditions as
 
in the RAC meeting. He finds that the study of bacillus is
 
still in the project, whereas the RAC at the earlier review,
 
suggested that it be removed.
 

Mr. Smith said that he could not provide a great of the details
 
on the bacillus research.
 

Dr. Pimentel thought that the researchers should at least pro­
vide some information such as which strains, etc.
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Dr. Farrell asked if these protozoans were hazardous to human
 
health if they were to escape in the laboratory?
 

Dr. Pimentel thought that based on general evidence that these
 
protozoans were quite specific to the insect and the effect on
 
humans should be minimal or zero.
 

III. MOTION
 

That this project be deferred with the hope that the investiga­
tors would focus their research on the potential of protozoan
 
insect pathogens interfering with malarial development and
 
transmission in Anopheles mosquitoes. The research plan should
 
include details on lab procedures to be emphasized. 
cations are needed for the following budget items: 
microscope, animal work, and publications. 

Justifi­
travel, 

IV. VOTE 

There was one vote opposed to the motion. The motion carried.
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The Use of the Annual Fish for Nothobranchius guentheri Mosquito

Control in Sri Lanka - Oerenreich Foundation for the Advancement
 
of Science
 

I. SUBCOMMITTEE REPORT
 

Dr. Pimentel did not vote on this project since the investiga­
tor is a member of the faculty at Cornell.
 

The report of Dr. Weller, chairman of the subcommittee, that
 
also 	included Drs. Pimentel and Wishik reported as follows:
 

Annual fish inhabit bodies of water that are dry seasonally and
 
have the potential for mosquito control in arid areas of alter­
nating rainy and dry seasons. They survive the dry season in
 
the form of embryos encased in the dry substrate. The embryos
 
enter a diapause, or developmental arrest, similar to that
 
observed in species of insects. Thus, the East African annual
 
fish, Nothobranchius guentheri has been proposed as a unique
 
means of mosquito control in temporary waters.
 

In this study, embryos and fish are proposed to be introduced
 
in Sri Lanka into specific habitats that are known for their
 
large mosquito populations and that undergo periodic drying.

Both 	the fish and mosquito populations will be followed to
 
study the effectiveness of the fish as a larvivore in nature.
 

The use of N. guentheri (mg) for mosquito control in temporary

ponds and pools has merit and should be investigated. However,

this should not be done without knowing a great deal more about
 
these fish. Introductions of new species into country always
 
offer a potential threat and problem. This has been documented
 
many times in the past.
 

In East Africa in the native habitat of the fish Ng, the inves­
tigator should obtain information concerning the following

essential questions before the fish is introduced into Sri
 
Lanka:
 

(1) 	How effective is Ng in feeding on mosquitoes and now
 
many fish per mosquitoes are required to provide con­
trol under natural conditions?
 

(2) 	What is the minimum time required for Ng fish popula­
tion to develop from the few surviving embryos and to
 
reach a density suitable for mosquito control? (Mos­
quitoes have a generation time of about 1 month and
 
produce hundreds of eggs).
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(3) 	Ng feed on aquatic and terrestrial organisms in ad­
dition to mosquito larvae (Baily, 1972), 
but do they

favor mosquitoes? (The investigator said that the

environmental 
impact of Ha will be "non-existent."
 
This 	is not the case if, 
as Bailey reports, Ng fish
 
prey on aquatic organisms in temporary ponds and pools.

Beneficial frogs, toads, salamanders, and insects also

breed in these ponds. 
 If Ha prey on these beneficial
 
organisms, their introduction into Sri Lanka may result

in a worse mosquito situation than at present).
 

(4) 	What is the minimum time that temporary ponds and pools
must contain water annually for Ng to maintain its
 
population?
 

(5) 	How do Ng disperse in their native habitat?
 

(6) 	What about considering other species of annual fish

that might be more effective in preying on mosquito

larvae?
 

II. 	 DISCUSSION
 

Dr. 	Wishik agreed with Dr. Weller on the points he made. 
 How­ever, he found that this particular project and the previous
one on the mountain beaver to be the most stimulating of pro­
jects submitted to the RAC for review. 
There were lots of
questions about the project but he felt that it 
was 	much too
innovative an idea to discard lightly. 
The 	principal investi­
gator is very enthusiatic. 
He felt that breeding of the fish
 was 	premature. 
 The first phase should be in the laboratory and
then from there see where the project would go.
 

Dr. 
Ehrenreich said that he had talked with an agriculturalist

at the Department of Agriculture, who mentioned that the USDA
 was 
funding a large program in Arkansas in this area. He

wondered why the investigator, who was using a species of fish

from Africa did not want to carry out his work in Africa.
 

Dr. 	Idyll was concerned about the introduction of the fish
species to Asia. 
He felt that the project should be deferred
 
or disapproved because of the potential hazards of this ac­
tivity.
 

Dr. 
Skinner said the principal investigator did point out that.
 
the fish would later be used in Zambia.
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Dr. Peterson asked why couldn't other mosquito fish be used?
 
They were commonly known and in fact mosquito fish were used in

mosquito control in other areas. 
 Why this particular species

that would have to be introduced in a new area of the world?
 

Dr. Weller pointed out that the investigators were planning to

control vectors when the rains are high. 
 In Sri Lanka the
transmission of malaria is low in high rains. 
 It goes up when

the monsoon fails. The controlling of mosquitoes in gem pits

may not be enough to reduce the rate of malaria.
 

Mr. Smith, from AID, pointed out that the gem pits in Sri Lanka
 
were responsible for a tremendous upsurge in malaria in the
 
country. The principle investigator had discussed the problems

of introducing the fish into Asia but had assured Mr. 
Smith
that this fish could not live in an open environment, that he
 
must live in a very closed environment such as the gem pits.

This information had not appeared in the proposal.
 

Dr. Long asked if there were any problems in Burma with the gem
pits causing an upsurge in malaria? Mr. Smith responded that
 
the pits had been filled in Burma.
 

III. MOTION
 

The motion was made to disapprove the project. One member of

RAC abstained from voting and there was one negative vote which
would have preferred deferring the project rather to disapprov­
ing it. The motion to disapprove carried.
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The Role of VA Mycorrhizae in the Phosphorus Nutrition of
 
Legume Seed Crops in Thailand - Department of Agriculture,
 
Bangkok, Thailand and University of Hawaii
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Sloger, chairman of the subcommittee, that
 
also included Drs. Moss and Peterson is as follows:
 

The subcommittee recommends disapproval of this project as it
 
is written. There is little chance that the investigators will
 
accompllish objective B because during the past 40 years all
 
attempts to get in vitro growth of mycorrhizal fungi have been
 
unsuccessful. The proposal fails to state the nature of the
 
scientific interaction between the principal investigator and
 
the cooperating scientists. In addition, the plan of research
 
lacks sufficient detail which, to me, indicates a lack of know­
ledge by the principal investigator in this area of research.
 
The proposal does not cite any published or preliminary reports
 
suggesting that grain legumes grown in paddy rice fields have
 
limited or no mycorrhizae. Yet, this phenomenon has been ob­
served in rice fields of California. However, plants, inocu­
lated with mycorrhizal fungi, show the best yield responses in
 
fumigated soils containing low levels of phosphate.
 

The project does have scientific merit in regard to determining
 
the survival of mycorrhizal fungi that associate with grain
 
legumes after growing rice. Also, the agronomic experiments
 
involving applications of appropriate inoculum to ensure
 
mucorrhizae and rock phosphate should give meaningful results.
 

The proposed research to utilize the fluorescent antibody tech­
nique to identify mycorrhizal fungi is interesting but this is
 
a project by itself.
 

The scientific skills of the cooperating scientists are excel­
lent. But how do they interact with the principal investigator
 
and where will their research be done?
 

II. DISCUSSION
 

Dr. Peterson remarked that the best information so far indi­
cates that non flooded rice performs poorly when inoculated
 
with the mycorrhizal fungi. Phophorus is actually bound up so
 
that it cannot be released. He found the proposal interesting
 



but doubts that it would work. He thought that the amount of
 
additional phophorus from this type of inoculation would be
 
insufficient.
 

Dr. Moss remarked that there was no way of knowing if the prin­
cipal investigator had capabilities in this field. It's a very

difficult project to do even with the most highly qualified

investigators. There was one investigator who appeared to be
 
qualified but the proposal did not say what his role would be.
 

III. MOTION
 

A motion was made to disapprove the project and the vote was
 
unanimous in favor of the motion.
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Solar!Pond Applications in Developing .Countries The~ Solar 
Energy Research Institute
 

I. SUBCOMMITTEE REPORT
 

Dr. Sanderson, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Hrones reported that this project and the
 
three following are from the Solar Energy Research Institute or
 
SERI. SERI is an institute that devote its efforts entirely to
 
energy research. He described what the investigators proposed
 
to do. They would like to develop a technique to store energy
 
in a pond by creating a salt gradient. There are two parts to
 
the project. In the first case, t35,000 would be spent to
 
develop solar ponds as a source of heat for cooking. He felt
 
that there was a very severe problem with the project, not in
 
the development of the solar pond itself, but in the accept­
ability of a diet based on slow cooking and acceptabililty of
 
this method of cooking in LDCs. He thought this particular
 
part of the project would be more worthwhile if done jointly
 
with an Asian institute than an LDC.
 

The second part of the study involved a site specific study and
 
he felt that this part should be rejected.
 

II. DISCUSSION
 

Dr. Ehrenreich thought that.'this particular proposal was the
 
best of the five in the series of proposals.
 

Dr. Sanderson asked if the motion could be to diapprove without
 
prejudice.
 

Dr. Pimentel supported instead deferral of the project. lie
 
said 90% of energy in LDCs is for cooking. The solar pond was
 
a substitute for the use of biomass as a fuel and it could be
 
used anytime.
 

Dr. Schweigert suggested that a food scientist should help the
 
principal investigators avoid temperatures where microbes
 
thrive which would perhaps introduce a serious health hazards
 
to people using this particular method of cooking.
 

Dr. Long asked if there is any techniques to accumulate heat
 
and to which Dr. Sanderson responded that all such methods
 
consume more energy than is generated. He gave as an example
 
the heat pump.
 

\C
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Dr. Long asked how do you harness the concept of the solar pond
 
in a LDC? And Dr. Sanderson responded this only peripherally
 
what the project is about. There are a number of constraints
 
to harnessing the concept of the solar pond that have been
 
looked at before by people who have worked outside the United
 
States on this problem. This particular group of researchers
 
have never worked outside the United States.
 

III. MOTION
 

The motion was made to defer part A but to disapprove part B of
 
the proposal. There one no vote by a RAC member who would have
 
preferred to disapprove the entire project.
 

Dr. Pimentel added the remark with regard to the use of cow
 
chips as a fuel that he felt that it was better to use cow
 
chips on the land as a source of fertilizer for food production
 
than as a fuel. The solar pond would be a source of heat for
 
cooking that would not be competing with other uses.
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Developing and Testing of Prototype Small-Scale Biomass
 
Gasifier to Power Rural Irrigation Systems and Generator Sets 

The Solar Energy Research Institute 

-

I. SUBCOMMITTEE REPORT
 

Dr. Sanderson reported that this particular proposal looks back
 
to some techniques that were in Germany during World War II to
 
burn biomass to produce gas. He felt that the proposal does
 
not demonstrate competitive advantage over using direct termi­
nal energy. The burning of biomass produces a very high per­
centage of carbon monoxide. In addition, the proposal lacked
 
detail in its discussion of the research plan.
 
Dr. Pimentel added that simplified units for this particular
 

type of activity existed elsewhere.
 

II. MOTION
 

The motion was made to disapprove the project and that motion-
-

was unanimously accepted.
 

'K
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Solar Energy- Education: Opportunities for Study in the
 
United States - The Solar Energy Research Institute 

I. DISCUSSION
 

Dr. Sanderson, chairman of the subcommittee, that also included
 
Drs. Hrones and Pimentel pointed out that this particular pro­
ject would prepare a simplified listing of available solar
 
energy institutes where educational services are available. 
He
 
was concerned that the proposal would list sources where
 
foreign students could study.
 
Dr. Sanderson would prefer site specific adaptation of solar
 

energy applications.
 

Dr. Smuckler suggested that this was non research.
 

Dr. Pimentel remarked that it was not good just to get a long

list of 
courses without checking the quality of the institution.
 

Dr. Ehrenreich supported the views of the subcommittee members.
 

II. MOTION
 

The motion was made to disapprove the project and that motion
 
was unanimously accepted.
 



--60-


The Development of a High Efficiency, High-Lift Photovoltaic
 
-
Powered Water Pumping System - The Solar Energy Research In­
stitute
 

I. SUBCOMMITTEE REPORT
 

Dr. Ehrenreich, chairman of the subcommittee, that also in­
cluded Drs. Hrones and Sanderson reported that the proposal did
 
not appear relevant for application in LDCs at this particular

time because of the stage of development of the technology and
 
cost factors. He pointed out that even if a pumping system is
 
developed the rest of the technology would be too expensive for
 
the U.S. to be relevant and it certainly would be too costly

for use in LDCs. This appears to be an excellent project whose
 
time has not come for application in the developing countries.
 

Dr. Sanderson agreed that this particular proposal was a tech­
nology in search of a use and that it may in time become use­
ful. The project assumes that photovoltaic exist at a moder­
ately higher cost than traditionally sources of electricity and
 
he did not believe this could be the case. He explained brief­
ly how the engineering would work in this particular applica­
tion. He felt that in field applications such systems have not
 
been continued to an optium performance therefore, the effi­
ciency of the system was questionable. He felt the proposal

would not address this particular issue. Photovoltaic cells
 
were far too expensive to be used in LDCs.
 

II. DISCUSSION
 

Dr. Sanderson suggested that there were alternatives such as
 
the windmill which is simple and mechanical.
 

Dr. Bosken, from AID, disagreed that photovoltaic was not use­
able in some LDCs. He gave examples where the cost of produc­
ing electricity was extremely high in remote areas. He felt
 
that in such areas where the cost of electricity was high that
 
the photovoltaic cell was a reliable source and was competitive
 
costwise with traditional sources of electricity. He did not
 
think, however, that pumping water was a particularly good use
 
for the photovoltaic cells.
 

III. MOTION
 

The motion was made to disapprove the project and the vote was
 
unanimous in favor of the motion.
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Continued Development and Testing of Prototype Low-Cost Solar
 
Collectors for Developing Country Applications - The Solar
 
Energy Research Institute
 

I. SUBCOMMITTEE REPORT
 

Dr. Sanderson, chairman of the subcommittee, that also included
 
Drs. Hrones and Pimentel reported that in general there was a
 
need for testing of solar collectors. There was, however, a
 
number of other organizations already testing them. It was
 
hard to accept that this type of technology should be exported
 
to developing countries for research. There is a substantial
 
industry in the U.S. and the application in LDCs is not a
 
unique problem for solar collectors.
 

II. MOTION
 

A motion was made to disapprove the project and that motion was
 
unanimously supported.
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Tissue Culture of Banana and Plantain (Musa spp.) for Improving

Yield Potential - CATIE, Costa Rica
 

I. SUBCOMMITTEE REPORT
 

Dr. Sloger, chairman of the subcommittee, that also included

Drs. Moss and Peterson reported as follows:
 

The subcommittee recommends approval with an average ranking.
Bananas are important cash crops and plantains are an important
component of the diet of people in rural areas of the tropics.

The lack of genetic diversity in banana and plantains has per­mitted epidemic diseases to damage the banana industry. The
banana breeding programs are complicated, difficult and very
time-consuming, and only a few commercial cultivars have re­sulted. This limitation could possibly be helped by tissue
 
culture techniqu.es.
 

Micropropagation of banana from meristem cultures is 
a method
to produce large numbers of individual plants free of disease.
These plants could easily be 
sent to other parts of the world.
Since micropropagation of other plants has been successful,

this objective of the proposal has merit and should be success­ful for both banana and plantain. However, there is one con­cern. According to the proposal, Vissey and Rivera 
(in press)
in Turrialba, Costa Rica, are working on rapid micropropagation

of banana. What is 
their relationship to CATIE? 
 Why is
Dr. Muller proposing this research project when others are

already working on it?
 

The objective for increasing genetic variability by cloning
individual cells and regeneration of plants has considerable,

scientific merit. 
 This has never been done in banana or plan­tain. However, it is uncertain whether one would take six
months or twenty years to successfully regenerate banana or

plantain plants from singel cells.
 

The proposed project wants only one research assistant to work
 on both objectives. This is unrealistic. 
 It is also strongly

suggested that the budget for international and consultation
 
fees be reduced to $6,000 and $8,000, respectively.
 

II. DISCUSSION
 

Dr. Peterson supported the comments by Dr. Sloger.
 

Dr. Smuckler asked if the duration of this project was such
that it could be accomplished with $150,000 or are we talking

about a 8-10 year plant breeding project?
 

http:techniqu.es
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Dr. Moss responded that he thought that most of the goals could
 
be reached short of regeneration of the plant. He would en­
courage AID monitoring of the project to avoid protoplasmic
 
hybridization.
 

Dr. Peterson thought that in a three year period it should be
 
possible to accomplish a more efficient way of propagating

bananas. He felt that it was high risk to continue propagating

homogeneous varieties of bananas. It is necessary to change
 
genetics somewhat.
 

Dr. Smuckler said that this reminded him of the problem with
 
the Colorado State project on tissue culture. He thought the
 
subject of tissue culture should be explored as a potential

technique for use in developing countries.
 

Dr. Carter asked if AID would be in the position of working on
 
bananas for cash crops? The response by Dr. Sloger was, yes.
 

Dr. Ehrenreich suggested that if the proposal is approved, AID
 
should encourage finding out what role the large companies

would play. He thought that CATIE was a good institute and a
 
good place for the research to be located. However, he thought

the project managers should look carefully at the curriculum
 
vitae of the principal investigator.
 

III. MOTION
 

The motion was made to approve the project. The vote was,
 
unanimous except for one abstention.
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Application of Plant Tissue Culture Technology to Pyrethrum

Improvement in Kenya - Plant Resources 
Institute
 

I. SUBCOMMITTEE REPORT
 

Dr. Peterson, chairman of the subcommittee, that also included
 
Drs. Moss and Sloger reported as follows:
 

The need to use this technology in Kenya to accomplish the
 
project objectives is not obvious to members of the subcom­
mittee. This is a perennial plant belonging to the family

Compositae. The plant is described as forming clumps 6-12
 
inches 1i diameter at 
the base from which numerous stems
 
arise. Presently, it is propagated from seeds. Just 9 ounces
 
of seed planted on 
300 square feet of bed space are capable of
 
producing 15 to 30 thousand plants. 
 When about 3 months old,

they are transplanted at the rate of about 10,000 plants per
 
acre.
 

There are two simpler procedures that appear possible to pro­
pagate selected sL1 erior plants. First, cuttings would be made

from superior plants usinig techniques well known to any prac­
tical gardner. Secondly, selected superior plants could be

propagated in an isolated polycross nursery, allowed to inter­
cross and the seed harvested and sown for propagation purposes.
 

Further improvement would be possible by several cycles of
 
reselection. This is 
a widely used system for improving cross
 
pollinated crops. If pyrethrum plants are 
self pollinated

(this is unlikely), a simple selection process could be used.

As a final comment, synthetic pyrethrums are now available and

the natural pyrethrum industry may eventually be doomed anyway.
 
This project appears to be unnecessary and impractical to ac­

complish the stated goals.
 

II. DISCUSSION
 

Dr. Moss remarked that he shared Dr. Peterson concern about the
 
project. He felt that the synthetic pyrethrums will eventually
 
run the natural pyrethrums off the market because of their
 
competitive advantages. He wondered why this should be pre­
vented. 
 He did think, however, that the Plant Resources Insti­
tute was a very competent organization.
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Dr. Schweigert asked if there was any known situationwhere
 
tissup culture woulo have a role to produce seeds.
 

Dr. Peterson responded that to his knowledge no varieties:-had
 
been developed from the tissue culture method.
 

Sloger described Some tissue culture work in the 'laboratory
Dr. 

experiment station in Beltsville on rice and wheat, where an
 
attempt is being made to develop new varieties.
 

Dr. Long described the project on tissue culture from Colorado
 
State University that had come before the RAC earlier as re­
search on one plant where the researchers would proceed to
 
sexual reproduction. He asked if this had been proven.
 

Dr. Sloger suggested perhaps it had with tobacco.
 

Dr. Peterson remarked that he would recommend that we pull the
 
experts together to get an update on the Colorado State experi­
ment.
 

III. MOTION
 

The motion was made to disapprove the project. One RAC member
 
opposed and one abstained. The member who opposed the motion
 
would have approved the project.
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Pilot Program for Use of Traditional agricuLtural Technologies
 
to Improve Present Agricultural Practices - ESPOL
 

I. SUBCOMMITTEE REPORT
 

Dr. Peterson, chairman of the subcommittee, that also included
 
Drs. Falcon and Swanson reported as follows:•
 

The more detailed description of this project which arrived
 
after the subcommittee first reviewed it, puts the project in a
 
somewhat more favorable light - but does not alter the basic
 
conclusion that this is a high cost - low potential project
 
although certainly an interesting one. The subcommittee's
 
feeling is that there are other areas with more potential for
 
use of AID's money.
 

If the archeological studies were not included and a small
 
pilot - demonstration area could be done for about one-third
 
the cost, it would have more appeal - but still questionable.
 

Il. DISCUSSION
 

Dr. Swanson added that the proposal appeared to him to be
 
interesting. However, he wondered what the increment to our
 
knowledge would be at the end of the project. To him the pro­
ject did not appear to be cost effective.
 

Dr. Skinner felt the principal investigator was not knowledge­
able about scales. To him the project did not make sense.
 

Dr. Wishik found the project proposal to be stimulating. How­
ever, he felt that it required extreme revision.before it would
 
be suitable for AID funding.
 

Dr. Moss thought the project was an attempt to show that an
 
area once used had been productive. He didn't see how it could
 
have an impact on ayricultural production.
 

Dr. Long thought that if the area could go back to a more pro­
ductive system the project could be supported.
 

Dr. Skinner pointed out that restocking the previous species

can't be done. You can't recreate the total system that was in
 
place orginally.
 

III. MOTION
 

Disapproval
 

Vote: Unanimous in favor of the motion.
 



Crop Diversification Potential in Jamaica - ISDA 

I. SUBCOMMITTEE REPORT
 

Dr. Peterson, chairman of the subcommittee, that also included
 
Drs. Moss and Pimentel reported as follows:
 

This is an interesting pre-proposal worthy of developing into a
 
finished one for consideration at the next RAC meeting. As the
 
proposer (Dr. Duke) indicated, it has been put together hastily
 
without the opportunity of consultation with his counterpart.
 

The idea that native plants are indicators of potential agri­
cultural productivity is a very old idea at one time advocated
 
by Breggs and Shoutz. However, plants are not distributed on
 
the basis of climate alone but by soil and other factors as
 
well. There would be a serious oversight if soil, slope, di­
rection and sun were not noted as well.
 

It is not clear who is going to fund and what these nature
 
plants are good for and how it is to be done. A lot of ex­
plaining is needed to make this a project that could be funded.
 

II. DISCUSSION
 

Dr. Farrell remarked that some of the information in the pro­
posal would be useful but the objectives were very broad and
 
sweeping and there was no path for reaching those objectives.
 

Dr. Pimentel thought that it would be useful to have the
 
taxonomy in the area. He would like to see it done but he
 
can't see giving it very high priority. He wondered if this
 
information would really reach rural farmers.
 

Dr. Skinner asked if Dr. Duke had ever been to Jamaica? The
 
main original plant cover is still there. Also, the island is
 

too small for climatic conditions except for elevation.
 

Dr. Ehrenreich pointed out that this was not an ecosystematic
 
study. It was a basic taxonomic study.
 

Dr. Weller raised one point. He asked Dr. Skinner-about there
 
not being much climatic variation in Jamaica. Puerto Rico,,
 
which is near by has much variation.
 

III. MOTION
 

The motion was made to disapprove the project.
 

Dr. Bosken, from AID, asked if there was a consensus on the RAC
 
not to do biological surveys? Dr. Smuckler responded that­
there was no such consensus.
 

The vote was unanimous in favor of the motion.
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Report of a Regional7 Conferenceon Seismic Risk Mitigation in
 
Southeastern Asia - Inter-Union Commission on the Lithosphere, 
ICSU
 

I. SUBCOMMITTEE REPORT
 

Dr. Finger, chairman of the subcommittee, that also included
 

Drs. Farrell and Hrones reported as follows:
 

Background
 

The ICL (Inter-Union Commission on the Lithosphere) is a newly
 
formed organization within the International Council of Scien­
tific Unions. The ICL was conceived to deal with a new program
 
called "Dynamics and Evolution of the Lithosphere: The Frame­
work for Earth Resources and Reduction of Hazards," which is
 
concerned with the current state, origin, evolutiona and dy­
namics of the lithosphere.
 

This proposal requests funding to help support an ICL con­
ference on the application of modern technology to the mitita­
tion of seismic risk in Southeastern Asia. The proposed con­
ference would bring together geologists, geophysicists, com­
munications engineers, and diaster relief specialists of LDCs
 
in order to increase the communication among these groups, and
 
to make them aware of the potentialities of modern technology
 
in mitigating seismic risk. The technology to be discussed
 
includes satellite data communication, microcomputer applica­
tions, and other applications of space technology.
 

In evaluating the proposal, comments from other experts were
 
solicited and those of Dr. Roger Stewart of the Office of
 
Earthquakes, U.S.G.S. were primarily used for the subcommit­
tee's assessments.
 

Discussion
 

There is without doubt severe risk in many Southeast Asian
 
countries from earthquakes and volcanoes, and associated sea
 
waves. Modern instrumentation and technical skills are scarce,'
 
so it is very likely that government officials and possibly
 
scientists in the affected countries are not fully aware of
 
recent advances in technology. It should be noted that AID
 
currently is sponsoring a three-year study of seismic risk in
 
ASEAN countries ('A Planning Study for Earthquake Hazard
 
Mitigation in Southeast Asia" submitted by the S.E. Asia
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Association of Seismology and Earthquake Engineering). This
 
study, funded by OFDA (Office of Foreign Disaster Assistance
 
[AID]), will address many of the topics which are being con­
sidered for this proposed conference, and is in fact more com­
prehensive. It would be a good idea to insure close coordina­
tion between the proposed conference and the ongoing study.
 

Members of the subcommittee were in agreement that the tech­
nical proposal lacked the detail necessary for proper evalua­
tion. It is realized that the Conference Steering Committee
 
has yet to be formed, but a more detailed account of the agenda
 
should be available as well as information on how the confer­
ence results may be useful to the Southeastern Asian LDCs.
 

The selection of invited speakers will be of utmost import­
ance. Most of the conference output may well hinge on their
 
presentations. Contributed papers, on the other hand, may not
 
add very much useful information. This has been the experience
 
of the Committee in Space Research (COSPAR), which has had more
 
success with workshops.
 

Subcommittee's recommmendations
 

1. The proposal contains a great deal of information on
 
the operational structure of the ICL, but there seems to mini­
mum discussion on the details of the conference. Although the
 
conference appears to be quite worthwhile, final approval of
 
AID funding should be contingent on the additional conference
 
information. This other information should include:
 

a) A list of possible invited speakers.
 
b) Other key participants.
 
c) The possible interaction between participants.
 
d) The knowledge that might possibly be gained by the LDCs.
 
e) The methods for conference preparation and advertising.
 

2. Additional funding should be made available for the
 
inclusion of topics from the proposed Support of a Regional
 
Conference on Possible Earthquake Premonitary Behavior in
 
Biological Systems.*
 

3. There should be close coordination between the proposed
 
conference and the S.E. Asia Association of Seismology and
 
Earthquake Engineering.
 

*See Subcommittee's report.
 



-"70-


II. DISCUSSION
 

Dr. .arrell added to Dr. Finger's report that he thought the
 
proposal should define what would be done at the conference.
 

Mr. Bosken, of AID, remarked that this was a long term project
 
that actually came from the mission in Indonesia. There was in
 
fact a volcano project in Indonesia sponsored by AID.
 

Dr. Pimentel was distrubed to see that the people involved in
 
the proposal did not include LDC scientists.
 

Dr. Sanderson pointed that there was potential for benefit from
 
the conference. 
Japan and the United States are quite advanced
 
in their techniques. There was, however, no indication that
 
this particular research crew had built on the expertise in the
 
National Scientific Foundation. Likewise, there was no indica­
tion of knowledge of the work done by the U.S. Coast and Geo­
detic Survey. It appeared to him that the project proposed to
 
discover a well 
worn wheel. The project would profitably in­
volve developing countries, however.
 

Dr. Long asked if the conference was really international or
 
just for many countries?
 

Dr. Finger felt that the project would be truly international.
 
However, he would prefer to have a workshop with knowledgeable
 
people even though from fewer countries.
 

Dr. Sanderson suggested that the conferences could combine into
 
one conference three to four days rather than the eight to ten
 
days that were suggested.
 

III. MOTION
 

The motion was proposed to defer the first conference until
 
information could be obtained from which the proposal could be
 
evaluated.
 

The vote on the motion was unanimous in favor.
 

Dr. Finger then reported on the second conference proposed by
 
the ICSU. His report follows:
 

Background
 

This proposal requests AID to help support an international
 
conference on earthquake premonitory phenomena in biological
 
systems. The requesting organization is the Inter-Union Com­
mission on the Lithosphere/ICSU.
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Studies on anomalous animal behavior prior to earthquakes are
 
recorded in historical records in Asia and have been studied
 
intensively in Japan and China and more recently in the United
 
States. The sensitivity of fish, birds, and mammals to geo­
physical phenomena are to be reviewed at the conference. Plans
 
for future research and coordination of research projects are
 
to be discussed also.
 

In evaluating the proposal, comments were solicited from
 
Dr. Roger Stewart of the Office of Earthquakes, U.S.G.S.
 

Discussion
 

Possible premonitory behavior of animals has long been re­
ported. Recently, photographic and other kinds of evidence
 
have been presented to document these reports. It is well
 
established that various animals may be extremely sensitive to
 
changes in environment, for example, magnetic or electric
 
fields, or atmospheric gas concentration. It is indeed the
 
case that more attention has been paid to animal behavior in
 
Asian countries than elsewhere. It is by no means generally
 
accepted that "anomalous behavior in biological systems" is one
 
of the "most promising" phenomena for practical earthquake
 
predition systems." The difficulties of using premonitory
 
animal behavior are well known from experience in countries
 
(chiefly China) where such methods have been used, and are in
 
any case obvious. The difficulties include the fact that: 1)
 
animals respond to many stimuli other than earthquake precur­
sors, 2) animal behavior must be reported by untrained ob­
servers with other cares, 3) results of observations are
 
spotty and give little information about the size of any im­
pending earthquake, and 4) false alarms and missed earthquakes
 
are common.
 

The record for animal behavior as a premonitory phenomenon is
 
no better than that of many physical measurements. In coun­
tries where animal behavior has been extensively used, notably
 
China, standard geophysical measurements are also employed and
 
instrumental data are given more credence than animal behavior
 
reports. In fact, the goal of research into premonitory animal
 
behavior is to discover what, if anything, animals are respond­
ing to so that a machine can be designed to sense the same
 
thing. The author implicitly points in this direction when he
 
points out that change in water level affects electrical
 
fields. This is true enough, but why not measure well-levels
 
or electrical fields? It seems that biological systems are
 
being oversold, and it would be a disservice to do this when
 
discussing solutions to earthquake prediction in a developing
 
country.
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The positive aspect of animal behavior studies, as the author
 
has noted, is that they are relatively inexpensive and well­
suited to rural environments where people and animals are on
 
more intimate terms,. It may well be the case that such studies
 
would be useful in Southeast Asia. However, not every country
 
is organized like China, and not every country can or will
 
place as much emphasis on mass participation as did the Chinese
 
during the cultural revolution. It is a defect of the proposal
 
not to mention the social aspects of prediction using animal
 
behavior.
 

There certainly is a positive aspect in passing as much infor­
mation as possible to officials in rural emerging countries.
 
However, it would be much better to present information on all
 
methods of prediction, rather than to sell any particular
 
method as a solution. This is probably even more pertinent

since no country in the world has found a single prediction
 
method satisfactory. This conference may best be included as a
 
subject in the other conference proposed by the author (see
 
report on Seismic Risk Mitigation in SE Asia).
 

Subcommittee Recommendations
 

The subcommittee, reinforced by the experts commets, feels that
 
there is no present need for the proposed conference. Yet some
 
discussion of the subject is warranted. It is recommended that
 
the general subject be included in the Agenda of the Regional
 
Conference on Seismic Risk Mitigation in Southeastern Asia. As
 
stated in the subcommittee's report, the level of funding for
 
that conference should be increased in order to incorporate the
 
biological subjects.
 

Dr. Finger hoped that the subject of this conference could be
 
included in the previous conference.
 

IV. MOTION
 

The motion was to disapprove the proposal on the basis that the
 
substance of the conference should be incorporated into the
 
previous conference.
 

Dr. Long pointed out that these conferences must be well
 
thought through. The critical issue in deferral is to set in
 
motion some action. In th4 s case the big question is how to
 
get the ground work started.
 

The vote on the motion to disapprove the project was unanimous.
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Strengthening Environmental Microbiology and Pollution Monitor­
ing Capabilities at the High Institute of Public Health, Alex­
andria, Egypt - University of Maryland
 

I. SUBCOMMITTEE REPORT
 

Dr. Weller, chairman of the subcommittee, that also included
 
Drs. Connell and Farrell reported as follows:
 

This proposal requests $135,000 to extend for two years a pro­
ject currently active under the Maryland Sea Grants program
 
that is based at Johns Hopkins and at the High Institute of
 
Public Health, Alexandria, Egypt. The primary objective is to
 
develop capabilities in environmental microbiology and pollu­
tion monitoring at Alexandria. The ongoing project involves
 
exchange of senior professional staff, the holding of workshops
 
and seminars, and the development in Alexandria of the capacity
 
to utilize a tracer virus technique to monitor waste water
 
outfalls near heavily utilized bathing beaches. The tracer
 
technique involves growing a bacteriophage, "f2" in the labora­
tory; high titers exceeding ixl0 12 PFU/ml can be obtained;
 
the concentrated virus is then introduced into the wastewater
 
system and can be detected after extreme dilution has occurred.
 

In the two year renewal various marine sewage outfalls will be,
 

examined for the die-off of selected pathogens.
 

Critique:
 

The investigators are highly competent and there is every
 
reason to assume that the project will be carried out as plan­
ned. The development of a cadre of Egyptian scientists com­
petent in the area of pollution monitoring is a desirable ob­
jective, and the budget is realistic. However, there are con­
cerns as to whether the social-political situation in Alexan­
dria has developed sufficiently to justify such training.
 
Simple techniques of monitoring could be used on a continuing
 
basis. Mention is made of interruption of electrical and water
 
services at the Institute in Alexandria. A new sewage disposal
 
plant is said to be "often in a partial state of operation."
 
Waste water pumping stations operate only during the day-time.
 
In such an environment, it is doubtful if the local authorities
 
will continue pollution monitoring after the outside support
 
from AID terminates. Thus, while the project rates high, i.e.
 
a "1" in terms of scientific merit, in potential for capacity
 
strengthening, and with respect to relevance and innovative
 
nature, this reviewer questions whether there actually will be
 
long-term benefits.
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II. DISCUSSION
 

Dr. Schweigert asked it there was an existing monitoring

system? To which Dr. Weller responded that one must assume
 
there is none.
 

Dr. Wishik suggested that the Committee keep in mind that this

is the major seashore in all of Egypt and there may be more

motivation by the Egyptians to carry out this project success­
fully than there would be for the ordinary project.
 

Dr. Connell remarked that the Egyptians have an ongoing program

in this area, why should the researchers come to AID? The

technology is easily transferred. It's a good proposal. The

technical problems identified in the proposal should be re­
solved in the future.
 

Dr. Carter pointed out that the particular site for the re­search has great potential as a tourist area. 
 He was unclear,

however, whether the principal contractor would be Johns Hop"

kins or University of Maryland.
 

Dr. Idyll pointed out that this was part of the Maryland sea
 
grant program and that even though some of the investigators
 
may be from Johns Hopkins, it is a University of Maryland pro­
ject.
 

Mr. Roseborough, of AID, informed the RAC that there is a

multi-million dollar project on this topic in Alexandria. 
'He
would be surprised if this particular research activity is not

included in that $765 million dollar project.
 

Dr. Farrell said that he was 
not aware of an environmenta..
 
study being done in the area in Egypt proposed for this re­
search. 
The project would provide recommendations toward
 
monitoring pollution along the beach.
 

Dr. Weller proposed that the project be approved.
 

Dr. Long remarked that this was an opportunity for RAC to voice

its concerns with the Agency's program through the Science
 
Advisors Office. 
 The mission and the government can take into

consideration whatever it wants to 
from the RAC's remarks to
 
build into the program.
 



Dr. Peterson asked if the projects had been looked at by the
 
misson? Dr. Minners responded that some comments were coming
 
back now.
 

Dr. Long suggested that this is a case where the Committee,
 
through it's comments and recommendations, could begin to use
 
some leverage on country or mission programs to affect the
 
quality of those programs.
 

III. MOTION
 

The vote for the motion was unanimous in favor.
 

IV. OTHER COMMENTS
 

Dr. Wishik then pointed out that the Agency has been asking
 
what is the role of research in AID's program? He suggested
 
that in addition to the research study that was already done
 
where two topics in health and education had looked at that AID
 
could pick a country and ask what research is in the Egypt
 
program.
 

Dr. Peterson thought that it would not be particularly useful
 
unless you get total research not only that by AID.
 

Dr. Long suggested that it would be useful to make it known
 
tha research is being utilized in Egypt.
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Bringing to Bear Scientific and Technological Resources on
 
Problems of Development in the Western Hemisphere- AAAS;
 

I. SUBCOMMITTEE REPORT
 

Dr. Weller, chairman of the subcommittee, that also included
 
Drs. Falcon and Moss is reported follows:
 

This application from the AAAS is for continued support for
 
three years in the amount of $439,820 to stimulate scientific
 
and technical resources in the Americas that bear on problems

of development. The goals are to identify development-related

problems, to help develop the capability at the national level
 
to deal with these problems by convening multinational, multi­
disciplinary scientific meetings, and to subsequently dissemi­
nate the findings,
 

These goals are currently being met under the auspices of a
 
hemispheric Intersciencia Association that has eight affiliates
 
subsidized in part by AID support. The problems to be ad­
dressed are selected by concensus, an operation in which the
 
AAAS secretariat plays a major role. Three symposia are plan­
ned over the next three year period. Planning is now underway

for four such meetings which offer representation. Two are on
 
fuels from biomass; one scheduled for October, 1981 in Brazil
 
and a secend in January, 1982 at the AAAS annual meeting in
 
Washington. A third on "Creativit-v and the Effective Teaching

of Science" scheduled for Costa Rica in March, 1982, was
 
selected because "the teaching of science in some countries has
 
been said to stifle creativity." The fourth, entitled "Bio­
technology in the Americas; perspectives for developing coun­
tries" is scheduled for Guatemala in October, 1982.
 

Concurrently, attempts are made to strengthen or to bring into
 
being national AAAS - like organizations. Reference is made to
 
strong associations in Brazil and Venezuela; parenthetically,

it would appear that science is well organized in these two
 
countries and little outside stimulus is needed. 
At the other
 
extreme, discussions are underway to form associations in the
 
Dominican Republic and in Trinidad; one might question whether
 
the U.S. pattern of a national scientific group is appropriate
 
or needed is small countries that lack a critical scientific
 
mass.
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The Interciencia Association is headquartered at the AAAS; of
 
the U.S. funds amounting to $606,057 expended for this activity

between 1974 and 1980, $210,748 was contributed by AID. Cur­
rently, funds are being sought from other sources; a grant of
 
$100,000 was obtained in June from the Inter-American Bank.
 

Information re. 
conclusions of symposia is disseminated in a 64
 
page bimonthly journal "Interciencia" which has been published

since 1976 with AID support. The current circulation of this

journal is not mentioned; nor 
is the number of paid subscrip­
tions. Currently discussions are underway with the Pergamon

Press to assume publishing responsibilities; this move will
 
certainly augment page costs and reprint costs.
 

The tangible benefits of this project, however, meritorious in
 
concept, can not be assessed. Such programs inherently develop

a self perpetuating bureaucratic secretariat that by nature
 
tends to proliferate. Of the $439,000 requested $174,000 is

for the salaries and operations of the AAAS secretariat; to
 
this added $41,000 overhead. Separately, each budgeted

symposium includes an additional $6,000 for overhead, and

$3,200 for added AAAS secretarial services. Without including

administrative travel and per diem costs of the AAAS secre­
tariat, it thus appears that at least $242,600 or more than
 
half of the grant will be required to maintain the AAAS secre­
tariat.
 

This does not appear to be cost-effective. Disapproval is
 
recommended.
 

I!- DISCUSSION
 

Dr. Moss pointed out that AID support to the AAAS would in­
crease under this proposal from $200,000 to $439,000.
 

Dr. Pimentel suggested that this was not a good investment for
 
science.
 

Dr. Schweigert also thought that this proposal, if funded,

would be a high cost activity per unit of achievement. It was
 
not cost effective.
 

Dr. Farrell agreed that, despite the prestigious nature of the
 
AAAS, $439,000 would be spent to define problems and then to
 
find solutions.
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Dr. Anderiion suggested that this particular proposal be turned
 
over to the OAS.
 

Dr. Skinner pointed out that the proposal was to encourage LDC
 
projects. The AAAS would try to create institutions. AID is
 
involved in the larger process of trying to link up with LDC
 
institutions.
 

Dr. Smuckler pointed out that the development of the science
 
community was to be a part of the Science Advisors program.
 

A representative from the LAC Bureau said that one of the
 
problems was the fact that this project was for institution
 
.building rather than research. He suggested that the past

performances of the AAAS should be evaluated before further
 
funding by A.I.D. is considered.
 

III. MOTION
 

Dr.' Weller made the motion to disapprove the proposal. The
 
motion carried with one abstention.
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Research and Capability Strengthening Project on.Pest.;Management
 
- The International Centre of Insec"t Physiology and Ecologyz,
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Pimentel, chairmah of the subcommittee, that
 
also included Drs. Ehrenreich and Weller follows:
 

This proposed project focused on the following four main
 
features to strengthen the research capabilities of ICIPE:
 

(1) Insect Pathology - To investigate insect pathogens of
 
several target insect pests, and examine the possibilities and
 
means for pest and vector control through the use of insect
 
pathogens.
 

(2) Visceral Leishmaniasis - The concentrated exploratory work
 
already accomplished by ICIPE's pioneer research programme at
 
the start of a major outbreak of kala-azar in Machakos district
 
of Kenya, has placed the ICIPE in a pivotal position to make
 
rapid advances on this tropical disease. The project support
 
will enable the ICIPE to bring in a number of disciplinary
 
approaches - immunology, biochemistry, etc. - to help to ac­
celerate developments in this problem area.
 

(3) Research Training - The ICIPE, in collaboration with a
 
number of university institutions in Africa, which cut across
 
language barriers in this continent, have agreed to launch an
 
intensive International Postgraduate Studies Programme in In­
sect Science with specializations in agricultural pests, vet­
erinary pests, and vectors of tropical diseases, later this
 
year. The final planning conference will be held at the Rocke­
feller Foundation Conference Centre at Bellagio, near Lake
 
Como, in Italy in September, 1981, at which final decisions on
 
implementation and mechanisms will be agreed upon by the ICIPE
 
and participating universities.
 

(4) Scientific Editorial Services - A semi-autonomous edi­
torial unit will be formed under the chief editorship of Pro­
fessor Thomas R. Odhiambo, to encourage scientific publications
 
in the area of tropical pests and vector management.
 

ICIPE has made an outstanding start in research and training in
 
insect science and pest control. If the several objectives
 
listed above were funded, this would help further strengthen
 
ICIPE's research in training in several areas.
 

.4 
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This proposal and the specific projects have strengths and
 
weaknesses and these are evaluated. In Insect Pathology it
 
would be nice to conduct a survey of the occurence, distribu­
tion, and diversity of the pathogens of insects in Kenya.

However, the principal investigators must have a knowledge of
 
one insect pest where the use of a pathogen offers real poten­
tial for insect pest control. This potential should be inves­
tigated by focusing the research effort. Then some progress
 
can be made in insect pest management of a serious pest in
 
Kenya.
 

A specific research plan for this pest and pathogen should be
 
developed, detailed, and submitted for consideration.
 

In the Visceral Leishmaniasis portion of this proposal, identi­
fication of the various Leishmania strains is desirable but the
 
research plan is poorly developed.
 

The research on the defense mechanisms of sandflies to the
 
Leishmania organisms is interesting, but the relevance of this
 
in limiting the disease was not identified. If such informa­
tion would benefit control, this relationship whould be speci­
fied.
 

The Research Training aspect of this proposal has attractive
 
features. It would appear that to make the best use of funds
 
for both research and training, postdoctoral students would be
 
associated with the research project. 
 These postdoctoral

students could supply the technical manpower.
 

For example, the insect pathology research on a specific pest

and pathogen could be assisted employing postdoctoral student
 
trainees. The same is true of the Leishmania study.
 

Development of Scientific Editorial Services would obviously

benefit ICIPE but it is doubted that this would help strengthen

the research and investigations of insect pest control. The
 
responsibillty of this need can best be handled by the indivi­
dual scientific staff of ICIPE.
 

The proposed budget for aspects of ICIPE proposal appears to be
 
excessive for scientific and technical staffs and material
 
services and expendables. The research in particular on insect
 
pathology and Leishmania appear to have too many staff and
 
material services and supplies for what is proposed. The bud­
get items need to be justified relative to each part of the
 
study.
 



II. DISCUSSION
 

Dr. Ehrenreich added that the proposal in general was seeking
 
support for ICIPE from AID. This is the fourth time that the
 
RAC has reviewed a proposal from ICIPE they always have been
 
asked to come back with a specific proposal.
 

Dr. Ehrenreich suggested that sow* iing should be done either
 
to get general support or to get cn appropriate research pro­
posal out of the organization.
 

Dr. Schweigert pointed out that one piece of the last research
 
proposal was funded by AID.
 

Dr. Pimentel remarked that the progress on their work on'ticks,
 
which was only partially supported by AID, was much greater
 

than ICIPE had reported. He noted that the staff at ICIPE was
 
very good.
 

Dr. Weller commented as follows:
 

ICIPE proposes to supplement its extensive ongoing program by
 
augmenting work in insect pathology, visceral leishmaniasis, by
 
expanding research training, and by further developing an of­
fice for editorial reviews. The proposals are stretched with a
 
broad brush, and with a long shopping list of equipment.
 
"CV's" are appended for ten individuals; these are inadequate
 
for no publications are listed and there is not way to judge
 
past research productivity or accompishment. Some have
 
recently received a Ph.D. in Nairobi. Two referred to as
 
"Doctor" apparently have master's level qualifications.
 

The insect pathogen study is diffuse in outline, refers to a
 
spectrum of agents from viruses to nematodes, and focuses on a
 
range of insect vectors or pests. This is to be accomplished
 
by three professional workers; one of whom will be paid from
 
other funds. There is no indication that the staff is quali­
fied to handle the spectrum of agents. The budget is given in
 
general terms without justification. For example, 9 micro­
scopes, 4 refrigerators, and 2 autoclaves at $24,000 each, are
 
budgeted over a four year period. By now ICIPE must have
 
enumerab].e microscopes, etc.
 

The proposed work on leishmaniasis is also poorly outlined.
 
Three more microscopes and five centifuges appear in budget. A
 
separate budget for cryopreservation, adds two mo-i micro­
scopes, another centifuge, and an unjustified Cou.ter
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counter. Parenthetically the staff and budget demands are
 
unrealistic - 20% time of one technician would be adequate.
 
Further, the preservation methodology is outdated and has a
 
element of hazard.
 

The training proposed is also troubl-some. Early on there will
 
be a conference in the grand style at Bellagio, Italy. Justi­
fication for expansion of the currently outlined training
 
effort is not presented.
 

Finally, a request is made to expand ICIPE editorial services.
 

ICIPE is financed by a multiplicity of grants from different
 
organizations. The application does not indicate multiple
 
sources of funding, etc. It would be of interest to have a
 
detailed on-site audit of those projects that have been sup­
ported by AID.
 

There is no reference to the concurrent WHO special program
 
covering both research and institution building in the subject
 
areas.
 

This proposal is scientifically and administratively inade­
quate. It should be disapproved, for AID should not provide
 
the equivalent of a blank check.
 

Dr. Skinner noted that the researchers at ICIPE were young and
 
that this would be an opportunity for the transfer of tech­
nology. The young staff did not have a record of publication,
 
but he felt that they should be supported and looked at care­
fully. He felt the institution needed support. It was seeking
 
funds from various places. To turn down this proposal might be
 
discouraging to these young LDC researchers.
 

Dr. Wishik thought the application was inadequate. He pointed
 
out that there was a broader question. What would be an appro­
priate mechanism for the RAC to review this applicatLon in the
 
manner that it is written? AID needs a policy i'4r assisting
 
institutions such as ICIPE. He was concerned about the quality
 
of work produced at ICIPE. The first tick proposal by ICIPE
 
was the second worst proposal encountered in the RAC. He felt
 
that it would be appropriate for broader assistance to build up
 
the institution to bring it up to a level of higher scientific
 
quality.
 

Dr. Minners pointed out that ICIPE applied to enter the CGIAR,
 
but it was turned down. AID tried to get help for it through
 
CGIAR. The Agency is beginning to take steps towards some kind
 
of overall support for ICIPE. ICIPE has a wide swings in
 
funding and hopefully this will be controlled over time.
 
Dr. Minners had visited ICIPE and the Director of ICIPE had
 
visited him here in Washington, so he got to know the
 
institution well.
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Dr. Pimentel said that he would like to encourage the young
 
scientists in this LDC institution,to draft a new proposal and
 
to get input from well known experts in the field. They need
 
this help, they do have senior staff who know how to write a
 
proposal but they were not involved in writingthis particular
 
one.
 

III. MOTION
 

The motion was made to disapprove the proposal but to encourage
 
ICIPE to develop a proposal with more research details.
 

Dr. Pimentel pointed out that the work on ticks by ICIPE had
 
good links with the Ministry of Agriculture in Kenya. There
 
is, therefore, a mechanism through which research results can
 
be put into effect.
 

Dr. Wishik suggested that the caveat attached to the motion be
 
deleted and Dr. Pimentel agreed.
 

The vote on the motion without the caveat was unanimous.
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Cooperative Coastal Issues Advisory and Training Assistance
 
Program with Universite du Benin, Togo - South Carolina Sea
 
Grant Consortium
 

I. SUBCOMMITTEE REPORT
 

Dr. Idyll, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Farrell reported as follows:
 

The subcommittee recommends the funding of this project. It
 
addresses a real and urgent need for assistance in complex
 
engineering problems whose solution would be of immediatb prac­
tical benefit.
 

The proposal is well conceived and presented, offering convinc­
ing evidence that the principal investigator understands the
 
local situation in Togo and the technical aspects of the pro­
posed approach. The linkage with Togo is obviously very
 
strong, and the collaboration and cooperation from local
 
government and technical organizations seems assured.
 

There is apparently a strong chance of quick return to Togo in
 
terms of improved beach management, and if this success is
 
indeed achieved, excellent opportunity to extend the influence
 
of this project to other West African countries. The South
 
Carolina Sea Grant Consortium has a good record of delivery of
 
results.
 

It does apppear that there are some rapid changes occurring in
 
the engineering concepts being used in beach erosion control;
 
it seems probable that the South Carolina group is aware of
 
these, but the subcommittee suggests that the principal inves­
tigator should talk to engineers in the U.S. National Park
 
Service who have been active recently in this area of endeavor.
 

There is some question in the minds of the subcommittee that
 
the budget for this project may be too high and the principal
 
investigator might be asked to reexamine this,
 

II. DISCUSSION
 

Dr, Ehrenreich thought the budget was a bit high particularly
 
in the international travel area. The budget in general could
 
be tightened considerably.
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Dr. Farrell, while not opposed to it, thought the proposal
 
showed a high degree of ambivalence. The objectives were
 
worthy enough. However, the proposed solutions were loaded
 
heavily with engineering approaches. Dr. Farrell then de­
scribed a Park Service experience the peer engineering solu­
tions that didn't work because other aspects of the project
 
were not taken into account. He didn't see any recognition
 
beyond straight engineering in land use planning. He felt that
 
it was a worthwhile effort but something was missing that
 
needed direction. The researchers should be encouraged to look
 
at broader experiences in this field before beinning the pro­
ject.
 

Dr. Wishik pointed out that the people from South Carolina were
 
planning 11 or 12 trips. He wondered what the travel was for,
 
but to him it appeared to be a serious effort to provide tech­
nical assistance to the LDCs. AID has always encouraged such
 
technical assistance and this particular feature of the pro­
posal might be viewed favorably.
 

MOTION
 

The motion was to approve the project. The vote was unanimous
 
in favor.
 

7 
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Assessment and Development of Living Marine'Resources in Kenya
 
- University of California, Davis
 

I. SUBCOMMITTEE REPORT
 

The chairman requested that it be recorded that Drs. Peterson.
 
and Schweigert and did not participate in the discussion of
 
this project.
 

*Dr. Idyll, chairman of the subcommittee, that also included
 
Drs. Ehrenreich and Farrell reported as follows:
 

The subcommittee recommends that this project not be funded.
 
It is a fisheries development project without a fisheries
 
expert on the staff. This deficiency is reflected in some
 
naive suggestions for procedures. The proposal gives little
 
promise of providing impetus to fisheries development in Kenya.
 

The project includes the proposal to measure the sizes of
 
exploitable invertebrate fishery stocks without an suggestion
 
of techniques to be used. It is. doubtful that any of the
 
experts listed could accomplish this complicated procedure.
 

A major weakness is the proposed measuring of the nutritional
 
needs of the populace, the nutritional value of potential in­
vertebrate stocks, and the matching of these.
 

The proposal seems to be the research desires of a mixed group
 
of specialists who want to work in Kenya.
 

The budget is very large, especially compared to probable
 

results.
 

II. DISCUSSION
 

Dr. Ehrenreich doubted that the project would provide much in
 
the way of institution strengthening because of the low prob­
ability that the researchers will accomplish what they pro­
pose. The researchers would hope to match protein requirements
 
of natives to marine resources and then solve the nutritional
 
problems of Kenya. In some cases they indicate that health
 
care clinics would be involved in direct studies but don't make
 
provisions for such studies in the proposal. The researchers
 
also propose to compare the existing and projected socio­
cultural framework of setting policy priorities related to food
 
production and consumption with various other means of setting
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policy such as considering export related investments and
 
associated earnings. But they don't say how the required
 
information will be obtained and analyzed. The researchers
 
also say the biological research under both natural and con­
trolled environments will determine supply constraints on
 
and/or opportunities but don't say how the biological research
 
will be done to meet this goal. Dr. Ehrenreich could not see
 
those approaches providing a solid basis for decision making.
 

Dr. Farrell thought the objectives of the project were too
 
numerous and were too vaguely related to each other to be
 
operational in any studies sense. The cost estimates were also
 
highly unexplainable. The nutritional relationships were over­
blown. The need for biological consultants to a team of bio­
logical experts was unclear. He felt the project director
 
should be a marine biologist rather than a geologist. He also
 
thought the study structure did not provide for specific plan­
ning sufficient to assure that the assessment of yields would
 
be obtained as claimed.
 

III. MOTION
 

The motion was made to disapprove the project and carried,
 
although two RAC members abstained from voting.
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Technical Training Center for Aquaculture inCosta Rica " CODESA
 

I. SUBCOMMITTEE REPORT
 

The report of Dr. Idyll, chairman of the subcommittee, that
 

also included Drs. Ehrenreich and Farrell follows:
 

The subcommittee recommends that this proposal not be funded.
 

The objective of training practical prawn culture operators is
 
good as a long-term objective, since the technology has just
 
about reached the paying stage if efficient management is
 
exerted. But the proposal doe not make it clear who would be
 
the instructors, nor whether there are jobs yet for the grad­
uates.
 

It is stated in the beginning to be for the funding of a
 
laboratory/training facility, but the budget asks also for
 
operating costs for one year. AID does not ordinarily fund
 
facilities. And since no indication is given that funds would
 
be available from other sources for operating the facility
 
after the first year, the training center is apparently ex­
pected to be supported indefinitely by AID.
 

II. DISCUSSION
 

Dr. Ehrenreich thought the creation of the proposed training
 
center was a meritorous proposal. He thought AID would do well
 
to invest in such a undertaking, especially if the project has
 
regional implications. The budget was modest, in fact too
 
modest for what they hoped to accbmplish.
 

Dr. Ehrenreich was concerned that there would be a continuing
 
annual request to extend this project. He doubted whether the
 
researcher listed in the proposal had the capability of estab­
lishing and carrying out in a qualified manner the correct
 
curriculum as presented. He thought they should seek expert
 
consultants from proven aquaculture programs in the U.S,
 

Dr. Farrell also thought the proposal had significant merit but
 
was inadequately explained. He would have suggested deferral
 
until some of the questions are cleared up.
 

IU
 



Dr. Smuckler thought the proposal appeared to fit within a much
 
broader framework than just research.
 

Dr. Long was concerned that the field missions and LDCs would
 
not be responsive to aquaculture opportunities. He wouldn't
 
want to start something and have it wither away. If the pro­
posal is technically sound and is very good, it would make
 
sense to work with the mission to assure follow-on; otherwise
 
it probably should not be supported. The history of aqua­
culture is that the LDCs has not picked up when projects have
 
terminated.
 

Dr. Schweigert agreed that there was a considerable span be­
tween promise and reality. He was pleased to see that in this
 
proposal expectations might not be out of line with reality.
 

III. MOTION
 

A proposal was made to defer the project until inquiries could
 
be made with the mission and to determine whether perhaps-the
 
project might be mission funded.
 

The vote was unanimous in favor.
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Program for the Stimulationof Azolla Use in Tropical-LDCs 
_
 
University of Hawaii
 

I. SUBCOMMITTEE REPORT
 

Dr. Moss, chairman of the subcommittee, that included Drs.

Peterson and Sloger reported as follows:
 

Next to water, nitrogen fertilizer is probably the most impor­tant factor limiting food production. Unfortunately the avail­ability of nitrogen fertilizer to peasant farmers is deterio­rating. 
The past three years has seen a doubling of both the
price of nitrogen fertilizer and the interest rate on the
borrowed money needed to buy it. 
 Under the present economic
situation, even peasant farmers who were beginning to adopt
higher technology, are being forced back to subsistence agri­culture. 
To help relieve their plight, peasant farmers in LDCs
must be presented with practical alternative to chemical nitro­gen fertilizer. 
Certain nitrogen fixing plants are a practical

alternative.
 

Nitrogen-fixing legumes have the widest potential application

and a considerable amount of effort is going into promoting

their use.
 

For peasants who cultivate flooded crops such as 
rice, a
nitrogen-fixing aquatic fern-alga symbiosis, Azolla-Anabaena,

offers the best hope. 
Azolla has the potential of fixing three
 or more kg N/ha/day, and is thus capable of fixing the entire
nitrogen requirement for a high yielding corp of rice within
 
three weeks.
 

Azolla is a labor intensive green manure corp appropriate for
many rice regions in tropical LDCs, where the supply of water
is relatively stable for a few weeks required for its field
 
cultivation.
 

Hawaii's Azolla program began in 1976 and has emerged as one of
the leading information centers on the subject. 
 As of spring
1981, four professors were partially involved, and four gradu­ate students were fully involved in research on Azolla, pri­marily for application in LDCs. 
 Hawaii has the largest library
of Azolla reference material, including over 400 Chinese publi­cations, with all citations filed in computer memory for each

subject retrieval.
 



The proposed approach is to utilize previously established
 
contacts with international and LDC agriculture institutes for
 
support in conducting a series of three 2-week workshops on the
 
practical use of Azolla. The first workshop would be held
 
during February 1983 in Chiclayo, Peru, in cooperation with the
 
Peruvian National Rice Experiment Station and CIAT. The second
 
workshop would be held during July 1983 near Dakar, Senegal, in
 
cooperation with ORSTOM and WARDA. The third and final work­
shop would be held in February 1984 in Bangkhen, Thailand, in
 
cooperation with the Thai Ministry of Agriculture and IRRI.
 

The workshops will consist of a series of field demonstrations
 
and seminars that will cover all aspects of Azolla management
 
in the tropics including oversummering, nursery multiplication,
 
field cultivation, soil incorporation and pest management. The
 
trainees will be required to actively participate in all field
 
demonstrations. The final days of each workship will be spent
 
in drafting a handbook on Azolla cultivation in tb- local lan­
guage of each trainee. Preparation of the drafts will draw on
 
reference material provided by the principal investigator, the
 
trainee's knowledge of local rice cultivation conditions, and
 
experience gained at the workshop. The drafts will be editied
 
and published with support from this grant and other institu­
tions cooperating with the program.
 

In support of the workshops, a graduate student will arrive
 
from China for the purpose of preparing training materials and
 
writing a review based on over 400 Chinese Azolla publications
 
recently brought from China.
 

The one question which is not addressed in the proposal is the
 
state-of-the-art of Azolla technology as a means of supplying
 
nitrogen. Assuming that technology is available, the next
 
logical step is as proposed herein.
 

This project is an outreach training program to get the present
 
Azolla technology into use in LDCs. It is not research.
 

The University of Haswii has a good track record in research
 
and training in programs for tropical agriculture. They appear
 
to have good capability to conduct this program.
 

II. DISCUSSION
 

Dr. Pimentel thought the principal investigator showed a lot of
 
enthusiasm and that the workshops yiould be very effective at
 
disseminating information.
 

TOA
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Dr. Sloer thought the proposal was attractive and well pre­
sented. It involved technology transfer and would produce a
 
definite end product.
 

The Azolla plant is a water fern with two large cavities in
 
which blue-green algae form. In Dr. Sloger's opinion, where
 
there was nothing else in the way of nitrogen fixing plants,
 
Azolla was important.
 

Dr. Peterson was opposed to the proposal based on work that was
 
going on at the University of California. He did not think the
 
development of the plant had reached the point where it could
 
be passed to LDCs. There is a need to feed the plant phospho­
rus to obtain nitrogen fixation. This has proven to be very
 
expensive.
 

It cannot be grown in association with rice. The only possi­
bility is to grow it ahead of rice and then it is difficult to
 
transfer. He had not seen it used in China during his visit
 
there but had seen pictures of it. He thought some of the
 
statements in the proposal were questionable.
 

Dr. Schweigert suggested that this was once again a case of
 
high expectation versus reality.
 

Dr. Long thought there was a need to sort out exactly what Was
 
in the proposal. One part of it deals with dissemination and
 
other parts with other aspects.
 

III. MOTION
 

Dr. Moss moved that the project be approved with a careful
 
analysis of staff time in the budget and that groups with ex­
pertise in this area be contacted before beginning the program
 

Dr. Pimentel proposed a friendly amendment that the project be
 
one of assessment for potential and information gathering.
 

Dr. Moss thought the workshop was to be for dissemination of
 
information.
 

VOTE: Six in favor; eight opposed. A second motion to defer
 
the project was made until a proposal could be prepared that
 
concentrated on a workshop on assembling information on Azolla.
 

Dr. Wishik suggested the friendly amendment - deferral with
 
attention to points raised in RAC's discussion.
 

VOTE: Unanimous in favor.
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Comparative Study on Vector Competence of Simulium damnosum
 
Complex in the Rain Forest of Liberia and the Savanna Region of
 
Sierra Leone - Johns Hopkins University
 

I. SUBCOMMITTEE REPORT
 

Dr. Pimentel, chairman of the subcommittee, that also included
 
Drs. Weller and Wishik reported as follows:
 

A study of the ecology of transmission of human onchocerciasis
 
and vector competence of different man-biting species of black
 
flies will be undertaken in Liberia and Sierra Leone. In
 
Liberia the study will be done in three rain forest biotopes:

(a) man-arranged biotope of the Firestone Rubber Plantation at
 
Harbel; (b) along a large river -- St. Paul River; (c) along a
 
medium size river -- Cestos River; (d) the fourth study site
 
will be chosen in thenorthern savanna region of Sierra Leone.
 
This research work will provide information on the role of
 
individual man-biting species of the Simulium damnosum complex

in transmission of human onchocerciasis ("River Blindness").
 
Vectorial capacity of different species will be assessed by

study of anthropophily/zoophily of individual species. It will
 
also provide information on dynamics of transmission of Oncho­
cerca volvuluv in different climatic zones. Beside direct
 
evidence of attraction of individual species of blackflies to
 
man in nature detected by means of landing-biting collections
 
on man, additional information on anthropophily will be ob­
tained by laboratory tests using an olfactometer. Special
 
effort will be made to assess potential means of control of
 
vectors in different foci. Attempts will be made to colonize
 
anthropophilic blackflies. Existing collaboration between the
 
Johns Hopkins University and the Liberian Institute for Bio­
medical Research will be strengthen and a collaboration between
 
the Johns Hipkins University and Sierra Leone Ministry of
 
Health will be developed. Two young Africans will be trained
 
as medical entomologists with funds coming from other sources.
 

The primary objective of the study is to identify the compara­
tive vector competence of several species of blackflies in the
 
S. damnosum complex in regions of Africa where it has not been
 
done. This is needed and will be an assest in determining the
 
potential threat for "river blindess" for these regions.
 

In addition, the principal investigator will: (1) investigate

the dispersion and longevity of the important vector species;

(2) attempt to colonize some man-biting species; and (3) de­
velop possible methods of insecticide control.
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To examine the population ecology and host-feeding behavior of
 
several species of S. damnosum in four locations in Africa as
 
described appears excessive. The principal investigator also
 
mentions examining the effectiveness of parasites, predators,
 
and pathogens in attacking the larvae and adults of the vector
 
blackflies.
 

The first objective as described in the title will probably be
 
accomplished. The remaining numerous objectives would, if
 
thoroughly researched, require a similar investment in time and
 
money. Realistically, the principal investigator plans to
 
include these other aspects probably as preliminary type inves­
tigations. The information will be of help but recognized as
 
only preliminary investigations.
 

Dr. Milan Trpis is an outstanding and highly productive scien­
tist. The principal investigator should accomplish the major
 
objective of the study.
 

Two items in the budget are questioned. Why can't the princi­
pal investigator supply some of the needed microscopes from his
 
laboratory?
 

Why can't the principal investigator rent a vehicle? Where are
 
the comparative costs of renting versus pruchase? What will
 
happen to the vehicle at the end of the third year?
 

II. DISCUSSION
 

Dr Weller thought the principal investigator should focus on
 
one geographic area and limit the scope of the techniques em­
ployed.
 

Dr. Wishik was in favor of approval for the proposal but
 
thought the experiments involving humans and the colonization
 
of flies should be looked at carefully.
 

Dr. Long asked what the end product would be.
 

Dr. Pimentel responded that the most important vectors for
 
river blindness would be identified. He thought at least three
 
geographic areas were necessary.
 

Dr. Pimentel thought this type of study would be more profit­
able if the species complex for the flies is worked out first,
 
but broad specifications for this aspect of the research are
 
also acceptable.
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III. MOTION
 

To approve proposal with the suggestion that the research
 
should be focused in one geographic area and that the viarious
 
items in the budget be carefully examined.
 

VOTE: Unanimous in.favor of the motion.
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Control of Barley Diseases for Lesser Developed Countries of
 
the World - Montana State University
 

I. SUBCOMMITTEE REPORT
 

Dr. Petersono chairman of the subcommittee, that also included
 
Drs. Moss, Schweigert and Moss reported as follows:
 

The basic goal of this project is to improve the control of
 
barley diseases for the lesser developed countries (LDC9).
 
This will be done by accumulation of resistance genes into
 
acceptable barley stocks. After the various different sources
 
of resistance have been determined, crosses will be made to
 
incorporate these resistance genes into a base of widely
 
adapted but diverse barley germplasm including both 2-row and
 
6-row types. Barley male steriles will be utilized to facili­
tate various crossings for pyramiding genes for resistance and
 
to establish recurrent selection populations (RSPs) for various
 
diseases. Evaluations will be mde on both seedlings and mature
 
plants (field) exposed to a wide range of virulences. Selec­
tions of the most resistant and agronomically acceptable barley
 
types will be repeated in several cycles of recombination.
 
When resistance is adequately established for specific
 
diseases, combinations will be made to combine resistances to
 
two or more diseases.
 

This project is intended to augment and assist the efforts of
 
CIMMYT and ICARDA as well as LDCs' regional and country pro­
grams. Emphasis will be on improving the control of barley
 
diseases for the semi-arid areas of the world but the findings
 
should be applicable to all barley growing areas. Additional
 
cooperative nurseries may be established in Asia as desired and
 
future potential areas for inclusion would be the countries of
 
Peru and Brazil in South America.
 

This project has been developed through working level coordi­
nation with CIMMYT and ICARDA and various scientists stationed
 
in target LDCs. The diseases listed for study are important
 
throughout most of the barley growing areas of the world. The
 
approach of producing resistant stocks rather than varieties is
 
geared to enable CIMMYT and ICARDA to utilize the superior
 
material in their barley breeding programs. The methodical
 
assembling and pyramiding of major arid minor genes for resist­
ance cannot be done easily at CIMMYT or ICARDA but fits well
 
into the developed expertise of the barley program at Montana
 
State University thus resulting in a very desirable and worth­
while relationship.
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During the past two years, considerable progress has been made
 
in development of barley stocks with broad-based resistance to
 
specific diseases. Emphasis has been placed on barley scald
 
and net blotch. Resistant stocks are also being developed for
 
leaf rust, bacterial streak, and barley yellow dwarf virus
 
(BYDV). Leaf rust has received major input during the past
 
year. Basic preliminary work has begun on root rots and
 
powdery mildew. The number of applicants to the training
 
program has exceeded financial and space limitations.
 

The major diseases of North Africa and the Middle East have
 
been identified and specific nursery sites have been located
 
where a high probability for natural infections exists. Many
 
isolates of barley stripe mosaic virus have been collected from
 
the target areas and these have served to give information on
 
the virulence pool and at the same time have been used for
 
determining different sources of resistance. Since barley
 
yellow dwarf virus (BYDV) does not lend itself readily to such
 
types of isolation, there is little known about its virulence
 
pool. Diagnostic antisera is required for the determination of
 
virulence pools of this virus.
 

The basic breeding method used was recurrent selection facili­
tated by male sterility. A base population of barley was
 
established using barley lines of diverse origin but of wide
 
adaptation. In case of the six row barley population for scald
 
resistance, for example, 14 barley cultivars were crossed on to
 
a male sterile line and equal amounts of seed for each cross
 
constituted the base population (Table 5). As new and differ­
ent resistant sources were identified these were crossed into
 
the population. Each cycle consisted of selection in disease
 
nurseries for resistant types, followed by a recombination
 
nursery where seed was harvested only from the male sterile
 
plants thus assuring recombination and pyramiding of disease
 
resistance genes. Two generations were obtained each year by
 
growing the selection nurseries at a number of locations and
 
the recombination nurseries in Arizona.
 

Diseases are often the most limiting factor in barley produc­
tion; though quantitative information on losses caused by
 
specific diseases of barley is largely lacking for the LDCs,
 
extrapolation can be made from findings for other areas. Net
 
Blotch, caused by H. teres, for example may result in losses as
 
high as 30% as found by P-l-ening and Kaufman (1969) in Western
 
Canada. The greatest losses were also noted under low fertil­
ity and other stress conditions. In the virus diseases, barley
 
stripe mosaic virus (BSMV) and barley yellow dwarf virus (BYDV)
 
infection levels of 10% e.g. may result in 3-5% loss in yield
 
and losses as high as 50% may occur. BYDV, depending on
 
strain, barley cultivar, stage of plant development at time of
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infection, may couase severe losses ( 50% yield red.). In
 
diseases such as the smuts and Helminthosporium stripe there is
 
generally a one-for-one relationship between percent infection
 
and percent yield loss. The amount of loss for many diseases
 
may be influenced by many factors such as initial onset. In
 
the rusts early infection may result in devastating losses but
 
a high severity of infection first developing after the soft
 
dough stage may be of minor consequence.
 

In the past few years, investigators Sharp, Carroll, Eslick,
 
Sands, and Scharen, as well as SEA/USDA cooperator Hockett have
 
had the opportunity to visit the Middle East area and survey
 
some of the major barley growing areas. They found that barley

diseases were widely prevalent and that they received little,
 
if any attention by the local barley breeders. A better ap­
praisal of the problems with barley in the Middle East has been
 
made through disease surveys and collections, contacts with
 
people working with barley during the workshop and tours held
 
in Jordan and Syria in April, 1977, and especially in annual
 
evaluations of nurseries in the Middle East. 
 This has resulted
 
in a much better idea where barley disease nurseries for speci­
fic diseases should be located to achieve suitable natural
 
infection. This is leading to a better sampling of the viru­
lence pool for the specific diseases and in turn should lead to
 
development of broad based resistances in the barley stock
 
populations.
 

Virus diseases such as barley stripe mosaic and barley yellow

dwarf (BYDV) have received very little attention in the Middle
 
East to date. Visits in the area revealed that these diseases,
 
particularly BYDV, often limited barley production to a signi­
ficant degree. Moreover, recent observations by Dubin CIMMYT-

Personal Communication) in South America strongly suggest that
 
barley yellow dwarf virus is a very serious disease ont that
 
continent and a special CIMMYT sponsored workshop on this
 
disease was conducted in Mexico this past year.
 

It has become quite clear that Montana pathologists involved in
 
the AID program for improving barley will be expected to take
 
an active role in the disease ratings and selections within the
 
various nurseries in the LDCs. This aspect is reflected in the
 
travel portion of the budget.
 

There has been much interest and several inquiries from foreign

students regarding the possibility of receiving training with
 
barley diseases at MSU. This category of agricultural scien­
tist is in short supply and participants can fill definite
 
niches in barley improvement programs in the developing coun­
tries. A continuing budget for training is thus proposed.
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The following report was given byAugust 1979 site visit.team:
 

Training
 

The training sponsored by this project is very good. The
 
Graduate Program has five Ph.D. candidates, three foreigners
 
and two from the U.S. The Masters Program has three M. S.
 
candidates. The six-month trainee program is well developed
 
and currently has six members all from developing nations.
 
Graduate students and trainnes funded under this project have
 
been selected with full knowledge of the missions in their
 
respective countries.
 

In addition to a general orientation on major research being
 
conducted on barley, and the tailoring of work of special
 
interest to individual trainees, the training program allows
 
both staff and students to work on important barley problems
 
not strictly part of the RSP program per se., i.e., work on
 
root rots and soil-borne pathogens. This type of training and
 
work related programs should continue.
 

Montana provides a very good setting for "short course" and
 
training work during a barley production cycle. The evaluation
 
team suggested that the project staff evaluate the long-term
 
needs for establishing a short course as a regular feature of
 
the university program.
 

Student morale appeared to be high and typically informal
 
western, but highly professional, relationship existed be­
tween staff and students. Institutional backstopping and
 
facilities were likewise excellent. Montana State cap­
abilities are well recognized by CIMMYT and ICARDA and it
 
is expected that the supply of trainees and degree candi­
dates will soon tax the considerable capability of the
 
plant pathology and agronomy departments.
 

This project was an outgrowth of an earlier, much more general
 
barley improvement program which had received critical review
 
by RAC and also by an on-site review team, which included RAC
 
member Dr. Clanton Black, during a one-year extension of that
 
earlier project. The recommendation of that team was to termi­
nate the earlier project and invite a new project proposal on
 
barley diseases.
 

Perhaps because of this earlier experience the current project
 
has had careful monitoring. It has been reviewed by a site
 
visit team which included RAC member Dr. Maurice Peterson and
 
the LDC invovlement was reviewed by a prominent, experienced
 
plant breeder from Missouri, Dr. J. M. Poehlman, who visited
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sites in Morocco, Tunisia, and Egypt. Both of these reviews
 
gave the project highly positive evaluations and gave strong
 
recommendations to AID to continue to fund the project.
 

The budget contains significant travel and training funds;
 
however, these do not appear to be excessive and have been
 
justified adequately in the opinion of the subcommittee. All
 
members of the subcommittee have expressed support for the
 
project.
 

II. DISCUSSION
 

Dr. Yohe of A.T.D., remembered that this was the first project
 
review before the RAC. He was grateful for RAC assistance over
 
the years.
 

Dr. Long asked if any other universities were participating in
 
this work.
 

Dr. Moss responded that at th1 University of Arizona one plant
 
breeder was very active in his participation in this work.
 

Dr. Yohe pointed out that Montana State University distributes
 
new varieties to nurseries throughout the U.S. for trial and
 
review.
 

III. MOTION
 

Approval
 

VOTE: Unanimous in favor of the proposal
 

Dr. Peterson said that during the site visit review of the
 
project that it had been suggested that the project should be
 
transferred to ICARDA. The reviewers strongly objected. Sub­
sequent events have shown these objections to have been well
 
founded.
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Discussion on the Review Process'
 

Dr. Smuckler summarized his views of how'.this special RAC
 
meeting went as follows:
 

1. 	The four categories on which the projects were judged did
 
not apply to non-research.
 

2. 	The term innovativeness should imply that the project was 
at' the forefront of science - not that it was an unusual 
project. 

3. 	The procedures worked alright after the first three or four
 
projects.
 

4. 	It worked well to permit the subcommittee chairman tolspeak
 
for the subcommittee.
 

5. 	The idea of supplementing RAC with ad hoc reviewers worked
 
very well.
 

6. 	The format of the project descriptions could be more uniform
 
from project to project.
 

7. 	The process should have a sense of competiveness from the
 
beginning.
 

Dr. Moss thought the workload for RAC members required more
 
lead time. Dr. Peterson added that the volume was too great
 
for 	the available time.
 

Dr. Schweigert thought braoder participation from RAC would be
 
useful. Most discussion on any one project was by 6 or 7
 
people.
 

Dr. 	Long summarized his views as follows:
 

1. 	The value of the RAC output was much greater than he had
 
thought it would be in this type of review.
 

2. 	The importance of inter-disciplinary review was obvious.
 

3. 	The ad hoc reviewers were essential to the success of the
 
meeting. This feature should be institutionalized.
 

4. 	Input from A.I.D. staff resulted in discussion rather that­
defense of projects.
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5. 	Events during the reviews forced discussion on what A.I.D.
 
should do. This was good.
 

6. 	From 40-50 people will be necessary to have this type of
 
review. There must be an upper limit, yet the required
 
expertise will be necessary for good research review.
 

7. 	The Agency now needs advice on how best to obtain advice on
 
its research programs.
 

8. 	The Science Advisor may not be in full position to realize,
 
how helpful RAC has been.
 

Dr. 	Wishik remarked that he had been very comfortable Iin
 
knowing that these projects were not going to the Administrator.
 

Dr. 	Minners summarized his views as follows:
 

1. 	He was satisfied with the "yield" from the review. He had
 
needed to make a strong effort to get some projects going.,
 

2. 	In the future, his projects can fit into the regular RAC
 
review.
 

3. 	He wanted the RAC meeting to be unencumbered without
 
advocates for the projects.
 

4. 	He wondered if $150,000 per project or per year per project
 
would be most appropriate.
 

5. 	He recognized that breakthroughs in science were not common,
 
that incremental gains in knowledge were more often the
 
case. However, innovativeness was one of the features that
 
the program was supposed to have. He would approach this
 
positively.
 

6. 	He appreciated the RAC practice of "calling it like it is."
 

7. 	In the future he would advertise and remain reasonably
 
small.
 

Dr. Schweigert thought the ad hoc members of RAC performed very
 
well and this practice should continue. He felt the limit on
 
size should be variable, $150,000 is too small for some types
 
of projects. Very large projects should require unusual merit.
 

Dr. Smuckler agreed that projects over $150,000 should require
 
unusual merit. Other requirements should be a time of 1-3
 
years and a usuable or observable end product.
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Dr. Rechcigl thanked the ad hoc members for their contribution
 
to the meeting and noted that all of them were government
 
scientists.
 

Dr. Long remarked that employees of the Federal Government had
 
in the past served on RAC and probably would in the future.
 

Dr. Peterson questioned the 1-3 year time limit. The better
 
research project seen by RAC were much longer term. He would
 
be in favor of extensions.
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Discussion 
 5
 
Motion 5,
 

Food From Wood: A New Enzymatic System for Degrada­
tion of Lignocellulos - University of Idaho
 
Subcommittee Report 6
 
Discussion 7
 
Motion 7
 

Resource Enhancement of Giant Clams (Tridocnidae) in the
 
Republic of Belau (Palau), West Caroline Island - Palau
 
Marine Research Institute
 
Subcommittee Report 9
 
Motion 9
 

Spawning and Developmental Physiology of Tridacnid
 
(Mollusca, Bivalvia) - University of California, at
 
Santa Barbara
 
Subcommittee Report 10
 
Discussion 10
 
Motion 11
 

Analysis of Southeast Asian Aquaculture Systems for the
 
Enhancement of Production and Improvement of Institutional
 
Research and Teaching Capabilities - University of
 
Michigan
 
Subcommittee Report 12
 
Discussion 13
 
Motion 13
 

Anatomy and Histology of Carp - University of Idaho
 
Subcommittee Report 14
 
Discussion 14
 
Motion 14
 

"1
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The Potential for Utilizing Seagrasses to Restore
 
Caribbean Benthic Nearshore Impacted Areas - Florida
 
International University

Subcommittee Report 
 15
 
Discussion 
 15
 
Motion 
 17
 

Development of Fishery Research and Management Cap­
abilities in the West Coast Region of North and Central
 
Atrica - University of Maryland

Subcommittee Report 
 18
 
Discussion 
 18
 
Motion 
 18
 

An Inventory of the Plant Resources of Selected Areas
 
on the Eastern Slope of the Andes in Peru - Missouri
 
Botanical Garden
 
Subcommittee Report 19
 
Discussion 
 19
 
Motion 
 20
 

Reference Manual for Forest Biomass Energy Resource
 
Assessment - The Solar Energy Research Institute
 
Subcommittee Report 
 .21
 
Discussion 
 21
 
Motion 
 21
 

Domestication of the Babassu Palm 
- New York Botanical 
Garden 
Subcommittee Report .22
 
Discussion 
 22
 
Motion 
 24
 

Agronomic and Domestication Studies of Oenocarpus -
Jessenia Palms - New York Botanical Gardens
 
Subcommittee Report 
 25
 
Motion 
 *25
 

Sesbania - University of Hawaii
 
Subcommittee Report 
 26'
 
Discussion 
 26
 
Motion 
 27 
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Selection of Prosopis Pod and Woody Biomass Producing

Characters for Use in LDCs -
Texas A&I University

Subcommittee Report 
 28

Discussion 
 29,

Motion 
 30
 

Feasibility and Planning Studies for Low-Cost Television
 
Systems Adapted to Less Developed Country Use - Battelle
 
Pacific Northwest Laboratories
 
Subcommittee Report 
 31,

Discussion 
 31
 
Motion 
 32
 

Policy Studies on Information Technology and Development,
 
- Academy for Educational Development

Subcommittee Report 
 33

Discussion 
 34
 
Motion 35
 

Investigation of the Feasibility of Using Microcomputers

in Less Developed Countries Statistical Processing

Applications - U.S. Bureau of the Census
 
Subcommittee Report 
 36

Discussion 
 38

Motion 
 38
 

International Awards for Population Research: 
 Program

on the Determinants of Fertility in Developing Countries 
The Population Council 

-

Subcommittee Report 
 39

Discussion 
 41
 
Motion 43
 

Immunization Against Trypansomiasis - University of
 
California, San Diego

Subcommittee Report 
 44
 
Discussion 45'
 
Motion 
 46
 

Effects of Insect Pathogens on the Ability of Mosquitoes
 
to Transmit Malaria - University of Florida
 
Subcommittee Report 
 47
 
Discussion 
 49

Motion 
 50
 

'1i.
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The Use of the Annual Fish for Nothobranchius guentheri

Mosquito Control in Sri Lanka - Oerenreich Foundation for
 
the Advancement of Science
 
Subcommittee Report 
 51
 
Discussion 
 52
 
Motion 
 53
 

The Role of VA Mycorrhizae in the Phosphorus Nutrition
 
o Legume Seed Crops in Thailand - Department of Agri­
culture, Bangkok, Thailand and University of Hawaii
 
Subcommittee Report 
 54
 
Discussion 
 54
 
Motion 55
 

Solar Pond Applications in Developing Countries - The
 
Solar Energy Research Institute
 
Subcommittee Report 
 56
 
Discussion 
 66
 
Motion 57
 

Developing and Testing of Prototype Small-Scale Biomass
 
Gasifer to Power Rural Irrigation Systems and Generator
 
Sets - The Solar Energy Research Institute
 
Subcommittee Report 
 58
 
Motion 
 58
 

Solar Energy - Education: Opportunities for Study in
 
the United States - The Solar Energy Research Institute
 
Subcommittee Report 
 59
 
Discussior 
 59
 
Motion 59
 

The Development of a High Efficiency, High-Lift Photo­
voltaic-Powdered Water Pumping System - The Solar energy

Research Institute
 
Subcommittee Report 
 60'
 
Discussion 
 60
 
Motion 
 60
 

Continued Development and Testing of Prototype Low-Cost 
Solar Collectors for Developing Country Applications -
The Solar Energy Research Institute 
Subcommittee Report ,61

Motion 
 61
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Tissue Culture of Banana and Plantain (Musa spp.) for
 
Improving Yield Potential - CATIE, Costa Rica
 

.62,
Subcommittee Report 

Discussion 62
 
Motion 63.
 

Application of Plant Tissue Culture Technology to Pyrethrum.
 
Imrovement in Kenya - Plant Resources Institute
 
Subcommittee Report 64
 
Discussion 64
 
Motion 65
 

Pilot Program for Use of Traditional Agricultural 
Technologies to Improve Present Agricultural Practices -

ESPOL
 
Subcommittee Report 

Discussion 

Motion 


Crop Diversification Potential in Jamaica 

Subcommittee Report 

Discussion 

Motion 


66
 
66,
 
66'
 

- USDA
 
-67
 
67'
 

.67
 

Report of a Regional Conference on Seismic Risk Mitigation 
in Southeastern Asia - Inter-Union Commission on the 
Lithosphere, ICSU 
Subcommittee Report 68 
Discussion 70 
Motion 70 

Report of a Regional Conference on Possible Earthquake 
Premonitory Behavior in Biological Systems - Inter-Union 
Commission on the Lithosphere, ICSU 
Subcommittee Report 71 
Motion 72 

Strengthening Environmental Microbiology and Pollution 
Monitoring Capabilities at the High Institute of Public 
Health, Alexandria, Egypt - University of Maryland 
Subcommittee Report 73 
Discussion 74 
Motion 75 
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Bringing to Bear Scientific and Technological Resources
 
on Problems of Development in the Western Hemisphere 
-
AAS
 
Subcommittee Report 
 .76
 
Discussion 
 77
 
Motion 
 78
 

Research and Capability Strengthening Project on Pest
 
Management - The International Centre of Insect Physiology
 
and Ecology

Subcommittee Report 
 79
 
Discussion 
 81
 
Motion 
 83
 

Cooperative Coastal Issues Advisory and Training Assistance
 
Program with Universite du Benin, Togo - South Carolina
 
Sea Grant Consortium
 
Subcommittee Report 
 84
 
Discussion 
 84
 
Motion 85
 

Assessment and Development of Living Marine Resources in
 
Kenya - University of California, Davis
 
Subcommittee Report 
 86
 
Discussion 
 86
 
Motion 
 87
 

Technical Training Center for Aguaculture in Costa Rica
 
- CODESA
 
Subcommittee Report 
 88
 
Discussion 
 88
 
Motion 
 89
 

Program for the Stimulation of Azolla Use in Tropical
 
LDCs - University of Hawaii
 
Subcommittee Report 
 90
 
Discussion 
 91
 
Motion 
 92
 

Comparative Study on Vector Competence of Simulium
 
damnosum Complex in the Rain Forest of Liberia and the
 
Savanna Region of Sierra Leone 
- Johns Hopkins University

Subcommittee Report 
 93
 
Discussion 
 94
 
Motion 95
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Control of Barley Diseases for Lesser Developed Countries 
of the World - Montana State University 
Subcommittee Report 96 
Discussion i00 
Motion 100 

Discussion on the Review Process 101*, 

RAC Attendance List 104 

7,
 



A ID'CENTRALLY FUNDED RESEARCH PROGRAM
 

SUMMARY OF-'.FUNDING BY PROJECT AND FUNCTIONAL AREAS :FOR
 

)ERIOD JANUARY 1962, ,SEPTEMBER 30, 1980
 

FUNCTIONAL AREA 
 TOTAL PROGRAM 
 ACTIVE COMPLETED
 
No. -of Amount No. of Amount --No. of 
 Amount
 
Projects Funded Projects Funded Projects Funded
 

DSB
 
Food/Nutrition 101 122,020,554 42 75,620,412 
 59 46,400,142

Rural Development 2 563,782 2 563,782 
 -
Population 
 36 91,323,115 11 67,363,638 25 23,959,479

Health 
 35 22,647,371 14 
 8,459,896 21 14,187,475

Education and Human Resources 16 14,945,187 5 5,645,159 ii 9,300,028
 
Selected Development Problems
 

Science & Technology 8 1,400,000 
 2 1,400,000 -6 2,624,307

Industrial Urban Development: 8 1,286,373 
 1 150,000 -7- 1,136,373

Small Research Projects 85 1,925,898 19 520,581 66 1,405,317
 

PPC 46 24,736,877 6 4,381,020 40 20,355,867
 
1 375,055 1 375,055 
 -"
 

TOTALS 338 284,565,519 103 1165,196,543 235 119,368,988
 

DS/PO/RES-:6/81
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FOOD AND NUTRITION 


Agriculture Office
 

Crop Production Technology7
 

1. 	Improved Varieties of Soybean

Project 931-0560 


2. 	Improvement of Tropical Production of 

Beans and Cowpeas Through Disease and 

Insect Control - Project 931-0562
 

3. 	Development of Improved High Yielding

Sorghum Cultivars - Project 575 


4. 	Control of Barley Diseases 

#931-1318 


5. 	Improvement of Winter Wheat for LDC 

Based Hybridization of Spring X-Winter 

Form, Project 931-0621 


6. 	Aflatoxin Reduction in Maize 

Project 931-1181 


7. 	Effects of Mechanization on Small 

Farms - Project 931-1026 


8. 	Ag. Mechanization 

#931-1026 


9. 	Tissue Culture 

Project 936-4055 


Active Projects 


Contractor 


University of Illinois 

AID/CM/ta-C-73-19, 

ta/c-1294
 

University of Puerto Rico 

AID/CM/ta-C-73-26 


University of Nebraska 

AID/ta-C-1068,ta-c-1382 


University-of Montana 


Oregon State University

AID/ta-C-l-68 

ta-C-1382
 

University of Missouri 

ta-C-1451 


I.R.R.I. 

AID/ta-c-146 


ADC 


Colorado State 

ta-c-1535 


2-


Contract 


Duration 


4/20/73.;-

11/30/80 


5/14/73-

11/30/80 


2/12/74-

2/11/80 


5/31/74 

5/31/81 


9/30/76-

9/14/82 


9/30/77 

9/30/82
 

9/20/78 

9/18/80 


9/30/77 

10/1/81 


8/15/80 

9/30/83 


Accummulative
 

Obligation
 

3,706,000
 
(11/30/80)
 

1,860,460'
 
(11/30/80)
 

683,000

(2/11/80)
 

895,300
 
(5/31/81)
 

1,500,740
 
(9/14/81)
 

149,000
 

21960
 
(9/20/79)
 

115,000
 
(10/1/81) 

500,000
 
(9/30/83)
 



FOOD AND NUTRITION 


Livestock Production Technology
 

1. Tsetse Fly Control 

#931-0030 


2. 	Mineral Deficiencies and Toxicities 

of Grazing Ruminants in Latin America 

Project #600
 

3. 	Physiology & Ecology of Ticks 

Project #1038 


Active Projects 


Contractor 


USDA 
PASSA - RA-1-00 
AG - TAB - D30-1-00 

University of Florida 

AID/ta-C-1153 


International Center for 

Insect Physiology and 

Ecology (ICIPE)
 

:Contract 


Duration 


6/1/62 

12/30/80 


11/1/74-

11/30/81 


9/30/78-

11/30/81 


Accummulative
 

Obligation
 

4,992,000
 
(12/30/80) 

1,150,000
 
(11/30/81)
 

364,000
 
(11/30/81
 

-3­



FOOD 	AND NUTRITION 


Pest 	Management
 

1. 	Control of Weeds 

#0463 


2. 	Control of VertebrateliPests 

#931-0473 


3. 	Root-Knot Nematode 

#0614 


Active Projects 


Contractor 


Univ. of Oregon 


RSSA - Dept. of Interior 

D.W.R.C. (J. Walker) 


Univ. of Missouri 


-4-


Contract 


Duration 


6/30/66 

5/31/82 


9/30/67 

9/30/81 


6/26/75 

9/15/83 


Accummulative
 

Obligation:
 

3,091,000
 
-
(5/31/82)


6,761,000
 
(9/30/8.1)
 

1,254,00
 
(9/15/83)
 



FOOD AND NUTRITION 


Water and Soil
 

1. 	Water Management Research in Arid-and 
-Sub-Humid Lands of-the LDCs'-


Project #489 


2. 	Crop Production and Land Capabilities 

of a Network of Tropical Soil Families 

#582
 

3. 	Crop Production and Land Potential 

of Benchmark Soils of Latin American 


4. 	N-Fixation - Symbiotic 

#0613 


5. 	N-Fixation- Associative 

#1004 


6. 	Determinants of Irrigation 


7. 	Nitrogen Fixation Non-Symbiotic_Assoc-

iatives -Project'#931"1005. 


Active Projects: 


Contractor 


Colorado St. University 

(csd-2162 

ta-C-ll00
 
ta-C-1411
 

University of Hawaii' 

AID/ta-C-1108 


University of Puerto-Rico 

AID/ta-C-1158 


USDA 


-Univ. of Florida 


Cornell ,University-


Universityi f.Florida 

ta-€4 376. 


Contract 


Duration I 


6/28/68-
12/30/80 

5/31/74-

5/31/83 


1/1/75-

12/31/80 


6/1/75 

6/30/81
 

1/1/77 

4/30/82
 

9/30/77 

6/30/81
 

1/1/78-

4/30/82 


Accummulative
 

Obligation
 

5,682,037a/
 
(12/30/80) 

5,064-,368
 
(8/31/81)
 

2,110,037
 
(12/31/80)
 

,930,000
 

928,000
 

342,000
 

:.927,41
 
4/30/82).
 

a/ A.I.D., project-monitoring -and funding transferred to.AsiaBureau in 1980.
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Active Proj ects, Contract Accummulative 

Contractor Duration Obligation 

Rural Development 

1. Development of Potential Agr.. Settle-
ment - New Lands #936-5303 

Institute forDevelopment 
Anthropology-

4/15/79 
8/1/81 

147,459 
(8/1/81) 

-6­



Active Projects Contract Accummulative 

.Contractor Duration Obligation 

Urban Development 

Population-Migration 'Fertility 
in U.D.; 

Research Triangle 
Institute 

150,000 



FOOD 	AND NUTRITION 


Nutrition
 

1. 	Fortification of Sugar with7 Iron 


2. 
Effect of Protein Calorie Intervention 

on Human Growth #931-0625 ....... 


3. 	Consumption Effects of Economic Policy 


4. 	Control of Iron Deficiency 

#931-0227 


5. 	Consumption Effects of Agricultural

Policy #931-1274 


6. 	Vitamin A Deficiency 

#931-0045 


Active Projects 


Contractor 


INCAP-PAHO 


INCAP 

AID/ta-c-1342 


Michigan State iUniv. 


Kansas St. University 

Medical Center 


SIECA/ECID 


Cornell University 

(ta-1375) 


Contract 


Duration 


6/30/76 


1/31/81 


6/30/76-

9/30/80
 

6/1/78 


10/3/81
 

9/30/78 

1/31/81 


6/30/79-

5/31/82 


9/30/79 

9/30/82 


Accummulative
 

Obligation
 

1,110,000
 

(1/31/81) 

2,716,916
 

A85,000
 

1,148,862
 
(1/31/81)
 

1,085,000
 
(5/31/81)
 

400,000
 
(5/31/81)
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Active Projects Contract Accummulative
 

Contractor Duration Obligation
 

Population
 

1. 	International Fertility Research University of North 
 6/30/71- 24,146,000

Program (IFRP) Project #537 Carolina (csd-1172) 7/31/81 (7/31/81)
 

2. 	Program for Applied Research on Northwestern University 5/30/72- 8,868,000

Fertility Regulation (PARFR) (csd-3608) DSPE 0035 
 6/30/81 (6/30/81)

#932-0546
 

3. 	World Fertility Survey Project International Statistical 6/30/72- 20,102,000

#931-0547 Institute (csd-3606) 9/30/81 (9/30/81)
 

4. 	Simplified Techniques of Fertility 
 Johns Hopkins University 6/30/72- 5,471,000

Control Project #932-0548 (csd-3627) 9/27/81 (9/27/82)
 

5. 	Study of Determinants of Fertility National Academy of 7/30/79-
 1,322,563

Change 
 Science 	 9/29/82 (9/29/82).
 

6. 	International Awards for Population Population Council 9/30/80- 807,000

Research 
 9/30/83 (9/30/82).
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Health
 

Environmental Health
 

1. 	In-Vitro Cultivation and Production of 

Malaria Parasites #931-0453.5 


2. 	Evaluation of Blood Stage Antigens

in the Immunoprophylixis of Malaria 

Project #931-0453.1 


3. 	Cultivation of Human Malaria 

Project #931-0453 


4. 	In-Vitro Production Methods of Human 

Malaria Parasites #931-0453 


5. 	Immunization & Vaccination 

Project #931-0453 


6. 	Ultrastructural & Cytochemical Analysis

of Malarial Antigens 


7. 	Merozoite Antigen Vaccine 


Active Projects 


Contractor 


University of.:Hawaii 

TA-C-1227 


Univ. of New Mexico,

AID/csd-3689, 

AID-C-12 59
 
DSPE-0036
 

Rockefeller Univ..,! N.Y.C. 

AID/ta-C-1373 

Rockefeller-DSPE-0030
 

N.Y.U. Medical Center' 

AID/ta-c-1486 


Gorgas Memorial Institute 

(0034) 


Uniformed Services Univ. 

of the Health Sciences 

DC-DSB-DZ-0453-4-80
 

University of Missouri 

DSPE-0078 


Contract 


:Duration 

16/30/75-


6/30/81 


5/1/76­
4/30/82 


i/i:/77, 

1/1/821 


.1/15/78-

1/15/81 


L2/1/78-

3/15/81
 

8/31/80-

8/31/83 


5/3/81-

9/29/83 


Accummulative
 

Obligation
 

,701,189
 

(6/30/81)
 

(4/39/82).
 

1,707,482
 
(1/1/82)
 

285,000
 
(12/15/80)
 

76,556
 

238,318
 
(2/28/81)
 

110,000 
(5/31/81)
 

-i07
 



EDUCATION AND HUMAN RESOURCES Active Projects 'Contract Accummulative 

Contractor Duration Obligation 

Education and Human Resources 

1. Education for Preliterate Adults, World Education, Inc.' 9/14/77- 350rOCO 
Project #931-1020 N.Y.C. AID/ta-C-,1455 12/31/80 (12/31/S0) 



SELECTED DEVELOPMENT PROBLEMS 
 Active :Projects Contract Accummulative
 

Contractor' Duration Obligation
 

Socia_/Economic Research and Development (PPC)
 
1. 	Income Distribution and Public Policy - Princeton University 6/30/76- 1,203,000 

Project #930-0643 AID/otr.-C-1492 3/31/81 (3/31/80) 

2. 	The Family in Economic Growth: Promot- Rand Corp 
 6/25/80- 1,522,000

ing 	Growth Through People 
 6/27/83 (6/25/81)
 

3. 	Fertility Determinants and Women's University'of Penn. 8/1/77- 400,768

Role Project #930-0066 AID/otr-C-1571 3/30/81 (3/80)
 

-12­



SELECTED DEVELOPMENT PROBLEMS 


Small Projects (DSB)
 

1. 	Anti-Genie Model 


2. 	Biomedical Research In-Vitro-, 

Exoerythryocyte 


Active Projects 


Contractor 


Michigan State 

DSPE-0067 


Biomedical Research 

Institute - DSPE-0079 


Contract 


Duration 


3/31/81-

3/31/82 


5/1/80-

5/31/83 


Accummulative
 

Obligation
 

34,840
 
(3/31/82)
 

33,000
 
(5/31/81)
 

$-13­



ACTION MEMORANDUM FOR DEPUTY ADMINISTRATOR
 

THRU : 	EXSEC
 

FROM : 	 DS/AA, Sander M. Levin 

SUBJECT : 	 Proposed Collaborative Research Support Grant inGrain! 
Sorghum and Pearl Millet (CRSP-GS/PM) 

Background: The two crops selected for this CRSP, grain sorghum and pearl
 
millet, are extremely important food crops for a very large part of the
 
developing world. More than 40 million hectares of sorghum and 34 million
 
of millet are grown in the LDCs. The production from more than 80 per cent
 
of this area is used for food. Most of the producers of these two grains
 
are primarily subsistence families constituting some of the poorest of
 
the rural poor who live in areas of low rainfall and poor soils. Research
 
aimed at alleviating one or more of the principal constraints to production,
 
marketing, and utilization of sorghum and millet of the subsistence farmers
 
of the LDCs can have a significant impact on the well-being of this A.IoDo
 
target group (See Tab C).
 

Inthe planning of this program, the project manager and other technical
 
members of DS/AGR worked very closely with the planning contractor, regional
 
bureaus, and JRC at all stages of the planning process. As a result of
 
this close monitoring and coordination, each group involved had adequate
 
opportunity for technical input. The contractor consulted ingreat detail
 
with the world's leading sorghum and millet scientists. The JRC approved the
 
program in August 1978. The Chairman commented that there had been more
 
detailed scientific effort put into the planning of this program than any

research program with which he had ever been associated. The BIFAD approved
 
the JRC's recommendation that the University of Missouri (UMC) Program
 
Proposal on GS/PM be accepted and that A.I.D. be asked to fund the Colla­
borative Research Program in fiscal year 1978.
 

To date, A.I.Do. has made two policy decisions related to CRSPs. On
 
August 22, 1978, you approved the processes followed by AoI.D. in
 
selecting the participating U. S. universitiEs and the Management Entity
 
for the small ruminant program (Tab A), This decision applies to the
 
Sorghum/Millet CRSP also. On September 28, 1978, the DA/AID approved a
 
grant schedule and standard provisions to be used for implementing the
 
small ruminants collaborative research support grants under Title XII
 
(Tab B). Although this approval was only related to that Grant, the
 
DA/AID is being requested to approve an identical, or slightly modified
 
version to cover this Grain Sorghum/Pearl Millet CRSP and all subsequent
 
CR8Ps. This approval must be consumated before the execution of this
 
grant.
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Proqram Goal: The goal is to increase production of GS/PM
 
among A.I.D.'s client people. This is to be done by developing and
 
testing improved technologies and by enhancing the abilities of developing
 
country scientists to solve problems related to GS/PM production and-use.
 
U. S. developing country institutions and international centers will be
 
involved in the research and training. A substantial portion of the
 
research will be done in the developing countries.
 

Proposed Program: The proposed program iscomposed of a set of integrated,

long-term research projects with related training and technical service
 
capabilities. Its first purpose is to organize and mobilize financial and
 
human resources necessary for mounting a major, multi-institutional U.S.-LDC
 
collaborative effort which in turn is expected to provide the knowledge

base necessary to achieve significant advances in alleviating the principal

constraints to improved production, marketing, a~d utilization of GS/PM in
 
LDCs. A second purpose is to improve the capabilities of appropriate

LDC institutions to generate, adapt, and apply improved knowledge to
 
local conditions.
 

Research activities cover a wide range of subject matter categories, all of
 
which are responsive to the most urgent technical needs identified in the
 
planning process as the principal constraints to improved GS/PM

production and utilization in LDCs. Constraints and research needs
 
were identified by extensive LDC surveys and analyzed by a panel of
 
internationally recognized sorghum/millet experts. These constraints are:
 

1. Low fertility of soils;
 
2, Water-related concerns;
 
3. Difficulty of stand establishment;

4. Pest problems including weeds, diseases, and insects;

5. Risk-related issues such as yield stability and new
 

.technology;
 
6. Deficiency of genetic, cytological and physiological


studies, and germplasm collection and preservation;

7. Lack of seed multiplication and distribution plans;

8. High tannin and reduced nutritional value;

9. Poor communication systems between/among scientists,
 

extension agents, and farmers;
 
10. Lack of farmers' ability to take risks;

11. Lack of acceptability - considered low status food;
 
12. Inadequate price and utilization policies;

13. Inadequate market organization and performance;

14. Lack of trained manpower.
 

Ao.M.'s regional bureaus identified an additional constraint not in­
cluded in the Program Proposal prepared by UMC. This involves- the lack
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of technical information on cultivation of sorghum/millet in inter­
cropping systems. The Management Entity has agreed to include-research
 
on this constraint in its detailed program plan.
 

This program will build on the existing experience and ongoing research and
 
training activities in participating universities. More specifically,

A.I.D. has financed research on sorghum and millet at Texas A&M University,

Kansas State University, University of Nebraska, and Purdue. The research
 
programs at these four universities will be phased into the CRSP as they

terminate. All of this, combined with the development of effective LDC
 
institution linkages, will contribute to cost-effectiveness, social soundness,
 
and technical feasibility of the program.
 

Twelve universities will participate initially in the GS/P1I CRSP, Four of
 
these, mentioned above, have conducted major GS/PM research programs for
 
several years and have made the major contributions to recent advances in
 
production technology such as protein quality and quantity, and in the
 
development of elite breeding populations carrying high levels of multiple

disease and insect resistance. Mississippi State University has carried out a
 
major seed technology program for many years. These five institutions
 
have extensive research experience both in the U.S. and LDCs. Inaddition,

they have provided considerable technical assistance to LDCs in cereal
 
grain improvement over the past several years. Approximately 90 per cent
 
of the CRSP budget for training and resaarch will be utilized by or
 
through these five universities.
 

Even though their research involvements will not be great, the other
 
seven universities (University of Arizona, University of Florida, Texas
 
Tech University, Colorado State University, University of Georgia, Uni­
versity of Kentucky, and Florida A&M1 University) will carry out activities
 
that address important constraints not adequately addressed by the five
 
major participating universities. All of the participating universities
 
have a long history of training foreign students. All have staff
 
members who have had experience working in LDCs, in many cases on a long­
term basis.
 

The University of Nebraska has been recommended by the JRC, reflecting

also the expressed preference of the participating universities, to act
 
as the Management Entity for this program. The Management Entity

has submitted a sorghum/millet proposal which we find acceptable. The
 
program proposed has been derived from the planning reports of UMC
 
(Tab C) as developed through iterative discussions with the Joint Re­
search Committee and A.I.D., and as modified by the Management Entity in
 
response to A.I.D. review and analysis of an earlier proposal by the
 
Management Entity. To supplement the proposal presented by the Management

Entity, A.I.D. staff have prepared a program framework and strategy
 
(Tab D), a social soundness analysis (Tab E), an economic analysis (Tab F),

and an environmental threshold determination (Tab G),
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The Grant provides that in the first stages of the program the Management
 
Entity will work with the Regional Bureaus, A.I.D. Missions, and host
 
country institutions to develop the portions of the program to be done
 
in the developing countries. The Grant also provides that the Management
 
Entity will develop a program plan that displays specific objectives,
 
budget, schedule of expected inputs, outputs, and progress verification
 
indicators of each project (both in the U. S. and with specific in­
stitutions in developing countries), and the critical and supporting re­
lationships among projects. The program plan will be submitted to A.I.D.
 
for A.I.D. Project Manager's approval and will be used to assess the
 
progress of the program and its component projects. The Management Entity
 
will also obtain A.I.D. Project Manager's approval of each project prior
 
to disbursement of funds. Project Manager's approval will be based on
 
evidence of completion to technically, fiscally, and operationally sound
 
project plans.
 

One aspect of the program strategy which isof critical importance to CRSP
 
success is the development of collaborative research relationships
 
between universities participating in the CRSP GS/PM, appropriate LDC
 
institutions, closely associated international centers, and organizations
 
such as STRC in Africa and CATIE in Latin America. It is important that
 
these relationships be established and developed on a coordinated basis
 
in order that there be no undue overlap, conflict, or duplication of effort
 

This will be done
among the universities, missions, and regional bureaus. 

as an integral part of the detailed research project and program planning
 
be undertaken under direction of tie Management Entity.
 

Proqram Outputs: One of the direct results to be expected from the CRSP
 
is the development of an ongoing, coordinated, comprehensive multi­
disciplinary and multi-institutional research program. Further, this
 
program will have made significant contributions to the knowledge base
 
required to alleviate many of the principal constraints to improved GS/PM
 
production, marketing, and utilization inLDCs.
 

Training activities will result in improved capabilities of LDC personnel
 
to carry out appropriate in-country research, training and extension work
 
directly related to GS/PM production, marketing, and utilization. These
 
improved capabilities of LDC personnel will result in improved LDC
 
institutional capabilities. I
 

The technical services concept isconceived as providing to requesting
 

countries, bureaus, and missions limited technical services for improving
 
sorghum and millet research, production, and utilization. This assistance
 
would be provided Jnder the grant by participating universities through
 
the Management Entity. Where more extensive field services by the
 
participating universities would be required, the requesting institutions
 
would fund these from.their own resources.
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Prooosed Budget: The estimated cost of the program during the first five
 
years is $21.0 million. Of this, the participating U. S. universities will
 
contribute 5.1 million, or as a minimum, 25 per cent of the total. A.I.D
 
plans to make an initial grant of $5,000,000 to cover the A.I.D. portion

of the costs during the first two years. It isour intention to roll
 
forward both the planning and funding of the program annually.
 

GRAIN SORGHUM AND PEARL MILLET CRSP COSTS ($000)
 

Year Total Non-Federal Management A°ID.
 
Program Contribution Entity Cost Contribution
 

1 2,903 703 200 2,000

2 3,588 878 210 2,500

3 4,274 1,054 220 3,000

4 4,965 1,230 235 3,500

5 4,980 1,230 250 3,500


20,710 T7T-Y T4$50. 
Recommendation: Considering the very expert opinions that have gone into
 
the development of this program, A.ID.'s priorities, and the ability of
 
AoI.D. to affect the direction and magnitude of the program in future years,

I recommend that you approve $14,500,000 to finance a five-year CRSP on
 
GS/PM by signing the attached PAF Part II.
 

Attachments:
 
A thru G a/s
 

Clearances:
 
DS/AGR/FCP, KMByergo Dated:
 
DS/AGR, DFPeterson Dated:
 
DS/XII, ELong Dated:
 
DS/PO, RSimpson Dated:
 
DAA/DS/FN, TBabb Dated:
 
AA/ASIA, JHSullivan Dated:
 
AA/NE, JCWheeler Dated:
 
AA/AFR, GTButcher Dated:
 
AA/LA, ALValdez Dated:
 
GC, MBall Dated:
 
GC, RRichstein ,_ Dated:
 
PPC/PDPR, EHogan Dated:
 

DS/AGR/,FCP, RIJackson/cl
 
1/3/79
 

IV 
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REPORT. SUMMARY
 

A. 	 1 Project Title and Con.tract Number:, "Inheritance and improvement:of 

Protein Quality and Content in SorghumbJcolr.JCL.),Moench." 

No. PRF-AID/ta-1212. 

I
 

Purdue Research Foundation, Purdue
 

2., Principal Investigator: John'D. Axtel 1, Department of Agronomy.


Contractor and Mailing Address: 


University, West Lafayette,- Indiana 47907.
 

3. Contract"Perlod: April I,1975to September 30, 1979
 

4. Period covered by report: April 1, 1977 to September 30,.'1979
 

5. Total AID funding of contract to,date: $693,849.97
 

B. The Ethiopian hIgh-lysine gene is associated with an 80%' Increase in
 

It Isgenerally accepted
the lysine concentration of whole sorghum grain. 


that the gene reduces yield In all genetic backgrounds. We believe that
 

the Ethiopian high-lysine gene, in its native background genotypes, has
 

greatest applicability as a special purpose grain for people requiring a
 

high-protein food source, i.e. pregnant and lactating women and weaned
 

children, as an alternative to externally supplied supplements. The
 

chemically Induced P-721 opaque gene is associated with a 60% 'Increase In
 

the lysine concentration of whole graln, In Isogenic comparison with the sib
 

http:693,849.97
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line. The lower rate of dry matter accumulation-during development on a
 

per seed basis confirms that this gene also Is associated with reduced seed
 

weight. However, selection experiments Indicate that yield component
 

compensation, particularly in seed number, allows high yielding P-721
 

opaque lines to be developed. The increment In lysine concentration
 

contributed by the gene in high-yielding genetic backgrounds may not be as
 

great as In the Isogenic line.
 

When seven varieties of sorghum grain varying In tannin content were 

fed to chicks, a high negatlve correlatlon (r = -0.92) was observed between 

tannic acid equivalents (TAE) of the grain and growth rate. An Identical 

correlation (0.92) was noted between TAE and feed efficiency (gralIn/feed). 

Supplementing a high tannin sorghum (HTS) diet with ferric chloride (0.5 or
 

1.0%) to enhance tannin oxidation failed to overcome the detrimental
 

effects of tannin. Similarrly, the addition of diethyldithiocarbamate (0.1
 

or 0.2%) to a HTS diet to inhibit polyphenol oxidase, and thus reduce
 

tannin oxidation, did not affect the tannin toxicity. Chicks fed:HTS diets
 

produced significantly more excreta while consuming less feed than chicks
 

fed low tannin sorghum (LTS) diets. Hence, dry matter utilization of
 

chicks fed HTS was significantly poorer than chicks fed LTS. The growth
 

depression produced by feeding HTS In a sorghum-soybean meal diet could be
 

completely overcome by methlonine supplementation. However, the addition
 

of methlonine had no effect on dry matter utilization. These results
 

suggest that the growth depression associated with feeding HTS cantot be
 

explained on the basis of reduced digestibility. Since the reduced feed
 

efficiency observed with HTS Is not completely corrected by methlonine
 

supplementation, lower digestibility appears to be the cause of the poorer
 

feed efficiency.
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Polyphenollc materials such as tannins constitute a natural defense
 

mechanism which ingrain sorghum provides protection against weathering,
 

pre-harvest germination, and bird depredation. Insome areas these
 

stresses are so severe that low tannin types are difficult to produce. The
 

agronomic advantages of high tannin sorghums are somewhat offset by the
 

nutritional disadvantages associated with these types, which give
 

relatively low weight gains and feed efficiencies In feeding trials with
 

rats and chicks. A major Incentive for our work isthe resolution of this
 

conflict between sorghum producers and feeders concerning the presence and
 

effects of tannin insorghum.
 

When we began to Investigate the occurrence and effects of tannins In
 

sorghum we found that the available techniques for quantitating the tannins
 

were not satisfactory. We have therefore developed, or modified from
 

previous techniques, a series of tannin assays which are more suitable.
 

These assays are somewhat Independent of each other because they measure
 

different chemical properties of the tannins. Collectively, therefore,
 

they serve not only to determine the amount of tannin present, but also to
 

characterize Itto some extent.
 

The vanillin assay has been widely used for sorghum tannin, at least,,
 

partly because of Its specificity for the flavanol type units of the
 

condensed tannin polymers such as are present insorghum. We have made
 

several modifications of this assay which increase Its accuracy,
 

reproducibility and convenience, Perhaps the most significant change is
 

the Inclusion of a reagent-free blank which corrects for background
 

absorption. We have shortened the extraction time from 24 hours to 20
 

minutes, and altered the reaction conditions. The reaction Isquite
 

temperature sensitive so the temperature must be controlled., Catechin,
 



although often used as a standard In this assay, gives non-linear standard
 

curves and much less absorption than equivalent weights of tannin.
 

standard whenever possible.
Purified tannin should be used as 


We developed a rapid and convenient technique, the Prussian Blue
 

assay, which measures total extractable phenolics. This assay can be
 

adapted for rough estimates of tannin content' in the field or at the
 

elevator, or for precise measurements in the laboratory. Non-tannin
 

phenolics In sorghum cause little interference In high tannin varieties.
 

Even this low level of color due to non-tannin phenolics can be largely
 

accounted for and subtracted out by comparing values obtained by extracting
 

with water and with a salt solution. The salt seems to prevent tannin from
 

extracting without Interfering with the extraction of other phenolics, so
 

that the difference in values obtained with water and salt solution
 

extraction are due to tannin.
 

Perhaps the most characteristic property of tannIns is their
 

propensity for Interacting with proteins; this may largely account for
 

We have devised assays which measure, under
their biological properties. 


standard conditions, the protein precipitating power of tannins. The
 

amount of tannin In the precipitate Is determined spectrophotometrically
 

The amount of protein precipitated is
after redissolving the pellet. 


These assays
measured using 1251-labelled protein such as serum albumin. 


are particularly useful for studying tannin-protein Interactions.
 

Depending on the conditions, purified sorghum tannin can precipitate up to
 

its own weight of serum albumin. The protein precipitating power
six times 


of high tannin sorghum can be assessed in the ground grain without any
 

extraction or other treatment which might modify or fractionate the
 

tannins, by mixing constant amounts of sample with Increasing
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concentrations of 125 I-albumin. After centrlfugation, measurement of
 

unbound 1251 In the supernatant gives a titration curve which shows the
 

protein precipitating capacity of the grain at saturation.
 

These assays, when applied to mature sorghum grain, all give good
 

correlations with nutritional quality as assessed by rat and chick feeding
 

trials measuring weight gain and feed efficiency. Preliminary studies with
 

Immature grain show a much poorer correlation between the results of
 

chemical assays and feeding trials. The reasons for this apparent
 

discrepancy are under Investigation.
 

'V
 



A.' GENERAL BACKGROUND 

Sorghum is the fourth most Important cereal .crop grown for human
 

consumption in the world, being surpassed only by rice, wheat, and cornin
 

world-wide Importance. In Africa-and much of Asia It Isthe principal
 

source of energy for many millions of people and provides a major source of
 

protein In the human diet. Though It Is considered relatively high In
 

carbohydrates and a fair source of total protein compared to most cereal
 

crops, the protein quality 'isthe poorest of the major cereals with regard
 

to amino acid balance and total digestibility.
 

The purpose of this project isto develop and release for utllization
 

In the LDCs superior varieties or lines of sorghum with genetically
 

controlled higher protein content, Improved amino acid balance and total
 

lines from the world sorghum collection and
digestibility. Thousands of 


the various breeding programs are being evaluated for levels of total
 

protein and for quality by chemical and biological means. The more
 

promising strains are recombined In various ways to further Improve the
 

amount and quality of protein In breeding populations. The parameters of
 

Inheritance of the high nutritional quality factors are In the process of
 

being determined. Lines which do not produce seed at Purdue are sent to
 

Puerto Rico for multiplication. There, these lines are screened for
 

Improved yield for the tropics and seed Is returned to Purdue for screening
 

Selocted germplasm and supporting cultural
of nutritional characteristics. 


practice Information are provided to established programs and Interested
 

cooperators to test, screen, and to assist in the exchange of breeding
 

materials. Graduate degree and non-degree training programs at Purdue are
 

developed and regularly conducted to Increase the research capacity of
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developing nations with the desire to improve the nutritionalV-quality:of . 

their sorghum. 

B. STATEMENT OF PROJECT OBJECTIVES AT STATED IN THE CONTRACT
 

ObJectie 1. Identify and evaluate sorghum lines or mutants with improved
 

protein quality and quantity utilizing both chemical and biological
 

methods.
 

Qlective 2. Identify the chemical nature and composition of the protein
 

fractions of selected high lysine sorghum genotypes and correlate the grain
 

fraction composition with nutritional quality.
 

Oblectyi3_. Ascertain the role of various chemical components of sorghum
 

grain'such as polyphenols (tannins), protein quallty, and carbohydrate
 

availability to monogastric animal nutrition.
 

ObJectlve A.. Determine the mechanism of Inheritance of high nutritional
 

quality and develop breeding methods and materials iincluding popuiations,
 

with Improved blolonical quality for potential utilization inrdeveloDina
 

countries.
 

C. CONTINUED RELEVANCE OF'OBJECTIVES
 

The"objectives are currently being pursued under the Title'Xii.Sorghum
 

and Millet CRSP.
 

D. RESEARCH ACCOMPLISHMENTS
 

Summary reports of the major research accomplisnmenTs arelincludedIn'
 

the following sections. (See ist in.Table of.Contents.)
 



CURRENT STATUS OF PROTEIN QUALITY
 
IMPROVEMENT IN'GRAIN SORGHUM
 

J.D, Axtell, S. W. VanScoyoc, P. J. Christensen and G. Ejeta
 
Department of Agronomy
 

Introduction
 

Sorghum is an Important crop species for the production of grain for 

human consumption In Africa and Asia. The grain provides an Important 

source of carbohydrate and Is similar to other major'cereals as a source of 

total protein. The protein quality, however, Is relatively poor In 

comparison with that from other major cereal grains. Mertz e± al. l] 

estimated that the biological value of sorghum grain Is poorer than that of 

any other major cereal, primarily because of the low lysine content'of the 

sorghum endosperm storage proteins. Two genetic mutants, one naturally 

occurring and one Induced, have been Identifled that Increase the lysine 

content of the sorghum endosperm and Improve the protein quality of the 

grain. The purpose of this paper is to briefly review the origin of these
 

mutants and describe the recent results of experiments on the relationship
 

between improved protein quality and total grain production In sorghum.
 

Ethiopian itghnLysine
 

.Singh and Axtell C2] screened about 10,000 entries in the World
 

Sorghum Collection and Identified two floury endosperm varieties from
 

Ethlopia that contained a gene that significantly Increased the level of,
 

protein and also Increased the lysine concentration of the endosperm
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proteins, The screening process involved cross-sectioning seeds from each 

entry to identify those with floury endosperm phenotypes and then 

ovaluating grain samples from those selected entries for protein and lyslne 

concentration. Sixty-two floury endosperm lines were Identified# of which 

two (IS-11167 and IS-11758) had a significantly higher lysine content than 

normal sorghum. These lines contain approximately 15 - 17% protein in 

comparison with normal checks averaging about 12% protein. The lysine
 

content of the Ethiopian high-lysine selections Isapproximately 3.1%
 

(expressed as per cent of prote'ln) and 0.50% (expressed as per cent of
 

sample) incomparison with normal sorghum values of 2.0 and 0.26%,
 

respectively [3]. The biological value of the Ethlopian high-lysine grain
 

isalso significantly higher than normal sorghums in Isonitrogenous rat
 

feeding experiments [2]. Ithas been established that the concentration of
 

alcohol-soluble proteins Issignificantly reduced Inhigh-lysine endosperm,
 

relative to values present In normal sorghum endosperm [4,5].
 

UtiiLzaion 21 HkhLbl1ne Sorghum IM EthJipi
 

A col'lection trip was made In 1973 to determine whether the 

high-lysine varieties Identified inthe World Collection were being 

cultivated by farmers InEthiopia. The lines originally identified from 

the World Germplasm Collection were obtained InWollo Province inthe 

central highlands of Ethiopia. Farmers continue to grow these varletles'in 

mixed plantings of sorghum varieties Inthis area of Ethiopia. A large, 

number of varieties similar to the original high-lysine variety were
 

collected Inaddition to an equivalent number of normal varieties for'
 

comparative purposes. Ejeta [6] has evaluated the protein and lysine,
 

content of grain from high-lyslne and normal varieties grown under actual
 

P 



field conditions InEthlopIa. Figure 1 illustrates the lysine and protein
 

concentration Inthis series of,hlgh-lyslne and normal sorghum varieties.
 

The mean lysine concentration, expressed as percent of protein, was 2.88
 

for the high-lysine entries and 2.17 for the normal sorghum varieties grown
 

inthe same environment. Protein values were 15.7 and 11.4%, respectively.
 

itseems likely that the high-lysine gene has been present InEthl6pla for
 

a long period of time, since there Isgreat diversity Inpanicle
 

morphology, maturity and plant height among the high-lysine genotypes
 

collected. The farmers roast the heads of the hlgh-lyslne varieties inthe
 

late dough stage and eat the grain Inmixtures with grain from normal
 

sorghum varieties prepared Ina similar way. There Isgeneral recognition
 

by the farmers that the yield of high-lysine varieties Issignificantly
 

less than normal varieties. The reason given to us for growing these
 

varieties isthat the high-lysine grain has superior flavour qualities and
 

Improved palatability.
 

There is a good opportunity to utilize these high-lysine varletles in,
 

African countries as high-protein, special-purpose sorghum varieties. The
 

protein concentration Is Increased by about 30%, along with the significant
 

Increase inprotein quality. The grain from these varieties Is
 

recognizably different for marketing purposes because of the somewhat
 

dented kernel phenotype of the mature grain. The flavour characteristics'
 

also appear to make these varieties quite acceptable for human consumption.
 

We propose that these Ethiopian hglh-lysine varieties should be utillzedin.
 

rural populations as special-purpose sorghumo for people who have a high
 

protein requirement. Itshould be possible for farmers Inrural areas to
 

produce an adequate quantity of high-lysine sorghum grain for use as a
 

weaning food and a supplement for pregnant women and nursing mothers on a
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Figure 1 Relationship of protein and lysine in normal and high
lysine sorghum lines collected from the same environment 
in Ethiopia. (From Axtell et al, 1978) 



small section of their farm., Itmay also be possible to develop a
 

marketing system whereby these grains can receive a market premium when
 

sold in the citles. ECaution - Very recent studies by Graham at Johns 

Hopkins (personal communication to E. T. Mertz) suggest that sorghum flour
 

Is quite Indigestible by Infants and small children, Since this is
 

contradictory to results with laboratory animals, more Information Is
 

needed before high-lvslne sorghums are utilized as weaning foods.]
 

Cbem1cUllyI16ucad Higb-Ly1ne Mutant
 

Mohan [7] utilized chemical mutagenesis to Induce a second high-lysine
 

gene mutation In sorghum. The parent line used for the mutagen treatments
 

was a photoperlod insensitive, three-dwarf sorghum line with relatively
 

broad agronomic adaptability. The parent line also had a colourless
 

pericarp and translucent (vitreous) endosperm so that progeny from the
 

mutagen treatments could be screened for opaque mutant kernels over a light
 

box. Selfed seed was treated with diethyl sulphate by soaking In a
 

solution containing I ml DES per 1000 ml of distilled water for three
 

hours. The M, plants were grown In Lafayettep Indiana, during 1972 and
 

each head was bagged to ensure self-fertilization. M2 plants were then
 

.grown In Puerto Rico during the winter of 1972-73 and each M2 head was
 

again bagged to ensure self-fertilization. Approximately 23,000 bagged M2
 

heads bearing M3 seeds were harvested In the spring of 1973 InPuerto Rico
 

and shipped to Lafayette for evaluation.
 

Seed from each head was threshed and examined for opaque kernel
 

segregates over a light box. A total of 445 putative opaque mutants were
 

Identifled and seed from each segregating head was separated Into vitreous
 

and opaque classes. Both classes of seed from each putative mutant head
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were thenlanalysed.for proteln and lysine concentration., Of the 445
 

mutants, only-33 were identified that had an increase in lysine
 

concentration greater than 50%. Plants from each of these 33 opaque and
 

normal sib seed lots were grown in paired rows to evaluate them for any
 

morphological changes associated with the change In endosperm phenotype.
 

Most of the opaque mutants were found to drastically affect either plant or
 

seed development. Only one of these 33 (P-721) was found to produce
 

normally appearing plants and seeds. The P-721 opaque mutant produced an
 

increase of about 60% In lysine concentration. It Isa single gene that Is
 

simply Inherited as a partially dominant factor. The biological value of
 

P-721 grain is significantly higher In'monogastric feeding experiments than
 

normal sib counterpart grain.
 

VanScoyoc has examined dry matter accumulation during grain
 

development to determine what effect the P-721 mutant has on grain yield
 

potential. Figure 2 presents the mean seed weight per head of P-721 opaque
 

and normal sib heads at periods ranging from 10-59 days after pollination
 

in a space-planted population. It Is evident from these data that there Is
 

no difference In dry matter accumulation until approximately 31 days after
 

pollination. After 31 days dry matter accumulation In the P-721 opaque
 

line levels'off, whereas dry matter in the normal sib line continues to
 

accumulate for an additional week, plateauing at 38 days after pollination.
 

VanScoyoc has also examined 1000-seed weight during grain development and
 

his data are presented InTable 1. Seed weights of the normal and opaque
 

lines are similar at 31 days after pollination, but diverge at 38 days
 

after pollination. At maturity kernel welght for the opaque line Is
 

reduced 11-14% relative to its normal,'counterpart. No reduction In seed
 

number was observed, so-the difference between thelines can largely,be
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Figure 2. Mean increase in seed weight/head of P-721 opaque and P-721 normal sorghum (Sorghum bicolor
 
(L.) Moench) during grain development in a space planted population.
 



TABLE I. MEAN 100O-SEED WEIGHTS OF P-721 OPAQUE AND ITS NORMAL
 
SIB LINE DURING GRAIN DEVELOPMENT IN A SPACE PLANTED
 
POPULATION
 

a 

Days after 
pollination 

P-721 
normal 

1000-seed dry weight. 
P-721 
opaque 

% P-721 opaque 
of normal 

17 7.625 7.875 103.3 

24 14.664 14.294 97.5 

31 18.562 18.998977 

38 23.164 21.652 93.5
 

45 
 25.455 21.608, 
 84.9
 

52 24.099 21.451 89.0
 

59 24.861 21.358 85.9
 

a Mean of three replicates.
 



accounted for by reduced kernel density. The reduction In kernel weight is
 

Inrelative agreement with preliminary data from a.1977 four-replicate
 

yield trial at 147 664 plants/ha showing a 9.4% total yield reduction for
 

P-721 opaque compared with its normal sib line.
 

Yield fP-721 Derlved Lines
 

Christensen [8] examined the grain yield of advanced breeding lines
 

homozygous for the P-721 opaque gene In comparison with heterozygous and
 

normal, homozygous vitreous sib lines.
 

The varieties used are F4 derived bulks from crosses of P-721 by 22
 

unrelated high-yielding lines from the World Collection of sorghum
 

varieties, and from Purdue University's sorghum breeding programme. The
 

segregating material was handled as part of the regular breeding nursery.
 

The population of Inbred lines was selected for short to Intermediate
 

height, early flowering and general agronomic desirability. Opaques were
 

selected In the F3 and F4 generations, largely on the basis of their acid
 

orange 12 dye-binding capacity. The heads of the 378 lines Included In the
 

yield trial were checked for opaqueness by seed sectioning after harvest:
 

300 lines are opaque; 73 are segregating (indicating that the F4 head had
 

been heterozygous); and 5 are homozygous vitreous. The selected lines were
 

tested In the F5 Inthe two-block randomized complete block design at the
 

Purdue Agronomy Farm during the summer of 1977.
 

The means for the three genotypes and four check varieties are given
 

in Table II. Opaque lines yield marginally higher than the segregating
 

lines from heterozygous heads, but the difference was not due to the opaque
 

gene itself. This higher yield Is almost certainly due to selection for
 

high dye-binding capacity In theF 3 and F4 generations among the
 



TABLEI I. fEANS OF CHEMICAL AND AGRONOMIC TRAITS FOR COMPARISON OF GENOTYPES AT THE OPAQUES LOCUS FOR P-721 DERIVED LINES 
AND HIGH YIELDING CHE(S 

140. D Protein Yield 100-seed weight Days to Height2
(g X 1071/) ($ (kg X 10 /ha) (g/lO0), flowering (cm)
 

P-721 genotype
 

Opaque 300 7.64 12.51 46.58 2.50 72.8 
 135
 
Heterozygous 73 7.04 13.26 44.72 2.89 72.1 148.7
 

Normal 
 5 6.78 1.92 41.54 2.87 72.6 156
 

Checks
 

954063 (inbred line) 4 6.14 11.38 57.32 
 2.58 68.9: 120
 
RS671 (hybrid) 4 6.18 11.66 56.35 2.30 65;0 111.2
 

NK300 (hybrid) 4 6.11 10.88 66.70 2.18 64.9 152.5
 



heterozygous and normal heads. To be selected for the yleld trlal, a
 

heterozygous or a normai;head would have to have had a very high protein
 

percentage. Since high protein percentages are associated with low yield
 

levels, one would presume that selection against yield occurred in the
 

heterozygous and In the normal heads that were selected. The conjecture is
 

supported by the high protein percentages of the segregating and vitreous
 

lines in the trial. On the basis of this evidence, one would presume that
 

P-721 derived opaque lines would not be higher yielding but should be,as
 

high yielding as thelr normal counterparts.
 

Seed weight of the opaques Is significantly lower than the seed weight
 

of the normal and of the heterozygous lines (Table II), The seed weight of
 

the high-yielding checks Is even lower than the seed weight of the opaques.
 

In opaque-2 maize low seed weight Is a problem because restricted ear
 

morphology does not allow seed number compensation. Low seed weight is not
 

closely associated with low yield In sorghum. The increased panicle size
 

allows compensation for decreased seed weight by Increased seed number.
 

Discussion
 

We conclude that the comparison of the yield of P-721 opaque with Its
 

isogenic normal sib line shows clearly that the graln-filling period of the
 

opaque kernel Is reduced in this particular genetic background. The
 

resultant decrease in seed weight accounts for the reduction in grain yield
 

in that background.
 

While it Is possible that the P-721 opaque gene reduces grain-filling
 

duration in many genetic backgrounds with a consequent decrease In seed
 

weight, the yield data from the F5 opaque and heterozygous advanced sib
 

lines suggests that selection for yield will result in compensation In
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number of seeds per head and number of heads per unit area. Appropriate
 

genetic backgrounds can be selected that will significantly enhance yield
 

potential of the P-721 opaque gene. The yield differential observed
 

between Isogenic opaque and normal lines in sorghum should not be a serious
 

deterrent to the development of high-yielding sorghum varieties with
 

Improved protein quality, after the gene has been placed In the appropriate
 

background.
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Final Report of the Research on Sorghum Tannins
 

Biochemistry Department, Purdue, April 1977 - September 1979',
 
(Adapted from Abstracts of Reports
 

Presented at the Sorghum Utilization Conference, Wichita, 1979)
 

Polyphenolic materials such as tannins constitute a natural defense
 

mechanism which In grain sorghum provides protecti.on against weathering,
 

pre-harvest germinationt and bird depredation. In some areas these
 

stresses are so severe that low tannin types are difficult to produce. The
 

agronomic advantages of high tannin sorghums are somewhat offset by the
 

nutritional disadvantages associated with these types, which give
 

relatively low weight gains and feed efficiences In feeding trials with
 

rats and chicks. A major Incentive for our work Is the resolution of thls
 

conflict between sorghum producers and feeders concerning the presence and
 

effects of tannin In sorghum.
 

When we began to Investigate the occurrence and effects of tannins In
 

sorghum we found that the available techniques for quantitating the tannins
 

were not satisfactory. We have therefore developed, or modified from
 

previous techniques, a series of tannin assays which are more suitable.
 

These assays are somewhat Independent of each other because they measure
 

different chemical properties of the tannins. Collectively, therefore,
 

'they serve not only to determine the amount of tannin present, but also to
 

'haracterlze It to some extent;
 

The vanillin assay has been widely used for sorghum tannin, at least
 

partly because of Its specificity for the flavanol type units of the
 

condensed tannin polymers such as are present in sorghum.. We have made
 

several modifications of this assay which Increase Its accuracy,
 

http:protecti.on
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reproducibility and convenience. Perhaps the most significant change Is
 

the Inclusion of a reagent-free blank which corrects for background
 

absorption. We have shortened the extraction time from 24 hours to 20
 

minutes, and altered the reaction conditions. The reaction is quite
 

temperature sensitive so the temperature must be controlled. Catechin,
 

although often used as a standard In this assay, gives non-linear standard
 

curves and much less absorption than equivalent weights of tannin.
 

Purified tannin should be used as standard whenever possible.
 

We developed a rapid and convenient technique, the Prussian Blue
 

assay, which measures total extractable phenolics. The assay can be
 

adapted for rough estimates of tannin content In the field or at the
 

elevator, or for precise measurements in the laboratory. Non-tannin
 

phenolics in sorghum cause little Interference ;n nih tannin varieties.
 

Even this low level of color due to non-tannin phenolics can be largely
 

accounted for and subtracted out by comparing values obtained by extracting
 

with water and with a salt solution. The salt seems to prevent tannin from
 

extracting without Interfering with the extraction of other phenolics, so
 

that the difference in values obtained with water and salt solution
 

extraction are due to tannin.
 

Perhaps the most characteristic property of tannins is their
 

propensity for interacting with proteins; this may largely account for
 

their biological properties. We have de tsed assays which measure, under
 

standard conditions, the protein precipitating power of tannins. The
 

,amount of tannin In the precipitate Is determined spectrophotometrically
 

after redissolving the pellet. 
The amount of protein precipitated is
 

measured using 125 1-labelled protein such as serum albumin. These assays
 

are particularly useful for studying tannln-protein Interactions.
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Depending on the conditions9 purifled sorghum tannin canprecipitate up to
 

six times Its own weight of serum albumin. The protein precipitating power
 

of high tannin sorghum can be assessed inthe ground grain without any
 

extraction or other treatment which might modify or fractionate the
 

tannins, by mixing constant amounts of sample with increasing
 

concentrations of 1251-albumin. After centrifugation, measurement of
 

unbound 125I inthe supernatant gives a titration curve which shows the
 

protein precipitating capacity of the grain at saturation.
 

These assays, when applied to mature sorghum grain, all give good
 

correlations with nutritional quality as assessed by rat and chick feeding
 

trials measuring weight gain and feed efficiency. Preliminary studies with
 

Immature grain show a much poorer correlation between the results of
 

chemical assays and feeding trials. The reasons for this apparent
 

discrepancy are under Investigation.
 

For maximum accuracy, pure samples of authentic sorghum tannin mustbe
 

used as standards Intannin assays. Inour laboratory, previously
 

described preparations of sorghum tannin are contaminated with protein,
 

which could significantly affect the properties of the tannin with vhich it
 

isassociated. We have devised a purification scheme for sorghum tannin
 

which reduced protein contamination to low levels (<2%).
 

Several approaches to the problem of antinutritional effects have been
 

considered, Our colleagues at Purdue have removed the tannin from sorghum
 

by extraction with aqueous alkalies or by milling off the surface layers of
 

the grain, but the loss of nutrients which occur with these treatments are
 

significant and probably unacceptable. We have investigated the
 

possibility that sorghum tannins might be modified in sl±u to forms with
 

reduced antinutritional properties. We have found that sorghum tannins are
 



readily converted, on addition of small amounts of aqueous ammonia to whole
 

grain at room temperature and atmospheric pressure, to forms which do not
 

respond to any of our chemical assays for tannin. Moreover, feeding trials
 

of this treated high tannin sorghum show that the nutritional quality is
 

correspondingly Improved by the treatment, with weight gains on treated
 

high tannin grain equivalent to those observed with low tannin sorghum.
 

The treatment Is not specific for ammonia; similar "detoxification" effects
 

have been observed with several dilute aqueous alkalies, including an
 

extract of wood ashes. Both moisture and alkali are required; a variety of
 

heat treatments and conventional cooking procedures have been examined but
 

none showed significant detoxificatlon.
 

Detoxificatlon of high tannin sorghum, no matter how simple the
 

process, may not be the most desirable long-term solution to the tannin
 

problem. Our goal is a genetic solution: sorghum varieties which have
 

tannins and are thus agronomically superior, but which do not exhibit the
 

antinutritional properties of tannin. During seed maturation some sorghum
 

varieties have quite high tannin levels which diminish on ripening. In the
 

Group II sorghums described by Cummings and Axtell, tannin content
 

diminishes at maturation to undectable levels, unless special acidic
 

solvents are used to extract the tannin. With Roger Bullard and W. C.
 

Royall of the Denver Wildlife Service, we are examinIng the bird
 

repellancy,.nutritional quality, and other characteristics of selected
 

Group II sorghums throughout the maturation process. Preliminary studies
 

Indicate that the tannin of Immature grain may have properties somewhat
 

different from -thatof mature grain. Brief boiling or freezing of Immature
 

sorghum followed by d;-ying at room temperature converted the tannin to
 

non-extractable forms, whereas the untreated but similarly dried controls
 



had extremely-high amounts of extractable'tannin. These treatments had no
 

apparent effect on the nutritional properties of the tannin. The
 

conversion of tannin to non-extractable,forms by these treatments may be
 

due to disruption of tannin-cont-aining structures, permitting cellular
 

components to bind tannins.
 

'V
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EFFECTS OF SORGHUM GRAIN TANNINS ON NUTRITIVE .VALUE
 

J.C. Rogler and W. R. Featherston
 

Department of Animal Sciences
 

When several varieties of sorghum grain varying Intannin content were
 

= 
high negative correlation (r -0.92) was observedbetween
fed to chicks, a 


An identical
tannic acid equivalents (TAE) of the grain and growth rate. 


correlation (-0.92) was noted between TAE and feed efficiency (gain/feed).
 

high tannin sorghum (HTS) diet with ferric chloride (0.5 or
Supplementing a 


1.0$) to enhance tannin oxidation failed to overcome the detrimental
 

effects of tannin. Similarly, the addition of dlethyldithlocarbamate (0.1
 

or 0.2%) to a HTS diet to Inhibit polyphenol oxidase, and thus reduce
 

tannin oxidation, did not affect the tannin toxicity.
 

Chicks fed HTS diets produced significantly more excrete while
 

Hence
consuming less feed than chicks fed low tannin sorghum (LTS) diets. 


dry matter utilization of chicks fed HTS was significantly poorer than
 

chicks fed LTS. The growth depression produced by feeding HTS Ina
 

sorghum-soybean meal diet could be completely overcome by methionine
 

supplementation. However, the addition of methionine had no effect on dry
 

These results suggest that the growth depression
matter utilization. 


associated with feeding HTS cannot be explained on the basis of reduced
 

digestibility. Since the reduced feed efficiency observed with HTS isnot
 

completely corrected by methionine supplementation, lower digestibility
 

appears to be the cause of the poorer feed efficiency.
 

Other evidence that the detrimental effects of tannins cannot be
 

completely explained by reduced digestibility was affordedby studies where
 

the digestion of all dietary protein, carbohydrate and lipid was
 

11V 1
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circumvented by the use of crystalline amlno acids, glucose and free fatty
 

acids. When a methanol extract (TAE 40%) of HTS was added to this diet
 

at a level of 2.5%, a depression Ingrowth rate was still obtained.
 

Although methlonine supplementation isvery effective Inovercoming
 

the growth depression of chicks fed HTS Ina sorghum-soybean meal diet, it
 

Iswithout effect Incertain other diets. In a sorghum-crystalline amino
 

acid diet where the essential amino acids are added Inthe same amounts
 

found Insoybean meal and non-essential nitrogen Isprovided by glutamic
 

acid, HTS reduces chick growth rate and additional methlonine is
 

Ineffective Inovercoming the growth depression. Similarlyt the growth
 

depression obtained by adding a methanol extract of sorghum tannins to a
 

purified diet does not respond to methionine supplementation. Why
 

methlonine iseffective Inone case and not Inothers remains a rather
 

perplexing question.
 

Ithas consistently been observed that feeding HTS to chicks results
 

In leg anomalies characterized as a bending or bowing of the leg bones.
 

This was first observed Inchicks fed a HTS-soybean meal diet and the
 

Incidence of the abnormality usually ranged from 7-10%. The Incidence of
 

the condition Increased dramatically (60-70%).when HTS was Incorporated
 

Into a sorghum-crystalline amino acid diet. Increasing levels of vitamins
 

and minerals failed to overcome the bone anomalies caused by HTS. Since
 

bone ash Isnormal Inthe afflicted chicks, it Is suggested that the defect
 

is in the organic matrix of the bone. Therefore, itwas hypothesized that
 

tannins may be absorbed and affecting the bone collagen Ina manner similar
 

to their tanning effect inthe processing of leather. This involves an
 

Increased cross-linking of the collagen fibers due to binding of tannins
 

with collagen. Preliminary studies Indicate that there may be an increased
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cross-linkage of collagen fibers Inboth bone and muscle as indicated by a
 

reduction Inthe amount of extractable collagen inthese tissues from birds
 

fed HTS.
 

iq%
 



E. RESEARCH PUBL ICATIONS (ABSTRACTS)
 

DETERMINATION OF PROTEIN IN TANNIN-PROTEIN PRECIPITATES
 

Ann E. Hagerman and Larry G. Butler
 

The amount of protein precipitated by tannin under a varlety of,
 

conditions Is measured by using radlolodinated protein. The protein Is
 

mixed with purified tannin, finely ground plant tissue, or an unpurifled
 

plant extract; the mixture Is centrifuged to ramove the Insoluble
 

tannin-protein complex. An aliquot of the supernatant layer is counted to
 

calculate the amount of protein precipitated. Complex formation is
 

dependent on the pH and solvent composition. Tannin specific activity Is
 

useful for comparing tannin from various sources and for monitoring tannin
 

It is defined here as the ratio between the amount-of
purification. 


protein precipitated and the amount of oxidizable material present.
 

J. Agriculture & Food Chemistry, 1980
 
Vol. 28.: 944-947
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CONDENSED TANNIN PURIFICATION AND CHARACTER IZATION.OF TANNIN-ASSOC
IATED
 

PROTEINS
 
Ann E. Hagerman and Larry G. Butler.
 

The conventional Isolation method has been modifled In order to
 

minimize protein contamination of tannin purified from high tannin sorghum.
 

The two unique steps of the new procedure are preliminary extraction of the
 

ground grain with ethanol and treatment of the partially purified tannin
 

with phenol to remove traces of noncovalently bound protein,
 

Tannin-associated protein removed by phenol treatment is not a random
 

mixture of all the seed proteins, but consists of several discrete
 

components which have been Isolated and partially characterized. These
 

proteins are quite hydrophobic, and one is rich I prollne. With only
 

minor changes, the purification method can be used to Isolate tannin from
 

seeds of other plants such as legumes.
 

J. Agricultural & Food Chemistry,1980
 
Vol. 21: 947-952
 



TANNIN CONTENT AS A FUNCTION OF GRAIN MATURITY AND DRYING CONDITIONS IN
 
SEVERAL VARIETIES OF SORGHU BICOLOR (L.) MOENCH
 
Martin L. Price, Andrew M. Stromberg, and Larry G. Butler
 

Twelve varieties of sorghum grain were assayed for tannin content at
 

various stages of maturity. For varieties which were found to contain
 

tannin, maximum values per seed were obtained between 25 and 40 days'after
 

half-anthesis. Wide variability In apparent loss of tannin as the grains
 

matured was found between varieties, with tannin contents of mature seed
 

ranging from 3 to 93% of the maximum found Inthe Immature seed. We
 

suggest that varieties with maximum decreases In tannin may be similar to
 

low tannin varieties In the nutritional quality of the mature grain, yet
 

provide bird resistance during Immature stages. Drying Immature grain at
 

room temperature after boiling for 3 min or freezing caused a drastic
 

reduction In apparent tannin content over untreated controls, but these
 

treatments had little effect on nutritional quality of the grain.
 

J. Agricultural & Food Chemistry,!979 
Vol. 22: 1270-1274 
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PROTEIN PRECIPITATION METHOD FOR THE QUANTITATIVE DETERMINATION OF TANNINS
 
Ann E. Hagerman and Larry G. Butler
 

The tannin content of crude plant extracts or of purified preparations
 

was determined by adding the sample to a standard solution of protein,
 

Isolating the Insoluble tannin-protein complex, dissolving it in alkaline
 

solution, and measuring the absorbance at 510 nm after adding ferric
 

chloride. Plots of absorbance as a function of the amount of tannin are
 

linear for tannic acid and partially purified sorghum tannins for amounts
 

of tannin ranging from 0.20 to 1.0 mg. Non-tannin components of crude
 

methanol.1c extracts of sorghum and cowpeas do not Interfere with the assay.
 

The results of the precipitation method are qualitatively similar to
 

results obtained with the vanillin assay. The precipitation assay can be
 

used to study the effects of pH and other parameters on tannin-protein
 

Interactions.
 

J. Agriculture.& Food Chemistry, 1978
 
Vol. 2: 809-812
 

http:methanol.1c


A CRITICAL EVALUATION'OF THE VANILLIN REACTION AS AN ASSAY FOR TANNIN IN 
SORGHU1 GRAIN 
MartinL..Price, Steve VanScoyoc and Larry G. Butler 

Several parameters of the vanillin assay were examined to determine
 

which must be most closely controlled to ensure accuracy and
 

reproducibility. A 20-min extraction Inmethanol was found to be adequate.
 

When corrected for background color, the modified vanillin assay was found
 

to give nearly Identical values with those obtained with the regular
 

vanillin assay, except with group IIsorghum. The reactions of tannin and
 

catechin, the usual standard, with vanillin were found to differ markedly
 

Inreaction kinetics. Assays of purified tannin showed that use of
 

catechin equivalents over-estimates tannin content. The assay was found to
 

be extremely temperature dependent. Revised procedures for the vanillin
 

assay are presented which give excellent reproducibility.
 

J. Agriculture & Food Chemistry, 1978 
Vol. 2k: 1214-1218 
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OVERCOMING THE NUTRITIONALLY HARMFUL EFFECTS OF TANNIN, IN SORGHUM GRAIN BY
 
TREAThENT WITH INEXPENSIVE CHEMICALS
 
Martin L..Price, Larry G. Butler, John C. Rogler andWilliam R. Featherston
 

Treatment of high-tannin sorghum grain with moist, alkaline condltons
 

was shown to substantially reduce the amount of tannin as measured by three
 

chemical assays. Chicks fed a high-tannin grain (Savannah III), treated as
 

the whole grain with dilute ammonium hydroxide for 30 days, showed 3-week
 

weight gains and feed efficiencies which were statistically equivalent to
 

those of chicks fed an untreated low-tannin control (RS-610). A shorter
 

treatment of a ground high-tannin grain (BR-54) with a 0.5 M aqueous
 

solution of K2CO3 resulted In a comparable Improvement In weight gains and
 

a substantial Improvement In feed efficiencies. Treatment of the same
 

grain with moisture and CaO gave an Improvement of a lesser magnitude.
 

Increases In available protein after treatments did not appear sufficient
 

to account for the nutritional Improvements.
 

J. AgrIculture & Food Chemistry, 1979
Vol. 22: 441-445. .
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ABSTRACT
 

EFFcCTS OF HIGH TANNIN SORGHUM, TANNIC ACID, CATECHIN AND SORGHUM TANNIN
 
EXTRACT ON THE PERFORMANCE OF YOUNG CHICKS
 
J. C. Rogler, W. R. Featherston, R. G. Elkin and R. K.. Giles' 

The inclusion of either high tannin (HT) sorghum, tannic acid or
 

catechin In a sorghum-soybean meal diet depressed growth rate to about the
 

same extent. Supplemental methionine completely overcame the growth
 

reduction caused by HT sorghum, but had little Influence on the detrimental
 

effects of tannic acid or catechin. Feed conversion was adversely
 

Influenced by all 3 sources of tannin with the greatest effect observed In
 

chicks fed HT sorghum. Additional methionine improved feed conversion of
 

chicks fed HT sorghum or catechin, but had little effect on chicks fed
 

tannic acid. Although HT sorghum depressed growth rate and feed conversion
 

ina sorghum-peanut meal diet, the magnitude of the effect was much less
 

than with a sorghum-soybean meal diet. As with the soybean meal diet,
 

supplemental methionine completely overcame the detrimental effects of HT
 

sorghum on growth and partially overcame the effects on feed conversion in
 

the peanut meal diet. A methanol extract of HT sorghum containing 40%
 

tannic acid equivalents depressed performance of chicks fed a sulfur amino
 

acid-limiting diet where digestion of exogenous protein, carbohydrate and
 

lipid was by-passed by the use of crystalline amino acids, glucose and
 

fatty acids. The addition of methlonine to diets with and without tannin
 

extract Improved growth rate and feed conversion by about the same
 

percentage, but the methionine supplemented diet containing tannin extract
 

was still inferior to a similirly supplemented diet without extract.
 

Proceedings of XVI World's Poultry
 
Congress, 1978
 
Vol. 7: 1094-1103
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STUDIES ON THE UTILIZATION BY CHICKS OF SORGHUM GRAINS WITH VARYINGJTANNIN
 
CONTENTS
 
W.R. Featherston, J. C. Rogler and R. K. Giles
 

Studies were conducted on the Influence of sorghum grain tannins on
 

weight gain, feed efficiency, dry matter utilization and nitrogen retention
 

by young chicks. Weight gain and feed efficiency of chicks were Inversely
 

related to the tannic acid equivalents of the grains Ina growth trial
 

utilizing seven varieties of sorghum grain. Significantly (P.< 0.05) lower
 

dry matter utilization and nitrogen retention were observed with chicks fed
 

high tannin as compared with low tannin sorghum grain. Supplementation of
 

the high tannin sorghum diet with 0.15$ DL-methlonlne or 1%
 

polyvinylpyrrolldone had no effect on dry matter utilization but resulted
 

Ina significant (P < 0.05) Improvement innitrogen retention.
 

Supplementation of the high tannin sorghum diet with methionine resulted in
 

comparable weight gains as with ch!cks fed the low tannin sorghum diet
 

similarly supplemented. The ability of methlonine to overcome the growth
 

depression noted inchicks fed the high tannin diet without Improving dry
 

matter utilization indicates that tannins are exerting their Influence in
 

some manner inaddition to decreasing the digestibility of the diet.
 

Proceedings of XVI World's Poultry
 
Congress, 1978
 
Vol. 2: 1087-1093
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INVESTIGATIONS OF LEG ABNORMALITIES IN CHICKS .CN!JNG' HIGH TANNINSORGHUM 
GRAIN DIETS
 
R. G. Elkin, W. R. Featherston and J.;C. Rogler
 

Studies were conducted Into the etiology of leg abnormalities noted in
 

chicks fed high tannin sorghum grain diets. These anomalies were
 

characterized by a bowing of the legs with a swelling of the hock Joints.
 

The Incidence of these leg problems was found to be markedly higher when
 

the amino acids provided In the diet by soybean meal were replaced by
 

crystalline amino acids. Supplemental vitamins and minerals had no
 

alleviating effect on the leg problem. Bone mineralization was apparently
 

not Influenced by tannins as demonstrated by similar bone ash values for
 

chicks fed high or low tannin sorghums. A possible tannin-caused
 

alteration In the organic matrix of bone Is discussed.
 

High tannin sorghum depressed chick growth and feed conversion when
 

campared with low tannin sorghum In both sorghum-soybean meal and
 

sorghum-amino acid rations. This growth depression was overcome by
 

supplementing the high tannin sorghum-soybean meal diet with 0015
 

DL-methlonine, but no growth response was observed with a similar
 

supplementation of a hightannin sorghum-amino acid diet.
 

Poultry Sc.,#1978 
Vo1 5:757-762 
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ABSTRACT
 

CURRENT STATUS OF PROTEIN QUALITY IMPROVEMENT IN GRAIN-SORGHUM
 

J. D. Axteti, S. W. VanScoyoc, P. J. Chrlstensen and G. EJeta
 

The Ethiopian high-lysine gene Is associated with an 80% Increase in
 

the lysine concentration of whole sorghum grain. It is generally accepted
 

that the gene reduces yield In all genetic backgrounds. We believe that
 

the Ethiopian high-lysine gene, in its native background genotypes, has
 

greatest applicability as a special purpose grain for people requiring a
 

high-protein food source, i.e. pregnant and lactating women and weaned
 

children, as an alternative to externally supplied supplements. ECaution -


Very recent studies by Graham at Johns Hopkins (personal communication to
 

E. T. Mertz) suggest that sorghum flour Is quite Indigestible by Infants
 

and small children. Since this Is contradictory to results with laboratory
 

animals, more Information Is needed before high-lystne sorghums are
 

utilized as weaning foods.J The chemically Induced P-721 opaque gene Is
 

associated with a 60% Increase In the lysine concentration of whole grain
 

In Isogenic comparison with the sib line. The lower rate of dry matter
 

accumulation during development on a per seed basis confirms that this gene
 

also Is associated with reduced seed weight. However, selection
 

experiments Indicate that yield component compensation, particularly in
 

seed number, allows high yielding P-721 opaque lines to be developed. The
 

Increment In lysine concentration contributed by the gene In hlgh-yleldlng,
 

genetic backgrounds may not be as great as in the isogenic line.
 

Proceedings of a Symposium on Seed
 
Protein Improvement in Cereals and Grain
 

Legumes, Neuherberg, 4-8 September 1978
Vol. 2:357-365
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LYSINE LEVEL INSOLVENT FRACTIONS OF PEARL MILLET
 
Christian C. Nwaslke, Edwin T. Mertz, Robert C. Picket-t, D. V, Glover, B.
 
A. K. Chlbber, and Stephen W. 

VanScoyoc
 

A typical whole grain sample of normal pearl:millet was separated into
 

five fractions by the Landry-Moureaux method. The distribution of proteins
 

among the five fractions resembled that found In corn and not that In
 

sorghum. Complete amino acid analysis of the fractions was made. Of
 

special Interest was the low level of lysine in fraction V, which is
 

similar to that found In sorghum. On the basis of this flndlng, It Is
 

predicted that high lysine pearl millet when Identlfled will resemble high
 

lysine sorghum, not opaque-2 corn, In Its totel lyslne content.
 

J. Agricultural'& Food Chemistry,:
 
December, 1979
 
Vol. 22: 1329-1331
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IN VITRO DIGESTIBILITY OF HIGH-TANNIN SORGHUM AT DIFFERENT STAGES OF'
 

DEHULLING 
Bakshy A. K. Chlbber, Edwin T. Mertz, and John D. Axtell 

HIgh-tannin sorghum grain was subjected to sequential dehulling to
 

remove tannins. Stepwise removal of tannins gradually Increased the
 

percent of nitrogen solubilized by pepsin from 22 to 715 and by
 

trypsin-chymotrypsin mixture from 3 to 35%, These studies suggest that a
 

simple pepsin digestion could be used:to predlct the biological value of
 

high-tannin sorghums.
 

J. Agriculture & Food Chemistry, 1980
 
Vol. 21: 160-161
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F.: THESIS.RESEARCH.ABSTRACTS 

GENETIC VRIABILITY IN A BROAD-BASED SORGHUM POPULATION,
 

ThomasB tt Ilnger
 

Genetic variability was 
Investigated In the diverse, random-mating.
 

grain sorghum population, PP9. A Design I mating system was used where 50
 

random pollen parents were each crossed to a different set of three random
 

seed parents. 
The 150 resulting progenies were evaluated In a randomized
 

complete-block design over two years at the Purdue Agronomy Farm.
 

The characters evaluated were days to 1/2 bloom, heighto lodging,
 

panicle weight, seed weight, panicle length, and grain yield.
 

Analysis of variance was performed for each trait, and estimate of the
 

additive genetic variance and the dominance genetic variance were made.
 

Additive genetic variance was greater than dominance variance for all
 

traits except yield. The ratio of dominancc variance to additive variance
 

was 1.24 for yield and between 0.18 and 0.66 for height, lodging, panicle
 

weight, and seed weight. Negative dominance estimates were obtained for
 

days to 1/2 bloom and panicle length.
 

Phenotypic and genetic correlations between the tralts were
 

calculated. 
 Yield showed highly significant positive correlations with
 

days to I/2 bloom and panicle weight. Other significant positive
 

correlations Included height with days to 1/2 bloom, height with lodging,
 

panicle weight with days to 1/2 bloom, and panicle weight with lodging.
 

Expected genetic gains were calculated for various selection
 

procedures and heritabllitles were presented.
 



The effects of major heilght and maturity genes on variation for yield
 

was discussed, and separate estimates of genetic variances were calculated
 

for yield after adjustment was made for maturity.
 

PhID. Thesis, 1979
 
R r P. CantrellI Professor
 

qj 



SELECTION FOR YIELD AND LYSINE CONCENTRATION AMONG OPAQUE P-721 DERIVED
 
GRAIN SORGHUM LINES
 
Paul Christensen
 

The expected results of nultltralt Index selection for yield (YLD) and
 

lysine concentration of sorghum grain, as estimated by acid orange 12, Udy,
 

dye-binding capacity (DBC), are evaluated 'for a population of F4 derived-,,
 

lines, homozygous for the P-721 high lysine opaque gene. The lines were
 

tested In the F5. The objective for selection Is overall Improvement of
 

selections from unreplicated nurseries. Optimum selection Indexes are
 

evaluated under 4 alternative sorghum grain valuation functions. All value
 

functions give a relative value of 1.0 for normal sorghum, and each gives a
 

relative value of 3.0 at 2 to 4 times normal sorghum DBC, or lysine
 

concentration. The value functions are of the form
 

T = aYLD(YLD) + ADBC(YLD) (DBC-u),. 

where aYLD and ADB0 are the relative values for production of nonlysine and 

lysine components of grain respectively, and where u is a constant. 

The first-order approximation to the quadratic merit is good In-the
 

relevant value range. Quadratic Index theory contributes to the
 

specification of appropriate approximate first-order values for'the
 

measured traits.
 

Where lyslneproduction received Its lowest relative Value (T1 a 3.0 

when DBC = 4 times the normal DBC for sorghum), the optimal Index is 

associated with a decline In expected DBC and an Increase In expected 

yield. Where lysine production received Its highest relative value CT4 = 

3.0 when DBC 2 times normal), the optimal Index Is associated with
 

Increases In both DBC and yield. By using relative trait values obtained
 



form the first-order approximation to the quadratic merit function as !ndex
 

weights one reduces expected gains by less than 105 compared to the optimum
 

These relative trait values are good selection Index weights.
Index. 


The reduction Inexpected gain when protein Isremoved from the Index
 

isonly about 2. Measurement of protein concentration Isnot necessary in
 

nursery selection. The covarlances of protein with DBC and with yield did
 

help specify the best selection Index when DBC isrelatively valuable.
 

Optimum selection Indexes were associated with reduction Inthe expected
 

protein concentration. By using restricted selection Index theory one can
 

determine Indexes which are not expected to reduce protein concentration.
 

These Indexes are more likely to increase DBC.
 

Ph.D. Thesis, 1978
 
J.D. Axtell, Professor
 



ABSTRACT 

SELECTION FOR GENETIC MODIFIERS THAT IMPROVE THE OPAQUE KERNEL PHENOTYPE OF 
P-721, HIGH LYSINE SORGHUM (SORGHUM BICOLOR (L.) MOENCH). 
Geblsa Ejeta 

Vitreous endosperm, high lysine sorghum lines wore developed by
 

crossing P-721 opaque with plants In diverse sources of sorghum
 

populations, and by mutation Induction using diethyl sulfate (DES).
 

Approximately 12,000 F6 heads (from crosses of P-721 opaque with
 

sorghim plants of diverse genetic background) were screened over the light
 

box for vitreous endosperm kernels. A total of 120 heads segregating for
 

vitreous kernel types were selected as possible kernel modifications
 

Influenced by so-called modifier genes of the P-721 opaque locus. Further
 

evaluations of opaque and vitreous kernels from these 120 "modified" types
 

resulted In only 15 elite selections with stability In vitreous endosperm
 

phenotype and lysine concentration. There was strong evidence supporting
 

genetic background differences among the family groups evaluated.
 

Modified endosperm selections were consistently higher In kernel
 

weight and grain yield, and lower In both percent protein and lysine
 

concentration. Total protein yields and total lysine yields of the
 

modified endosperm selections were only 1 percent and 4 percent lower,
 

respectively, than that of their opaque checks.
 

Kernel weight Increased with Increase In the degree of kernel
 

modification, with the most vitreous types showing the highest test weight.
 

The trend In percent protein and lysine concentration was In favor of the
 

opaques and the less modified kernel types.
 

Treatment of seeds of P-721 opaque, high lysine sorghum line with
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diethyl sulfate (DES) also resulted inmutants with vitreous endosperm and
 

high lysine concentration. After five generations of selection, 23
 

vitreous endosperm, high lysine mutants were Identified. Of these, mutants
 

5589, 5458, and 0226 were found to be stable across generations inkernel
 

phenotype and lysine concentration. On the other hand, a large number of
 

vitreous endosperm mutants showed lysine concentration equivalent to normal
 

sorghums. The reversion to wild-type phenotype (vitreous endosperm and low
 

lysine concentration) of these mutants isspeculated to be not Inthe true
 

r-versal of the primary genetic event (arare occurrence) but possibly In
 

tie introduction of an additional mutation somewhere else inthe genome
 

masking the expression of the primary mutation, P-721 opaque. These
 
4. 

putative suppressor mutants need to be confirmed, however.
 

Inthe DES-induced population of mutants, a family of mutant plants
 

with heritable red leaf characteristics was Identified. Seeds from the red
 

leaf mutant (5279) plants contain a range inprotein concentration varying
 

from 20-28 percent of sample. This red leaf character was found to be due
 

to a single recessive gene.
 

Analysis of kernels from normal (greenleaf) and red leaf mutant
 

plants segregating inan F2 generation of the cross (PP14(ms3) x 5279)
 

showed that this mutant isresponsible for the high protein concentration
 

Inthe grain. Two possible explanations for the genetic mechanism Involved
 

Inthe increased concentration of grains from red leaf mutant, 5279, are
 

described.
 

Both mutation Induction and pedigree breeding procedures utilized In
 

this study were effective Ingenerating vitreous endosperm, high lysine
 

sorghum lines. However, the frequency of useful mutants generated from
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mutation Induction was lower. Inadditionithe mutatlon induction approach
 

was more expensive and demanded large numberof pro-enles be evaluated for
 

successful Identification of mutants,
 

Ph. D. ThesisDi1979
 
J. D.Axtel,]I.Professor
 

A­
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ABSTRACT 

EVALUATION OF LEAF ANTHRACNOSE, HEAD BLIGHT AND RED STALK ROT OF SORGHUM
 
CAUSED BY UOLLETOTRICHUM
GRAIIDO 
Alexandra de Silva Ferreira 

Of 23 sorghum lines evaluated for resistance to three Isolates of 

Colletotrichum graminlcoja (Ces.) WIIs., nine were susceptible, six 

moderately resistant, and eight resistant to the leaf blight phase. Some 

of these lines demonstrated resistance to the head blight phase. The leaf 

blight phase was more destructive than either the red stalk rot or head 

blight phases. 

No complete resistance to the red stalk rot phase of anthracnose was 

found, but genotypes varied inthe amount of discoloration observedIn the 

pith after Inoculation. Resistance to red stalk rot appeared to be 

Independent of the leaf and head blight phases. The stalks of sorghum were 

not severely rotted and no lodging was observed Inthe Inoculation 

treatments. 

Genotypes varied intheir reaction to head Inoculation and genotypes 

could be classified as resistance or susceptible. 

Yield insusceptible sorghum genotypes was significantly reduced by 

leaf blight infection when compared to the non-inoculated control, but 

yields were not significantly reduced by either the red stalk rot or head 

blight Infections. Yield losses also varied according to genotypes with 

the head and red stalk rot phases. However, a resistant genotype such as 

954206 would be preferable to the highly susceptible genotype 954114. 

Sorghum genotypes can be screened for resistance to leaf anthracnose 

Inthe greenhouse when plants are Inoculated 35 days after planting. The 

greenhouse inoculations on sorghum lines were highly correlated (r m 087) 
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with field Inoculations (49 days after planting). The disease was usually
 

more severe Inthe field than greenhouse. No leaf Infection was observed
 

when sorghum plants were Inoculated 15 days after planting and a few
 

lesions were found on susceptible genotypes 25 days after planting.
 

These results Indicate that none of the methods are suitable for
 

determining resistance to all three phases of anthracnoseo but the leaf
 

blight method Ismore reliable and can also be used to assay for head
 

blight resistance.
 

M.S. Thesis, 1979
 
Hs L. Warren. Professor
 



SORGHUM TANNI NS: INHERITANCED SEASONAL: DEVELOPMENT, AND BIOLOGICAL VALUE,
 
Rebecca Hartigan
 

Sorghum can be separated into three groups according to tannin
 

propertles inthe seed.- Group I sorghum has no tannin and, therefore, no
 

pigmented testa. Group IIsorghum grain has tannin extractable only with
 

acidic methanol; group III sorghums contain tannins extractable with
 

absolute methanol as well as acidic methanol. Group IIand group II
 

sorghums have a pigmented testa. Group III sorghum tannin developed Inthe
 

testa throughout the season and remained at maturity. When fed to rats,
 

the group III sorghums significantly reduced weight gain and feed
 

efficiency. Group IIsorghums had methanol-extractable and acidic
 

methanol-extractable tannins inthe Immature seed. The concentration of
 

these tannins was as high Inone developing group IIvariety as inthe
 

group IIsorghums, but the methanol-extractable tannin disappeared
 

completely by maturity. When fed to rats, group IIsorghums gave weight
 

gains and feed efficiencies comparable to the group I sorghums.
 

Two epistatic genes TW and TH controlled tannin characteristics In
 

crosses between group IIand group I sorghums. TW and ±h produce group.Il
 

sorghums, ±x and TH produce group III sorghums. TU isepIstatic over T11 and
 

I is epistatic over ±1. Additional genes for tannin groupings were
 

Indicated Incrosses between group III and group I sorghums, but their mode
 

of action Isnot known.
 

'M.S. Thesis, 1979
 
J. D. Axtell, Professor
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ABSTRACT
 

THE INHERITANCE OF RESISTANCE TO COLLETOTRICHUM GRAMJNIOLA IN GRAIN 
SORGHUM, SORGHUM BICOLOR
 
Ellen Margaret Jones
 

This study was designed to determine the inheritance of grain sorghum
 

leaf, panicle and grain resistance to the fungal pathogen, Colletotrinhum
 

.graminicia. Four grain sorghum lines were used In this study: 954206
 

(R-i), IS9569 (R-2), 954114 (S-1), and IS4225 (S-2). All possible
 

resistant by susceptible crosses were made; also the two resistant parents
 

were crossed. The parent R-2 was selected In order to determine if the
 

resistance In this late-maturing line had a genetic component. Leaves of
 

all plants in parent, F1, F2, F3 and the first backcross generation (BC1)­

were artificially Inoculated with a conidial suspension of the pathogen and
 

plants were later given a disease severity rating on leaf, panicle and
 

grain. Segregation patterns from progeny generations were used to
 

postulate genetic models.
 

Leaf resistance was shown to be controlled by a single completely
 

dominant gene In R-1, while at least two completely dominant, Independent
 

genes were present in R-2. No reciprocal differences were noted for the
 

progeny of any cross. Itwas found that the genetic background of each
 

parent apparently modified the level of leaf susceptibility of Its progeny.
 

Progeny data for panicle and grain disease ratings did not indicate
 

consistent support for any genetic model. A limited quantity of inoculum
 

from leaf lesions as well as unfavorable weather conditions reduced the
 

reliability of disease ratings. However, It was concluded that resistance
 

to panicle and.graln Infection was dominant to susceptibility, and that
 

relatively few major genes were involved In control of resistance. No
 



reciprocal differences were found in progeny data.
 

Correlation coefficients between diseased parts of F2 plants were
 

computed. Positive correlations were found between panicle and grain, and
 

between leaf and panicle, but no correlation was found between leaf and
 

grain.
 

The results of this study indicated that leaf resistance is controlled
 

by relatively few major genes, and therefore, that leaf resistance can be
 

efficiently transferred to other germplasm Ina sorghum breeding program.
 

The discovery of at least two different sources of resistance In R-2 offers
 

further breeding opportunities for the Incorporation of resistance to L. 

Ph.D. Thesis,
 
J. D. Axtell, Professor
 



ABSTRAC 

ROOT AMMONIUM ASSIMILATION ENZYME ACTIVITIES, GRAIN STORAGE PROTEINAND 
GRAIN YIELD RESPONSE TO HIGH AMMONIUM FERTILIZER AMONG MAIZE HYBRIDS
 
Tim Clifford Murphy
 

A whole-plant hypothesis linking genotypic differences in efficiency
 

of ammonium assimilation and utilization to grain yield under high ammonium
 

fertilizer levels was Investigated In genetically diverse maize single
 

cross hybrids. Four hybrids and 5 parental inbreds were grown in the
 

growth chamber and sampled at the 3-leaf stage. Comparisons were made
 

between hybrids and Inbreds and within each group for root ammonium
 

assimilating enzyme activity levels# root and shoot dry weights, nitrogen
 

contents, and root protein contents with zero ammonium and 25 mM ammonlum
 

treatments.
 

Glutamate synthase (GOGAT) activity per gram root tissue was
 

significantly higher in inbreds than hybrids In response to 25 mM ammonium
 

but total GOGAT per plant did not-differ significantly between lnbreds and
 

hybrids.
 

Glutamate dehydrogenase ,(GDH) specific activity and-activity per plant
 

was significantly higher In hybrids than inbreds as was root and shoot
 

total weight, nitrogen content, and root total protein. Root and shoot
 

nitrogen percents were significantly higher in inbreds.
 

Glutamine synthetase (GS) did not differ significantly on a per
 

protein or per root tissue basis between hybrids and inbreds. All three
 

enzymes showed Increased levels of activity in response to 25 mM ammonium.,
 

Among inbreds response to 25 mM ammonium Indicated the root nitrogen
 

percent and root free nitrogen percent correlated significantly negatively
 

with GOGAT specific activity, activity per root tissue and activity per
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GDH specific activity and activity per root +Issue correlated
plant. 


significantly positively with %eedling shoot growth InInbreds.
 

Among hybrids response to 25 mM ammonium Indicated both GOGAT and GDH
 

specific activities correlated highly negatively with shoot total weight at
 

the three leaf stage. Root nitrogen percent correlated significantly
 

negatively with GS specific activity and root growth.
 

Grain yield In2 years field trials among the 4 hybrids correlated
 

highly significantly with GOGAT specific activity, activity per gram root
 

tissue and activity per plant Ingrowth chamber seedlings. Grain yield
 

correlated significantly with GDH specific activity and highly positively
 

with GS per gram root tissue. Grain yield also correlated highly
 

All three
significantly negatively with shoot total nitrogen of seedlings. 


per root tissue basis correlated
activities, GOGAT, G:H, and GS on a 


significantly with grain total protein content and highly positively with
 

grain total zoin. Grain yield and protein contents were correlated highly
 

These results suggest that
negatively with root free nitrogen percent. 


genotypic ammonium assimilation enzyme differences Inactivities
 

accentuated under high ammonium stress may correlate with grain yield of
 

genetically elite maize hybrids grown with high ammonium fertilizer ina
 

nearly optimal environment.
 

Genotypic differences Ingrain yield and grain total protein, albumin
 

plus globulin, and zein protein fractions among 12 genetically diverse
 

maize single cross hybrids were Investigated as sinks for grain dry matter
 

Yield
and assimilated organic nitrogen Ineach of 2 years' yield trials. 


did not correlate consistently with kernel weight, kernel number, or any of
 

the protein fraction contents among genotypes, However, significant kernel
 

weight differences from the base to the tip of the ears of 12 single cross
 



-54­

hybrids overall did correspond to parallel significant differences Inzeln
 

storage protein percents. Non-sign IfIcant 1ifferences Innon-zeln storage
 

percents were found. These results suggest that utilization of the
 

assimilated nitrogen as storage proteins Inthe grain does not correlate
 

with grain yield among genotypes although the Importance of this effect on
 

yield may be confounded with genotypic whole plant differences affecting
 

supply and rate of supply of assimilated carbon and nitrogen to the grain
 

sinks.
 

Ph.D. Thesis, 1980
J. D.'AMtellI, Pr'ofessor 
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MODIFICATION OF THE OPAQUE ENDOSPERM PHENOTYPE OF THE HIGH LYSINE SORGHUM
 
LINE P-721 SORGHUM BICOLOR(LL.) MOENCH), USING THE CHEMICAL MUTAGEN
 
DIETHYL SULFATE
 
Kay Scott Porter
 

Acceptance of high lysine sorghum (Sgorhumblcolor (L.) Moench) by
 

both growers and consumers has been limited by problems associated with the
 

opaque endosperm of high lysine lines. Inthis study, vitreous high lysino
 

mutants of sorghum were Induced by treating seeds of an opaque high lysine
 

line, P-721, with the chemical mutagen dithyl sulfate (DES). Putative
 

mutants were Identified by screening M2 seeds from Individual
 

self-pollinated M1 heads over a light box. Vitreous segregates In
 

otherwise opaque heads were considered to be possible modified types and
 

were subsequently evaluated for protein quality and degree of vitreousness.
 

Putative mutants were grown inhead rows Inthe M3 and M4 generations
 

and self-pollinated heads were harvested. Individual heads Ineach row
 

were kept separate at each generation. Non-viable mutants or "mutants"
 

classified as opaque Inthe M3 generation were discarded.
 

Only the most vitreous mutants Ineach generation were evaluated
 

chemically. Th~e remaining (less vitreous) ones were carried to subsequent
 

generations for analysis. Possible mutants were evaluated for either
 

percent protein and lysine (as percent of protein and percent of sample),
 

or dye-binding capacity (DBC) and percent protein. Vitreous segregates at
 

the M2 and M3 generations were compared to opaque samples from the same
 

heads. Mutants at M4 were compared to opaque P-721 and Its normal-lysine,
 

non-opaque sib.
 

Three hundred and thirty-five vitreous endosperm mutants which were
 

similar to their opaque checks Inprotein quality were Identified on the
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basis of Initial chemical evaluations. Aproximately 70$ of the mutants
 

evaluated Initially ineither the M2, M3 or M4 generations had lysine as
 

percent of protein greater than 2.5%.
 

Mutants were evaluated insubsequent generations to assess the 

stability of both protein quality and modified endosperm phenotype. 

Fifty-six mutants were superior inprotein quality (lysine greater than 

2.5% or DBC greater than 40) inat least two generations. Thirteen of the 

56 mutants were homozygous vitreous at M4 and were selected. Lysine 

content (percent of protein) of the selected mutants averaged 2.65% at M3 

and 2.61% at M . Lysine as percent of sample averaged 0.36 InMYD but 
4
 

reduced protein inall mutants at 14 resulted inslightly lower values
 

(0.29) Inthat generation.
 

Mutants varied considerably Inthe degree of vitreousness Inthe
 

endosperm. Kernel maturity (influenced by the duration of the growing
 

season) seemed to be the factor most Important inaltering the degree of
 

vitreousness. Immature kernels were always less vitreous than fully mature
 

kernels which may have resulted Inthe discarding of later maturing types.
 

Most modified mutants with protein quality approaching that of their
 

opaque counterparts were Intermediate Invitreousness. A high degree of
 

vitreousness was most often associated with relatively poorer protein
 

quality although exceptions were found. Of the 13 homozygous vitreous
 

mutants selected, two were similar inappearance to the non-opaque, normal
 

sib of P-721. Seven mutants were Intermediate Inthe degree of
 

vitreousness and four were only slightly modified. Mutants having slightly
 

poorer protein quality but with more vitreous phenotypes were also
 

selected.
 

4utation Induction was effective Ingenerating a large number of
 



-57­

mutants inan opaque, high lysine background. Mutants approaching opaque
 

Inprotein quality (lysine content) but with modified, vitreous endosperms,
 

were selected for use inconventional breeding programs. Such mutants may
 

prove useful inovercoming some of the problems associated with the soft
 

opaque kernel phenotypes, and may improve grower and consumer acceptance of
 

grain sorghums with high proteln quality.
 

Ph.D. Thesis,, 977
 
J.,D. Axtellp Professor
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ABSTRAT 

VARIATION FOR STALK CHARACTERISTICS AND THEIR ASSOCIATIONrWITH LODGIN6 AND 
HEAD WEIGHT IN A DIVERSE SORGHUM POPULATION. 
Thomas Prest 

Variation for stalk characteristics and their association with' lodging
 

and head weight were analyzed in a diverse sorghum populatlon, PP9, uslng
 

80 S2 lines. These lines were categorized into three height groups, the
 

tall (greater than 170 cm), medium (110-170 cm), and short (less than 110,
 

cm). The stalk characteristics studied Included, rind thickness, rind
 

puncture, third Internode density, third internode diameter, and stalk
 

Juiciness. The stalk measurements were taken at physiological maturity.
 

Significant differences between lines within height groups were
 

observed for internode diameter, density, and rind thickness. Differences
 

Inrind puncture between lines Inthe medium and short groups were
 

significant In 1977 but not In1978, whereas differences Inrind puncture
 

inthe tall group were significant In 1978 but not in 1977.
 

Significant differences In lower stalk breakage were observed between
 

lines within the medium and tall groups. Such breakage was negligible In
 

the short group. However, differences Inpeduncle breakage were nearly
 

significant.
 

Third Internode diameter, rind thickness, and third internode density
 

had significant negative correlations with lower stalk breakage Inthe tall
 

group. Within the same group, rind puncture was not significantly
 

correlated with stalk breakage.
 

Third internode diameter and rind thickness showed significant
 

negative correlations with lodging inthe medium group. Rind puncture and
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internode density were not significantly correlated with lodging.
 

None of the characteristics of the lower internodes were significantly
 

correlated with peduncle breakage In the short group.
 

The correlations were generally low In all groups. Thus, the given
 

stalk measurements, when taken at physiological maturity, should not be
 

considered as equal replacements for field estimates taken later on in the
 

season. However, selection for Increased diameter and/or Increased rind
 

thickness may still be effective in increasing lodging resistance.
 

Lower stalk breakage was not significantly correlated with head weight
 

in either the tall or medium groups. Correlations between head weight and
 

the stalk characteristics under study were generally not significant.
 

Pertaining to PP9, these data suggest that recurrent selection for
 

Increased yield without selection for lodging resistance may not decrease
 

lodging resistance In the selected populations. Concurrent selection for
 

both traits Is still advised.
 

M.S. Thesis, .1979
 
R. P.*Cantrell, Professor
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ABSIRAC 

THE EFFECT OF TANNINS ON NUTRITIONAL QUALITY OF DRY BEANS,
 
WLGARIS L.
 
Richard Ronnenkamp
 

Tannin compounds are found In many foods and often are associated with
 

a bitter taste. In sorghum, tannins are a factor In the nutritional
 

quality of the grains. Dry beans have toxic factors that InfIue!cu the
 

nutritional value, but tannins are not Included.
 

From the dry bean collection, 69 entries were selected from a variety'
 

of locations and seed color. The entries were analyzed for tannin content.
 

A white, black, and red bean were selectd for low, medium, and high tannin
 

content. These beans were used to prepare eight diets for evaluation with
 

weanling rats. The testae were removed or extra testae were added to
 

change the tannin content of the diets. The Influence of tannins on the
 

albumin and globulin portion of the protein for the beans used in the diets
 

and for other sources of white, black, and red beans was determined, The
 

association of tannin content with color was observed In the F2 generation
 

of crosses of white and red beans.
 

A range of tannin content was found In the entries. White beans were
 

zero and colored beads ranged from very low to 2.5 catechin equivalents.
 

the highest values were found in red beans. The weight gain and protein
 

efficiency ratio of rats was Improved when the red testa of the red bean
 

was replaced with a white testa and the tannin content was reduced from 2.5
 

CE to almost zero. The weight gain and protein efficiency ratio of rats
 

decreased as the tannin content of the beans In the diests Increased.
 

The tannin content did not Influence the distribution of the albumins
 

and globulin fractions of the bean protein, but changes in these fractions
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were observed between bean types.
 

The use of Initial rat weight as a covarlate In analylzing the data was
 

signifIcant for the dependent variables weight gain and food consumption,
 

but not for the protein efficiency ratio.
 

The F2 segregation of tannin content was not controlledby the genes
 

for testa color. A range of high and low values was observed within a
 

given color.
 

Ph.D. Thesis, 1977,
 
J R' WI166, Professor
 



INFLUENCE OF SEED PROTECTANT ON THE TOLERANCE OF GRAIN SORGHUM TO ALACHLOR 
AND RELATED COMPOUNDS 
Joao B. da Silva
 

The advent of herbicidal antidotes has'opened a new field of research 

and created possibilities for the use,of herbicides Ingrainrsorghum 

(Sorghum bLcojr (L.) Moench) that otherwise would be unsafe for the crop. 

The Influence of the seed treatment with lp8-naphthalic anhydride on the 

tolerance of three sorghum hybrids# RS-610, B-35 and NK-180, to three 

triazine herbicides# EPTC, either alone or Incombination with the 

herbicidal antidote R-25788 (N,N-dially-2,2-dichloroacetamide), alachlor,
 

metolachlor, propachlor and four experimental chloroacetamide herbicides,
 

was studled In nine field experiments carried out in the 1975-1977 period',
 

in three different locations of the state of Indiana. The Influence of
 

other factors such as soil type, soil temperature, sources and means of
 

protection, herbicidal rates and seed protectant rates on the tolerance of
 

the crop to alachlor was studied In four greenhouse experiments.
 

Results obtained from the field experiments allowed many important
 

observations concerning the use of I,8-naphthalic anhydride as a seed
 

treatment to protect grain sorghum:
 

1. Independently of the seed treatment, damage to grain sorghum
 

caused by alachlor varied with the rate employed, and means of application,
 

the soli type and among sorghum hybrids. When grown on the Chalmers Slty
 

Clay Loam, RS-610 showed more tolerance to alachlor than both B-35 andr
 

NK-180.
 

2, Metolachlor.and RE-19790
 

E3-chloroacetyl-4,4-cyclohexane-spiro-(2,2-dimethyl-I ,3-oxazolldine)] were
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the most promising herbicides, among the new chloroaceamIdes"'iln.both weed
 

control and selectivity to grain sorghum. GCP-5544
 

(N-benzyl-N-isopropyltrlmethyl acetamide) was the most selective to the
 

crop but Itfailed to control woods expecially redroot plgweed (Amar~n~hus
 

3. Atrazlne and Cyanazine, applied alone or incombination with
 

propachlor did not cause any significant Injury to grain sorghum and they
 

were unaffected by the seed treatment.
 

4. R-25788 (N,N-dially-292-dichloroacetamide) did not glve any
 

significant protection to grain sorghum when applled Intank mlxture with
 

EPTC. This herbicide was always Injurious to the crop and Its damaging
 

actlon was pahtally hindered by the seed treatment with naphthalic
 

anhydride. Although the protective action of the seed treatment was
 

statistically significant, Itwas not great enough to give sorghum plants
 

conditions to produce as much as the handweed plots Inmany cases.
 

5. As a general rule the seed treatment with naphthallc anhydride was
 

beneficial any time Its protective action was necessary. This was
 

especially true for the chloroacetamide herbicides which were not injurious
 

to grain sorghum all the times. When its protective action was not
 

required, the effect of the seed treatment was unapparent or prejudicial.
 

This negative action of naphthallc anhydride was noticed at least inthree
 

different cases, all three recorded on the Bedford Silt Loam.
 

Experiments carried out Inthe greenhouse were complementary to the
 

field experiments and corroboratedfield observations. The trials provided'
 

information on the Influence of soil temperature which was found to affect
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the herbicide but not the seed treatment with naphthallc anhydride, and
 

they also showed that sorghum protection from alachlor can be obtained from
 

both naphthallc anhydride and R-25788 but only as a seed treatment
 

Ph.D. Thesis, 1977
 
J. L. Williams, Jr..Professor
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AGRONOMIC AND BIOCHEMICAL EVALUATION OF THE SORGHUM (SRGHUM BICOLOR CL.) 
MOENCH) HIGH-LYSINE P-721 OPAQUE GENE IN ISOGENIC AND DIVERSE GENETIC 
BACKGROUNDS
 
Stephen VanScoyoc
 

Yield and accumulation of panicle seed weight, number of seeds, seed
 

weight, volume, and density, and black layer formation were compared during
 

development of endosperm mutant P-721 (P-721-O)o Its normal sib line
 

(P-721-N) and hybrids RS671 and NK300 grown at 4 populations. Performance
 

under a stress environment was poorer and yield was reduced 15-20% In
 

P721-0 compared With P-721-N. Yield reduct.ion was attributed largely to
 

smaller seed weight and density. Increased population acted as a stress
 

environment and resulted In decreases in seed weight per panicle, seed
 

numbers and panicles per plants for lines and hybrids. One hundred seed
 

volume, weight and density were unaffected by Increased population.
 

Completion of black layer formation in all seeds coincided with
 

physiological maturity, as Indicated by maximum seed weight per panicle, in
 

P-721-N at the lowest population but not In P-721-0. At high populations,
 

date of completion of black layer was not a good predictor of maximum seed
 

weight accumulation for any of the lines or hybrids.
 

F6 opaque endosperm lines derived from crosses of P-721-0 with,
 

vitreous lines, hybrids and populations and selected for yield, dye binding
 

capacity, lodging and disease resistance as well as food grain quality were
 

compared In a one year trial with 12 high-yielding, widely adapted vitreous
 

endosperm controls. Eighteen opaque lines had yields equivalent to the
 

vitreous controls (above 7000 kg/ha dry weight) while containingD on the
 

average, one percent more protein and 0.5% more lysine as a percent of
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protein. Improvement Inyield of the best P-721-0 derived opaque lines was
 

due to Increases Inall yield components and not to height.
 

Changes Inseed weights proteins oil and amino acid profilesi and the 

proportions, amino acid patterns and electrophoretic mobility of 

Landry-Moureaux protein fractions of developing endosperms of P-721-0 and 

P-721-N grown at a low population were followed at weekly intervals from 

10-59 days after half-bloom (DAHB). 

Patterns of seed weight, volume and nitrogen content were similar to
 

those of accumulation of seed weight per panicle. Levels Inboth lines
 

Increased steadily from 10 to 31 days, at which time rates were reduced for
 

P-721-0 but not P-721-N. By 38 DAHB, accumulation had ceased InP-721-0
 

but continued through 45 DAHB for P-721-N. Whole seed protein content did
 

not change during development but P-721-0 endosperm protein Increased 1.2
 

while that of P-721-N fell 0.7$.
 

Landry-Moureaux fraction I albumlns and globullns differed little.
 

among lines. Fraction IIplus III total kafirin accumulation plateaued'at
 

24,DAHB for P-721-0 but continued to Increase rapidly through 38 DAHB for
 

P-721-N. Fraction IVplus V total glutelln synthesis ceased beyond 24 DAHB
 

for P-721-N but Increased steadily through 45 DAHB for P-721-0 when
 

expressed either on a percent of total protein or on a N per endosperm
 

basis.
 

Shifts inLandry-Moureaux protein fraction amino acid profiles during
 

endosperm development were generally small and did not differ greatly among
 

lines. Lysine content was highest infraction I,Intermediate infractions
 

IVand V and lowest Infraction IIand Ill.
 

SDS-PAGE of endosperm protein fractions during development indicated
 

few or.no differences Inbanding patterns for any of the fractions and only
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occasional differences instaining Intensities between line bands. Ten
 

DAHB whole seed patterns were, however, very different from those later
 

times indevelopment for allifractlons. Kaflrin bands.were absent.at10
 

DAHB.
 

Optimal conditions,for a rapid fractionation,technique for sorghum
 

endosperms were established. This method would be useful ina screening
 

program for mutants with high lysine content of glutel In.,
 

Ph.D. Thesis, 1979
 
J.D. Axtellp Professor
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'ASTRACT
 

RELATIONSHIP OF TANNIN AND .SEEDCOLORTO SEEDLING VIGOR INsotmu 
aiLaLg

(L.) MOENCH
 
Billy Woodruff
 

A 2-year study was conducted to determine the relationship of tannin
 

and seed color with germination and emergence. Fifty-seven lines were
 

selected from the World Sorghum Collection based on tannin content and seed
 

color. Seedling emergency under field and laboratory conditions was used
 

as a measurement of seedling vigor. Warm germination percentages of high
 

tannin and dark brown-seeded lines of seed harvested In 1975 were equal to
 

seed harvested in 1977. Germination of 1977 seed showed no difference
 

between tannin or color groups. High tannin lines of 1975 seed had a
 

significantly higher emergence than low tannin lines. 
 High and low tannin
 

lines of 1977 seed were not significantly different Inseedling vigor but
 

medium tannin lines had a significantly lower vigor. Dark brown seeds were
 

higher inemergence than light brown or nonbrown seeds under cool, 
wet
 

conditions. Significant differences were observed among lines within
 

groups for seedling vigor. Based on this data, the cold testing .of dark
 

brown-seeded lines might serve as a starting point Ina breeding program
 

Interested Inscreening a large number of lines for increased seedling
 

vigor.
 

M. S. Thesis,1978
 
R. P. Cantrell, Professor
 

/5 
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INHERITANCE OF TANNIN QUANTITY IN SORGHUM 
Billy Joe Woodruff 

The vanillin assay was used to estimate the tannin content of 13 F2
 

populations. The analysis revealed an intermediate to high broad-sense
 

Similar F2 segregation patterns and FlIS
heritability for tannin quantity. 


In many crosses suggested a few genes. High tannin was found to be
 

dominant to low tannin. A very high tannin line Indicated the presence of
 

at least one partially dominant gene. Classification of the F2 based on
 

the parental and F1 ranges of catechin equival-ents suggested one or two
 

or
genes were segregating In most crosses, although different gene loci 


alleles appeared to exist. Fitting the expected distribution within each
 

phenotypic class to the observed F2 distributions Indicated one or two gene
 

models were Inadequate to explain the data.
 

.Ph.D. Thesis,1980.
 
R. P. Cantrel,l , Professor
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1,uar, Status Report of Sorghum/Millet Research
 

ToO DS/RM, Dr. Miloslav Rechcgl
 

Three universities are conducting research on sorghum and one on millet
under AID contracts. 
All of the research under these four contracts
will be transferred to the Collaborative Research Support Program
for Grain Sorghum and Pearl Millet (CRSP-GS/PM) once the CRSP becomes
 
operational.
 

1. Purdue University initiated the Research Project, "Inheritance and
Improvement of Protein Quality and Content in 
 bSorghum
bcolor (L.)
Moench", in 1966. The contract is now being extended for-six months,

through September 30, 1979 at a 
cost of $172,000.
 

Considerable progress has been made in the development of techniques

which reduce the tannin score to low levels as assayed by tests.
Chemical treatment with small amounts nf ,:,ld aqueous alkali effectively
alleviates the antinutritional properties associated with tannin, but
 more conventional cooking processes apparently do not. 
These conclusions
ave somewhat tentative, being based on studies with only a 
few sorghum

varieties, and must be evaluated more thoroughly during the extension
period. Preliminary studies with the sorghum types which contain tannin,

extractable only with acidic solvents suggest that the antinutritional
effects of this type are not significant. Some of the sorghum varieties
of this type contain high amounts of tannin during Seed development, and
Purdue is evaluating their bird resistance in extensive trials inthis

winter's nursery in Puerto Rico in collaboration with the Denver Wildlife
 
Center.
 

So-,ghum lines which have improved protein quality and also a vitreous (hard)
endosperm needed for human acceptance are now available and need to be
incorporated into advanced breeding materials.
 

2. The University of Nebraska has just completed its fifth year of the
AID contract for "Sorghum Yield Physiology". The contract has been

extended to August 1979 when itwill become part of the CRSP-GS/PM.
 

The principal research efforts of the contractor have Included the
 
following:
 

Buy U.S.Savings Bonds Reaularly onthe Payrol Savings Pian ,,r,ALFOR NO.,1 

(RCV. 7-70) 
asAmrPM (41 crn) o.wi. 
soloilt 



a. Continued evaluation of breeding methodology for use with
 
rat dom mating populations, -S.
1 progeny testing appears best.
 

b. Incorporation of greenbug resistance, twin seeded character
 
and yellow endosperm into one population.
 

c. Demonstrated minimum till sorghm yields equal conventional
 
till yields with fewer trips.
 

d. Determined that genotypes selected for drought tolerance
 
were the least adversely affected by drought and risponded the best
 
to a single water application at bloom.
 

e. A new water gradient application system was Initiated to
 
evaluate plant reaction to different levels of water stress.
 

f. Differences Inmineral uptake and utilization efficiency were

demonstrated. P-efficient plants grew well under.phosphorus stress and
 
Al-toxicity conditions. P-efficient plants did not do well under Fe
 
and Cu stress conditions. Martin and KS35 were determined to be
 
P-efficient.
 

g. Further developed and confirmed the utility of the germination

and early growth cool tenperature screening test.
 

3. The Project, "Development of Improved High Yielding Sorghum Cultivars
 
with Disease and Insect Resistance" is carried out by Texas A & M
 
University. This contract has also been extended for six months at
 
which time itwill become a part of the CRSP-GS/PM.
 

Elite sources of germplasm generated in the Texas programs from introduced,

converted and partially converted exotic sorghums were distributed to
 
sorghum workers throughout the world. Disease and insect resistant,

dwarf height, photoperiod insensitive sorghums were combined in random
 
mating populations both for easy distribution to sorghum improvement
 
programs in LDCs and as research tools for improvement of grain sorghum

in temperate regions. Development of greenbug resistant hybrids, the
 
discovery of high levels of midge resistance and possible resistance
 
to spider mites are new major breakthroughs insorghum improvement.

Some of these disease and insect resistant sorghums have extraordinary

general adaptation. During the past year, several lines and hybrids

possessing tropical adaptation were grown inAfrica and South America.
 
The potential for these types of sorghums is excellent.
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Kansas State University has recently completed its first contract year
for the project "Improvement of Pearl Millet". This contract will 
continue through September 1980. 

The main accomplishments from this past year are: 

a. Development of several millet populations, composites and dwarf,

early-maturlng hybrids and inbred lines. Several dwarf millet hybrids

with maturity requirements similar to the sorghum checks produced yields,

plant heights and lodging scores comparable to hybrid grain sorhum.
 

b. Data from investigations on water use and leaf temperature

of millet from one season indicate that the genotypes having the highest

leaf temperatures produce the greatest grain yield.
 

c. Preliminary determinations of the nutritional quality and
 
digestibility of pearl millet grain by analyzing protein ingermplasm

intooductions and determining magnitudes of variation in lysine content
 
were made. These investigations will be continued.
 

d. A bulk population of millet was used to determine the
 
susceptibility of infestation by certain species of stored grain insects.
 
Of the 15 major insect pests used in the test, rice and maize weevils
 
were responsible for the greatest loss, 44 and 43 percent.
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Inheritance and Improvement of Protein 
Quality and Content in Sorghum bicolor- Purdue 
University 

The report of Dr. Peterson, Chairman of the subcomnittee
 

tha t included Drs. Ehrenreich, MIoss, and Mr. Ludington was sum­

marized as follows:
 

The request is for an extension of a project inltiated in 

1966 with Purdue University. The project has had periodic review 

and previous extensions with total :expenditures of $29684,486 up 

to March, 1978. It is (or was) coordinated with three other AID 

sponsored sorghum, improvement projects, one with the University 

of Nebraska initiated in 1974 with expenditure comnitments to 

1980 totaling $683,000; one with Texas A & M University funded in 

1980 for $884,946; and one with the University of Puerto Rico which 

was terminated in May, 1977 and with expenditures of $214,700. 

If the proposed extension is approved to March 31, 1979 as
 

requested, AID's investnent in sorghum breeding by 1980 will total 

$5,397,525. Original objectives of the research have been covered 

several times in the past and will not be repeated here. Also, 

since this project was started in 1966, ICRISAT had grown about 

15,000 accessions of sotghum; had identified some of the better 

lines for regional testing, the emphasis being on drought tolerance, 

quality for human food, and insect resistance. 

As some of the RAC members will recall, the early excitement 

over discovery of high lysine lines!was dampened somewhat bythe 

prob-Y-of--e -oury, opaque endosperm of high lysine lines. 

r-P-Fi__Een ,iarFni'-5Ea ojo o-" wi th maizeF'-i41----Ehos-e enco untered 
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high lysine Lines, By means of induced mutations, the Purdue 

investigators have identified a few mutants that have both improved 

protein quality and vitreous grains. Three such mutants were. 

identified as having.high.lyine, a vitrious endosperm# and good agronomic 

characteris tics. 

A survey of Ethiopian lines has turned up a Line with 20 percent 

proteinp. vith normal appearing plump seeds. The problem is to incor­

porate these quality characteristics with good agronomic. types. 

Crosses for this purpose have been made and some lines are ready for 

evaluation at ICRISAT and in Brazil. Also a high lysine random­

mating populatior is being p~repared for distribution and use in 

recurrent selection programs in LDC's. The negative correlation 

between yield and protein content is almost universal in cereals
 

and so the transfer of high protein to high yielding varieties is
 

ques tionabl.e. 

The problem of tannins, in sorghums, although long known, has 

been extensiveLy studied as a part ot this project. The problem as 

RAC may recall is that the tannins are beneficial in providing some 

measure of bird control, a very serious problem where sorghums are
 

grown. However, these compounds are nutritionally harmful in 

reducing digestibility of the proteins, and as such, tend to uff-set 

benefits from breeding for higher protein values. These are phenolic 

compounds of which there are many and possibly of variable reactivity 

with proteins. Accordingly, there is a problem of identifying the 

various fractions, determining their anti-nutritional qualities, 

and finding genetic or chemical means for reducing their harmful effects. 
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Objectives of the proposed extension of the project are as follows: 

l. 	 dentify and evaluate sorghum lines or mutants with improved, 

nutritional qua-lity using both chemical and biological methods 

(Six separate activities are proposed under this objective). 

2, Identify the chemical nature and composition of the protein 

fractions of selected high lysine sorghum genotypes and cor­

relate the grain fraction composition with nutritional quality. 

Also investigate the biochemistry of s orghum tannins andtheir 

interactions with sorghun proteins. Develop simple processing 

techniques to alleviate, the anti-nutritional properties. of 

tannins in grain sorghum. (Six diffferent ractivities under this 

obj ective). 

3. 	 Determine the nutritional value of sorghum varieties differing 

in amino acid compostion, carbohydrate composition, and/or 

tannin content for the, monogastric animal. (Chicks and rats) 

(5. activities). 

The 	issues regarding the proposed extensions include the following
 

.1. 	 Have the'investigators made satisfactory progress considering 

the duration and level of funding? 

2. 	 Will the extension to March, 1979 see the project .through ,to 

a satisfactory conclusion? 

3. 	 If so, to,,what use will be the,knowledge'and ma erials produced 

from this project?, 



Re sponse' to-,these ,que s tions 

1. 	 I satisfactory?,s progress 

'As RAC will recall, the project got off .to a questionable 

beginning with a lot of activity but not much direction or sharply 

focused goals. his was corrected after a few years with a reorgan­

izazic.n of the projects To the best of my knowledge, everyone has 

been well satisfied with the leadership and direction of the project 

although progress has been slower than anticipated. Mr. Ludington) 

in particular questions the advisability of future support of researc 

in breeding for quality, at least as it relates to amino acid balance 

The problem is not a Limitation of the investigators or the support, 

but that increasing lysine in the protein continues to have very 

difficult side- effects. 

2. 	 Can the project be brought to a satisfactory conclusion in one 

or more year? 

This seems very, doubtful,but of course; plant breeding tends to 

be a never- ending activity. On the basis of the written reports, it 

seems reasonable tha t the breeding materials could be turned over to 

ICRISAT after another year but they are not in a position to evaluate 

lines for protein quality at present. Inheritance studies for protein 

.quality also require several years but these studies have already begun. 

The 	studies of various phenolic compounds and their anti-nutritional! 

qualities would appear to require several years to complete. 
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-3. 	 Futurea lue and use of. the '.proJec t 

I have always been troubled by. the fact'that-Purdue is well 

outside the general adaption of grain sorghums. Therefore, 

Texas in the project seemed a desirableinclusion of Nebraska and 

these states and to ICRISATstep. Funneling materials from Purdue to 


therefore helped correct this deficiency. The Nebraska and Texas
 

projects have two more years. It appears that the one-year extension 

would be useful in getting these materials transferred to these on­

going sorghum breeding programs. However, facilities for protein 

quality and phenolic compound, studies art at Purdue. Although the method 

developed at Purdue could be relocated elsewhere, it would be at 

considerable expense in time, equipment, and methodology. 

It might be necessary to continue longer some of tie analytical 

work at Purdue on protein quality and phenolic compounds but it 

would seem desirable to phase out the breeding work by the end of an­

other year. On this basis, a motion to approve the extension seems 

in order.
 

Dr. Ehrenreich supported the one year extension of the project. 

However, he asked the AID staff to provide information on several 

points: 1) why if the AA/TA approved the termination of the 

project in March 1978, is a one year extension requested? 2) 

why does the experimental design not anticipate the closing of
 

the project? 3) the budget asks for $161,000. How are these 

approximately eight science man/years accounted? and 4) is this 

request a means of bridging the gap until Title XII funding becomes 

available?
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DrE blss added chat $87,000 was' included for the identification
 

of mutants. How long will we continue to work with amino acids?
 

Enough has been invested in this area to pursue ,more work in tannins.,
 

It would be logical to cut the budget.
 

Mr. Ludington suggested that the book should be closed'on research
 

in tannins. He suggested that Dr. Burns from Southwest Georgia University,,
 

who is the leading authority in this field, be contacted for advice.
 

Drs. Schweigert and Peterson thought there was yet much research to be':
 

done on tannins. The technical appendix to the project proposal,
 

which references Dr. Burns, leaves that impression.
 

Dr. Long (DSB) thought the problem of'the one year extensionwould
 

be clarified when BIFAD decides what kind of sorghum-millet programwill
 

make sense. This based on the assumption that a group of institutions
 

will continue working on sorghum.
 

Dr. Yohe (DS/AGR/CP) explained that with sorghum there is no
 

problem of shrunken endosperm as in barley. Inrless optimal conditions,
 

yield would not be less for improved lysine content. Several donors are
 

interested in investing money in the tannin problems. For some reason,
 

grain with high tannin content appears to be resistant to the quela
 

bird attack. There is a need to understand this to a greater extent*
 

Purdue expected to ask for a Title XII grant. The one year extension
 

would enable Purdue to bridge the gap. Purdue expects to carry out
 

12.5 man years of research.
 

Dr. Yohe remarked that he had requesced Purdue to develop a stace­

of-the-art paper. They probably drew on available resources and therefore, 

is not exhaustive. Some RAC members agreed that the study was not 

exhaustive. 

Dr. Peterson proposed the following motion: 



Motion: 

That the proposal be approved as submitted for funding or one year.
 

Dr. Joss pointed out that AID has probably,supported work on 

aino acidsin cereals long enough. He suggested that additional 

protein from other foods, bean, for example, might have greater 

payoff,
 

monsoon countries sorghum'is
Dr. Peterson comented that in 

important. and that a sorghum variety improved for its amino acid 

content probably would be a better approach than working with beans or 

other food sources. 

Vote: Ybtion was approved with one negative votel.
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Report on Project "Inheritance and Improvement of Protein Quality in Maize"
 
- Purdue University. Extension approved at RAC meeting, March 20-21, 1975.
 
Contract in force until March 31, 1978.
 

At the RAC meeting referenced above, the following recommendations were
 
included in the approval motion:
 

1. Emphasis on genetic ctudies should be increased, particularly
 
of double and multiple combinations of endosperm types.
 

2. The breeding work might be decreased.
 

3. Genetic materials should be made freely available.
 

4. A progress report isto be made at the end of two years.
 

5. The project should be phased out by the end of the three­year extension.
 

This report is being presented to satisfy the requirement indicated in4.
 

The project was most recentiy reviewed by a team from AID/W on December 13-14,

1976. An annual report, covering work during the period April 1, 1975 -

March 31, 1976 ison file and available for examination.
 

A. Genetic, Developmental, and Biochemical Studies.
 

1. Double Mutant Types.
 

Special emphasis has been placed on study of endosperm

mutant combinations, particularly the oaue-2 + Sugary-2

double mutant. Lysine content of the Uoube-mutant isas
 
high or higher than that of the single-mutant opaque-2
 
types, and the endosperm texture ismore satisfatory.
 
However, the double-mutant kernels are even smaller,
 
compared with fully normal types, than are the o kernels.
 
There appear to be some differences inthis weigt loss
 
in different backgrounds, but on the average, o types are
 
about 85 per cent of normal and su 2 types about 82 per
 
cent of normal in kernel weight.
 

Further studies have shown that this decrease in kernel
 
weight is the result of early termination of grain fill­
ing (dry matter increase) in the o and su o types.

Whereas normal endosperm types, uner the---sul conditions
 
in Central Indiana increase inweight of dry matter until
 
about 50 days after pollination, the2 and u2 ° types
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slow down inweight increase after about 38-40 days, and
 
kernel filling stops before the normal time. This suggests

that the observed decrease in kernel size (and resulting

yield decrease) is a developmental phenomenom, which may be
 
very difficult to overcome by breeding procedures.
 

2. Genetic and Environmental Stability of Modified and Non­
modified Synthetics.
 

Genetic and environmental stability was studied in several
 
opaque-2 synthetics. High and low lysine versions of HMO
 
were selected for modification, and Temperate A and Tem­
perate B synthetics were selected for both opacity and
 
modification giving eight different synthetic versions.
 
Plant characteristics measured were ear height, per cent
 
lodged plants, and ear yield per plant. Kernel char­
acteristics measured were per cent modified kernels, modi­
fication index, weight, and volume of 100 kernels, specific

gravity, and per cent protein and per cent lysine in

protein on a whole kernel basis. 
 The following conclusions
 
were made:
 

a. A location effect was found for per cent modified
 
kernels and modification index. Values were higher

at locations where cooler temperatures prevailed.

Kernel weight and volume and lysine content were
 
higher at Lafayette than at the other two locations.
 

b. The interactions location x population and plant­
ing date x synthetic were significant for both
 
kernel weight and volume.
 

c. Selection for higher lysine content in HMO syn­
thetics was effective, and this difference was constant
 
throughout the subsequent random mating generations.

Lysine values were also constant through these
 
generations.
 

d. Selection for higher lysine content resulted in
 
'decreased protein content, frequency of modified
 
kernels, modification index, and specific gravity,

and increased kernel volume.
 

e. Selection for higher modification was effective in
 
increasing both per cent of modified kernels and
 
modification index inall synthetics.
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f. Selection for higher modification resulted in
 
increased specific gravity and decreased kernel
 
volume inall synthetics. Kernel weight was de­
creased as an effect of selection for high modi­
fication only inthe HMO synthetics.
 

g. Lysine inprotein was decreased as an effect of
 
selection for higher modification and the change
 
was largest inthe Temperate A and B synthetics.
 

3* Nitrogen Distribution and Amino Acid Corpoosition. 

The endosperm proteins of inbred C103 near isogenic
 
for s_, o_, and su o and the normal counterpart 
were act-1onated-u-4g the Landry-Moreaux procedure. 
Normal and su had high zein levels (49.9% and 43.8%, 
respectivel2; whereas o and su o had low zein 
levels (18.8% and 13.2% 2 respec-vly). Opaque-2 
had a high albumin and globulin level (24.1%) and 
sevo had a high glutelin level (34.2%). The lysine 
eve s of the mutants was explained by the relative
 

abundance of the different protein fractions and not
 
by changes inthe amino acid composition within the
 
protein fractions.
 

4. Characterization of Key Proteins inHigh Lysine Endosperms
 

A detailed electrophoretic characterization of the
 
polypeptides inthe endosperm of normal, opaque-2
 
and double mutants with opaque-2 has indicated
 
significant differences between the zein and zein­
like polypeptides of these mutants.
 

Two polypeptides inFraction IIand one inFraction III are
 
of special interest because of their amounts inopaque-2
 
and opaque-2 genotypes. Preliminary efforts have been made
 
to obtain purified preparations of these polypeptides in
 
quantities large enough to determine their chemical com­
position, and the results have been encouraging. These
 
polypeptides will now be isolated by a combination of ion
 
exchange and gel filtration chromatography. The purified
 
polypeptides will be characterized by amino acid analysis.
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B. Breeding Work.
 

The development of composites and other source material carry­
ing the o or double-mutant factors, has been deemphasized in
 
the past-wo years. The stocks already developed have been
 
maintained and are being further selected for improved agronomic
 
characteristics.
 

Six related single crosses from the diallel among 0h43, W64A, B37,
 
and C103 inbreds and the three-way hybrid (0h43 x B37) x C103
 
each near isogenic for the o suo and their normal counter­
parts were evaluated for agrnom-'i yteld in a replicated yield
 
test on the Purdue Agronomy Farm, in only one season. Three
 
normal commercial single crosses and their o counterpart

hybrids were also grown as checks. The six Ielated single crosses
 
and the three-way normal hybrid ranged from 144 to 187 bu/acre;
 
the opaque hybrids ranged from 113-163 bu/acre; and the sugary-2
 
opaque-2 hybrids ranged from 113-143 bu/acre. The commercial
 
normal hybrids ranged from 171 to 206 bu acre and their counter­
part opaque-2 hybrids ranged from 136-177 bu/acre. Over all the
 
opaque-2 hybrids ranged from 74 to 93% of their normal counter­
part hybrids, while sugary-2 opaque-2 hybrids ranged from 74 to
 
87% of their normal counterpart hybrids. The mean protein per
 
cent over all the hybrids for the normal, opaque-2, and sugary-2
 
opaque-2 near isogenic varieties was 9.523, 9.831, and 10.584%,
 
respectively; while mean lysine as a per cent of protein values
 
were 2.99, 4.29, and 4.50; and the mean lysine as a per cent of
 
sample values were 0.285, 0.419, and 0.476 for-normal, opaque-2,
 
and sugary-2 opaque-2, respectively. Ineach case the genotypes
 
were significantly different at the 0.01% level.
 

C. Distribution of Germ Plasm.
 

Source germ plasm of modified opaque-2 of HM22 Synthetic, Mod. 
Syn. Ao_, Mod. Syn, Bo Temp HAo , Temp HBo , Colus 2, Temp 
HAs. Temp HBsu I material1 are avaiTlble and have been 
dis~tiuted to many indviduals representing several countries. 
Inaddi.tion, Temp HAwx o , Temp HBwxp, Temp HAbttpt , and Temp 
HBbt o materials are-av- ilable as-source germ pTa.m. Genetic 
maNiNIs of inbred line conversions of 27 elite inbreds to 
opaque-2, sugary-2, and sugary-2 opaque-2 will be made available 
and a planned release is proposed. Some of these materials have 
already been formally released. Genetic materials of opaque-2 
and sugary-2 have been made freely available in a few inbred 
backgrounds. 
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D. Coordination with CIMMYT.
 

Purdue project personnel have continued to hold coordination
 
meetings with CIMMYT on an annual basis. The most recent
 
joint session was held at CIMMYT Headquarters during the last
 
week of January 1977. Present and future cooperation in re­
search were discussed, with emphasis on use by CIMMYT of a
 
modified o system in breeding maize for developing countries.
 
There wasilso discussion of possibilities for developing a
 
coordinated, interdisciplinary program for consideration by
 
the Title XII Board. The proposed program would include
 
participation by DC institutions and would involve outreach
 
activities as well as research.
 

E. Status of Knowledge.
 

It is clear that the opaque-2 system, including various
 
modifying factors, can be utilized to sharply enhance lysine
 
content of maize grain, and it is also clear that this
 
enhanced amino acid value makes maize a more satisfactory
 
cereal for nutrition of monogastric animals, including humans.
 
Agronomic disadvantages, especially those intrinsically re­
lated to the o character, make it likely that the use of high­
lysine maize Wth its improved nutritional value must be con­
sidered as a specialty crop for certain LDC situations where maize is
 
a staple of the human diet.
 

Though the yields of "modified" opaque-2 and sugary-2 opaque-2
 
are not comparable to normal counterpart materials, nonetheless
 
they could play an important role in helping to alleviate human
 
nutritional problems in selected areas of the world.
 

F. Further Research Needs.
 

Basic research isneeded to generate information on the molecular
 
and developmental biology of maize relative to protein synthesis.
 
Future areas of research on protein synthesis mechanisms should
 
include the molecular biology of cereal grain protein synthesis,
 
amino acid biosynthetic pathways, and storag protein synthetic
 
mechanisms. Inparticular, the "trade-offs" between altered
 
protein/amino acid content and other kernel components need to
 
be elucidated and the-possibilities for optimal combinations
 
should be worked out.
 

At the conclusion of the review on December'13-14, 1976, project leaders
 
and administrators at Purdue were informed of the intention to phase
 
out this project March 31, 1978, It is possible that Purdue, or perhaps
 
other institutions as well, may submit proposals for more fundamental
 
research on protein/amino acid content in cereal grains,
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Mr. Blumgart st ted that Africa Bureau 1, deeply concerned with 
the rural employment d he felt, therefore,,that this project would 
provide information fo program planning axd development; and since
 
Africa represents a div rsified area a stay in one country might
not"produce information eeded by the African countries. 

Dr. Bernstein discus ed the chang in A.'I.D. 's approach to 
research especially that w ich concern itself with social science. 
With respect to this partic ar prop sal from Michigan State 
University he felt that a jo nt pla ning and collegial participation
in the project activity migh req re some changes in-methodology.
Dr. Bernstein also recalled t C's reservation expressed at the 
time when the project was sub ed for RAC review last year.
At that time RAC felt that the oject statement failed to show 
collaboration and consultatio w h Africa. 

Dr. Bernstein observed hat p t experiences tend to indicate
 
that, if LDCs are pressed oo hard, hen it does not take long

before all the commitment start fal ng apart.,
 

Motion: That the roject be appr ved with the following
 
recommendations: (1)if feasible, t should focus on
 
one 	count-y; (2 both unrelated act vities and personnel 
should be dele ed; (3)graduate prog am and training

should be al ned to conform with res arch objectives;
(4) due att tion should be paid to mo els; and (5) the 
budget sho d be modified to reflect tI above changes. 

(Motion carried; unanimous)
 

5. 	 Inheritance and Improvement of Protein Quality and 
Content in Sorghum - Purdue University 

Dr. Brady invited the Chairman of the subcommittee to present 
the review. Dr. M. Peterson presented the report on behalf of 
himself and Drs. Whitney and Schweigert. He opened the discussion 
with a brief history of the project so as to aquaint the new RAC 
members with this particular activity. Dr. Peterson explained
that the project underwent several reviews by RAC and A.I.D. 
(with the help of RAC members and outside experts) the last 
extensive review took place on October 29, 1971. He felt that 
the pertinent recommendation of the review teams are incorporated
in this research proposal. After briefly discussing project
accomplishments, Dr. Peterson offered some observations and
 
suggestions pertaining to the future activities of this project:
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(1) laboratory analyses are too far behind, (2) sorghum is viewed
 
by A.I.D. and Foundations as an important crop, (3) breeding
 
effort should center in sorghum growing countries (LDC's) or States
 
(U.S. activity), (4) quality program should link with breeding
 
program but they do not have to be located in the same place,

(5)A.I.D. should plan to organize and fund international sorghum 
leadership to operate a research network.
 

Dr. Whitney felt that the revised project reflects the changes 
suggested by all the numerous reviews. He thought that the present 
project objectives are realistic and the project is useful. He
 
said that the bioanalyses of protein of about 1,000 lines represent 
an enormous undertaking by Purdue. He explained that sorghum is 
the most heterogenous crop. This is exemplified by the many 
interactions between protein, amino acids and environment. He
 
felt that yields per acre should be improved. Present production
 
of five bushels/acre obtained in some LDCs, is totally inadequate.
 
Dr. Schweigert mentioned that he also was involved in the intensive
 
review of this sorghum project. He feels that biological quality
 
of protein is very important and thus he would like to see a
 
nutritionist on the staff of the project.
 

Dr. Kelley commented briefly on the A.I.D. participation in
 
the establishment of the International Crop Research Institute
 
for the' Semi-Arid Tropics (ICRISAT) which will work on sorghum,
millet, legumes and other upland crops. Purdue sorghum people
will backstop the ICRISAT activity, he said. 

Dr. Litzenberger replied to some of the questions raised by 
the RAC. The project accumulated vast amounts of information which 
is being processed for publication in scientific journals. He 
mentioned that tannin found in sorghum grain represents a new 
problem which will be investigated by the contractor. To Dr.
 
Smuckler's observation that, when wheat becomes available, people
 
turn to it instead of continuing with eating sorghum. Dr. Kelley
 
responded in affirmative but, he added that sorghum and millet 
will be grown in drier areas and thus local people will consume it.
 
Dr. Breitenbach commented that TA/AGR is discussing the possibility 
of integrating the sorghum research between Purdue, USDA, U.S. 
universities and private industry. A.I.D. anticipates being able 
to report to RAC in about one year on the future course of sorghum
 

work. 

Motion: That the project be continued for three years 
with the provisos; (1) the project be reviewed annually and 
(2) that TA/AGR report to RAC one year hence as to the future
 
course of the project. 

(Motion carried; unanimous)
 



AGENCY FOR INTERNATIONAL DEVELORAT 

RESEARCH ADVISORY COl2TEE 

Minutes of the Thirty-Second Meeting
 
(January 28-29, 1971) 

Dr. 	Long opened the mee 
ng and welcomed those present. He
explained that several of the gC members unexpectedly were unableto attend including the Chairm, Dr. 	Brady, who was prevented from
coming by a snowstorm. Dr. Lon introduced Dr. Bernard S. Schweigert
of the University of California 
t Davis, whose nomination as a member
of the RAC is in 	process. He the 
turned the meeting over to
Dr. 	Montgomery who acted as Chair 
 in the absence of Dr. Brady. 

ProJ ect Review 

1. 	Inheritance and Improvement of Proteinquality and
Content in Sorghum Vulgare 
 --	 Purdue 
Research Foundation 

Dr. Peterson presented the report of the review subcommittee
consisting also of Drs. Milner and Ruttan. 
He described the 	background
and 	objectives of the project and the progress to date. 
He pointed out
that a team of A.I.D° and USDA personnel had conducted an on site review
of the project in December, 1970. 
This team recommended extension of
the project for an additional three years with a review scheduled at
the end of the second year subject to redesigning the project in order
to resolve some of the problems which have been encountered. 
One
problem has been the size of the world sorghum collection and the
resultant difficulty in completing the screening of the collections
for 	high protein and amino acid balance, as well as publishing the
results of these screenings. Modifications are 	also needed inbreeding program 	 the 
including yield, 	

to place more emphasis on agronomic characteristics
 as well as greater efforts to evaluate for protein
quality. 
The subcommittee members felt that the distribution system
was 	 too elaborate for the 	breeding program backing it up, and suggestedthat the number of cooperators be reduced. 
Regarding the lack of data
returns from observational nurseries Dr. Peterson suggested that returns
could be increased if cooperators knew that sunmaries of findings would
be published and distributed promptly. 
The subcommittee also felt that
the program was too large to be handled by a half-time project director.
 

Dr. Milner felt that the project had too many obJectives, and he
also was concerned about the nutritive aspects. 
He observed that 	the
wide range in protein availability of the various Lines studied, as well asthe related apparent lack of correlation between essential antino acid
levels and nutritive value, raised questions as to whether the bio­chemical/nutritive work at its present level is supplying adequately
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useful guidance to the pl.ant breeders. He asked, since this work is 
meant to be of primary benefit to the LDCs and since in many countries 
sorghum is used as much as 
a forage crop as for grain production, what
 
is being done to determine the effects of breeding on forage nutritive

quality, composition and toxic constituents. He also was concerned
 
about the apparent scarcity of publications in connection with theproject. 

In the ensuing discussion Dr. Ruttan reiterated the subcommittee 
view that field activity was overextended relative to laboratory

activity. Dr. Milner elaborated on his concerns about nutritive
 
factors, while Dr. Schweigert was concerned about acceptability of thefood beyond just the matter of nutritive qualities. Dr. Kelley said that 
most of the questions raised at this meeting also had been raised during
the previous A.I.D. review in December, and that his staff was taking

steps to resolve them. For example, a seminar on the problem of

biological availability of protein will be held in the next few months.
 
Additional full-time scientific manpower will be assigned to the project,

and copies of publications will be sent to the RAC as 
these become avail­
able. Also, measures are being taken so that field activity will not be 
overextended relative to laboratory activity.
 

Decision: That the extension be approved for one year only with 
the provisos that (1) the program be redesigned in accordance with the
RAC's recommendations including modifications in the breeding program,
greater efforts to evaluate for protein quality, and limitation in
 
number of field sites, (2) that the objectives should be sharpened and

decreased in number, and (3) 
 that this redesigned project be submitted
 
to the RAC before the end of the one year extension authorized,
 

2. Devel ment of Weed ontrol in LAsS Developed Countries _ \ -- OresoA State Unive sity 

Dr. Peterso commented on his project on behalf of Dr,, Hagen,

the chairman of e review subc mmittee, wh 
 was absent and Dr. Ruttan
 
the third member f the review sbcommittee. Dr. Peterson presented

the background of he project,
th n steds the fie dabasedsites andon reviewed theobjectives. He summarized h conclusio his in-depth 

review and hasbeen excellent, andth eptember, 190. Hetoward the projectstated ojectivesite visitofin project said that progress 

recommended coLItiua ion of the pr *ect along t e present lines for
another five years. \He added that ajor improv ents are being made
 
in finding practical swers to the roblems wit weeds and in develop­
ing research capability within coope ating count es. In addition, 
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scientists. Dr. Kelley described the difficulties to date in
 
conducting the fi d work as a result of A.I.D. limitations on
 
the 	number of pe ent U.S. personnel stationed in the field.
 
However, this difficenty is being remedied. In addition, there is
 
& provision for the c" sortium to have a minimum of two meetings
 
a year for coordination- urposes. Dr. Ayers described the over.­
seas activities to date, articularly in Brazil. Dr. Montgomery
 
questioned whether two or ree meetings a year were adequate to
 
provide proper coordination, and recommended that the A.I.D. Office
 
of Development Administration e asked for advice on the design and
 
administration of the project. He and other RAC members wanted to
 
see 	the political science and ec omics components of the project
 
strengthened. Dr. Peterson volun ered his services to help
 
evaluate the project. Dr. Kelley gested that Drs. Peterson,
 
Revelle and Montgomery and perhaps e or two others visit Colorado
 
State to review the project.
 

Decision: Approved for A.I.2 support subject to the
 
provisos that (1)continuation beyond o e more year would be subject
 
to review and approval by the RAC subcomittee, and (2)that the
 
advice and guidance of the A.I.D. Office f Development Administration 
be obtained regarding the design and admir.stration of the project.
 

7. 	Inheritance and L.orovement of Prbtein Quality and
 
Content in Maize -- Purdue University
 

Dr. Brady presented the report of the review subcommittee
 
which also included Drs. Milner and Montgomery. He presented the
 
,background of the project andthe reasons for adding the research on
 
maize to the work already being done at Purdue on sorghum. He
 
'believed Purdue was well qualified to carry out this work, but asked
 
whether in the development of this project, there had been sufficient
 
coordination with Ford, Rockefeller and others who are also working

In this field. Dr. Brady was in favor of the proposal, especially 
the 	genetic plant breeding component.
 

Dr. Milner pointed out that the aim of this proposal really
 
is to create another world center in maize breeding for nutritional
 
improvement which will be directly parallel to the work being done
 
at the International Maize and Wheat Improvement Center (CINT)in
 
Mexico. This should be understood more clearly. Dr. Milner also
 
stated that several major commercial firms are now rcutinely
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producing and selling high lysine corn as well as carrying on 
extensive research in this field. With regard to the "coupling
 
function" discussed previously by the RAC, Dr. Milner requested
 
that the A.I.D. staff consult with CIMMYT, as well as any other 
appropriate organizations, in order to decide what type of commit­
ment by A.I.D. is really necessary and how it will relate to other 
work being done in this field. He favored approval of the proposal 
provided the foregoing coordination could be accomplished satisfac­
torily. Drs. Caton and Ayers indicated that much of this coordination 
already had been done and that more was underway. 

Decision: Approved for A.I.D. support with the recom­
mendation that R-AC subcommittee consisting of Drs. Brady, Milner 
and Peterson work with the A.I.D. staff to develop, with Purdue
 
and representatives of the USDA and the International Maize and
 
Wheat Improvement Center (CIMMYT), a coordinated course of action.
 

Dr. Brady then said that he and his special subcommittee would
 
revise their recommendations on the RAC's contribution to research 
planning and evaluation in A.I.D. in the light of the intensive
 
discussion by the RAC members earlier in this session as well as the 
:comments of Mr. Poats and others. He stated that he would send 
copies of the revision to the RAC members, possibly in time for
 
discussion at the April 29-30 meeting. 

The Chairman thanked the members and staff and adjourned the 
meeting.
 

TA/RU.:M . L Becker: ./2/70 
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NARRATIVE SUMMARY
 

During the past year some 48 technical articles, papers, and presenta­

tions were made on sorghum and sorghum improvement. These papers covered a
 

wide range of topics on sorghum Improvement ingeneral, host resistance,
 

cereal chemistry, physiology, and basic genetics. In1979 two separate pro­

grams related to advanced training of scientists from developing countries
 

were conducted by Texas A&M researchers. At Corpus Christi the Annual Grain
 

Sorghum Workshop was highlighted by an interdisciplinary discussion on the
 

merits, definition, and deployment of the trait known as "tropical adaptation."
 

Other aspects of this workshop included a tour of the research nurseries at
 

Berclalr, Beeville, Corpus Christi, and Robstown. A technical paper session
 

was used to review on-going research programs and graduate student problems.
 

The International Short Course on Breeding Plants to Resistance to Pests was
 

conducted over a two-week period and coordinated by the faculty at College
 

Station. Essentially all of the project leaders on sorghum improvement
 

participated inthis program which included the preparation of a 
techniques
 

paper. Two releases in 1979 included a twin-seeded pollinator line, Tx431,
 

and a population TP15RB which isa broad base composite developed from
 

converted exotic sorghums. Three major developments were noted on sorghum
 

downy mildew: () a new race of the pathogen was found in South Texas,
 

(2)low temperature environments were found to predispose some downy mildew
 

resistant sorghums to the disease, and (3)a new technique was developed in
 

cooperation with Brazilian scientists on the identification of individual
 

plants in F2 populations segregating for resistance to sorghum downy mildew.
 

Considerable progress was made on the determination of mechanisms of resis­

tance to grain mold tp sorghum. Joint observations ade by Latin American
 

and African scientists support the hypothesis that there are distinctly
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different races of the fungus causing anthracnose of sorghum but some lines
 

possess resistance to all of.the isolates.
 

Midge resistant sorghum varieties that are also resistant to anthracnose,
 

downy mildew, and head smut and low intannins were released and distributed.
 

These varieties contain both restorer and non-restorer lines enabling the
 

production of midge resistant hybrids.
 

A line has been identified that is resistant to greenbugs in the adult
 

plant stage but not in the seedling stage. The line is not bloomless, Indi­

cating a source of resistance not previously identified.
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ANNUAL RESEARCH REPORT,,,'
 

A. General Background
 

Sorghum [Sorghwn bicoZo' (L.) Morench] isone of the principal ,food and 

feed commodities of the world. Sorghum is considered by many authorities 

as the third most important food grain, exceeded in utilization for food.
 

only by wheat and rice. Furthermore, sorghum iswell adapted to cultiva­

tion under wide extremes in environmental conditions including arid, semi­

arid, and sub-tropical areas of the world where other food commodities are
 

often less well adapted.
 

In Southwestern USA, where sorghums are a principal agricultural 

coanmodity, serious disease and insect problems have occurred repeatedly. 

During the past few years, there have been grave losses caused by head smut 

(Sphaoelotheaa reiZiana); downy,mildew (Peronoaoeosporaaorghi); maize 

dwarf mosaic (MDMV); anthracnose (CoZZetotiohm g'aminicoZa); charcoal rot 

(Mao2phomina phaeeoZina); Fusarium stalk rot (Iaariwn moniZifome); and 

a number of common foliage diseases. 

Insects causing significant yield losses ingrain sorghum annually are 

the sorghum midge (Cont~winia sorghiooZa) and greenbug (Sohizaphia grcminum). 

Banks grass mite (OZWigony'ohu patenia) is a severe problem in the Great 

Plains region. Economically injurious insects that appear to be increasing 

in severity and distribution are white grubs (Phy4Zophaga ovinita), sugarcane 

rootstalk weevil (Anaoentrinuz depZanatua), corn leaf aphid (RhpoaZooiphwn 

maidie), and yellow sugarcane aphid (Sipha fZava). Consequently, the need 

for superior sources of disease and insect resistance in sorghums is urgent 

in Texas as well as throughout the world. 

In 1963, the Texas Agricultural Experiment Station and the United States
 

Department of Agriculture initiated a program whareby exotic sorghums from
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the World Sorghum Collection,were converted from tall, late-maturing,
 

photoperiod-sensitive types to shorter, earlier-maturing, less-photoperiod­

sensitive lines. Conversion is accomplished by a crossing and 'backcross­

ing program using the short winter days of Puerto Rico for crossing and
 

growing F1's,with selection for short, early plants within segregating
 

populations during the long summer days inTexas."Many exotic lines have
 

been reported to be resistant to a number of diseases and insects, but
 

until converted or partially converted, most of these lines are not available
 

for use in temperate areas of the world. During the conversion process, we
 

have been able to evaluate resistance from some partially converted exotic
 

sorghums to diseases and insects prevalent in the United States. Some of
 

these sorghums possess extraordinarily broad adaptation across both temper­

ate and tropical areas of the world, excellent cultural traits, as well as
 

high levels of disease and insect resistance.
 

B. Statement of Project Objectives
 

1. To identify and catalog sources of disease and insect resistance;
 

2. To develop high yielding agronomically desirable sorghum varieties
 

.and lines;
 

3. To develop elite breeding populations of sorghum with high levels
 

of resistance to disease and insects;
 

4. To develop efficient resistance screening techniques; 

5. To evaluate populations of plant pathogens for their range or 

changes in virulence; 

6. To identify characteristics useful in seed production such as
 

cytoplasmic sterility factors, apomixis and crossing traits.
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C. Contlnued;Relevance-of Objectives
 

Clearly, the objectives are part of an on-gOing§ program which has been
 

actively developing at the Texas Agricultural Experiment Station for the
 

past 14 years. These activities involve an integrated interdisciplinary
 

approach toward the development of sorghums for cultivation in temperate
 

and-tropical regions. The work plan stresses ecologically sound host plant
 

resistance as a means of combating diseases and pests. Until very recently,
 

the limited germplasm resources have restricted sorghum improvement; however,
 

the recent development of converted and partially converted exotic sorghums
 

at the Texas Agricultural Experiment Station has opened tremendous opportun­

ities for sorghum improvement inTexas that has relevance throughout the
 

world. The finding of photoperiod insensitive sorghums with wide adaptation
 

across both temperate and tropical zones, makes the Texas program very
 

useful to the tropical environments of the developing countries of the world.
 

These objectives are a sound and vital component of sorghum improve­

ment for agriculture. They represent areas that need research and the
 

findings and progress of this research will have application to crop improve­

ment throuqhout the world.
 

D. Accomplishments to Date
 

During 1979 several unique disease problems were encountered. The
 

season itself was late, cooler than average, and had a very wet, early
 

growing season followed by a dry summer. Initially downy mildew developed
 

at Port Lavaca in a Tx430 hybrid, but only at the earlier planting date,
 

confirming in part other's observations that there is a cool temperature
 

breakdown of Tx430 resistance to downy mildew. Later a distinctly new 

pathotype of PeronoaZeropoaorghiwas identified from Mathis, Texas. 

This .isa-,first for the species-in Texas. New"races can be,a mixed 
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blessing because, while it is almost inevitable that pathogens will vary,
 

this variation tends to erode the value of host resistance. New isolates,
 

however, can be used to define levels of resistance and the nature of
 

variation present in the pathogen. Both bacterial stripe inSouth Texas
 

and bacterial streak on the High Plains developed to unusually high levels.
 

While neither appeared to cause extensive losses, their dramatic appearance
 

caused considerable alarm to some growers, particularly those who grew
 

hybrids susceptible to bacterial stripe.
 

A new disease, tentatively named sorghum wilt, caused by a PhiaZophzrz
 

sp.was identified. This disease develops vigorously inthe greenhouse and
 

following inoculation in the field. Further work on sorghum wilt isjustified.
 

THE 1979 DISEASE NURSERIES
 

Berclair - Head Smut
 

Grown princioally as a head smut nursery for screening for resistance 

to races 3 and 4 of SphaaeZotheea reiliana. About 10,000 entries from 

various programs were evaluated at this site in 1979. The level of disease 

was lower than usual, although fair evaluations for smut, rust, grey leaf 

spot, and late season stresses were possible. "Pink sheath rot" caused 

by ScZerotiw roZfii developed on a few entries. 

Beeville - Head Smut and Downy Mildew
 

At Beeville, the nursery isdivided into sections based on the types 

of alternate year spreader crops used to encourage disease development. 

During 1979 the downy mildew area had an excellent disease severity. 

Screening of exotic introductions, evaluation of Rld-o-mil® for chemical 

control and extensive early generation of breeding material was possible. 

A larger area is devoted to head smut screening; however, in 1979 head 



smut was not as high as itwas In 1978.. Generally, leaf diseases develop
 

extensively at'this site, but because of:cool'weather during the early
 

season and relatively dry floweringiperiod, leaf diseases were moderately
 

severe. Bacterial stripe was generally prevalent, along with moderate
 

levels of grain mold, Fusarlum head blight and grey leaf spot. Extensive
 

selections and observations by the breeders were made at this location in
 

1979.
 

Corpus Christi
 

A major epidemic of bacterial stripe developed on'the station at,
 

Corpus Christi. Good levels of downy mildew and-head smut, zonate leaf
 

spot were also present.
 

Edna - Head Smut
 

Fair head smut, excellent grain mold, and fine agronomic plant growth
 

characterized the 1979 Edna head smut nursery. Because of the similar
 

race pattern of smut at Berclair and Beeville we elected to abandon this
 

nursery site for 1980.
 

Robstown 

At Rbbstown, excellent downy mildew permitted evaluation of DMR'sudan
 

grass selections as well as the commercial hybrid evaluation program. 
Low 

levelst of other foliar diseases permitted an ideal environment for controlled 

inoculations with ColZetotrlchm gminicoZa and Zoeooez'oopora 80ighi. 

College Station
 

In this area little naturally occurring sorghum diseases develop. In 

1979 the environment permitted modest control of inoculation, but when 

augmented by field foggers excellent anthracnose, zonate leaf spot. and 

grain mold developed. 
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Lubbock and Halfway
 

A naturally occurring epidemic of bacterialLstreak and superb,ihocula
 

tions with maize dwarf mosaic were-the major problems associated-with the
 

nurseries at these locations.. The occasional plant with sorghum wilt was
 

observed.
 

Chillicothe-Vernon
 

At this site we evaluated entries for Periconia root rot. Three dates: 

of planting of Colby demonstrated that disease develops aggressively in 

this susceptible cultivar throughout the season. 

IDIN
 

The 30-entry International Disease and Insect Nursery included seven
 

new entries in 1979 (Table 1). They included a grain weathering resistant
 

line, three agronomically improved midge resistant lines, one greenbug
 

resistant line, a 
charcoal rot and lodging resistant line, and a tropically
 

adapted B line. The IIN has been distributed to 14 cooperators in nine
 

foreign countries (see map p. 7)during 1979 (Table 2). Hopefully this
 

continued distribution will assure exposure to the primary disease and
 

insect pests enccuntered throughout the world's major sorghum growing areas.
 

Results from recent data indicate severe levels of bacterial stripe
 

and MDMV infestation at locations inArgentina and Venezuela, respectively
 

(Table 3). Very susceptible reactions to bacterial stripe were noted on
 

SC175-14, SC110-14, SC173-14, and SC112-14 while SC599-6, TX7078, SC599-11E,
 

77CS1, SC376-6, and 120 x 7000 scored very low or resistant-type ratings.
 

With respect to the MDMV reaction, BTx398, B1778, and SC279-14 displayed
 

very good resistance at all locations while, as in 1978, QL3 received a
 

susceptible rating indicating the possibility of a new strain of the virus.
 



GLOBAL DISTRIBUTION OF TEXAS A&M SORGHUM NURSERIES
 

1979
 

MA, 

* IDIN - International Disease and Insect Nursery
 
Q ADIN - All Disease and Insect Nursery
 
N ISVN - International Sorghum Virus Nursery. 
zI ISAVN - International Sorghum Anthracnose Virulence Nursery
 

A TAT - Tropical Adaptation Test 
A UHSN - Uniform Head Smut Nursery 
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Table l. International Disease and Insect Nursery.(IDIN) -:,1979 

Entry 

No. 


1 

2 

3 

4 

5 


6 

7 

8 

9 


10 


11 

12 

13 

14 

15 


16 

17 

18 

19 

20 


21 

22 


23 

24
25 


26 

27 

28 

29 

30 


Designation 


SC 103-12 

SC 110-14 

SC 170-6-17 

SC 170-14 

Sc 173-12 


SC 175-14 

SC 326-6 

SC 414-12 

SC 599-6 (9247)

SC 599-1IE 

SC 748-5 

SC 630-11E 

R 5388 

6 BH 4613 (MR 4j

6 BH 4654 MR 4 


B 447 

Tx 2771 (MR 4-R line)

1790 E 

B Tx 623 

R 1750 


77 CS I 

TAM 428 


Tx 430 

GPR-148
CS 3541 


QL3 sel 

B Tx 378 

B Tx 398 

Tx 7078 

Tx 2536 


IS No. 


2403 

12610 C 

12661 

12661 C 

21664 


12666 C 

3756 

2508 

17459 

17459 


3552 

1269 

-

-

-

-


12661 der 

12661 der 


" 

12610 der 


12661 der 


-

-
413 


:412 

415 


10542 


Variety, Kind 
 Plot No.
 
or Group 
 Repl RepZZ
 

Caudatum 
 14 41

Zerazera 
 4 50
 
Zerazera 
 21 39
 
Zerazera 
 1 42
 
Zerazera 
 26 54
 

Zerazera 
 19 32
 
NIgrlcans 
 7 59
 
Cau-Kaf 
 11 49

Cau-Nig (Rio) 
 28 46

Cau-Nig (Rio) 
 3 38
 

Cau-Guin 
 15 53
 
Caffr 
 6 40

(SC599-6XSC11o)der 
 25 34
 
2566(3197X170-6 )der 13 56
 
2566t3197X170-6)der 
 18 31
 

B2752X(3197X170)der 
 2 43
2566(3197X170)der 29 52

(SC56XSC33)der 
 8 36
 
(83197X170-6)der 
 23 48
 
(B3197X170-6)der 
 5 33
 

(IS2930XIS3922)der 
 20 58

Zerczera 
 10 45
 
(Tx2536XSC170-6)der 
 27 60

CSV-5 
 17 35
CSV-4 
 22 55
 

C. Kaf." der 
 30 44

Redlan 
 9 57
 
Martin 
 24 36
 
Comb. 7078 
 12 47'
 
Y. D. Fet. der 16 
 51
 



Table 2. lOIN distribution an disease severity rating] 

-Z. 

V4Tet.AgetuFdrcoLoe * r 
LO .1 0 

Location Couperator O11*IiiI c . 

VenAdo Tuarto. Argentina 
h.owfo, mssi
Federico Lioaet 2 -* + 4 

fojas. Argentia Elba S.Alessandriul 1I - - "" 

IgaImino. Argentina Eduardo Teyssandier 1 - ++4 - - - 4# 4 - 4 + 

Chida.. Peru Narco A.Ueciosup - - - . " . . _ -. -

ragua. Venezuela Hector - - . -

Gaborone. SotsNwaix mol-ig 

Giza.,Egpt S. 1.Sl,, I - - " - - -

1Oisease rated according to severity where + - low level ouIfection .4 -fderate. -. hiah. 



Table J. Cumlative disease reaction man of lOIN entries. 

Geen Zonate Char­
leaf Leaf leaf coal Grain lact.SCH Anthr. Ault spot bligh.t spot rot weather mCmVstripe 

SC175-14 1.8 1.1 1.5 1.3
0.8 0.5 1.4 1.9 1.6 3.3
 
SCIIO-14 
 1.0 .1.1 0.9 1.5 1.7 2.0
0.1 1.2 1.7 3.0

R1750 
 - 0.6 0.8 - 0.8 1.5 1.7 1.01.5 2.5
 
SC5994 1.5 2.4 0.8 0.8 1.21.5 1.9 2.2 2.0 0.8
 
GPR-148 1.0 1.9 1.8 2.0 
 0.5 1.9 2.0 . 1.1 1.7 1.8 
8Tx398 1.5 1.7 2.3 28
1.8 0.8 1.9 1.3 1.3
 
TA4482 
 1.0 1.3 .8 '
1.8 " 1.0 "2.0 1.3 
 1.8 1.7 2.8.

$C170-6-17 1.0 2.81- 1.7 1.5 
 0.8 1.9 1.2. 1.5 1.7 2.0 
SC414-i2 1.0 2.0 1.3- 1.5 1.0 1.8 1.3 2.0 1.6.
81778 -

..,
2.5 1.9 " * 1.5 3.0 1.0 "2.2 1.1 1.1

SC173;12. 1.5 1.8. 1.1 1.8 1.0 2.3' 1.2 1.7 . 1.6
SCI03.12 1.8 2.6 1.8 2.0 1.2 

2.9 
1.0 2.0 1.7 1.6 1.1
 

(120 x 7000) sal. 
 - 3J3 1.7 * 0.3 2.0.* 1.3 1.4 1.6. 0.8BTx378 .1.5 1.0 1-.8 1.3 ,0.3 2.1 1.7 0.91.3 2.1 
5c748-5 1.5 1.5 1.7, 1.5 0.3 .1.8 1.7 1.7 1.9T7078 2.0 2.4 

.1.4 

1.8 1.8 1.3 2.2 1.1 2.1 1.9 0.8
SCs99-11E 2.3 2.0 1.8 1.8 0.8 1.1 1.7
2.0 1.5 0.7
 
SC170-14 1.3 2.2 1.3 1.8
1.6 0.5 1.2 1.7 2.0 2.2
 
SC279-14 1.8 
 1.8 '0.9 1.5 1.31.0 1.6 1.3' 1.4 '2.6 
BTx624 1.8 1.1 1.3 1.3 
 1.0 1.8 1'.8 2.5
1.9 1.6 

QL3 sel. 
 1.7 1.2 1.7 1.3 1.3 2.3 1.4 1.4 1.6 1.0
 
Tx430 1.0 
 2.2 0.8 1.5 1.5 1.4
1.3 1.3 1.6 2.4
Tx253 3.0 1.9 1.2 1.8 1.0 2.3 2.2 2.01.3 2.2 

SC112-14 1.8 1.8 1.00.9 0.5 2:0 1.6 1.8 . 1.6 3.1
77CS1 ­ 3.0 1.0 - 1.5 .1.0 1.2 1.6 1.5 0.8
 
SC326-6 
 2.0 0.9 1.1 " 2.0 0.5 2.3 1.4 1.71.4 0.5 
C53541 - 2.5 1.3 0.8 1.0 1.1 1.7 1.1 1.3
SC237-14 2.0 
 1.3 0.9 1.5 0.3', 1.. 1.2 1.7 
 .1.8 2.3
 
Tx2748 
 - 1.8 1.4 * 0.8 2.0 1.3 2.31.1 1.8 

R538 
 2.8 0.8 0.8' 1.5 1.3 1.6 1.3 8,
 

http:SCI03.12
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Research iscurrently under way to select arnew set of.host.differentials
 

to characterize the strains.
 

Grain weathering continues to pose'a threat to maturing grain in the
 

humid tropics, often being one of the principal factors limiting production.
 

TheJDIN presently includes genotypes with good levels of resistance to
 

grain weathering; however, under optimal weather conditions this resistance
 

can be overcome by the pathogen complex. Thus, there isa need to expand
 

our screening program by introducing the nursery in areas where high levels
 

of'disease pressure are present.
 

The entries 77CS1, GPRI48, CS3541, Tx430, R1750, SCl10-14, and SC175-14
 

continue to display good to excellent general leaf disease resistance
 

although leaf anthracnose ratings were slightly higher on several of these
 

lines, notably 77CS1, GPR148, CS3541, and Tx430.
 

Data for charcoal rot from Argentina and Egypt helped to identify
 

several possible sources of resistance. The consistent performance of
 

these lines may provide the genetic background to control this disease.
 

ADIN
 

The 70-entry All Disease and Insect Nursery (ADIN) included 22 new
 

entries in1979. They included grain mold (weathering), lodging, greenbug,
 

midge, rust, and anthracnose resistant lines with improved agronomic traits,
 

as well as lines with tropical adaptation, tan plants, white pearly grain,
 

and good general leaf disease resistance from the TAES breeding nurseries.
 

All of the IDIN entries are included in this nursery. Thirty sets
 

were grown at 18 locations in the U.S. and Mexico (Table 4). Evaluation
 

was made on all of the major disease problems of sorghum inthe Americas,
 

particularly head smut, downy mildew, anthracnose, maize dwarf mosaic,
 

foliage diseases, and Fusarium head blight. Excellent evaluations were
 



Table,4. 197ADIN (All Disease and.Insect Nursery) Locations*
 

Location 


Texas
 

Beeville 


Berclair 


Big Spring 

Chilltcothe 


College Station 


Corpus Christi 


Edna 


Halfway 


Lubbock 


Pecos 


Robstown 


New Deal (Texas TechFanm) 

Weslaco 


Georgia 


Kansas 


Mississippi 


Mexico
 
Rio Bravo 


Tampico! 


No. Characteristics Evaluated
 

1 	 Downy mildew, head smut, bacterial stripe,
 
grey leaf spot, zonate, Fusarium head blight,
 
adaptation.
 

1 	 Downy mildew, head smut, grey leaf spot,
 
zonate, rust, adaptation
 

1 Drought tolerance
 
1 Periconia root rot, drought, bacterial stripe
 
3 Leaf blight, insecticide burn, adaptation,
 

MDM
 
1 	 Bacterial stripe, head smut, downy mildew
 
1 Head smut, downy mildew, seed weathering,
 

Fusarium head blight
 
4 Rust, MDM, adaptation, bacterial streak,
 

drought, corn leaf aphid
 
7 	 Lodging, drought, bacterial streak, MDM,
adaptation
 

2 Mites, drought
 
1 Downy mildew, zonate
 

1 Drought
 
1 Insecticide burn, adaptation
 
1 Anthracnose, foliage diseases
 
1 Chinch bugs
 

1 Anthracnose, foliage diseases.
 

1 Downy mildew foliage diseases
 
.1 Foliage diseases, adaptation
 

* The ADIN contains the'30IDIN entries olus 40 additional entries.
 

'<7kV
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obtained for grain mold, downy miidew, bacterialstripe, and anthracnose.
 

Bacterial streak reactions were obtained for the first time on ADIN entries.
 
As inprevious years certain lines are highly resistant to several of these
 

disease problems. None are highly resistant to all. Generally, the
 

environments within Texas and the cooperating states provide an excellent
 

means for thorough testing of these advance entries.
 

DOWNY MILDEW
 

A.' Cultural Control
 

In 1977, two studies were initiated to determine the feasibility of
 

reducing initial inoculum (oospores) of PeronoecZeroepora oorghi through use
 

of cultural methods. 
The objective was to determine correlations between
 

inoculum density (numbers of oospores per unit of soil) and the actual
 

incidence 'f SDM. Previous work by other researchers determined that deep
 

plowing to a depth of 12 inches reduced SDM incidence the following season,
 

but our deep plow studies at two locations also analyzed the inoculum density
 

of oospores in the soil profile.
 

Deep plow plots had less SDM incidence (26% or greater reduction) and
 

a lower inoculum density inthe upper 20 cm of the soil profile than normal
 

tillage plots. However, both deep plow and normal tillage plots had approxi­

mately the same total inoculum density in the top 40 cm of soil profile.
 

This indicated that deep plowing diluted the current season's oospores
 

throughout the 40 cm of profile instead of just the upper 20 cm as with
 

normal tillage.
 

A related study conducted at three locations utilized an SDM-susceptible
 

sorghum incontinuous culture to stimulate growing of SDM-resistant sorghum
 

and crop rotation practices. This simulation was achieved by continously
 

removing and rogueing(R) the systemically-infected SDM plants from one-half
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of the plot and the other half was nonrogued (NR) as a control treatment.
 

Uniform SDM incidence occurred across,both halvesrof each plot inyear I,
 

but during years IIand III, R plots had a 50% less incidence of SDM than
 

NR plots. Inoculum densi-ties inthe upper 20 cm of the soil profile were
 

uniform across each plot inyear I,but R plots had inoculum densities 25% 

less than NR plots inyear IIand-58% in year III. 

There was not complete correlation of inoculum density with SDM­

incidence between plots nor inthe same plots in successive years indicating
 

that differences in soil environment due to soil type or other atmospheric
 

variables have profound effects on-efficiency of initial inoculum.
 

B. Chemical Control
 

An experimental systemic fungicide (CGA48988) developed by Ciba-Geigy
 

was evaluated as a seed dressing for control of sorghum downy mildew (SDM)
 

cuased by Peronoecerospora oorghi at three locations In South Texas. SDM
 

incidence six weeks after planting was 8-28% in plants from nontreated
 

seed and 0% in plants from seed treated with CGA48988 at rates greater than
 

0.5 g a.i./kg of seed. At one location there appeared to be reduced local
 

lesion development on plants from seed treated with any rate of CGA48988.
 

Under SDM favorable conditions CGA48988 used at seed dressing rates of
 

0.1 to 3.0 g a.i./kg of seed on susceptible sorghum reduced early season
 

SDM, increased number of grain bearing heads, and significantly increased
 

yields. Although high seed dressing rates reduced seedling stands, they
 

were greater than those from nontreated seed.
 

This chemical has demonstrated a potential for use as a control'ofSDM
 

in sorghum and represents a netaded complimentary and alternative control to 

thealready-implemented plant resistance. 



C. Local Lesion Assa,
 

The use of local leslons:as a downy mildew screening tool was proposed
 

as early as 1969 but until recently little effort was directed toward using 

this method. During 1979 Dr. Nelson Gimenez F.determined that IS 12661C,
 

IS 2508C, IS 12612C, CS 3541, and Tx 430 had "resistant" local lesions. F2
 

progenies of Tx 430 by susceptible Tx 7078, 77CS1, IS3757 der., and IS12610C 

were evaluated. In all cases parental classes were recovered but ratios of. 

resistance, intermediate and susceptible classes differed considerably 

(Table 5). F3 analysis of the F2 tests are planned. ,F'1 s tended to be 

resistant. Trials using other DNR sources will be evaluated in 1980. 

Table 5. 	Frequency distribution of F sorghum seedlings of local lesion
 
reaction classes following ?noculation with P. sorghi
 

Parents Reaction Classesal 

R (1-2.9) I (3-3.9) S (4-5) 

IS.12610 x Tx 430' 	 48 39 13
 

Tx 430 x IS3757 der. 	 72 11 17
 

(IS2930 x 	IS3992) X Tx 430 13 61 26
 

Tx 430.xTx 7078: 	 63 25: 
 11
 

a] Based on a 1-5 scale, type 1 local lesions are essentially
 
not visable. Type 2 cause distinct necrosis and remain small.
 
Type 3 are 	layer, may have some chlorols generally not sporulate.

Type 4 and 	5 permit rapid colonization of the leaf with death
 
in the case of 5.
 



D. Affect of Environment on Downy Mildew Development.
 

During 1978 an unusually high incidence of downy mildew (30%):was
 

observed in hybrids utilizing Tx 430 as a downy mildew resistant parent.
 

Extensive testing showed that no new race was present inthis field. 
However,
 

it appeared that lower than normal temperatures during the early portion of 

the growing season may have predisposed the plants to infection. In 1979,
 

planting date with the coolest.soil temperatures had the highest level.'of
 

downy mildew in the Tx 430 hybrids. However, some genotypes showed a differ­

ential response to temperature as the incidence of disease went up in late
 

plantings. This discovery makes it imperative that we examine known sources
 

of resistance to downy mildew at lower than normal testing temperatures to
 

see if they also are subject to these reaction changes.
 

E. Race 2 of PeronosZeroepora sorahi
 

In1979 sorghum downy mildew was observed in a commercial. hybrid known 

to have had resistance to downy mildew in South Texas for nearly a decade. 

Subsequent evaluation of isolates of P. eorghi from this field with isolates 

having been used in the laboratory for the past 5 years showed them to differ 

significantly on three varieties. A paper describing this new race has been 

submitted for publication. 

Physiologic specialization of this pathogen is not unlike that of any 

other pathogen. We can expect some variation in pathogenicity any time' 

host resistance isused as a means of controlling the disease. We are fortun­

ate that the more popular sources of resistance used inSouth Texas at this
 

time are not subject to attack by this new race. Nevertheless, only a
 

limited number of sources of resistance have been evaluated to the new race 

of downy mildew and extensive testing is planned for the summer of 1980. 

, l1
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HEAD SMUT
 

A population studyon sorghum head smut was'designed to determtne-rater 

at which particular host genotype permits the selection of a particular geno­

type of the pathogen. Sorghum head smut populations had been observed to
 

shift very rapidly following the growing of specific host varieties. This
 

study was conducted by artificially inoculating 20 monoteliospore cultures
 

of race 3 and race 4 isolates of Spovrioriwn miZianm in four commercial
 

hybrids (RS 610, Pioneer 8311, NK 262, and NK 266). Sor producea from
 

plants of each hybrid were bulked and used as a new population for another
 

cycle. Currently this study isat the 4th cycle. At the 5th cycle cultures
 

of the original race 3 and race 4 isolates will be compared with the isolates
 
I I I 

produced after five generations on selected differentials.
 

The potential of using leaf symptoms as a tool for evaluating resistance
 

or susceptibility to head smut was studied. Unlike corn head smut, correla­

tion between sor production and leaf symptoms was poor. Artificially inocu­

lated plants in the Uniform Head Smut Nursery (UHSN) during the 1979 spring
 

field plantings failed to produce plants exhibiting leaf symptoms even
 

though several entries produced smut sori at flowering. Similarly, greenhouse
 

plants inoculated during the hot summer months (June and July) did not'produce
 

leaf symptoms but later produced sor.
 

Chlorotic flecking was observed in sorghum seedlings artificially inocu­

lated inJanuary, 1979 and December, 1979. The slower growth rateof plants
 

at cooler temperatures may influence leaf symptom expression in'sorghum.
 

Even so, someplants invariety ATx 618 exhibited heavy clorotic fleckinq
 

but did not produce smut sor at flowering.
 

The causal organism of head smut of corn and sorghum belong to the same
 

species, S. rei ianwn. Except for host specificity, knowledge is very scarce
 

regarding differences between them. Results showed that there was no
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significant difference in spore morphology (size, shape, color) between the
 

two smuts. The germ tube or the promycelium of corn head smut was, however,
 

significantly longer (1.25) than sorghum head smut. Germination of freshly
 

harvested corn smut spores ranged from 4.54 to 23.91-as compared to 0.71 to 

5.62% In sorghum head smut. The time for germination varied within corn and 

within sorghum head smut collections and itwas not correlated with percent 

germination nor with length of storage of smut spores: Corn head smut spores 

are more benomyl tolerant than sorghum head smut spores. Transmission electron 

microscopy of cross-sections of spore walls revealed no significant differences. 

Corn head smut teliospores produced sporidia, although poorly, when grown in 

a medium composed of heat-killed sorghum head smut sporidia. Sorghum head 

smut teliospore germinated, also poorly, but did not produce sporidia in 

this qiedlum. 

Several experiments were conducted inan attempt to increase the gemina­

tion of smut spores. The presence or absence of continuous or discontinuous
 

light did not affect the time of germination, length of promycelium, type
 

of growth (sporidial or mycelial) nor percentage gemination of corn and
 

sorghum head smut spores. Similarly there were no differences inspore
 

germination when spores were plated on potato dextrose agar with 0.75%,
 

1.0%, and 1.5% agar to vary the moisture content of the medium. Oven drying 

the spores at 35 C + 1 at different time intervals up to 72 hours did not 

increase nor decrease spore germination. 

Temperature and relative humidity (RH) greatly influenced viability of 

spores. There was a significant decrease ingermination when sorghum smut 

spores were kept at 53% RH or higher at room temperature after 9 months of 

storage. At 3-5 C, however, only those kept at 100% RH had decreased spore 

germination.,
 



19:
 

Ultrastructural and histopathologicar studies of the host-parasite 

relations of sorghum head smut were conducted. Intercellular and Intracell-: 

ular mycelia were observed in host tissues. Intracellular,hyphae fromr 

developing sori and parenchymatous cells of older plants behaved like 

haustoria. There was penetration of the host cell wall, invagination of 

host plasma membrane, and formation of an encapsulation between the host 

plasm membrare and the fungal cell wall. The encapsulation was eventually, 

completely ensheathed, i.e., the host cell wall was deposited in the encapsu-, 

lation. 

The cytoplasm of S. reiZicna contained the usual complement of cellular.
 

organelles found inother eukaryotic cells. Differences between vegetative,
 

and reproductive mycelia were noted.:
 

ANTHRACNOSE
 

During 1979 the International Sorghum Anthracnose Virulence Nursery
 

(ISAVN) was distribhted to the following locations: Guatemala, Venezuela,
 

Brazil, Indonesia, Nigeria (Table 6). The ISAVN was also planted in College
 

Stition, Texas; Robstown, Texas; Meridian, Mississippi; and Experiment,
 

Georgia. Inaddition, anthracnose evaluations were conducted on theIDIN ­

and CLAT nurseries in Brazil. A new entry, SC 748-5, was added to the
 

ISAVN during 1979.
 

Data obtained from the IDIN grown inSete Lagoas, Brazil indicated
 

that the CoZletotriohwn nwota attacking sorghum in that country differed 

from that of the United States. SC 110-14, SC 112-14, SC 170-14, SC 173-12, 

SC 175-14, SC 237-14, SC 599-6-3(1247), SC 599-lIE, and TAM 428 are traditionally 

anthracnose resistant lines, but they were susceptible inBrazil. BTx378 

and QL3 sel., which are susceptible in the U.S., had little or no anthrac­

nose in Brazil. SC 103-12, SC 326-6, and SC 748-5 showed very good anthrac­

nose resistance at all locations.
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Table Distribution of 1979 InternationalSorghm Anthracnose Virulence 
Nurseries (ISAVN). 

Location Number Cooperator 

Argentina 1 
Brazil, Sete Lagoas 2 F.T. Fernandes 
Brazil, Sete Lagoas 4 R. Schaffert 
Guatemala, Cuyuta 3 A. Plant 
Indonesia, Tiupon 2 I.S. Suwelo 
Nigeria, Zaria 1 N.V. Sundaram 
Venezuela, Aragua 2 H.A. Mena 
United States 

Experiment, Georgia 2 R. R. Duncan 
Meridian, Mississippi 2 N. Zummo 
College Station, Texas 1 M. A. Pastor-Corrales 
Robstown, Texas 1 M.A. Pastor-Corrales 

The IDIN, CLAT, and ISAVN were evaluated for anthracnose at Experiment,
 

Georgia where excellent anthracnose developed. The most significant finding
 

was that TAM 428, a sorghum line which was traditionally resistant to anthrac­

nose throughout the continental United States was attacked by C.graminicoZa.
 

The symptoms developed in both the foliage and panicle. This indicates that
 

there are variations in the pathogen population attacking sorghum inGeorgi'a 

and a new pathotype of C. gr=inicoZa ispresent. 

The ISAVN data obtained from Samaru, Nigeria was valuable. Two 

distinct types of anthracnose symptoms were observed. Type 1 consisted of 

isolated spots and type 2 consisted of patchy spots. The traditional 

resilstant lines, Brandes, Rio, SC 599-6(9247), SC 167-14, SC 328, and SC 

748-5 had the type 1 symptoms while TAM 428 had the type 2 symptoms. 

Previously SC 748-5 has been shown to be anthracnose resistant at all 

locations. 



ZONATE LEAF SPOT
 

.Investigations into the disease,zonate,leaf,spot of sorghum, were
 

conducted for a second year, both inthe field and inthe lab. 
 Field
 
research included thescreening of various sorghum lines for resistance to
 
the causal pathogen, GZoeooercoepora aoz'ghi. Observation of disease pro­

gression on various lines throughout the growing season Indicated that
 

disease develops more rapidly on plant material and the effectiveness of
 

the systemic fungicide benomyl as a 
chemical control was confirmed. Also,
 

individual lesion development was observed and measured daily. 
Laboratory
 

research was involved with various factors influencing the survival and
 

gemination of the conidia and sclerotia. 
Such factors included the effect
 

of temperature and relative humidity on the survival of the propagules and
 
the influence of different sorghum exudates on the germination of conidia
 

and sclerotia in the soil.
 

SORGHUM VIRUS PROGRAM
 

At the International Sorghum Disease'Workshop inHyderabad, India in
 

December 1978 the Sorghum Virus Committee composled of R.W. Toler, USA;
 
D.S. Teaxle, Australia; E. E. Teyssandier, Argentina; M. Ricelli, Venezuela;
 

and, S.C. Dalmacio, Philippines developed an international sorghum virus
 

nursery. The nursery is composed of ten lines that have varying degrees
 

of resistance and susceptibility to the sugarcane mosaic virus group which
 

includes the Johnsongrass strains.
 

The inbreds are to be maintained inAustralia by R.G. Henzell and in
 
the U.S. by Fred Miller. 
The nursery will be sent to anyone requesting
 

seed from either Australia or the U.S. International Virus Nurseries were
 

sent to Argentina, Brazil., Colombia, and Venezuela in 1979 from the U.S.
 



22
 

A uniform data collection sheet with procedures for taking notes was developed
 

and 	will accompany each nursery. The nursery is composed of OKY8, Tx 3197,
 

Atlas, Rio, Martin, SA8735, NM31, SC9907, Q7539, and QL 11. The nursery
 

approach to identifying of the viruses is to be backed up by electromicros­

copy, serology, and other techniques.
 

The development of an international nursery was prompted by the recent
 

occurrence of a virus or strain observed in Venezuela that infects and causes
 

disease losses insorghums that have tolerance, resistance, and-immunity
 

to SCMV-J (MDMV) from the U.S. and Australia.
 

At the present we are evaluating the reaction of the differentials in
 

the nursery in the greenhouse to strains A, B, C, E, and F of maize dwarf
 

mosaic virus, brome mosaic virus, and strains A and H of sugarcane mosaic
 

virus.
 

In1979 a Joint study of inheritance of resistance to MDMV using 

mechanical inoculation was conducted with Dr. D. T. Rosenow at Lubbock. 

The inheritance of maize dwarf mosaic reaction involved the following lines 

i6 F1 and F2 combinations: 

1. Martin (TBx398) -	 Tolerant (takes virus but is not affected adversely) 

2. Redlan (BTx378) - Susceptible - Shows "red leaf" necrosis under 
cool temperatures only 

3. 	 Rio deriv (B-SC599 der.) - Susceptible - Shows "Rio reaction" 
(severe stunting and chlorosis (not red leaf, 
not dependent on temperature. Under field
 
conditions, normally only a low percentage of
 
plants show symptoms)
 

4. QL3 -Resistant - Resistant to infection, both natural and artificial.
 

The following has been determined to date:
 

a.: Martin tolerance iscompletely dominant over Redlan susceptibility
 
with a single dominant gene indicated.
 

b. 	 Rio susceptibility is dominant over Martin tolerance and Redlan 
susceptibility with more than one gene indicated. 

c. QL3 resistance iscompletely dominant over all three. May be a
 
single dominant gene.
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DATA SHEET FOR INTERNATIONAL TESTING OF SORGHUM DIFFERENTIAL LINES
 

FOR REACTION TO SUGARCANE MOSAIC VIRUS
 

Country: 
 Cooperator: 
 Address:
 

Locality of 
testing.site: 

Height above 
sea level: 

Temperatures during test: 
Maximum Minimum 

Environment (iftest: 
Glasshouse 
Growth cabinot 
Field 
(Tick one) 

Original host of virus: 
Virus strain: 

Type of inoculation: 
Natural (aphid) 
Manual 
Air-blast 
(Tick one) 

Planting date: 
Date results assessed: 

Line 

OKY8 

Tx3197 

Atlas 

.Rio 

Martin 

YEF x SSK 
Wx SA8735 

%Infection Symptoms (describe and take color photographs) 

Inoculated leaves Systemic symptoms. 

SC0097 

Q7S39, 

QL1 1 

Additional comments: 
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-FUSARIUMHEAD.BLIGHT
 

Fusarium head blight (FHB) occurred on grainsorghum grownthroughout
 

Central and Southern Texas 'in1979. Disease surveys determined that 43%
 

and 91% of the fields in Central and Southern Texas had plants with symptoms
 

of FHB. Weight and size of kernels from FHB panicles were significantly
 

reduced when compared with kernels from normal-appearing panicles. Kernel
 

weights were reduced an average of 12% (ranging from 4 to 22%) in Southern
 

Texas. FHB did not reduce quality of the harvested grain. Based on estimated
 

yield figures, FHB probably reduced yields inTexas by 32 to 72 thousand MT
 

resulting in a 
$3.2 to $7.1 million loss to farmers. FHB occurrence appears
 

to be related to below normal temperatures and above normal rainfall during 

the period following anthesis and, possibly, to above normal temperatures 

and below nomal rainfall during the March-April period. 

GRAIN MOLDS
 

The value of artificial Inoculation for identifying grain mold (GM) 

resistant lines was further substantiated. SC0719, a line resistant to 

grain weathering, appeared fairly susceptible to GM fungi under artificial 

and natural conditions. GibbereZZa fujikuzoi perithecia were found on 

molded kernels of SC0719; the sexual stage of Fuearium moniliforme (FM)
 

may be important inoverseasoring and variation of the pathogen.
 

Histopathological studies were initiated with CurvuZaria Zunata (CL)
 

and FM. Macroscopic observations indicated that the basal area of the
 

floret and kernel isthe area of colonization by FM and that the glumes and
 

pericarp are the colonized tissues with CL. Microscopic observations indi­

cate that the lemma, palea, and l:odicules are the first tissues extensively
 

colonized by:FM and CL (within 5 days after inoculation at anthesis). Fungi
 

proceeded to colonize the developing kernels.
 

<\
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GRAIN WEATHERING (GRAIN MOLD)
 

The 25 entry repiicatea urain Weathering Test (GWT) was planted at
 

nine locations'in Texas in 1979, as well 
as in Mexico, Puerto Rico, Georgia,
 

and Brazil. Significant weathering developed in South Texas. 
 Several lines
 

possess excellent resistance, with two entries (IS9530 and SC650-11E) rank­

ing in the top six. A summary of reactions from Robstown, Beeville, Berclair,
 

and Edna isas follows: 

Designation Rattn / 

SC719-IIE IS7013 der. 1.6 

SC279-14E IS7419C 1.8 

SC566-14E IS7254C 2.0 

1S9530 IS9530 2.1 

SC748-5 IS3553 der. 2.2 

SC650-11E IS3856 der. 2.3 

SC630-IIE IS2856 der. 2.3 

BTx398 (Martin)(check) 2.8 

B2219 (check) 2.8 

CS3541 (check 3.0 

TAN428 (check) 3.1 

Tx2536 (check) 4.6 

]/Rated on 1-5 scale. 
1 - no mold or Weathering, 5 completely destroyed 

SORGHUM QUALITY
 

Sorghums with and without undercoats were grown ;o aetemine changes 

that occur inthe testa and pericarp during maturation of the kernels. 

Tannins in the grain at differing stages were anlyzed by several methods. 

Lines with dominant B1B2 genes had pigmented integuments at or near anthesis.
 

Tannin content was low for all kernels without a testa and for those with
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a 
pigmented testa without dominant spreader,gene., Insorghums with'dominant
 

BIB 2'sthe tannin content expressed as catechin equivalents reached a maximum
 

at about 20 days after anthesis and decreased afterwards but contained
 

significant quantities at physiological maturity.
 

Grain from the 1978 GWT at Corpus Christi and Lubbock were analyzed
 

by the leachette test to relate conductivity ratings to subjective ratings
 

of grain weathering. The samples were badly weathered,and'insect damaged.
 

The variability of the data was so great that the leachette test was of no
 

use. Samples of sound grain with no weathering from India gave repeatable
 

conductivity values but the correlation with observed differences inmold
 

resistance was not encouraging. Samples of grain with no weathering were
 

harvested from the 1979 GWT at Lubbock which will permit a 
good evaluation.
 

LODGING, CHARCOAL ROT, DROUGHT
 

This program in 1979 emphasized resistance to moisture stress during
 

the late,stage of grain development which, in effect, gives drought toler­

ance and results in resistance to lodging.
 

Planted at several locations in 1979 were three lodging tests of breeding
 

lines; a 25-entry Statewide Lodging Test (SLT); a 36-entry Advanced Lodging
 

Test (ALT); and a 49-Entry Preliminary Lodging Test,(PLT). Also planted were
 

two tests to evaluate specifically late season (post-flowering) drought stress
 

tolerance and early season (pre-flowering) drought stress. These were a
 

25-entry Drought Line Test (DLT) and an 81-entry Drought Hybrid Test (DHT).
 

Moderate pre-flowering drought stress developed only at Big Spring and
 

Chillicothe. Severe post-flowering stress developed at both Lubbock and
 

Halfway, resulting in excellent evaluation of resistance to such drought
 

stress. 
Of significance was the outstanding post-flowering drought resis­

tance that SC35 imparted to its hybrids. Also, hybrids involving the lines
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1790E, 1790L, SC56-6, and SC56-14 showed good levels ofdrought tolerance,
 

Post-flowering drought toleranceisexpressed by the plants remaining green,
 

developing grain to normal size, and maintaining good stalk strength.
 

Susceptibility is expressed by premature plant senescence, reduced grain
 

size and grain yield, susceptibility to charcoal rot, and susceptibility
 

to lodging.
 

GROWTH REGULATORS
 

All of the sorghum maturity genotypes identified by Quinby were grown
 

under controlled conditions with a 12 hour photoperiod and growth, develop­

ments, and date of floral initiation determined. Determination of the IAA
 

and ABA levels in these genotypes is in progress. Studies on the hormonal
 

regulation of tillering were completed and at least three groups of sub­

stances, gibberellins, auxins, and cytokinins were implicated in regulation
 

of tillering. A means was devised to promote tillering of plants in the
 

field by simultaneous applications of gibberellins and cytokinins. Work
 

has continued to verify the identity of IAA and ABA from sorghum leaves,
 

and initial work with the gas chromatograph-mass spectrometer has been done.
 

GENETICS
 

Frequency of apomictic seed formation was not increased in F1 progeny
 

of facultative apomicts. A population of apomicttic germplasm is being
 

developed to recombine genes for apomixis from several 
sources. Additional
 

backcrosses were made to introduce the nucleus of TAM428 into A2 cytoplasm
 

and thus produce a cytoplasmic-genic male sterile of TA1428. 
TAM428 is a
 

restorqr in Al (milo) cytoplasm. Each of the new steriles derived in the 

reciporcal crossing program were crossed to B398 to establish isocytoplasmic 

lines for definitive tests. Test-cross progeny of the KS steriles were 

observed in Nebraska and Texas to determine cytoplasmic differences.
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GREENBUG 
A new source of greenbug resistance has been identifiedthatis resis­

tant in the adult plant stage but susceptible in the seedling stager of'plant 

growth. 
Crosses have been made with this line to determine inheritance of
 

the resistance and to combineit with sources previously identified into,
 

one line. This line and a newly developed greenbug resistant "B"line appear
 

to be more resistant to late season drought stress than greenbua resistant
 

lines previously identified.
 

SORGHUM MIDGE
 

Host, Plant Resistance: Based on ratings from previous years, 30 of the
 

resistant converted exotic sorghums were reevaluated in "summary trials in
 

1979. Most of the 30 lines had lower midge damage ratings than the suscep­

tible standard checks except when midge density was extremely high (200-400
 

midge adults/head/day). Mean damage ratings for replications (4)and loca­

tions (4)showed that the following seven converted lines suffered less thar
 

40%seed loss due to sorghum midge: IS7064C, IS 2579C, IS3071C, IS 9549C,
 

IS8233C, IS8231C, and IS 12666C.
 

Most midge resistant lines discovered have been "R"lines and the devel­

opment of good midge resistant "B"lines has been the drawback in the produc­

tion Of hybrids. However, screening trials conducted during 1979 show that
 

progress has been made in the development of agronomically improved midge
 

resistant "B"lines. Of 67 "B"lines screened at Corpus Christi and Beeville,
 

10 lines suffered 35% or less midge damage. The least damaged "B"line
 

received only 12% damage under extremely high midge density. Ina College
 

Station test of a different group of "B"lines only two suffered less than
 

50% midge damage. Resistance isobviously midge density dependent.
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Good progress has been made indeveloping agronomically acceptable midge 
resistance "R"lines and such germplasm has: been released. On 20 "R" lines 
tested inreplicated trials at four locations (37 entries total) one-half
 

of the lines suffered 44% midge damage or less (as little as 25% damage).
 

Susceptible standard checks suffered 78% midge damage.
 

Itisencouraging to see the advancement being made inthe development
 

of midge resistant sorghum hybrids. Hybrid screening trials conducted at
 

four.locations indicated that resistance ismidge density dependent. 
In
 

tests where midge numbers averaged approximately 5/head/day, hybrids suffered
 

little damage. For example, of 65 hybrids screened at Beeville, five hybrids
 
suffered less than 25% damage (some suffered less than 10% damage) while
 

susceptible hybrids suffered from 70-100% damage. 
Some of the least damaged
 
hybrids included: ATx 2761 x TAM 2566, ATx 2757 x TAM 2566, ATx 2753 x 
TAM
 

2566, ATx 2756 x TAM 2566, and ATx 2761 x TX 2374.
 

Biology and Population Dynamics: An understanding of the factors influencing
 

diapause termination isessential to accurately describe the population
 

dynamics of the sorghum midge. 
Inan attempt to elucidate these factors,
 

field collected diapausing larvae were subjected to differing combinations of
 

temperature, photoperiod and humidity inthe laboratory. 
Itappears that the
 

number of hours of daylight within each 24 hour period has little or no
 

effect on adult emergence. Temperature; on the other hand, has a profound
 

influence on the number of midge and the number of days required for adult
 

midge to emerge from diapause. At optimum temperatures of 250 to 300C,
 
adults begin to emerge inas few as 15 days, while a higher and lower
 

temperature, 30 to 40 days are needed. 
Using regression analysis, an emer­

gence threshold was estimated to be 15.30 C. Exposure to high levels of
 

moisture seems to be essential for the termination of diapause. This mois­

ture can be inthe form of free water or as high relative humidity. No
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adults emerged from sample spikelets not subjected to a :prolonger period of 

high moisture conditions.
 

From field studies, overwintering sorghum midge began to emerge from
 

spikelets in soil on April 25 which exactly coincided with the first flowering 

of johnsongrass in the area. The entire emergence period lasted ca. 50 days,
 

with peak emergence on May 15 after which numbers gradually declined and
 

approached zero about June 11.
 

The activity of adult sorghum midge in-relation to emergence of non­

diapausing forms and subsequent oviposition inflowering panicles is an
 

important area of study and is needed in support of host plant resistance
 

studies, planting dates, sampling, and insecticidal control. Several
 

factors influence this activity, i.e., temperature, humidity, radiation,
 

etc. Data collected in 1979 indicate that males emerge 1-3 hours before
 

females. Females mate soon after emergence and migrate to flowering pani­

cles. Males remain swarming around the panicles. Peak oviposition occurs
 

during mid-day inmost cases, but this may be delayed and prolonged on
 

cool, overcast days. On rainy days adult activity and emergence usually,
 

significantly declines.
 

Developmental duration of sorghum midge from egg to adult requires 14 

to 21 days with most developing in17 days during the hot days of summer. 

During cooler periods, development is slowed and itis not uncommon for 20 

to 24 days to be required for eggs to hatch and adults to develop and 

emergej Temperature also effects adult longevity. During hot days 50% 

of both males and females confined in plastic cages had died after only 

7 hours. On cooler days males (50%) lived 10 hours while females (50%) 

lived 24 hours. Inmost cases itappears that females live twice as long 

as males, but seldom more than one day. Consequently, sorghum is attacked 

by a new inf4astation of sorghum midge adults each day. 



At least three species of parasites attack sorghum midge. Total
 

parasitism increases as the season progresses, but the population dynamics
 

of the parasite species differ substantially.' Also, these parasites signif­

icantly influence midge populatidn dynamics; especially numbers of over­

wintering midge larvae.
 

Advanced sorghum midge resistant germplasm, improved for agronomic
 

quality was evaluated during 1,979. PSuimmary" nurseries of four trials were 

screened at at least three locations. Of approximately 200 converted exotic
 

lines, 30 were selected for final evaluation. Likewise, nurseries containing
 

advanced "B"line germplasm and "R"line germplasm and nurseries of these in 

hybrid combination were screened. Data indicated that good progress is being
 

made in transferring midge resistance into good agronomic parental lines and
 

hybrids. Resistance, however, ismidge density dependent.
 

Knowledge of sorghum midge biology and population dynamics has *advanced
 

from studies conducted in 1979. Midge diapause is terminated by exposure of 

la va to favorable temperature and moisture as indicated by bioclimatic 

chamber and field experiments. Adult midge oviposition lags behind adult 

emergence from infested panicles by several hours. 
 Only females migrate to 

flowering panicles after mating with males which remain near the panicle from 

which they emerged. Many factors influence adult midge emergence. Females 

live twice as long as males but longevity for either is usually less than 

one day. Egg to adult developmental time is 17 days, but this increases as 

temperature decreases. At le:st three parasite species attack sorghum midge 

and this greatly influences midge population dynamics'; especially numbers 

of overWintering midge larvae. 

Economic threshold levels for four species of panicle infesting bugs 

were refined during 1979. 'Alternate host plants of these bug species-were

also identified. 
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PANICLE INFESTING BUGS
 

Damage to sorghum seed by four species of bugs was assessed during 1978.
 

Seed. weight and percent gemination generally decreased as numbers of rice 

stink bugs, southern green stink bugs, leaffooted bugs, and conchuela stink
 

bugs per panicle increased. Mean number of feeding punctures per seed and
 

percent punctured seed generally increased as bug populations increased,
 

especially at the highest infestation level. To some extent, weight of
 

damaged seed decreased as the incidence of punctures increased. Damage to
 

sorghum grain was largely due to direct feeding on seed.by bugs, but indirect
 

damage resulted from bugs feeding on panicle stems and rachis branches. Bugs
 

were more injurious to grain in the milk and soft dough stages-ofdevelopnent
 

than'to grain inthe hard dough stage.
 

TROPICAL ADAPTATION
 

In 1979, a 30-entry standardized Tropical Adaptation Yield Test which
 

included both parental lines and an array of hybrids were planted at several
 

international and stateside locations. 
 This array of materials was selected
 

to cover the range ofitems known to have either specific or wide adaptation,
 

as well as a broad base of base metabolic temperature differences. BTx3l97,
 

BTx378, and RTx7000 have high base temperatures and are described as more
 

temperately adapted whereas BTx623, RTx430 and RTAM428 have substantially
 

lower base temperatures and are adapted more to tropical areas producing
 

sorhgum. As previously described, the tropically adapted (TA) sorghums are
 

those photoperiod insensitive types which have the capacity to produce a
 

high and stable yield in short-day and high nighttime temperature areas.
 

Tropically adapted materials have performed extremely wellrin Mexico,
 

Guatemala, El Salvador, Brazil, Tanzania, Ethiopia, Sudan, and Nigeria. 
In
 



1978-79 ATx623 hybrids with RTx430, SC0326-6, 74CS5388, and ADN55 were very­

high yielding. These hybrids were all whiteor cream colored and should be
 

useful for human food. InMexico, the twin seeded TA hybrids under dryland
 

conditions performed most desirably. The hybrids A1399 x SC3541 and ATx623 x
 

SC0326-6 have shown very broad ranges of follar disease resistance inaddition
 

to the high yield and wide adaptation.
 

Further laboratory data have been collected which demonstrates that the
 

variations inbase temperature are heritable. When two diverse llines were
 

crossed (4.6c x 11.5c) the F2 segregation indicated a near normal curve
 

ranging from 5.3°c to 14.8°c base temperatures. These observations were
 

based on 183 observations.
 

It was determined from phenological development studies that the tropi­

cally adahted materials spend proportionally more of their growth time in 

CSl and this isrefTected in higher leaf numbers and substantially higher 

leaf areas. This advantage in leaf area gives the TA plants the ability to 

producerhigher yields inareas of high night-temperature, as they do not 

become 'source limited but rather have sufficient leaf area to supp'y'both 

the plants respiratory requirements and fill the grain as well. 
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INTERNATIONAL TROPICAL ADAPTATION TEST (TAT) - 1979 

Texas Agricultural Experiment Station 
(In Cooperation with USAID - ta-c-1384) 

College Station, Texas 

Year:
 

Location:
 

Plot Number./
Parent 

Katry or Variety Name, Seed Replication
-
No. De6isnation Hybrid Hibrid. Pedigfree Sturce I it III
 

1 Tx3197 P Combine Iafir-80 11 . , 301

2 BTa378 P Redlan a 104 21 309 
3 RTx7000 2, P Caprock 78CS928 106 212 327 
4 BTx623 -J P (B33197 x 1812661)sel. ?a 117 205 326 
5 RTx430 P (Tx2536 x 1512681) eel. 78 114 201 308 
6 RTA 428 P BC of 1312610 13 127 221 325
7 R8810 H AT3197 x RTx707S 125 207 318 
8 ATx378 x RTx7000 H TZ/79 109 220 307
 
9 ATx399 x RT.430 H 
 Warn 112 209 311
 
10 ATx378 x RTx430 H WAC 128 224 316
 
11 ATx623 x RT.430 R Cros/79 125 217 323
12 ATx623 x RWx7006 a 78C.928 121 225 313 
13 ATx622 x RTAR428 H 78CS923 102 204 310 
14 ATx622 x RTx2536 H is (Tx253 ) 78CS857 107 227 305
 
15 ATx623 x SC0326-6 H 1 BC of 183758 10990 110 202 320
 
16 ATx623 x 74CS538i is (S0599-6 x SCOIIO-9)0sl. 1016 105 206 312 
17 ATx623 x SC0599-11K H is 8C of 1817459 (RioT 893 122 213 
18 :-1622 x 76C3388 H i1 (W"2538 x 1312661) eel 1026 103 229 
19 ATx622 x 76CS500 H (Tx414 x SC0120-6)-3-2-2-1-1 1637 108 215 
20 ATx622 x 76CS478 a (Tx414 x SCO108--)-15-1-2-1-1 1610 118 230
21 ATx623 x 76CS490 H (Tx414 x.SCO108- )-15-2-3-6-1-R 1631 115 203 
22 ATx622 x 76CS510 a (Tx414 x SC0120-6)-3-2-2-1-3 77T5046 119 208 302
23. ATxG22 x ADN55 a (8C0120-6 x TOO) eel 78CS1700 123 211 329
24 ATx622 x 76C35274 H Twin Seed, dominant 996 129 226 324 
25 ATx622 x 72T123-1 H Twin Seed, dominant 886 130 216 315 
26 ATx623 x 76C34409 a Twin SraeI, dominant 961 124 219 330
27 A1399 x C33541 a 101 222 304
28 A1399 x 77CS1 3 113 228 322 
29 A1399 x 77CS3 H 116 214 328 
30 A4R x RTx430 a 111 223 314 
31 Local 131 232 331 
32 Local ' 132 231 332 
00 8 gram need per envelope (250-300 epd for 2 short (10-15 feet) or 1 long (20-30 feet)) row. Seed is treated
 

with Captan and Chlordane.
 
j/ This test contains several hybrids (and some parental lines) with good "tropical adAptation".
 

_ Female pedigrees of ATxG22, ATx823 and A1399 is BTx3197 x 8C0170-6(1812661) , AT€399 Is Wheatland, A4R is
A131-406 x Rio). 

3 Please add local varieties or hybrids meaningful to the test. Two hybrids with 50 gram each (ATx399 x RMx430.and Arx378 x RTx430) are enclosed for use as border rows or for use in the tw' open entries if you have no local 
entries.
 

I/ Test should be planted using thes numbers as plot numbers.
 
_/ Please take following data if possible:
 

a. date (days) to flower g. disease ratings on any diseases in test 
b. plant height (and head exxertion) (see rating scheme)
 
c. number of harvested heads h. Insect daumge ratings if occur 
d. threshed grain weight i. grain weathering ratings
 
e. 1.00 kernel weight J. any other sotes such as bird damage, stand ,, e.c. 
f. overall desirability rating (based on yield


and overall adaptation)
 
P/ We normally hand hari'est heads from portions of each plot (as little as 6 feet, 6 tuhes(of 40 it, row) 

- 1/2000 of an acre) 
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Table 7. 	1979 locations of TAES hybrids and lines for yield, adaptation
 
and growth and development evaluations (includes International
 
Tropical Adaptation Trials, yield observations, and variety
 
evaluation).
 

No. No. 
Location trials entries Cooperator 

Brazi.1 1 12 R. Schaffert 

Colombia 1 30 A. Grobman, CIAT 

Egypt 3 30 S. I.Salama 

El Salvador 1 30 R. Clara 

Guatemala 1 295 A. Plant 

Indonesia 1 33 I. S. Suwelo 
Nigeria T 30 H. Van Arkel 

Nigeria 1 30 N. V. Sundaram 

Peru 2 21 M. A. Neciosup 

Somalia 1 6 M. A. Dukseyeh 

South Africa 2 301 H. M. Muller 

Mexico 

Celaya, Guanajuato 1 30 G. Vega 

Culiacan, Sinaloa 1 30 c/o G. Vega 

La Barca, Jalisco 1 225 S. Medina 

Rio Bravo, Tampico 1 30 H. Williams 

Tampico, Tampico 1 30 L. Sottero 

Zacatepec, Morales 1 30 A. Avila 

United States 

Texas: College Station 1 50 F.,. Miller 
Corpus Christi 1 25 L. Reyes 

Dallas 1 25 B. Simpson 

Lubbock 1 25 D. T. Rosenow 

Lubbock 1 50 D. T. Rosenow 

Thrall 1 25 F. R. Miller 
Weslaco 1 50 R. Creelman 

Nebraska: Lincoln 1 25 J. Eastin 

cV) 
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POPULATIONS
 

Population-development in 1979 involved the following populations:
 

1. TP15RB. broad base conversion - released 

2. TP17R - yellow endosperm - third random mating, 

3. TPi8RBI 1 smut-(head) - second radtdom mating- select S*s for 

head,smut evaluation in 1980 

4. TP2ORB - weathering resistant - first random mating following 

selection of half-sibs for weathering resistance from1978
 

random mating
 

5. TP21RB - food type (white or colorless pericarp) -,second random 

mating following selection of SI's for weathering resistance
 

and non-stained grain from Lubbock, 1978 planting of TP21RBO
 

6. TP22RB - leaf disease resistant - fourth random mating - select Sl 's
 

for evaluation in 1980
 

Half-sibs from the low smut population, TP18RB, were inoculated with head
 

-smut to begin a selection scheme based on half-sib evaluation. Remnant seed
 

from resistant half-slbs were bulked for random mating in Puerto Rico during
 

the winter, 1979-80.
 

A new population, TP23B, a B-line population with midge resistance was
 

formed and sent to Puerto Rico for its first random mating during the coming
 

winter of 1979-80.
 

Another new population, TP24R, with white or colorless seed and only tan
 
plants, was 
developed by bulking seed of various lines andbreeding selections.
 

Itwill be random mated inPuerto Rico during.,the winter of 1979-80.
 



Summary of releases* during' 
AID Contracts ta-c-l092 and'ta-c-1384
 

Lines and Germplasm Stocks
 

TAM 428* 

Tx 430 

Tx 431* 

Tx 622 

Tx 623 

Tx 624 

TAM 2566* 

TAM 2567* 

TAM 2568* 

120 converted lines* 

TAM 2574-TAM 2713 

Tx 2714-Tx 2733 

Tx 2734-Tx 2748 

Tx 2749-Tx 2752 

Tx 2753 

Tx 2754-Tx 2761 

Tx 2762-Tx 2781 

ISR-l 


Germplasm Bulks 

TAM Bk-43* 

TAM Bk-44* 

TAM Bk-45* 

TAM Bk-46* 

TAM Bk-47* 

TAM Bk-48* 

TAM Bk-49 

TAM Bk-50 

TAM Bk-51 

TAM Bk-52 


Populations
 

TPlR 

TP8R 

TPll 

TPI5RB** 

PR2BR 


PR4BR 


RSP3BR 


Disease resistant pollinator line - tropically adapted
 
Disease resistant pollinator 'line - tropically adapted
 
Twin-seeded pollinator line
 
Disease resistant A & B line - tropically adapted
 
Disease resistant A & B line - tropically adapted
 
Disease resistant A & B line - tropically adapted
 
Midge resistant line
 
Greenbug resistant yellow endosperm pollinator
 
Greenbug resistant yellow endosperm pollinator
 
Also temperate and tropical bulks
 
Gaines-Karper nursery breeding stock lines
 
Disease resistant zerazera derivative restorer lines
 
Greenbug resistant restorer lines
 
Greenbug resistant A & B lines
 
New cytoplasmic-genic sterile A & B lines (A2 cytoplasm)
 
Midge resistant A & B lines
 
Midge resistant lines
 
Midge resistant R line (cooperative with Brazil)
 

Greenbug resistant B-line bulk
 
Greenbug resistant B-line bulk
 
Downy mildew resistant yellow endosperm zerazera bulk
 
Downy mildew resistant yellow endosperm zerazera.bulk
 
Downy mildew resistant yellow endosperm zerazera bulk
 
Downy mildew resistant yellow endosperm zerazera bulk
 
Downy mildew resistant sudangrass germplasm bulk
 
Downy mildew resistant forage germplasm bulk
 
Maize dwarf mosaic virus resistant germplasm B-line bulk
 
Maize dwarf mosaic virus resistant germplasm R-line bulk
 

Greenbug resistant
 
Midge resistant
 
Twin-seeded population
 
Broad base, conversion lines
 
Day length insensitive, ms3 (cooperative with SEA, AR,
 
MITA, & UPR)
 

Day length insensitive, ms7 (cooperative with SEA, AR,
 
MITA, & UPR)
 

Downy mildew resistant sudangrass germplasm (cooperative
 
Kansas, Texas, and MITA - Puerto Rico)
 

Developed prior to beginning of AID contract, but officially released after
* 
contract started. 

** Released in 1979. 
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INTERNATIONAL SHORT COURSEON BREEDING
 

PLANTS FOR RESISTANCE TO PESTS
 

A short course on breeding plants for resistance to pests was conducted
 

from July 23 to August 12, 1979 for plant,protection specialists and plant
 

breeders from developing countries. The short course was conducted under
 

the Joint-sponsorship of Texas A&M University and the University of Califor­

nia/AID'Pest Management Project. Drs. G. Le Teetes and R. A. Frederiksen
 

served on the Planning and Implementation Committee along with Dr. G. A.
 

Niles and M. K. Harris (chairman).
 

The first phase of the short course (2weeks in Texas, July 23 to
 

August 3) included lectures, laboratory exercises, and field demonstrations
 

of the principles and techniques for breeding cotton, sorghum, rice, corn,
 

peanuts, forage grasses, and certain grain legumes resistant to arthropod
 

and disease pests. The second phase of the shortcourse included participa­

tion in the IX International Congress of Plant Protection, Washington, D.C.
 

(August 5-12).
 

Instruction was by professional plent protection specialists and crop
 

breeders with overseas experience and familiarity with agricultural conditions
 

in developing countries. Subject matter for the workshop included lectures
 

on principles of host plant resistance to pests, the integrated approach to
 

pest management and crop production, economics of pest management, and appli­

cation of plant genetics to breeding for plant resistance. Practical
 

exercises demonstrated techniques for breeding and evaluating plants for
 

pest resistance. Field trips were made to show how insect and disease
 

resistant varieties of cotton and sorghum must be managed on commerical
 

farms to produce maximum profits.
 

A proceedings of the short course lectures will be published.
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SORGHUM WORKSHOP
 

On June 25-26, 1979 a sorghum workshop was held at the Texas A&M
 

Research and Extension Center at Corpus Christi. The workshop provided
 

visiting sorghum research scientists and others representing commercial
 

companies and public institutions from the U.S. and Mexico with an overview
 

of sorghum research being conducted by Texas A&M University with special
 

emphasis on the Coastal Bend region.
 

The workshop was initiated June 25 at the sorghum nursery site near
 

Berclair, Texas where workshop participants heard Drs. R. A. Frederiksen,
 

F. R. Miller, J. W. Johnson, and G. N. Odvody discuss the various research
 

projects contained within the Coastal Bend sorghum nurseries. A tour of
 

the Berclair and Beeville, Texas sorghum nurseries followed with special
 

attention to the insect and disease reactions.
 

On the evening of June 25 a technical papers session was held at the
 

Research Center in Corpus Christi. Staff and graduate students from Texas
 

A&M discussed results of their research on sorghum physiology, breeding,
 

diseases, and insects.
 

Workshop participants toured the sorghum disease nursery at the Perry
 

Foundation, Robstown, Texas on June 26. The nursery included disease
 

research on anthracnose, zonate leaf spot and other foliar diseases, host
 

resistance, cultural and chemical control of sorghum downy mildew, and grain
 

mold and grain weathering research. Participants returned to the Corpus
 

Christi Research Center and toured the Corpus Christi sorghum nursery.
 

On the afternoon of June 26 the workshop concluded with a panel discua­

sion entitled "Environmental Adaptation in sorghum. Sources: Parameters?
 

Limits?" Dr. H. E. Joham, Head of the Department of Plant Sciences, Texas
 

A&M University, acted as moderator. Initial presentations were made by
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panel members Dr. F. R. Miller, sorghum breeder, Texas:A&M University; Dr.
 

R. A. Creelman, sorghum physiologist, Texas A&M University; Dr.Jerry Eastin,
 

sorghum physiologist, University of Nebraska; and Dr..Gene Dalton, Sorghum
 

Research Director, Pioneer Hi-Bred International, Plainview, Texas. After
 

the initial presentations an open discussion was held amongst panel members
 

and all workshop participants. Portions of the sorghum workshop were attended
 

by Or. Perry Adkisson, Vice President for Agriculture and Renewable Resources,
 

Texas A&M University.
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".we find sorghum germplasm from Texas very useful in
 
our breeding program. Breeding materials which have done
 
well and are being widely used in our breeding program are
 
the A&B lines of Tx 622, 623, 624 and recently TS 7701.
 
The R line Tx430 continues to look very promising under
 
our conditions. I feel continuing germplasm exchange and
 
reciprocal visits of staff between our two programs could
 
continue to be mutually advantageous."
 

from a letter written by

Brhane Gebrekidan to F.R. Miller.
 
on June 12, 1979.
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PERSONS REQUESTING AND RECEIVING SEED OF DISEASE AND INSECT
 
RESISTANT SORGHUM LINES OR GERMPLASM IN-1979
 

INTERNATIONAL: 

Argentina: Arnalda, D. E. 
L1obet, F. 
Mustapic, A. H. 
Pacagnini, H. J. 

Australia: Hare, B. W. 
Henzell, R.G. 

Bangladesh: Auch, D. 
Brazil : Borgonovi, R.o 

Fonseca, J. N. L. 
Giacomini, F. 
Rossetto, C.J, 
Schaffert, R. 

Canada: MaJor, David J. 

Egypt: Salama, S. I. 

El Salvador: Andrews, K. L. 
Clara, R. 

Ethiopia: Gebrekidan, B. 

France: Cogat, M. 
Kaan, F. 

Honduras: Peairs, F.B. 

India: House, L. R. 
Jotwani, M. G. 
Mehra, K. L. 
Narasimhamurty, K. 
Nath, Bhola 
Prasada, M. N. 
Rao, K. E. P. 

Indonesia: Suwelo, I.S. 

Japan: Hoshino, T. 

Kenya: Dabrowski, Z. T. 
Pinto, F. 

Korea: Kim, S. K. 

Malawi: Beck, B. D. A. 
Manda, R. B. 

Mexico: 	 Aranza, E.
 
Camplis, J. V.
 
Guiragossian, V.
 
Santiago, Median D.
 

Nigeria: 	 Sundaram, N. V.
 

Peru: Neciosup, M.
 

Philippines: Dalmacio, S. C.
 

Senegal: Chantereau, J.
 
Gahukar, R.T.
 

South Africa:Muller, H. M.
 

Tanzania: Mukura, S. Z.
 

Thailand: Samphantharak, K.
 

Upper Volta: Bonzi, S. N.
 

Uruguay: 	 Artola, A. P.
 

Venezuela: 	 De Cordova, 0. R.
 
Riccelli, M.
 
Romero, F. T.
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U.S. PRIVATE BREEDERS:
 

ACCO Seed 

Asgrow Seed Co. 

Battelle 

Cargill, S. A. 

Coffey Seed Co. 

Cokers Ped. Seed Co. 

Conlee Seed Co. 

Crosbyton Seed Co. 


Kramer, N. W.
 
Wilson, J. M.
 
Kidd, G.
 
Barberia, C.
 
Coffey, L. C.
 
McDonald, Lynn
 
Lacy, M. D.
 
Boardman, N. R.
 

DeKalb AgResearch, Inc. Lambright, L., Maunder,:A. B.;
 
Funk Seed International Rogers, Rod
 
Gold Kist Inc. 

Growers Seed Assoc. 

Harpool Seed Co. 

NC+ Hybrids 

Northrup King Co. 

PAG 

Pioneer Hi-Bred Int. 

Ring Around Seed 

Taylor-Evans Seed 

Texas Triumph Seed Co. 

WAC Seed Co. 

Weather Master Seeds 

R. C. Young Seed Co. 

7700, Inc. 


U.S. PUBLIC BREEDERS:
 

University of California 

University of Georgia 

Iowa State University 

Kansas State University 

Mississippi State University 

University of Nebraska 

Oklahoma State University 

Purdue University 

Texas A&M University 

Texas Tech University 

USDA, SEA-AR, New Orleans, LA 

USDA, SEA-AR, College Stn. TX 

USDA, SFA-AR, Florida 

Arizona 

Arkansas 

California 

Colorado 

Georgia 

Kansas 

Nebraska 

Texas 


Glueck, James
 
Nelson, Mike
 
Dean, L.
 
Foster, J. H.
 
Sidwell, Riymond
 
Berry, C.U. 
Kidd, H. L., Faber, Joe
 
Elsworth, R. L.
 
Allison, James
 
Koepp, Noble
 
Ramey, Payton
 
Greenley, K. L.
 
Arnold, Keith, Melton, H. L.
 
Longoria, J.
 

Worker, G. F.
 
Duncan, R. R.
 
Atkins, R. E.
 
Claflin, L., Mize, T. Kissel'V0
 
Gourley, Lynn
 
Ross, Bill
 
Weibel, D. E.
 
Axtell, John
 
Hossner, Mustain, Vietor, SullivanL'
 
Rao, Arelli; Clegg, Max,
 
Neucere, Joe
 
Bashaw, E.C.; Craig, J.
 
Chourey, P.S.
 
Dobrenz, A.
 
York, J.
 
Worker, G.
 
Hinze, Greg
 
Duncan, R.
 
Hackerott, H.
 
Clark, R.B.; Eastin, J.
 
Reyes, Lucas
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PERSONS REQUESTING AND RECEIVING SEED OF TAM Bk-51 and TAM Bk-52
 

U.S. PRIVATE BREEDERS
 

ACCO Seed Company Plainview, Texas
 

Asgrow Seed Company Plainview, Texas
 

Conlee Seed Company Waco, Texas
 
Coffey Seed Company Plainview, Texas
 

Coker's Pedigreed Seed Lubbock, Texas
 

Continental Grain Company Chicago, Illinoi
 

Crosbyton Seed Company Crosbyton, Texas
 
DeKalb AgResearch Glenvil, Nebraska
 

DeKalb AgResearch Lubbock, Texas
 

Funk Seeds International Lubbock, Texas
 

Gold Kist Ashburn, Georgia
 

Growers Seed Association Lubbock, Texas
 

Harpool Seed Company Denton, Texas
 

Hoegemeyer Hybrids Hooper, Nebraska.
 

Land O'Lakes Webster City, Iowa
 

NC+ Hybrids Hastings, Nebraska
 

Northrup, King & Co. Eden Prairie, Minnesota
 

Northrup, King & Co. New Deal, Texas
 

P-A-G Seeds Lubbock, Texas
 
Pacific Oilseeds Woodland, California
 

Pioneer HI-Bred International Plainview, Texas
 
Ring Around Research Plainview, Texas
 

Taylor-Evans Seed Company Tulia, Texas
 

Texas Triumph Seed Company Ralls, Texas
 

WAC Seed Company Hereford, Texas
 

George Warner Seed Company Hereford, Texas
 

R. C. Young Seed & Grain Lubbock, Texas
 

U.S. PUBLIC BREEDERS
 

University of Nebraska W..M. Ross
 

INTERNATIONAL BREEDERS
 

Pacific Seeds Australia
 

SARH INIA CIAN Mexico
 

C) 
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PERSONS REQUESTING AND RECEIVING SEED OF TP 15RB8 

U.S. PRIVATE BREEDERS
 

Continental Grain Company Chicago, Illinois 
Hoegemeyer Hybrids Hooper, Nebraska 

Land O'Lakes Webster City, Iowa 

NC+ Hybrids Hastings, Nebraska 

P-A-G Seeds Lubbock, Texas 

Taylor-Evans Seed Company Tulia, Texas 
Texas Triumph Seed Company Ralls, Texas 

WAC Seed Company Hereford, Texas 

R. C. Young Seed & Grain Lubbock, Texas 
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INTERNATIONAL VISITORS
 

to the
 
Texas Agricultural Experiment Station and-Its-Personnel
 

NORTH-AMERICA 


Mexico: 


•Chaudhary, Hans R.. 

Garza, Jose
 
Ramos, Guillermo Federico 


Guatemala: 


Plant, Albert N.
 

Cuba:
 

Castro, Luid Lago 


SOUTH AMERICA 


Argentina: 


Casagrarnde, Miguel 

Mendez, Federico
 
Scantamburlo, Jose L. 

Scheidl, Guillermo H. 


Brazil: 

Borgonovi, Fenato Antonio 

Fernandez, Nelson Gimenes 

Giacomini, Fredolino 

Schaffert, Robert 


Venezuela: 


Calabria, Jose Miguel 

Giral, Helio Campos

Moros, Atilio A. H. 

Suarez, Antonio
 
Taborda, Felix 


EUROPE
 

England:
 

McNeil, D.:
'G.
 

France:
 

Kaan, Francois
 

ASIA
 

China:
 

Botian, Li
 
Jiusi, Zhu
 
Ke, Fu
 
Qisheng, He
 
Silin, Tang
 

India:
 
Gill, S. S.
 
Nath, V. Ravindra
 
Ragnunathan, V.
 
Reddy, K. V. Seshu
 
Sahni, V. N.
 
Sant, M. V.
 
Seetharama, N.
 
Williams, Robert J.
 

Japan:
 

Hoshino, Tsuguhiro
 

Nepal:
 

Pickett, D.R.
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AFRICA
 

Ethiopia: 
Brahani, Dr.
 
Gebrekidan, Brhane
 

Guinea-Bissau:
 

Barbos, Ahala Zamora
 
Da Silva, C. S.
 

Nigeria:
 

Sundaram, N. V.
 

Somalia:
 

Duksiyeh, M. H.
 
Oule, A. A.
 
Fardi, A. J.
 

Sudan:
 

Ali, Mahmoud
 

Upper Volta:
 

Nacro, Mouhoussine
 
Quattara, Karamokotie'Boura
 
Suchet, L. Louis
 
Togyeni, Yembila A.
 

Zambia:
 

Kapooria, R. G.
 

South Africa:
 

McOmie, J. B.
 
Rensburg, N. J.
 
Cowie, Trevoa
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SUMMARY TRIP REPORTS
 

CHINA
 

The following are observations of Dr. Frederick R.Miller, member of
 

the:U.S.,Germplasm Team, August 13, 1979 to September 13, 1979, Inthe
 

People R'Republic of China.
 

The mission of the United States Germplasm Team was to study and arrange
 

for the exchange of germplasm with the People's Republic of China. Those
 

crops to be considered were soybeans, sorghum, millets (setaria) and vege­

tables. Research scientists in both countries share the belief that plant
 

germplasm provides the foundation for a productive agriculture both nowand
 

into the future, and that both countries as well as other peoples will
 

benefit from cooperative exchanges of such gernplasm.
 

The team was very well received throughout China where we travelled.
 

Research scientists, especially agronomists and plant breeders, were avail­

able to each institute that was visited to explain the respective programs
 

and to discuss exchange of germplasm. Each breeder or commodity worker gave
 

a general statement of the magnitude of each program including data on ranges
 

of diversity of specific traits. The breeding programs were very much
 

similar to those of the U.S. or other areas, especially in their objectives.
 

These were given as higher yields, disease and insect resistance, and some
 

attention to quality or end use characteristics. Discussions generally
 

centered on the amount of diversity, its collection, maintenance, use-and
 

exchange. There was particular attention given to the commodities which
 

did not originate inChina or where major improvement had been made in the
 

U.S. 

Broadly, diseases were not a major problem'except in certain commodities
 

such as viruses on tomatoes, peppers and in some areas on maize and sorghum.
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Head smut of maize was observed in the Northern areas of Liaoning Province
 

and c L There were problems with insects but the
omnon smut below Beijing. 


breeders were vigorously looking for host resistance. Head smut of sorghum
 

and loose kernel smut were present as well as MDMV.and in some areas there were
 

yield reductions associated with them.
 

Arrangements were made to make contacts for seed through Dr.George
 

White's office - Dr. George White, Plant Introduction Officer, Building 101,
 

Room 322, BARC-West Gemplasm Resources Laboratory, Beltsville, MD 20705.
 

As seed becomes available, itwill be distributed to anyone who wants it.
 

Similarly, requests for seed from China $hould be directed to Dr. White,
 

who will coordinate and assist in routing the requests to the correct Chinese
 

scientists.
 

Those persons especially concerned with sorghum are as follows:
 

1. Xu Yun-Tain, Deputy Director of the Crop Germplasm Institute
 
Chinese Academy of Agricultural Sciences
 
Beijing, People's Republic of China
 

2. Yen Shi-Sheng, Associate Researcher, Sorghum Breeder
 
Agricultural Academy of HeilungJiang Province
 
Harbin, People's Republic of China
 

3. Kou Xin-San, Senior Researcher inSorghum
 
Henan Provincial Agricultural Academy
 
Zhenzhon, Henan, People's Republic of China
 

4. Chen Bao-Chin, Head, Sorghum Laboratory
 
Northwest Water Conservation Institute
 
Shaanxi Provincial Agricultural and Forestry Academy
 
Wu Kung, Shaanxi, People's Republic of China
 

5. Mrs. Chang Xie-Ning, Sorghum Researchor
 
Shandong Provincial Agricultural Academy
 
Jinan, Shandong, People's Republic of China
 

6. Chao Kal-To, Sorghum Breeder, Director of Crop Breeding Institute
 
Liaonlng Provincial Agricultural Academy
 
Shenyang, Liaonlng, People's Republic of China
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GUATEMALA
 

During May 15 to 18, 1979,'Dr. Jerry W. Johnson, Mr. James Phillips,
 

and Dr. George L. Teetes traveled inGuatemala to evaluate sorghum midge
 

resistant sorghums. Seedfor these nurseries had previously been sent to
 

Dr. Albert Plant,. USAID, Sorghum Program Coordinator. The nurseries were
 

planted on the CuyutaExperiment Station of the Instituto De Ciencia y
 

Tecnologia Agricola (ICTA). The Cuyuto Experiment Station is south of
 

Esquintla which is 55 kilometers south of Guatemala City.
 

Most of the time was spent in the nursery at Cuyuta. A sorghum midge
 

resistant sorghum hybrid test was evaluated. The test contained 25 entries
 

with four replications. The agronomic qualities of the hybrids were good
 

and the resistance level comparable to that observed in the USA. Sorghum
 

midge density was less than desired, but appeared to be adequate for the
 

second planting which was just past flowering at the time of our visit. One
 

of the technicians at the Cuyuta Station, Ing. Edgar Oliva, assisted in
 

rating the midge resistant hybrid test. He will rate the later planted test
 

and is certainDly qualified to do so.
 

Over 500 selections were made in 750 rows of sorghum breeding material.
 

Selections were made in F2 and F3 generation material segregating the midge
 

resistance and agronomic quality. Most of the material in the nursery looked
 

extremely good under Guatemalan conditions in this "off season" planting.
 

Especially encouraging was the quality and yield potential of several midge
 

resistant B-lines. It is hoped that Dr. Plant will begin the process of
 

sterilizing these B-lines as rapidly as possible.
 

Much of the yellow endosperm material derived from AF-28'x Tx 2536
 

types had weathered poorly. However, the midge resistance level of AF-28
 

looked good, but the line is far too tall.
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This nursery allowed the opportunity to make some decisions concerning
 

which A-lines to use in future midge resistant hybrids. Special attention
 

was given to white seeded sorghum since much of the sorghum inGuatemala will
 

be destined for human food.
 

Three technicians from the Cuyuta Station observed the selection process.
 

They were Ing. Jorge Fuentes, Ing. Victor Salguero, and Ing. Hector Villedo.
 

Each of these men appeared well trained, interested, and enthusiastic. It
 

is apparent that Dr. Plant has spent a considerable amount of time with
 

these young men.
 

Itwas encouraging to note the progress that the Texas sorghum material
 

has made inregard to tropical adaptation. Much improvement has been made
 

in the last two years and sorghum yield potential in Guatemala is extremely
 

good. Sorghum midge resistant sorghums would certainly add to the stability
 

of yield inthat country.
 

After evaluation and selection in the nursery was completed, a tour was
 

made into the southern, drier areas of Guatemala toward the Pacific Coast.
 

The tour was made to observe local sorghums and production techniques. In
 

the area, most of the small farmers had already planted sorghum and it looked
 

extremely good. Recent rains had provided ideal growing conditions. The
 

"rainy" season had Just begun. The tour took us through Taxisco and
 

Chiquimuililla and back to Guatemala City.
 

InGuatemala City, we had the opportunity to confer with Dr. Carl Koone,
 

Rural Development Officer for the local USAID Mission, and Clem Weber, Assis­

tant Rural Development Officer. The cooperative (Texas-Guatemala) sorghum
 

research activities were reviewed. Itwas apparent that these activities
 

are mutually beneficial-and should continue. Dr. Koone was interested in
 

the Sorghum/Millet Title XII project. He was brought up to date on recent
 

developments and prospects.
 



MEXICO 

From July 10.to July,14, 1979,iVictor Bozzuffi travelled in Northern
 

Mexico to observe USDA/APHIS disease monitoring plots and to establish
 

contact with local sorghum workers. Cooperative research activities were
 

discussed with personnel at the Agricultural Research Station located in
 

Rio Bravo Tamaulipas. Among those considered were chemical control of
 

as germplasm
sorghum diseases (sorghum downy mildew and rust) as well 


exchange.
 

The remainder of the trip was spent observing disease monitoring plots
 

installed at Bio Bravo, Zaragosa and Matamoros, Coahuila and Apodaca,
 

Nuevo Leon. All diseases (grey leaf spot, sorghum rust, MDMV, zonate leaf
 

spot, rough spot, and head smut) had previously been reported in Texas.
 

Commercial sorghum growers were in the midst of harvesting operations,
 

yields being good to excellent (3-4 tons/hectare) due to favorable weather
 

throughout the growing season.
 

Contacts were made at Rio Bravo with Ing. EnriqueCalles, station
 

director and Ings. Rodolfo Giron and Julio Aguirre, pathologists. At the
 

Zaragosa station contact was made with Dr. Raul Flores and Ricardo Lozano,
 

station director and pathologist, respectively. Contact was also made
 

with Ing. Victor Manuel Valdez, Matamoros station director, and Dr.
 

Teodoro Herrera, pathologist. At the Univers.ity of Nuevo Leon a brief
 

summary on sorghum diseases and our activities inMexico to graduate
 

students inplant pathology was shared with Ing. Ciro Valdez and Dr. Jose
 

de la Garza.
 

From August 17 to August 19, 1979, Victor Bozzuffi travelled to CIMMYT
 

He met with Dr.. Vartan'Guiragossian,
headquarters at El Batan, Mexico. 


ICRISAT sorghum breeder stationed at CIMMYT. A tour was made of
 

AID 
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Dr. GuiragOssianss upland (high elevation) nursery'wherehe isselecting
 

for cold tolerant, early maturing genotypes. This was followed by a trip
 

to Poza Rica, Veracruz to observe lowland nursery material. Specific
 

screening at Poza Rica includes army worn and stem borer resistance, food
 

types, as well as disease resistance (foliar and grain mold). Objectives
 

here include selection of breeding lines with wide adaptation to tropical
 

and subtropical conditions.
 

From September 2 to 8, 1979, a follow-up trip was made to CIMMYT at
 

El Batan to observe-and evaluate disease reactions of sorghum breeding 

material at Poza Rica. Cercospora sorghi, Puccinia purpurea, and Gleocer­

cospora sorghi were the evident foliar pathogens while species of Curvul­

aira, Fusarium, Olpitrichum, Phoma, and Penicillium were found in abundance
 

on the grain. Mold due to the latter organisms was extremely severe while
 

few entries manifest significant levels of resistance. Among those with low
 

(1.2-1.5 on a 1-5 rating scale) were M36368, M36285, 1319A x CS3541, 1319A
 

x 77CS1, ATx6ll x GPRl48, 1778A x GPRl48, SCl70-14-1, (IS145 x SC3541)-29­

1 L.P., CENTA S-1-76-1.
 

Material was selected based on plant type, desirability, disease resis­

tance, etc., which will be included in a tropical sorghum yield trial to
 

be distributed to cooperators in Central and South America. Lines with
 

wide adaptation will subsequently be returned to CIMMYT for further crossing
 

to enhance that particular character.
 

From September 23 to September 25, 1979, October 9 to October 11, 1979,
 

and November 26 to 30, 1979, Victor Bozzuffi travelled to Guadalajara,
 

Jalisco. Contacts were made with local seed company representatives as
 

well as INIA sorghum workers in install chemical control plots for sorghum
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rust, Applications were made during the first tw6 visits while harvesting
 

and final 'evaluationswere made duringthe final trip at which time a
 

disease survey was conducted In the Cienaga;region.
 

Results obtained from the test plots 'failedto indicate differences
 

between treated and untreated entries. Disease pressure was severe in the
 

area and as a result itwas concluded that the product offered no control
 

of the organism. Further studies may possibly be made at a future date.
 

INIA workers were involved in the project and will be encouraged to assume
 

leadership now that the proper techniques have been established.
 

A disease survey of the Cienaga region (approximately 95 km southeast 

of Guadalajara) revealed a widespread incidence of sorghum leaf blight. 

Actual damage could not be accurately assessed due to a severe drought 

throughout most of the central sorghum production region. Losses in some 

areas are estimated at more than 50% of potential yield which in optimal 

years can reach 9 to 10 tons per hectare. 

Restricted outbreaks of sorghum rust were also encountered, however,
 

they appeared to be much less damaging than those due toleaf blight. All
 

production fields visited were found-to be infected with sorghum downy
 

mildew although the incidence was variable among the locally grown hybrids,
 

ranging from a trace to 15% infected plants. Grey leaf spot, bacterial
 

stripe and head smut were also observed although their incidence was
 

considered minimal.
 



BRAZIL
 

From February 7 to February 17,1979, M. A. Pastor-Corrales travelled
 

to Brazil to conduct a disease evaluation, with emphasis on anthracnose, of
 

the TAES nurseries planted in some of the sorghum growing areas of Brazil.
 

Dr. Robert Schaffert, Sorghum Project Leader and Sorghum Breeder for the
 

Brazilian Corn and Sorghum National Project (SNPMS/EMBRAPA) was incharge of
 

the nurseries and coordinated the trip. F.T. Fernandes and N. de Almeida
 

(sorghum pathologists) and R.A. Borgonovi and F. Giacomini (sorghum breeders)
 

assisted with my visits to the field.
 

I arrived at the Corn and Sorghum National Research Center located in
 

Sete Lagoas, M. G. on February 7, 1979. The following day I departed for
 

Riberao Preto, S. P. where I evaluated some of the Brazilian National Sorghum
 

Trials. Sorghum germplasm from the TAES has been incorporated in some of the
 

sorghum lines tested here. The following nurseries were evaluated: The
 

Sweet Sorghum National Trial (ENSS), The Grain Sorghum National Trial (ENSG),
 

and the qommercial Grain Sorghum National Trial. Anthracnose was present
 

throughout the fields and several lines and hybrids susceptible to the anthrac­

nose pathogen were severly attacked by it. Some of the sorghum material which
 

is resistant to anthracnose in the United States was susceptible here, ie.,
 

sorghum lines Rio and Wiley. Brandes, a sorghum line from the U.S. and its
 

progeny were very resistant to anthracnose. InSao Paulo I also visited the
 

sorghum field of Sementes Contibrazil Ltd., a seed company located in Cravinho.
 

Much of their concern inthis company is the incorporation of resistance in
 

sorghum to anthracnose.
 

On February 12 I returned to Sete Logoas where I evaluated the Interna­

tional Disease and Insect Nursery (IDIN), The Converted Line Anthracnose
 

Test (CLAT), and the National trials for sweet and grain sorghum, and the
 

Sorghum Disease National Nursery. Anthracnose was more widespread and
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severe here, due perhaps to environmental conditions (lots of rain and
 

humidity) very conducive to anthracnose development. Here, again, some of
 

the U.S. resistant sorghum lines were severly attacked by the anthracnose
 

pathogen [TAM428, BTx624, SCllO-14, SCll2-14, SC170-14, SC173-12, SC175-14,
 

SC237-14, SC599-6(9247) and SC598-IlE]; however, some of the traditionally
 

U.S. susceptible lines were not attacked (BTx398 and QL3). Some other 

diseases observed were: gain molds (Fuaarium sp., CurvuZaria sp.), rust 

(Puccinia Purpuwea), zonate leaf spot (Gloeooereoapora8orghi) and sheath 

blight (Sclerotiwn roZfeii).
 

bj
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FUNGAL ANTAGONISM AMONG FOUR SORGHUM GRAIN MOLD FUNGI: IMPORTANCE;,OF
 
SCREENING PROGRAMS I II : .
 
L. L. Castor, R.A. Frederiksen, K. N. Rao, and R. J. Williams
 

ABSTRACT,
 

During the 1978 rainy season, 10 Indian grain sorghum lines were grown
 

at ICRISAT Center, Hyderabad, India. Heads were inoculated at flowering
 

with spores of Fusariwn moniliforme (FM), Fusariwn semiteotw (FS), Curvu­

laia Zunata (CL), and mixtures of FM-FS (F), and FM-FS-CL (FC). Phoma
 

aorghina (PS) occurred naturally on the grain and was uniformly distributed
 

throughout the experimental nursery. Data were taken during grain:develop­

ment and on harvested grain to determine the relative importance and inter­

actions of the 4 fungi. FM and CL were more damaging than FS. FM and CL
 

reduced moisture content, weight, size, and germination of the kernels.
 

FM and CL increased percent molded kernels while FM increased pre-harvest
 

sprouting. FS caused little or no damage compared with the controls.
 

Damage was less with F and FC mixtures indicating an antagonistic interaction
 

with FS. Inoculating with FS at flowering protected the developing grain
 

from FM and CL through harvest. Significantly greater PS occurred on the
 

uninoculated grain compared with grain from fungal inoculated heads. Natural
 

FS inoculum may interfere with the expression of susceptibility to FM and CL
 

in screeing programs. FM, FS, and CL appear to interfere with the expression
 

of susceptibility to PS. Resistance to FM, CL, and PS seems to be polygenic
 

and independent.
 

1979. Proc. IX International Congress of Plant Protection. #150
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
 



62
 

SCREENING FOR STRESS TOLERANCE INSORGHUM
 
L. E. Clark, D. T. Rosenow, and A.. J. Hamburger
 

ABSTRACT
 

Grain sorghum lines and hybrids with early seasohnstress tolerance were
 

identified intests at Chillicothe, Texas in 1978. Sorghum was under mois­

ture stress compounded by extremely high temperatures from planting through­

the flowering stage. These conditions resulted in stress symptoms ranging
 

from extreme leaf rolling, bleaching of leaves, leaf firing, blasting of
 

panicles, and delayed flowering. Subsequent rainfall during the following
 

flowering permitted those plants which more effectively tolerated the early
 

stress to respond favorably and produce yields inexcess of 4500 kg/ha.
 

Hybrids that flowered in 70 days or less were among the highest yielding,
 

but some exceptions existed. Some hybrids that flowered in 75 to 85 days
 

tolerated early stress and responded to mid and late September rains.
 

Another important factor associated with adaptation of hybrids to these
 

conditions was the rate at which grain drying occurred during October.
 

Grain from many of the higher yielding hybrids was less than 15% moisture:
 

at harvest compared to values greater than 20% for other hybrids.
 

,1979. Proc. l1th Biennial Grain Sorghum Res. and Util. Conf. p. 52.
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/t-a-c 1384 entitled Development of Improved

High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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THE QUANTITATIVE RELATIONSHIP OF SPHACELOTHECA REILIANA TELIOSPORES AND
 

INFECTION OF MAIZE HYBRIDS AND INBREDS
 
J. H. Foster and R.A. Frederiksen
 

ABSTRACT 

The relationship of the number of Sphaaelotheca;r''Zimateliospores 

and infection of maize hybrids and inbreds was investigated using sterilized. 

soil selected from fields with a history of maize head smut and without'a
 

history of head smut. Teliospores were harvested from smutted plants and
 

sifted through a #400 mesh screen. Teliospores were added to the sterilized
 

soil with a history of head smut for a 10-1 dilution (1 part teliospores to
 

10 parts soil on volume to volume ratio). Serial dilutions were made through
 

a 10-10 dilution. Susceptible maize hybrid P3369A and inbreds SC229, C123
 

and LH20 were used to determine the relationship between densities of
 

teliospores and incidences of head smut. The resulting infection levels
 

demonstrated a linear relationship between the number of teliospores present
 

and the infection percentages (r= -0.9642). When a soil without a previous
 

history of head smut was used, significantly fewer infections occurred in
 

P3369A. This was interrupted as a fungistasis action in the soil without a
 

previous history of head smut. There was no significant difference between
 

the 10-1, 102, and lO 3 dilutions probably because of teliospore saturation.
 

Significant differences for percent infection occurring at the selected
 

dilutions demonstrated that there were differences in the relative suscepti­

bility of the three inbreds.
 

1979. Proc. IXInternational Congress of Plant Protection. #534
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved

High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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EFFECT OF NIGHT TEMPERATURE ON PHENOTYPIC PERIODSAND YIELD COMPONENTS OF
 
GRAIN SORGHUM
 
J. R. Gipson, J. W. Johnson, and D.T."Rosenow
 

ABSTRACT
 

A temperate hybrid'(R S 1671 an&'a tropical ly adapted hybrid (A Tx,623 x Tx 430) 

were grown from emergence to maturity under 14 and'22 C night temperature regimes 

in the field growth chambers in 1977 and 1978. In addition, night temperature 

control was maintained from emergence to bloom on RS 671., A Tx 623 x Tx 430, and 

RS 610 in 1977 and on the same three plus A Tx 378 x Tx 430 in 1978. Of the three 

phenological periods, emergence to panicle initiation (GS-1), panicle initiation 

to bloom (GS-2), and bloom to maturity (GS-3), the greatest temperature response 

occurred in GS-2. Although length of both GS-1 and GS-3 were modified by temper­

ature, the overall effect was not as great as in the GS-2 period. Of the cultivars 

studied, the tropically adapted hybrid, A Tx 623 x Tx 430, was the least sensitive 

to temperature, while the temperate hybrid, RS 671, was the most temperature sensi­

tive. There were no temperature effects on yield components when treatments were 

terminated at bloom, but temperature effects were apparent when treatments were 

imposed from emergence to maturity, with number of seed/head and wt. of seed/head 

reduced at the higher temperature. 

1979. Agronomy Abstracts p. 88.
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/t-a-c 1384 entitled Development of
 
Improved High Yielding Sorghum Cultivars with Disease and Insect
 
Resistance.
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INFLUENCE ON NIGHT TEMPERATURE ON PHENOTYPIC PERIODS ANDYIELD COMPONENTS OF
 
TEMPERATE AND TROPICALLY ADAPTED TYPES
 
J'. R. Gipson, J.W. Johnson, and D.T. Rosenow
 

ABSTRACT
 

Night temperature regimes of 14 and 22 C
were imposed on temperate and
 

tropically adapted sorghum hybrids growing in the field in 1977 and 1978.
 

Temperature control was maintained on a temperate hybrid (RS 671.) and a trop.
 

ically adapted hybrid (ATx 623 x Tx 430) from emergence to maturity each
 

season. Inaddition, temperature control was maintained from emergence to
 

bloom on RS 671, A Tx 623 x 
Tx 430, and RS 610 in 1977, and on the same three
 

plus A Tx 378 x Tx 430 in 1978.
 

The two year average shows that of the three phenological periods, the
 

greatest temperature response occurred inGS-2, i.e., 
from panicle initiation
 

to 50% bloom. GS-1 was lengthened by 3 days, while GS-2 was lengthened by 5
 

days by the cold night temperature. Of the three cultivars studied, the trop­

ically adapted hybrid, A Tx 623 x Tx 430, was least sensitive to temperature,
 

while the temperate hybrid, RS 671, was the most temperature sensitive.
 

There was no temperature effect on yield components of plants when tem­

perature treatments were imposed from emergence to bloom, but temperature 

effects were apparent when treatments were imposed from emergence to maturity. 

In the latter case, number of seed per head were reduced by an average of 19% 

and 18% respectively, with an increase in night temperature from 14 to 22 C. 

Of the two cultivars receiving season-long temperature control, RS 671 showed 

greater reduction in seed per head under high temperature than A Tx 623 x Tx 430,
 

but there was little difference between the two hybrids on seed weight per head. 

1979. Proc. llth Biennial Grain Sorghum Res. and Util. Conf. p. 22-23. 

Research supported in part by the United States Agency for International 
Development through Contract AID/Ta-c-1384 entitled Development of Improved

High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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CHARACTERIZATION OF SORGHUM WITH RESISTANCE TO PREHARVEST 'GRAIN DETERIORATION
 
J. A. Glueck, L.W. Rooney, and D. T. Rosenow
 

ABSTRACT
 

The grain of several non-brown sorghum lines (SC 279-14E, SC 566'14,
 

SC 748-14, and SC 630-11E and Martin) have been identified as resistant to
 

preharvest microbial deterioration. Only one non-brown line (SC 630-11E)
 

was identified as resistant to preharvest sprouting. More resistant lines
 

have an intermediate to corneous endosperm and require less time to reach
 

physiological maturity (the grain develops and dries rapidly). In addition,
 

alterations in the cellular structure and organization in the hilar and
 

stylar areas, more complete coverage of the seed by surface wax, and glume
 

shape affect water uptake and movement in resistant grain.
 

Water enters the sorghum kernel through the pericarp primarily in the'
 

hilum and stylar areas of the kernel. The rate of water uptake and movement
 

is affected by structural differences of the kernel. Lines or varieties with 

higher proportions of floury endosperm and/or a thick mesocarp appear to have
 

increased rates of water movement into the kernel. Water uptake and movement 

in the kernel appears closely related to field grain deterioration resistance 

and processing properties of sorghum grain. Sorghum lines or cultivars with 

more rapid water uptake and movement seem more accessible to microbial attack 

and suffer more rapid loss or integrity when subjected to conditions favoring 

deterioration or germination. 

1979. Proc. llth Biennial Grain Sorghum Res. & Util. Conf. p. 44-45.
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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MANAGEMENT TACTICS FOR THE SORGHUM WEBWORM IN SORGHUM
 
J. R. Hobbs, G. L. Teetes, J. W. Johnson, and A.:L. Wuensche
 

ABSTRACT
 

Damaging infestation levels of CeZam eorghiel (Riley) were avoided
 

by early planting of sorghum. 3orghum planted by April 1 and flowering
 

before June 20 inthe Coastal Bend of Texas, and sorghum planted by April 10
 

and flowering before July 1 inSouth-Central Texas escaped damaging infesta­

tions of sorghum webworm.
 

Sorghum panicle type (open vs. compact) ratings and sorghum webworm
 

2 - 0.8). Data showed that
infestation levels were positively correlated (r


as sorghum panicles increase in compactness, sorghum webworm densities also
 

increase. There was no positive correlation between sorghum webworm infesta­

tion levels and seed endosperm type or panicle size. Also, no association
 

was apparent between egg deposition and panicle type within 6 days of panicle
 

exertion; webworm mortality was high by the 10th day after 50% flower.
 

Girmplasm resistant to sorghum webworm was difficult to identify, but
 

differences in infestation levels indicated possible resistant sources.
 

1979. J. Econ. Entomol. 72:362-6
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and TJisect Resistance.
 



SORGHUM CULTIVARS RESISTANT TO THE SORGHUM MIDGE
 
J.W.Johnson, G.L.Teetes, B.R.Wiseman, and A..L. Wuensc'he
 

BSTRACT 

Sorghum LSorghwn bicoZor (L.) Moench] cultivars from 20 countries 

were evaluated for resistance to the sorghum midge, Contarinia aorghicoZa 

(Conquillet). Cultivars evaluated were tropical sorghums that have been 

converted to types that flower in temperate areas by the substitution of 

the appropriate maturity genes. Cultivars were obtained from the TAES, 

USDA sorghum conversion program. The 210 items evaluated represented 38 

of the "working groups" used by sorghum workers in India to classify the 

world sorghum collection. Midge damage ratings from three tests grown in 

two states in1978 indicate that 10 cultivars are highly resistant (less 

than 30% seed loss) and 21 cultivars are moderately resistant (30 to 60% 

seed loss). Highly resistant lines had been collected from Sudan, Ethiopia, 

'Uganda, India and Pakistan. Highly resistant types were found in six "working 

groups": Zerazera, Caudatum, Caudatum/Nigricans, Caffrorum/Darso, Durra and 

Durra/Nigricans. The ten highly resistant cultivars were derived from the 

following ISnumbers: 12666, 3071, 12664, 2579, 12593, 8263, 8337, 12676, 

7142 and 8231. 

1979. IX International Congress of Plant Protection 

Research supported in part by the United States Agency for International 
Development through Contract AID/t-a-c 1384 entitled Development of 
Improved High Yielding Sorghum Cultivars with Disease and Insect 
Resistance. 
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THE SORGHUM MIDGE, WHAT"S NEW AND WHERE ARE WE GOING
 
Jerry W. Johnson
 

ABSTRACT
 

The use of plantresistance in midge management appears promising for the
 

future. Genotypes with resistance have been identified inIndia, Brazil, and in
 

the U.'S. Studies have indicated that midge resistance isquantitatively inherited
 

and not dominant. Since all lines that have been identified with high levels of
 

midge resistance are restorer lines, the development of resistant B-lines is the
 

most difficult breeding problem at this time. Eight midge resistant B-lines with
 

moderate levels of resistance, B Tx 2754 through B Tx 2761, have been released.
 

These lines should aid in the development of lines with high levels of midge
 

resistance.
 

Evaluation of homozygous resistant, heterozygous resistant and susceptible
 

hybrids in 1978 indicate that resistant hybrids will be damaged by extremely large
 

midge populations. Homozygous resistant hybrids produced 1100 percent more grain
 

than susceptible hybrids, 1380 and 120 pounds per acre, respectively. Indications
 

are that the level of midge resistance presently available will be useful in pest
 

management programs or inproduction situations where yield potential of the crop
 

at flowering does not justify the additional expense of insecticide application.
 

The cultivars derived from PI 383856 (AF28), IS 12666, IS 3071, 
IS 12664, IS2579,
 

IS 12593, IS 8363, IS 8337, IS 12676, IS 7142, and IS 8231 appear to have the highest
 

level of resistance to midge.
 

Additional work isneeded to improve the yield potential and disease resistance
 

of midge resistant lines and to combine the highest levels of antibiosis and non­

preference in improved parental lines.
 

1979. Eleventh Biennial Grain Sorghum Research and Utilization Conference.
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/t-a-c 1384 entitled Development of
 
Improved High Yielding Sorghum Cultivars with Disease and Insect
 
Resistance.
 



HYDROCYANIC 
ACID POTENTIAL INSEVERAL GRAIN'SORGHUM'BREEDING-LINES AS AFFECTED
 
BY N AND VARIABLE HARVESTS
 
G. G.McBee and F. R.Miller
 

ABSTRACT
 

Fifteen entries, mostly grain sorghum [Corghwn bicolor (L.) Mbench]
 

breeding lines were field grown under two rates of N application, 0 and 112
 

kg/ha for potential HCN (HCN-p) determinations. Harvests were scheduled for
 

three stages of development: prior to boot, panicle exsertion to prebloom, and
 

after panicle removal. 
 The youngest two leaves from ten plants/plot composed
 

a 
sample and were analyzed for HCN-p by the CN" electrode method. Significant
 

variation inHCN-p existed among the various lines. :All entries exceeded
 

the "threshold of danger" level 
(200 ppm) at the first harvest. Four lines,
 
TAM 428, SA 372, Tx 7078 and Tx 7000 were below 200 ppm'at the second harvest
 

and these plus Tx 2536, SCO 170-6 and Tx 398 were below the 200 ppm level 
at
 

the final harvest. 
Tx 7000 was the lowest entry in HCN-p at all harvests
 

whereas SCO 599-6 (Rio) was the highest. Added N increased HCN-p inall
 

lines even for those inherently low in dhurrin. 
HCN-p tended to decrease
 

with maturity of the plant, however, SCO 599-6 and SCO 056 contained levels
 
above 200 ppm at the last harvest indicating a need to exercise caution in
 

grazing stover of some varieties after harvest for grain.
 

1979 Agronomy Abstracts. p. 90.
 

Research supported inpart by the United States Agency for International
Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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LYSINE PLATEAUS INSORGHUM BICOLOR (L.) MOENCH GRAIN
 
Dan H. Meckenstock, F. R. Miller, and L. W. Rooney
 

ABSTRACT
 

The lysine concentration of five sorghum lines was evaluated by regressing 

percent lysine onto percent protein. An individual regression equation for. 

each genotype was used to make comparisons among lines. The assumption of' 

parallelism, i.e., equal slopes, allowed comparison of genotypes over a 

protein range. Effectively, the regression model resolved differences in the 

lysine concentration between corneous non-waxy, corneous waxy, and floury non­

waxy genotypes. No differences were identified within the major genes conttol­

-
ling endosperm texture and starch tyDe .
 

1979 Agronomy Abstracts. p. 69.
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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UTILIZATION OF INTRODUCED GERMPLASM IN CROP IMPROVEMENT PROGRAMS
 
F.R.Miller
 

ABSTRACT
 

Utilization of germplasm through both public and private breeding programs
 

has been large. Most breeders acknowledge from 25-95% of their current activi­

ties include exotic germplasm contributions for maize, oats, wheat, rice,
 

cotton, soybeans, sunflowers, and sorghum. 
 Sources of this material are from
 

world, national or personal collections and cooperative breeders. Disease
 

and insect resistance, stalk quality, yield stability, productivity, quality
 

factors, alternate sources of cytoplasm are major identified traits that have
 
been exploited. Crown-rust resistance from A. steriles, resistance to soybean
 

cyst nematode, expansion of the cytoplasmic sterility system in sorghum, high
 

oil insunflower, etc. are other examples. 
 Breeders feel that both major and
 
minor traits still exist inuntapped resources which will expand and increase
 

the quality of all crops. 
The need for many as yet unneeded traits, unrecog­

nized conditions and even unimagined improvement characteristics for which
 

there 'isgenetic variation will allow further Use of domestic and alien germ­
plasm resources. 
 Most scientists recognize the major contributions of germ­

plasm resources, but at the same time point with caution and urgency to the
 

need for careful storage and preservation of naturally occurring genetic
 

resources.
 

1979 Agronomy Abstracts. p. 116.
 

Research supported in part by the United States Agency for International
Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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SINK CHARACTERIZATION INSORGHUM SEEDLINGS'.
 
RMiller
R.J. Newton, D. A. Baltuskonis, D. . Meckenstock, and.FR. 


ABSTRACT
 

Two sinks, sorghum (sorghum bicolor'Moench) seedling roots and shoots,,
 

were characterized while growing indark at 250 in sand and/or paper towels.
 

By utilizing radio-gas-chromatography Itwas established that sucrose was
 

synthesized inthe scutellum and was the primary sugar translocated to the
 

growing shoots and roots. Sugar accumulation in sink regions correlated
 

well with their disappearance in the source tissue, the endosperm. At peak
 

levels of accumulation, glucose followed by fructose and then sucrose, were
 

the primary sugars identified inboth shoots and roots. Malate levels in
 

the root were intermediate between sucrose and fructose levels. An unidenti­

fied carbohydrate, comprising 2-3% of the dry wt and nearly 50% of the total
 

soluble carbohydrates, was found inthe shoot. Levels of the unknown compound
 

were highest in the growing protion of the shoot. Inhibition of shoot growth
 

rate with water stress correlated with decreased levels of the unknown. This
 

suggests that the unknown compound is intimately associated with growth
 

processes.
 

1979. Agronomy Abstracts. p.14.
 

Research supported in part by the United States Agency for International
 
Devleopment through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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PRESENCE OF COLLECTOTRICHUUfGAMNICOLA FRUITING STRUCTURES ON SORGHUM SEEDS 
M. A. Pastor-Corrales.and R.A. .Frederiksen 

ABSTRACT
 

Previously undescribed symptoms of sorghum anthracnose were observed in
 

experimental plots in Cuyuta, Guatemala, and Robstown, Texas. Fruiting
 

structures of Collectotrichum grcaninicoZa (Cesati) Wilson, the causal agent
 

of anthracnose of sorghum [Sorghum bicolor (L.) Moench]were found on sorghum
 

seeds. Clusters of acervuli occurred as minute black structures growing
 

superficially inconcentric rings on the pericarp around the style area.
 

Acervuli were also present on the surface of rachis branches, but not on the
 

glumes. BTx 398, TX430, SCl7O, TP3, 77SCI, and Pioneer Brand 846 were among
 

the lines and hybrids which showed the described symptoms. Anthracnose
 

infected seeds were found on plants inoculated at flowering or soft dough
 

stage of grain development in the Texas plots and on plants inoculated before
 

flowering inGuatemala. Seeds were fixed and observed under the scanning
 

electron microscope. These seeds showed mature acervuli crowded with short
 

conidiophores bearing single falcate conidia and septate setae tapering at
 

their tips.
 

1979.. Proc. IX International Congress of Plant Protection. #53.7
 

Research supported inpart by the-United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease-and Insect Resistance.
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INTEGRATED CONTROL OF MAIZE AND SORGHUM DISEASES INTROPICAL AND SUBTROPICAL
 
AREAS
 
B. L. Renfro and R. A. Frederiksen
 

ABSTRACT
 

Several control methods are employed to minimize losses to maize and
 

sorghum caused by diseases in tropical and sub-tropical regions. These are
 

most often integrated by the farmer, the ultimate Judge and practitioner.
 

Host resistance and avoidance are most frequently applied and are the princi­

pal methods used in attempts to control the sorghum grain and head molds,
 

maize ear rots, stalk rots, anthracnose, downy mildew, head smut and virus and
 

spiroplasm incited diseases. Fungicidal seed treatment is often used to
 

protect from seed decay, seedling blight, most smuts and, likely, for the
 

future control of downy mildew. While generally uneconomical, other means
 

of chemical control have occasionally been used to control insect vectors,
 

foliar pathogens and bacterial stalk rot of maize. Storage rots are mainly
 

controlled by avoiding grain moisture conditions above 12 percent. Inthe
 

future multiple measures will need employment for successful disease control.
 

These will need to be integrated with other pest control and management
 

systems for economic reasons and because insects, nematodes, weeds,: soil
 

conditions, agronomic practices and host reaction have profound influences
 

on disease development. Research must be flexible, cognizant of changes
 

and, most critically, develop a better transfer system of technology..
 

1979. Proc. IX International Congress of Plant Protection. #415
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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DEVELOPMENT OF MULTIPLE DISEASE RESISTANT SORGHUM!
 
D.T. Rosenow and R. A. Frederiksen
 

ABSTRACT
 

Multiple disease resistant (MDR) sorghums have been developed in.'the
 
TAES pathology-breeding program. 
Most sources of resistance were found in
 
exotic germplasm recently converted to earlier-maturing types. 
 Our initial
 

selection scheme for sources of resistance'in South Texas was by means 
of a
 
MDR screening nursery. 
Further screening and selection for various diseases
 
isdone at Puerto Rico, Georgia and several locati.ons in South and West Texas.
 

The breeding procedure involves continual intercrossing of source lines and
 
agronomically improved breeding lines with MDR. 
This multi-location screening
 
of diverse breeding material for disease resistance across environments in
 

/ 

natural occurring multi-disease nurseries has proven effective. 
The continual
 
intercrossing of new sources and breeding lines even of early generation progeny
 
rows has allowed us to select materials which possess an unusually high frequency
 

of MDR. High levels of resistance to the following diseases exist in various
 

combinations in these lines: 
 Head smut (Sphacelotheca reiliana), downy mildew
 
(Peronosclerospora sorghi), maize dwarf mosaic, anthracnose (Colletotrichum
 

graminicola), rust (Puccinia purpurea), zonate leaf spot (Gloeocercospora sorghi),
 
grey leaf spot (Cercospora sorghi), leaf blight (Exserohilum turcicum), Fusarium
 

head blight (Fusarium spp.), charcoal rot (Macrophomina phaseolina), and grainmold
 
(Curvularia, Fusarium and others). 
 Examples of multiple disease resistant lines
 
are TAM 428, SC 326-6, SC 170-6, SC 748-5, and SC 599-6. 
 The original linesfrom
 

which these were derived are IS 12610,. IS 12661, IS 3758, and IS,17459.
 

1979. Proc. IX International Congress of Plant Protection. 
 #579.
 

Research supported in part by the United States Agency for International
Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
 



ECONOMIC THRESHOLDS OF.HELIOTE1TV SPECIES IN SORGHUM
 
G. L. Teetes.and B. R. Wiseman
 

ABSTRACT
 

Based on the research data available, and considering the factors 

discussed in this chapter, the economic threshold of Heliothis in sorghum 

would appear to be 1 to 2 larvae per panicle. The number of bushels of grain 

that must be saved'to equal the cost of control is determined by dividing 

treatment cost by the value of a bushel of grain. If a market price of $2.20 

per bushel (bu) and a treatment cost of $5.50 per acre are assumed, a saving 

of at least 2.5 bu of grain per acre would be necessary to offset the cost 

of treatment. Ifa grower produced 50 bu per acre at $2.20 per bu, the per 

acre value would be $110. A 6 percent loss (1 larva per panicle) and a 10 

percent loss (2 larvae per panicle) would result in a monetary loss of $6.60 

and $11.00 per acre, respectively, provided that all larval damage could be 

prevented by one treatment. The losses express the maximum potential damage 

attributable to a given level of infestation if it is assumed that the larval 

stafe is completed by all individuals and that noenvironmental factors 

adversely affect the larvae. 

Direct control tactics applicable to managing HeZiothis in sorghum
 

include growing open-panicle varieties, manipulating planting time, and the
 

use of chemical controls based on the economic threshold level. Another
 

possibility for control of Heliothis is sorghum would seem to lie in explol­

tation of the polyphagous feeding habit of these insects. Manipulation of
 

the species by cultural, biological or chemical means in one crop host in
 

the agroecosystem could mitigate infestations in other crops. Lopez and
 

Teetes reporting on the relative similarity of sorghum and cotton in terms 

of species composition, noted a closely woven relationship, one that through
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the season, progressively,acqui res greater= intimacy. An uncharted opportunity
 

for pest management seems to lie here.
 

1979. Southern Coop. Series Bull .,231:57-61
 

-INSECT RESISTANCE INSORGHUM
 
G.9 L.Teetes and J. W, Johnson 

ABSTRACT
 

The state of the art of insect resistance in sorghum is discussed.
 

Sorghums resistant to insect and mites are tabulated. Resistance has been
 

reported in 17 U.S.A. sorghum pests. Details are given of the status and
 

impact of resistant sorghums for management of chinch bug, greenbug,'sorghum
 

midge, sorghum webworm, spider mites, corn leaf aphid,'and yellow sugarcane
 

aphid.
 

1978. Proc. 33rd Annual Corn & Sorghum Res. Conf. 33:167-89.
 

Research supported inpart by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved'
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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MECHANISMS OF SORGHUM MIDGE RESISTANT SORGHUMS:
 
George L. Teetes, Allen L. Wuensche, and Jerry W. Johnson
 

ABSTRACT 

Within the past decade, sources of sorghum midge, Contarinia aorghiola 

(Coquilett) resistance have been identified intemporate-type sorghum, Sorghwm. 

bicolor (L.) Moench, from the Texas Sorghum Conversion Program. Inthree years 

of study five lines (TAM 2566, TAM 428, SC 423, SGIRL-MR-l, and AF 28) were used 

to determine relative levels of resistance and mechanisms involved in the resis­

tance exhibited by certain of these lines. High levels of midge resistance were 

exhibited by TAM 2566, and SGIRL-MR-l in comparison to either SC 423, TAM 428 

or the susceptible check, Tx 7000, inboth yield and adult emergence studies. 

Results of experiments inwhich the development of sorghum midge in the spikelets 

of each of the five lines was observed, indicated that antibiosis was a major 

resistance mechanism in several lines, particularly TAM 2566. Inaddition, studies 

demonstrated that fewer female adults were captured on panicles at anthesis of 

several resistant sorghums than susceptible sorghums. Nonpreference was shown to 

be a mechanism involved in.the resistance exhibited by TAM 2566. Tolerance did 

not appear to be an important resistance mechanism inany,of the five lines tested. 

1979. IX International Congress of Plant Protection
 

Research supported in part by the United States Agency for International.
 
Development through Contract AID/t-a-c 1384 entitled Development of
 
Improved High Yielding Sorghum Cultivars with Disease and Insect
 
Resistance.
 



DAMAGE TO SORGHUM BY, FOURSPECIES OFSEED-FEEDING
G. L. Teetes and D. G.1]Hal, IV 

BUGS 

ABSTRACT
 

Damage to sorghum seed by four species of bugs was assessed during 1978.
 
Seed weight and percent germination generally decreased as numbers of rice
 
stink bugs, southern green stink bugs, leaffooted bugs and conchuela stink
 
bugs per panicle increased. 
Mean number of feeding punctures per seed and
 
percent punctured seed generally increased as bug propulations increased,
 

especially at the highest infestation level. To some extent, weight of damaged
 
seed decreased as the incidence of punctures increased. Damage to sorghum
 

grain was 
largely due to direct feeding on seed by bugs, but indirect damage
 
resulted from bugs feeding on panicle 
stems and rachis branches. Bugs
 
were more injurious tograinin the milk and soft dough stages of development
 

than to grain in the hard dough stage.
 

1979.' Proc. llth Biennial Grain Sorghum Res. and Util. Conf. 12-13.
 

Research supported in part by the United States Agency for International
Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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"
 GROWTH ANALYSIS OF TEMPERATE AND TROPICALLY ADAPTED SORGHUM HYBRIDS.ANDLINES
 
G. L. Thomas and F. R. Miller
 

ABSTRACT
 

During 1978, 7 plantings were made at monthly intervals at College Station', 

Texas. Five sorghum genotypes were sown at each planting date. Two genotypes, 

RS610 and NB505, were considered temperately adapted (tea) while the other 3 

genotypes, BTx623, RTx430, and ATx623 x RT430, were considered tropically 

adapted (tra). Green leaf area, number of green leaves and plant height 

were measured for each genotype for each planting date at the following pheno­

logical stages: 1) floral differentiation; 2) 50% anthesis; 3) black layer 

at the bottom of the head. Analysis of variance for all plantings where all 

measurements were made gave the following results. Significant (c' .05) 

differences intotal leaf area between the tra lines and other entries. For 

stage I and all plantings the tra genotypes were significantly taller. 

Stage 2 and all plantings the tra genotype had significantly more leaves than 

tea genotypes.' For stage 3 the tra genotypes had significantly greater leaf 

areas and numbers than the tea genotypes. Itwould appear that the two 

tropically adapted lines and their hybrids have greater leaf producing 

potential than do the temperately adapted hybrids. 

1979. Agronomy Abstracts. 71:111
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improve
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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GROWTH AND SOIL WATER EXTRACTION BY DIFFERENT GRAIN SORGHUM AND MILLET CULTIVARS
 
C.W. Wendt, H. P. Harbert"III, D.T. Rosenow, and J. W., Johnson 

ABSTRACT
 

Eight grain sorghum cultivars were grown on an Amarillo loam soil at
 

Lubbock, Texas 1976-1979. The soil profile was at "field capacity" prior tc
 

planting. No additional irrigation water was added after planting. 
Mobile
 

shelters were used to prevent rain from falling on the plots. 
 Parameters
 

measured include soil water content, plant water potential, dry weight, leaf
 

area, and sugar. Grain sorghum cultivars investigated include Tx 7000, SC 599-6,
 

SC 56-14, 1790E, B 35, B Tx 378, A 35 x SC 599-6, and A 599 x SC 56-14. The
 

amount of soil water extracted varied from 14.0 to 20.4 cm. 
There were generally
 

more differences in soil water extraction between years than between cultivars in
 

a particular year. 
However, there were major differences inextraction amona
 

cultivars inthe time and location within the soil profile.
 

Soil water content changes indicate that depths greater than 210 cm should
 

be investigated because major changes occurred at this depth.
 

Differences existed in leaf area index and dry weight among cultivars.
 

The sugar content of the stalks and leaves were significantly different among
 

cultivars. There was no relationship between the leaf and stalk sugars.
 

Yield data between cultivars were not consistent between years because of
 

differences in planting date and infestation by Banks grass mite and midge.
 

Millet cultivars investigated included the Senegal population and RMPl(s)Cl.
 

The cultivars were found to be difficult to establish, poor extractors of soil
 

water (9-11cm) and poor yielders of grain (537-575 kg/ha).
 

1979. Proc. llth Biennial Grain Sorghum Res. and Util. Conf. p. 49.
 

Research supported inpart by the United States Agency for International

Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance. 
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FLORAL INITIATION INSORGHUM HASTENED'BY GIBBERELLIC'ACID AND FAR-RED LIGHT
 
E. A. Williams and P. W. Morgan
 

ABSTRACT
 

Floral initiation in sorghum was hastened by five minutes of far red
 

light given at the beginning of the 12 hour night period plus gibberellic
 

acid., The time of application of GA3 was not critical, but the two treat­

ments were more effective together than either alone. Flower initiation
 

was hastened several days by these treatments.
 

1979. Planta. 145:269-272
 

Research supported in part by the United States Agency for International
 
Development through Contract AID/Ta-c-1384 entitled Development of Improved
 
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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DIFFERENTIAL RESPONSE OF SORGHUM CULTIVARS TO DROUGHT STRESS
C.A. Woodfin, D.T. Rosenow, L. E. Clark, and J. W. Johnson
 

ABSTRACT 
Sorghum genotypes were evaluated for tolerance to drought stress under
 

field conditions during the past two years. 
Notes were taken when plants were
 

under drought stress at two stages; early in the season before flowering, and
 
later inthe season during the late grain development stage. Notes on leaf
 
rolling, excessive leaf erectness, leaf bleaching, and leaf tip and margin
 
burn were taken early inthe season and combined into one drought stress rating,
 
their presence being considered a poor response. 
During the late grain develop­

ment stage, ratings on premature leaf and plant death were used to indicate an
 
undesirable drought response. 
Early season stress susceptibility results in
 
head blasting and delay in flowering. Premature plant death caused by late
 
season stress often results in lodging and reduced seed size. 
 Distinct differ­

ences in drought response among cultivars were found at both growth stages.
 
There were distinct differences indrought reaction within cultivars at the
 
two stages. 
No cultivars were found with high levels of tolerance at both
 

growth stages. 

1979. Agronomy Abstracts. p. 82. 

Research supported in part by the United States Agency for International
Development through Contract AID/Ta-c-1384 entitled Development of Improved
High Yielding Sorghum Cultivars with Disease and Insect Resistance.
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NEWS 	RELEASES AND PUBLIC MEDIA ARTICLES
 

1. ICRISAT Hosts Five Workshops InBusy Winter. At ICRISAT, Jan/Feb/Mar
 
1979.
 

2. Will Sorghum Feed and Power the Future? Farm Journal, Feb. 1979
 

3. Sorghum Yield Barriers Beginning to Fall. Four Down, One to Go. 
Earlyriser, March 1979. 

4. Sorghum Pathologists Meet. Phytopatholoqy News, March 1979.
 

5. Kansas Hosts Utilization Meet. Grain.Sorahum N April 1979.
 

6. Looking into Sorghum's Future. Horizons, Department of Soil & Crop
 
Sciences Newsletter, April 1979.
 

7. 	New Twin-Seeded Sorghums are lested. Irrigation Age, May/June 1979.
 

8. Twin-Seeded Sorghums are Trend of the Future. Seedmen's Digest. May
 
1979.
 

9. Seed Treatment Will Stop Herbicide Injury. Southwest Farm Press May 24,
 
1979.
 

10. 	 Research Report - Brazilian Researcher Confers with A&M Scientists on
 
Downy Mildew, TAES Jgi, June 14, 1979.
 

11. 	 Sorghums Pose Energy Hope. Beeville &-Picayune, Vol 93, No. 10,
 

July 2, 1979.
 

12. 	 Research Report - College Station. IAE Ei, July 16, 1979 

13. 	 Host Plant Resistance to be Explored at A&M Conference. AES Newsletter 
to Station Staff, July, 1979. 

14. 	 Hydrocyanic Acid inSorghum Lines. IAEJ, Brief RepQrts on Agricultural
 
Research in Texas, Vol 5,No. 7, July 1979.
 

15. 	 You Can Improve Your Sorghum Yield Record. The Farmer-Stockman, August
 
1979.
 

16. 	 What the Scientist Sees. TAES, Brief Reports on Agricultural Research
 
in Texas, Vol 5, No. 8, AuguT lFT. 

17. 	 Crop Management in the South. Successful Farming in the South, September 
1979.
 

18. Dr. Fred Miller Invited to Study Sorghums in China. TAES, Newsletter to
 
Station Staff, No. 9, September 1979.
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ICRISAT Hosts Five Workshops in Busy Winter
 

ICRISAT was host for five international work­
shops in a period of three months and 10 days in late 
1978 and early 1979. 

The busy winter program started with an Inter­
national Workshop on Agroclimatological Research 
Needs of the Semi-Arid Tropics November 22 -24. 

Twenty-five participants from 11 countries discussed 
techniques, methodologies, approaches, instrumenta­
tion and means of agroclimatological research. 

ICRISAT and Texas A & M University jointly 
sponsored the International Workshop on Sorghum 
Diseases December 11 -15 in Hyderabad. Fifty-six 
papers were presented from Asia, Africa, North 
America and South America on individual diseases 

of sorghum, including smuts, grain molds, downy 
mildew, head blights, and stalk rots, ergot, leaf 
diseases and virus diseases. Research priorities 
were recommended for each group of diseases. 

A consultants' group discussion on Resistance 
to Soil-borne Diseases of Legumes was held by 
ICRISAT's Pulse Pathology section January 8 -11 
with 10 consultants attending from Australia, India, 

the Netherlands, UK and the USA. Visits to experi­
mental fields stimulated in-depth discussions of 
ICRISAT's work in this area. 

The International Workshop on Intercropping 
January 10 -13 attracted some 35 delegates from 15 
countries and highlighted the tremendous interes' 

recently developed and the rapid improvements being 

made in experimental approaches to intercropping. 
is based mainly on four intercropAt ICRISAT the work 

crops: sorghum/combinations of the five ICRISAT 
pigeonpea, millet/groundlnut, sorghum/chickpea, andTh"SrumadPrlMleDiasIenf­
pirgh/millet/. scation 
sorghum/miI let. 

Inernat'alWshp iconomicsphostoraints 
ItDveraiolorkopment on SociiocicAicontra 
to Development of Semi-Arid Tropical Agriculture 

19-23. It was attended by 46 participantsFebruary sienists PaersCRISTfrom13 ounriesand40from 13 countries and 40 ICRISAT scientists. Papers 
to analyze

and discussions emphasized the need 

labor bottlenecks in West Africa, to learn more about 
the goals of farmers throughout the SAT. to study in 
depth possible mechanisms for the improvement of 
agricultural produce markets, to extend to areas other 
than India the village level economic studies and 
research on farmers' attitudes to risk conducted here, 
and to assess the potential for development inherent 
in the transfer of already existing technology. such 

as irrigation tanks in India to countries with relatively 
lower levels of intensity in use of agricultural resour-
ces. 

The International Workshop on Chickpea lin-
provement February 28 to March 2 drew 51 delegates 
from 14 countries and 31 ICRISAT scientists. Topics 
discussed included breeding strategies, including 
gerimplasm work and nursery trials: yield-improvement 
through kabuli-desi introgression; recent developments 
in chickpea agronomy and physiology: microbiology 
research in chickpeas; and plant protection. Two 
separate sessions were devoted to country reports. 
and special attention was given to the ICRISAT! 
ICARDA program. 

Proceedings of these workshops are in various 
stages of preparation. Copies may be obtained by 
writing to Information Services, ICRISAT, 1 -11 -256, 

Begumpet, Hyderabad 500 016. A. P., India. 

j. 

Director Swindale examines sorgr,,m drsease aoentifrcatcon 
boO twith Co-A;thors VWl!,ams (ef1), Frederiksen and Girard 

Sorghum/Millet, Chickpea Disease 

Handbooks Published by ICRISAT 

Two pocket-size handbooks, with clinical quality
 

color photographs for identification of sorghum and
 

pearl millet diseases and for wilt-like disorders of 

chickpea, were among ICRISAT publications in 1978. 
The "Sorghum and Pearl Millet Disease Identifi-
Handbook," published in cooperation with Texas 

A & M University, includes a disease-identification key 
and descriptions of the symptoms of 32 diseases. It has 
59 full-color illustrations. The co-authors are R. J. 
Williams of ICRI SAT, R. A. Frederiksen of Texas A & M, 

ai of RAT France). opies A avil 
and J.-C. Girard of IRAT (France). Copies are avail­
able in English. French and Spanish. 

"Diagnosis of some Wilt-like Disorders of Chick­
pea (Cicer ariarinum L.)l" is the result of an attempt 
to clarify the considerable confusion in diagnosing 
various chickpea disorders, particularly wilt and root 
rots. In the past, these disorders were frequently clas­
sified under the general heading of "wilt complex;" 
ICRISAT pathologists have shown that the condition is 
actually a number of distinct diagnosable diseases. 

This handbook describes the characteristic 
features of the main disorders of chickpea, and in­

cludes 37 diagnostic photographs. In addition to a 
disease-identification key, the handbook contains a 
summary of the chickpea wilt surveys conducted on 

the subcontinent of India. The authors are Y.L. Nene, 
M.P. Haware, and M. V. Reddy. pulse pathologists at 
ICRISAT. 

The handbook is printed in English, and we are 
exploring possibility of supplements in Spanish and 
Arabic. 

Single copies of both handbooks may be obtain­
ed free of charge by writing Head of Information Servi­
ces, ICRISAT, 1-11-256 Be ijmpet. Hyderabad 500016, 
A.P.. India. Please sprcify by title in ordering. 
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 he year 1979 could be the sorghum carry resistance to these 
I year when traditional sorghum two diseases of the Southeast.

yield barriers 'egin to topple. G-499GBR, G-642GBR and 
It could be the beginning of a G-622GBR fill the need for green­
period when Southeastern, bug resistant hybrids in areas where

Mid-South and Southwestern sor- that pest has been a problem.
ghum yields start to catch up with Dr. Norman Wilson, Funk sor­
the yields grown in the more favor- ghum breeder in tile Southeast, has
able conditions of the High Plains. been working with Dr. Rogers on 

Why? Because until recently, boosting hybrid yielding ability
insects and diseases have kept the across the South. Dr. Wilson is test­
lid on sorghum performance in the ing hybrids at Funk locations in 
Southern states. But downy mildew, Greenville, Mississippi; Coolidge,
anthracnose, head smut and green- Georgia; Corning, Arkansas; Lamar,
bugs are now being whipped through Missouri; and Progresso, Taylor,
improved genetic hybrid resistance. Victoria and Lubbock, Texas. 
Only the midge remains as a major He screens his sorghum hybrid
insect challenging sorghum produc- candidates at these locations for a 
ers-and work is well underway to variety of factors and uses data
build hybrids with resistance to that compiled at many Funk Research
long-term sorghum pest. Evaluation Plots (or REPs) located 

In short, sorghum plant breeders across the South and Southwest. 
can now put less emphasis on "put- The REP tests arL made by farmers 
ting out fires" and get down to the -under normal growing conditions.
serious business of increasing gene- Testing done in the REPs is the final 
tic yielding ability, research stage before sorghum

"We have always placed para- hybrids are produced in comrr,_rcial
mount importance on yield:' says Dr. quantities for public release. 
Rodney Rogers, Funk's manager of %hile Drs. Rocgers and Wilson 
sorghum research. "But yield poten- will conthnue to bring insect andtial has been !imited seriously by the diseas resistant :iybtids onto the 
severe insect and disease problems markrt, they,, hay" trained their nuns 
existing in the South. So we have on improved yield and have two
concentrated our eff rts on solving hybr~d. in develo-nment that promise
these problems so that our hybrids to be h. II ;ingers.
could reach their full genetic yield The 1rst is G.6!1, a new h%br~d
potential:' that va.,just nun'bt-:red this winter. 

Funk now has a comprehensive Formerly carryir(. the txpe:irnental
line-up of widely adapted hybrids numlw-r 22 16, G-,1 I .vill he st-tn in 
that carry resistance to whatever limited colnInerc-.al quantities for the 
problems a sorghurn prcduc!r might first lime tli;s cor,,irg .,ejr. It is tropi­
have. Dcwny mildew an.l anrthrac- cally dolapt:d an. carrivs t',,'.ame 
nose have bt5-n two :,i-,or disease disev;e rf'is.tanc,: as G 722DR and
problems, but now (j-569. G-522DR G-52,BI,,. It isalso qreenbug 
aind G-722D' .t,-rghuii.. G:-88F re"bi, ,
 
-orgihum-'xod. alil (3-102- si1 [31.t -61I also pays off in the
 

Best Available Docu nti,
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SORGHUM YIELD BARRIERS BEGINNING TO FALL.
 

FOUR DOWN, ONE 'TO GO (continued)
 

y1plo column. Early tests show that 
Ft i~I yield as well as or better than 
G-522DR, a hybrid that consistently
has'placed high in yield trials. It set 
anew state sorghum yield record in 
Arkansas in 1978 withi an irrigated
yield of 11,588.3 lbs per acre. 

A second hybrid likely will 
receive its "G" number in 1980. 
Carrying the experimental number 
2194, it too provides wide resistance 
to diseases and fnsects. Early tests 
for 2194 indicate that its yield poten-
tial is equal or superior to existing 
hybrids of comparable maturity,

Both G-611 and the experimen-
tal hybrid 2194 are tropically adapted.
Dr. Wilson feels that tropical adapta-
tion isone research effort now paying
big dividends in the yield column for 
Southern sorghum producers. Tropi-
cal adaptation allows many South 
Texas, Mid-South and Southeastern 
sorghum growers to achieve yields 
comparable to those grown in the 
High Plains. 

"In fact, tropical adaptation has 
proven to be a rcal yield booster in 
all areas where night temperatures
and humidity are high during the 
growing season:' Dr. Wilson says.

"The advantage from tropical 
adaptation seems to be more a func-
tion of elevation and rainfall rather 
than latitude:' 

These new Southern-adapted 
sor hum hybrids with tropical adap-
tati n show multigenic resistance to 
many different sorghum disease and 
insect problems and wiil withstjj d 
harvest-rne rainfalls arid other 
we,itherin, problems buttr 

Hybrids carryimn tropical adap-
tation have immediate uirfulness in 

,the Southern .bo,.hum belt b,:cau.,e 
this area ischaracterized by warm 

night temperatures and high humid­
ity during the crop growth and 
development stages.

Dr. Wilson developed the first 
commercial grain sorghum hybrids 
with tropical adaptation, a concept
based on early work by Dr. Fred 
Miller of Texas A & M University.
using World Sorghum Collection 
germplasm.

Sorghum midge still remains as 
the one nearly universal, and as yet 
unsolved, problem facing Southern 
producers. Drs. Rogers and Wlson 
expect to have at least a pattial so­
lution to that problem within a few 
years. 

According to Dr. Rogers. sor­
ghum midge is a minute orange fly
which lays its eggs in the developing 
grain of the sorghum head. This egg 
hatches into a tiny maggot which 
feeds inside the kernel, causing head 
blasting and heavy yield losses. 

The problem usually occprs in 
sorghum plarnted later than adjacent
sorghum fields, the later plantings
being subject to higher insect popu­
lation levels. 

"Dr. Wilson has been successful 
in selecting parent material with 
midge resistance:' says Dr. Rogers. 
"We are making an intense effort 
to bring resistant hybrids on stream 
and will be evaluating some proto­
type hybrids in 1979:' 

"However;' Dr. Rogers cauti-ns, 
when we do have midqt resistance 

it will probably not be the complittt 
.,uluticn. In o-ther words, Sc, ,JhUI l 
growers mav still have to use an 
insecticid(. in combination with the 
resistarnt hybrid when midge pripu­
lations are high:' 



THE AMERICAN PHYTOPATHOLOGICAL SOCIETY MARCH 1979 VOLUME 13/NUMBER 3 

Pathologists from 20 countries met at priorities.um Hyderabad. India. on December 11-15, Sessions on smuts, grain molds, virus 
1978, to review the status of internation- diseases, downy mildew, leaf diseases,
ally important sorghum diseases. Organ- stalk rots, head blights, ergot, and 
Institute for the Semi-Arid Tropics and separately during the International 

M eeethe Texas Agricultural Experiment Sta- Workshop on Sorghum Diseases. 
tion of Texas A & M University, this was Recommendations were drafted and 
the first meeting of pathologists from will appear in the technical proceedings 
North and South America. Australia, of the conference. The proceedings will 
Africa, Asia, and Europe to establish reflect the current state of the art on 
internationally coordinated goals and sorghum pathology. 

A i i , ,' . " ~~e
r... 
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GRAIN SORGHUM NEWS Aprl 1979 

Kansas Hosts Utilization Meet
 
The Bi-Annual Grain Sorghum Utilization Conference 
was held in Wichita Kansas on February 28-March 2. 
The Conference which has been held each year since 
1957, was co-sponsored this year by Grain Sorghum 
Producers Association, Texas Grain Sorghum Producers 
Board, Kansas Grain Sorghum Growers Association, 
and Sorghum Improvement Conference of North Ameri­
ca. 
The three-day conference featured reports on research 
ip entomology, cultural -management practices, plant 
breeding, physiology,-chemical and nutritional im­
provement. 
Arrangements for the conference were made by Kansas 
Grain Sorghum Board. Over 100 persons attended the 
Conference. 

Sorghum special ists at the Bi-Annual Grain Sorghum 
Utilization Conference are Left to Right: Dr. Jerry D. 
Eostin, Professor, Department of Agronomy of Univer­
sity of Nebraska; -Dr. R.A. Frederickson, Professor-
Plant Pathology of Texas A.and M. University; and 
Dr. Richard Vanderlip', Professor-Agronomy of Kansas 
State University. 
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DJUTREACH 
LOOKING INTO SORGHUM'S FUTURE 

Just keeping track of all the projects Dr. Fred Miller of the Agronomy Field Lab
 
has going would be a full time job for any average person. He is in charge of
 
sorghum improvement for the southern two-thirds of Texas, along with providing
 
tropically adapted types to countries such as Mexico, Brazil, India, Honduras,
 
and Tanzania for evaluation.
 

On leave from TAM4U, Dr. Miller spent five years in Puerto Rico in charge of
 
developing a sorghuin conversion program for the USDA. The program involved
 
converting a tall, photoperiod sensitive African sorghum to a shorter sorghum,.
 
insensitive to photoperiod and that would develop a seed head in the Puerto
 
Rican latitude. When Dr. Miller returned to College Station in 1970, Dr. M.E. 
Bloodworth challenged him to develop a sorghum adapted for South Texas. South
 
Texas soghum producers were attaining yields of only a third to one-half of
 
farmers on the Hi-gh Plains and further north.
 

Step one in the process was to look at the world collection of sorghums.
 
Dr. Mill'ar selected a tropical Ethiopian type to cross with a local type of
 
greater yield potential. The hybrid was sent to Puerto Rico in the winter of 
1071 and test planted. Results were good, and these sorghum types have been 
released and proven effective For use in Scuth Te;:a:. 

The next question was, why did this plant yield well in South Texds and the 
types grown further north aid not. An Australian g.-&duate stident, Geoff 
Thomas, ,ade a computer anatvsis of a ru.;.t-r of types and found that the major 
variable Was the Serinina-ion t',npktures. Tropical varieties 3erminate at a 
lower temperature ccmpared to t, uf.rite v;,rinties. The o ,josite would thought 
to have Deen true, b-.t this is i 'I t'Vd , a co=*,'insati'rn inchanisn! for the 
shorter day lengths in :ouThern or '.High

the ,,.: not ;u !cbi'i 
. . . 11*', 

grown ir south bt. ab'e to iir: 
/ .that dui inq the day the-ir r..i -,) 

This, p us h'h rPrratlor I .; irr,,1 , hoc 
produiced may account for th.: lo',w ;icl-. "1 et 

Pl.ins varieties
productivity due to the fact 

-rens are.ir-:., , . ar not fllyo f we,,l e . 
nights of what liL s 
thIs is a t;.ory. 
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HORIZONS (continued) Department of Soil & Crop Sciences NEWSLETTER
 

April 1979
 

A total of ine graduate stud'2nts are presently working on sorghu., improvement.
Projact topics range from orctical agronomic aspects of groaing sorghum and 

a ";et of high lysine -rnels to pathological and uhyi,-logical studies. 
Arlnr. Vaidez, a doctoral sLudent from Mexico, is detarmining if: selection of 
SsorT:'m type can be made based only on temperature phcrotype (o. germination), 

,!,, ow base temperature sorghum is crossed with a high base t'.:perature type. 
-'.;s ,,ould allow for testing to be conducted at only a limited number of places
tnsL.-:d of the numer)us locations now used to account for varying climatic ran.jes. 
SL'b-tzitial saving of time dnd money spent testing wi.ll particulae'ly benefit tne 
5e=1 industry. 

Anothcr student is experimenting with an Ethiopian sorqhum type .which produces 
shr.,;nkcl kernels of high lysine content, crossing it with a full kernel pro­
du-.i.'g type with a lo-wer lysine content. Where 1.9% of the protein of most 
:-ornhum is lysine, this hybrid will yield a lysine content of 2.2-2.3% of the 
total protein. 

it has been theorized that sorghum is potentially capable of yielding 35,000
 
pourds per acre. This goal could be approached through work conducted with 
twin s2eded heads and control of genetic indeterminancy of head size. Research 
is also beginning on the root system, as little is really known except that 
There are differences, probably related to the climate of evolution. Inaddition 
to the li.provements specifically bred for, many of these new tropical types are 
proqi'ng better insect, drought, and disease resistant, and of good nutritional 
qua i i ty. 

Seed company agronomists and breeders periodically visit the campus field lab
 
and nursery to view developments and express problems experienced in their
 
particular area. Dr. Miller's strong belief inkeeping the door open to the
 
public and maintaining a direct line of communication with the seed industry
 
allows for a steady flow of interchanging ideas and concepts. This often
 
stimulates the establishment of new research projects.
 

Cooperation between A&M and foreign sorghum producing nations is also strong.

in fact, for the first time, A&MI and a foreign country will jointly release a 
sorni;iwm type. Probably within a year TAMU and Guatamala will release a tropi­
c-Fly adapted sorghum type while Mexico and A&V will release a random mating 
populaT:ion. 

It is obvious that the concept of the "perfect" sorghum is an ever expanding
i,'ea, and will likely never be attained as someone always has an idea fQr 
inprov-imwnt, especially Dr. Miller and his coworkers. 
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J 4 " '' .,'J f LINI . . . plant breeder W.nge.
While youir first impre.,.imia v' be 

iA oA PP4 tp.n I re 1w-4"t that yields should eithert doubled or 

.'~ I the seedu;ize issmallur. neit her is rau*. 
J,, "Twin flowering seems to reduce the 

number of florets per head. A t'ypi.rl
 
sorghum head has around 2.1'Ni seds.
 

The relas, ofr a twin-seeded hybrid planting tests this year. The new twin. tv;'in-,eeded types. 50f . more." Met;g,,
 
ughum Norrhrup King tiehl .,-dd h.yds could he available for explained. "Thie seed sie d-pcnd, m.tby for 

testing may h, the start of a new twrnd wid,,spread distribution in 19.). on the genetic inaut:il in the plant. We 
in sorghum production. according to "rCxas A&M scienti,.ts first recongnized have some twin-seeded .eleroins that 
Patil Menge. director ofhybrid sorghum the economic piotential of the twin-seed have a large seed size. There is mie 
research at Northrup King. chfracteiistic and have been the leader difference though, the twin-seeded 

"Twin-seeded sorghum has shown as in developing breeding material. Their hyhrids rend to produce a flatterseel." 
much as a 50", yield advantage over research aitrees with NK's: a 15 to 20", The hybrids Northrup Kina has 
conventional hybrids. However. we feel yield increase couldihe typical. North. available for field testing and the 
a 15 to 20 ', y.ield increaze is a more nip King officials said. hybrids Texas A&M are tes-ting hav­
relihle Pxpectation." The difference is in the heads. Each tde twin-seeded chtracteristic adied 

Northrup King is releasing its fit Iloret ,onitains two flowe s instead of only on the male side. 
twin-seeded hyhrids to gvowers for rield the traditional one. The result is two Northrup King has also develop-d a 

female line that has the twin-steded 
____characteristic. By having the twin-

SEEDEN DGESTMay Deeded characteristclinty. Menge believe.son that nt.::rly'S 979female hoth madtand 

100Y of the florets will be more liketQv to 

-1 win fluwering seerns ft redace t twin .eds. 
Northrup King has found that17.. L"13 Z theSO 1I.-HUMTS AFRTE the numher uf lorets pet cad. A twin-seeded characteristic can he addedI R t.POfTHEFUTUREtypical sotin lae;1.a tInd .400 to regular breedinq lines, without 

seeds. iwin.scedcd ,ii. .,; mr,<." ehanging the plant, other chatiactetis. 
so,,hi:, i. Nurthrup K:q .-.t iaeld N1en.e explaiis. "T1h.- secJ .iv, Je. tics. 

StesUl,1.-I.::'1 1.14 start Of aI'te'j pends nt, o the genl;, it, "We should he able to add the twin. 
Ii S1l,'i p;oducioa, aaevrdi %:to thepan.e seeded characteristic to our existing 
Ruo Ntene(. Dii!.-tor Of, l-l'.nr-u %.r- the lti't. \e h.o:e anr ;vin.edde:l hybrids and expect them to in:iintair 

, e .i r , rthat have 3 lar., scud s. the characteristics that h:gmr madeselectisphtiti Reieardh at Northrup Kig. Thee is msediftcrel. thuula. iae them popular with grower."concluded 

"fmn.seeded sorghtam has shown Iv. il..cedol hN biid, toted .produce Menge. V 
as M:+uch as .'t 5- yield Advantige over Ilatter si.d. 
aa.naetiunal hybrids. lowevei. we feel The, iyirld N,,,ti-l p Kwtz. !',J 

a I ~ ield .i increase a niore 't,i,: ' d tes :t ind ' '.to i jV.,* ihle 
rehiable e ti, 'tn." hr.s clxas Ae,\t .ie ievs ni' ha:v !;iW 

p ii 1%11-selIl.cu qi ". . IA ' M ay-june 1979 ,N ,r hir Ki ng, w ill ' 1' "irst ¢h Ir , '.tt .a.,d d 
IW I-.je"..'. It;..h I ... i*It. on the Iale stde. 
i':'d u!.'t: : e '' , i . P..... ," :' , Nartl tp Kii.i li.* ls, dese!op. "
 
ti '.l- .'tJ t hy'i ids %7(uld b. ,' ail-* ,a l,' i.il,'i ! io iaiii ha fil Wla..e.'t',

l'tr wide'.,pa ed d;.: rblu:..n it, i"sfi ¢!. a,, N actl W hla~r tic I .', ,, 

'exas A,.."- icienti,2 fi'St CCO'. a/eu scudled coar:actcr, t:, .n holth i.al., at.
 
[ieu eunun.ic of zhc hvlieve' al '
potientij [hc 1. 1,.\l,:1: ih 1 

seed character and have beei, lf),; toY ,hI- ,,vt: .k mn''e !,
tIle l2. . . wd; ivi 
c. in deveboping breeding inveraal. :t~ea twit: ee.
 
Ilicir rcs:arch agrees , ith NK's. a I*; . , u p Kiig };" ', td it .t ;lme
 

to 20. yield in rcase c:,dd . nical. t at.scedc'i .hi :,L'," t mc jin he .. ,-
The Aiffe'rence is in t" hlia.s, Each ed tO re'.t.!ar il.,:L. ' . hit;!,..'.ilai" 

floret co tll:.ils tw,. Ilo oers insiead ,.( .. t r il'II... II 1t'1'j,: 1 .';.,' 
ilie traditional onle. Result: two son- liltcs. , 

ghum s,.eds. ,',plaans s,,,,.diu i lanrl .\, ,i ' '.. . . it 

r-.cdcr %itenfe. -A - ,, , .a. , ' 0O,Ur ," . 
:4-1-"lt' ". 1 aii . .% ,, ,. II ' . l • '. ". ,,,'., ," h'..'al :, I . 

{ 'd! '.;'" ..IS ,, ,l. e~ ,. file .a. '.. . 1,j: it" .;I2;tl, 1.t1:1 , .":1 

,he scod ii.' is, t a'a1m*' cr is ir.­:LW 
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Seed Treatment Will Stop Herbicide Injury
 

sorgisum hybri:ls sohi by the twn 
sced trms for sales to fanners in 
19M For pur.oses of its on 
brand identification, Funk will 
mar,ct the sal-ned seed under a 
trade name, H'rbishield. 

FTnal Te. rbngdPhase 

The two new herbicides are in 


final phases of testing and 
registration with the Environ-
mental Protection Agency 
(I,?PA) now. 

The first new herbicide to be 
releasd and sold along with 
Beep. 
According to company of-

ficials, Bicep isacombination of 
Diual, arepistere rco oa inatDual, a registered pro-plant 
herbicide for most annual grass
and certain ,brnadleaf we.ds in 
corn and soybeans, plus AAtrex. 
Dr. J. W.Peek of Greensboro. the 
chemical finn's manager of its 
biological rezearch department
said the two chemicals in corn-
blnation will give farmers the 
broad-spectrum weed and grass
control tool need for suc-
cessful sorghun production.

The second new herbicide, due 
out a year later, is to be named 
Milocep. It is a combination of 
Dual and Milogard.

'f.- active irr,.d'it in Dual 
herbicide is n'-nor. 

Detotiy;, c:lachlor 
Peel; explviied the seed 

safener se!rve. to detoxify the 
nictlachlor. 'Lhout firs.t 
chemically saFcning the seed,
Peek pointed out, using Dual 
(meto!.ichlori -insorihuni would 
kili sarphum citritht. 

The ilael on hic p. according 
to Poe;, will c ver the fohoinw 
annual grassc.;: barnyar.trass 
or watergr. s, crabhrass. 
cuppm-ss. thrr f,,:. ; ant. 
green anid yel )'.. - i.o"*e;!rasG 
yellow nutcde, fall pamacum.
sign::lgrass ann vitch,,r-,ss. 

Broadleaf wIds covcre'i an-
der the anticipated renistration 
inrludo; carlw'weed, cnrclebur. 
iP, b:,quarter. r',nrida pur.lcy.

sA:: ., .%' ,. .. . 
' ~v,;;;.;hg'ry, '. ' 1,.purs...ne

and puncturev ne. 

a ornpi n' oar,' sa,of cep 

scooll;n, Johnson:,rass and 

sandburs. 


Exactly how the safener 
detoxifies the herbicide's active 
ingredient is subject of further 
research, Peek said. 

Broadens Options
Both Bicep and Mdiloccp, said 

the company, are expected to be 
cleared for use by farmers as 
either a pre-plant incorporated
herbicide or as a pre-emergence 
herbicide, broadening consid-
erably farmers' choices in their 
pest plant control programs.

Peek told the seminar that 
since it was proving so difficultfor his firm and others to find a 

good grass herbicide which was 
selective for sorghum, research-
ers at the firm's basle, Switzer-
land,headquarters moved sever-
al years ago to find a herbicide 
antidote that would permit an 
existing grass herbicide to be 
used on sorghum.

What eventually has become 
Concep was discovered in 1974 
and carried the experimental
designation CGA43COJ. 

Chemical and seed firm of-
ficials said test mar!:Pting next 
:'ear wil involve ze of Conccp-
treated F'un! hybrid or!humo 
seed and init:.,lthe herbieide,
Bicep.

Ri,listration cf Bicep is ex. 
ptCted to be conmp!,,cd thi., fal;. 

Exact areas of initial market-
ing are being chosen at this time. 

Hybrids Selected 
The initial hybrids to be 

Concep-safened and sold as 
Hcrbizhield seed. according to 
the seed company. will be G­
..9GBR. G-550xx. G-5,2. G-522A,
G2DPE. r'-l1, G-..YZiPR, and 

Some proble:!n with seed 
germinton have been en­
cou,:ter. J in cold, wet soils. 
A Tex:'s resoearcler who has 

evaluat..d tne system is Dr. Allen 
WVei.e. w, nr . 4 ,', 
at el': ,,s ;.rTc A,' 
E;p n,',.:C Stat:on at hushlad, 
ea," Amnrilo. 

He said the method o d oubt 

holw1<'ul V!,.,
sorghum {irodjcirs. -T ;a5 
will be to ,.-n,;'s 

revolutionary idea vill hulp 
farmers cortrol gr*-?se, and 
weeds in sorghun that escape 
other herbicides," Wi;;e s. 
"Nutsedge is a good ex.ne.'

After a littli more research 
%%it%the , we v ', X14 
If Blicep ;ad iiloccp c;.n be used 
s o s'num , in 
sandy soil s. If it ; our 
growers will i1e ahic to"".nntrol 
sandburs in sorghum for the first 
time, 

"Controlling volunteer sor­
hum or shattercane in sorghum 

fields with the new herbicides is 
another possibility." 

Weise said seed safeners are a 
viable approach to better grass
control. He nozed that sev ral 
others are currently on the 
market. Stauffer Chemical 
Company's Fradican' is a 
combination of Eptain and a 
chemical seen safener, -rnlied 
directly on aie soil for wed and 
grass control incorn. Ti;' firm's 
Sutan Plus is a combinaion oi 
Sutan plus a safener. 

Gulf Chemicai Coi..,nv aiso 
has available such a prduct, 

Other major finns are known 
to be in pu!saiit of antidoLes. 

Noted Weis.!, "Safent-rs may
cc'-iy 

on manufacturers t'an new 
herbicides themselves. con­
sidering the many envtromental 
facttors whi.h must be nit and 
fullilld bei: ar;:eir; van 
begin. 

be easier to find and esrs 
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THE TEXAS AGRICULTURAL EXPERIMENT STATION/Neville P. Clarke, Director 

The Texa A&M Univeraty $ystem/Colege Station, Texa/Telophone (AC-713) 845-2211 

6-14-79 RESEARCH REPORT FOR RELEASE ON RECEIPT 

BRAZILIAN RESEARCHER CONFERS WITH A&M SCIENTISTS ON DOWNY MILDEW
 

COLLEGE STATION--The Texas Agricultural Experiment Station's continuing research 

emphasis on downy mildew in corn and sorghum has attracted one of Brazil's top authorities' 

on this fungus disease.
 

Dr. Nelson Gimenes Fernandes is a visiting professor at Texas A&M University
 

during June and July, and his stay here is described as a goodlexample of the mutually
 

beneficial co-operation that can exist between nations.
 

dimenes not only will study the Experiment Station's latest downy mildew (DM)
 

findings, but he also will lecture on his own work and experiences to A&M graduate
 

students.
 

The scientist, a plant pathologist at Paulista State University in Brazil, is
 

working with Dr. Richard Frederiksen of the A&M Plant Sciences Department, and Dr.
 

Jeweus Craig, a downy mildew specialist with the U.S. Department of Agricuiture.
 

Gimenes says DM, when it occurs, is confined to about three states in Brazil.
 

Fortunately, the malady has had little effect on corn, which is a far more important
 

crop than sorghum in Brazil.
 

The disease did hit sorghum fairly hard about three years ago, but. it has since
 

been checked by the introduction of resistant varieties.
 

While at A&M, the Brazilian will concentrate on DM inoculation techniques in the
 

greenhouse. Frederiksen and Craig will work with him on identifying resistance in corn
 

and sorghum, and on determining the genetics and inheritances of that resistance.
 

-more­
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Downy mildew has-never ravaged corn and sorghum crops in.the United States, but
 

it receives considerable research attention because it is potentially a real trouble­

maker, Frederiksen says.
 

The disease has been kept under control, particularly in corn, through use of
 

resistant varieties and certain cultural practices. Frederiksen calls this continuing
 

preventive campaign "a great success story in agricultural science."
 

In some other countries, however, DM is 
a "crop limiting factor," meaning that it
 

can devastate corn and sorghum production. Worldwide, it is one of the most serious
 

diseases of corn.
 

The Texas Agricultural Experiment Station has completed its first phase of DM
 

research and now has excellent sources of resistant plant material for sorghum and corn.
 

Next on the program is to evaluate that resistance and to test it to any potentially
 

new isolates of the DM pathogen.
 

In addition, Frederiksen says, this resistance can be combined with resistance to
 

other pests such as insects--sorghum-damaging greenbugs, for example.
 

Gimenes, Frederiksen and Craig agree on theworth of the philosophy of working with
 

scientists from other countries.
 

"Such an exchange of ideas provides a stimulus for us, and I think it certainly
 

contributes to a better understanding among nations," Frederiksen said. 
"itjust makes
 
seqse for scientists in different countries to communicate on their research. '
 

Craig described the interchange of information among scientists as a major step in
 

"building a framework for better worldwide plant disease control."
 

DM is an exotic disease introduced to the U.S., he said.
 

"In establishing this kind of co9peration with scientists from other nations, we
 

are better able to investigate and learn about other diseases that might be introduced,"
 

Craig explained.
 

-dg­
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Sorghums Pose 
Energ,,y Hope.
 

Foreign Varieties May Yield Food, Gasohol
 
By GARY KENT 

These days, with gasoline and Th i not mew. Some of th"In sorghum breeding and disease 
dimi in such demand, the perfect .g n..-QOduced in -the America .naursries at the Beeville station and 
flmer's crop would produce as muc . d./e-: today is being converte4 on the Otto Hertel Farm researchers 
Re as it yields edible fiber. Surxe:iVc_ hol and mixed with gasoline, have given special interest to grain. 
many farmers have dreamed of such a to make -gasohol." Gasohol is also sorghum hybrids which have been 

[.'the praoduct being used to power an developed from. converted tropicalWell, Texas A&M sorghum autotlobile at- thT&M Re"arch introductions. The new tropical in. 
resmarchers think they are on the 'Station at,Wesr o. Trz ts are troductions allow the hybrids to grow- sc 

virge of coming up with such a plat q
aJcOho out ot,,tcnhum. h81tmbetter in the hot, dry climate of South 
that is adaptable for growth in South $oi'o2dLaflllng usful gr In to gt Texas. 
Tim. Information concerning the I tOhaiz Pduct they Cutdnz the rich The influence of the tropical 
reach was actively sought when a pulp of tba pimr.& stalk. - vrieties of sorghum has also aided in 
group of over 100 sorghum research Th6 Btazilinns were among the first the development of a midge-resistant
workers from all over the world t uca tall sorghum cane as a source of breed of the plant. Control of the 
visited Beeville recently as part of the fuet iccause of shortage of oil in midgo disease is crucial because most 
1979 Sorghum Workshop. IBrazil -the nation has found itmilo has to be planted at a time when 

Like rice to the Orient, nutritiouiroconOrcal to produce a reported 20 it will be subject to midge damage in
grain sorghum has previded to a01 :rcent of its tuel from the pulp order to meet seasonal timing 

- .--- ­7 -:--- - -- -of sorghum cane. requirements necessary In producingIndia and parts of Africa Alhough workers at the A&M an optimum crop.tniaas. arts of Africa fr c- Rcmarch Station in Beeville am not Extensive research involving manyturies. Varieti-s of th 

mfl 

plant, Com directly. involved in gasohui-gnrtly known as of the more than 12,000 varieties ofovon.rimts they are testing a number sorghum in the world has been carriedgMany tropical varieties of sorghum fgrow an tal sorghum varieties and hopinghat is heavy with a to out since the early part of the centuryPcome up with a breed of the plant -at atations throughout Texas and 
sweet sugary Pulp. The pulp from the hat will produce an abundant head of lately in Mexico and Puerto Rico. 

cane ca be distilled into aLohe rain plus a thick, juicy stalk filled Recently developed members of thewhich can be used .with distillable sugar. sorghum family, with dwarfed stalksfor easier harvesting with a combine, 
have made milo a highly productive 
crop. Researchers are now hoping that 
a new variety of sorghum with a stalk 
of about six feet in height will soon be 
available. 

qqt
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SORGHUMS (continued) 140lay, July 2, 1.'79
 

Developing new sorghum hybrids W ...a
 
requires a long and complicated -. ,
 
process. Sorghum flowering is _L7
 
hastened by long nights, meaning the ' y "" 

number of hours of darkness deter,
 
mine when the plant will mature. That ...­

makes the development of hybrids
 
from both tropical and* temperate

varieties of sorghum very difiult. f,

The time required for a sorghum plant
 
to mature directly determines how tall 4
 
the stalk will grow and how well the
 
plant will produce grain.
 

The original intent of the resear­
chers was, of course, to develop a
 
variety of srghum that is disease
 
resistant. To accomplish this the
 
scientists had to start by crossing
 
resisting tropical varieties with
 
temperate varieties in tropical

locations. In 1961 work began in 
 4 
tropical Mexico and another project
 
was approved between researcrs in
 
Texas and the U.S. Dep utrtnt of
 
Agriculture station at Maya&Mez,
 
Puerto Rico, in 1963.
 

process tropical.In the conversion 

varetiea of sorghum are crosed with
 
temperate varietice and the first

generation is grown in the tropical ,74. 

dimate. The second generation of the
 
new variety is grown in the temperate ...
 
zne, The rsult, after crossing and . i
 
back rossing the different varietie, is
 
a sorghum plant that can function 14"
 
well in both climates and produce a
 
maximum amount of grain and fiber.
 
Hybrid varieties developed in Texas
 
are being exported to other countries
 
throughout the world.
 

Research in agriculture has put the
 
United States ahead of the rest of the
 
world in food production for many
 
yea s Disease resistant and early
 
maturing crops are nothing new to
 
farmers here But the idea of Tam n's Trail? 
producing fuel from stalks of grain Lucas Reyes, left, and Dr. Fred Miller inspect the differences in short.
sorghum, after the grain has heem statured, grain bearing sorghum plants and the taller, canelike tropical
harveated, is swinething that has been sorghum plants. Reyea, a research agronomist at the Corpus Christi
brought about by the severe shortage Research and Extension Service Center, and Miller, a Texas A&M
of oil. University sorghum plant breeder, were in Beeville inspecting test plants as

If the research proves succesful part of the recent 1979 Sorghum Workshop, which drew over 100 sorghum
and economical distillation methods research scientists from all over the world. (Harrison Photography)' 
can be developed, South Texas far. 
meras may some day play an im. 
portant part in the production of this 
country's tul, while providing much 
of its grain at the same tim. 
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Worldwide Workshop .........
 
The recent 1979 Sorghum Workshop, which toured the 44. 
sorghum test plots at the Texas A&M University .' "-' .' 
Research Station in Beeville, attracted more than 100 
ttorghum experts from all over the world. Among those W .
 
attending the workshop here were, from left, R.
 
Frdericksen and J. Craig of the A&M Department of 
 .
Plant Pathology; R. Giron and J. Ignacio Aguirre of S 
the Rio Bravo Station in Tamaulipas, Mexico; Page
Morgan, head of the Department of Plant Physiology V 
at A&M; Dzrrell Rosenow, A&M plant breeder-,
Agustin Sanchez of the Monterrey School of 
Agriculture in Mexico; Dr. Fred Miller, A&M plant X 
breeder; Jose Esparza of the Rio Bravo Station; Lucas 
Reyes of the Corpus Christi A&M Research Station; 
Nelson Jimenes of Brazil; Dr. Howard Jobam of the 
Department of Plant Scisen at A&M, and Joce 
Amador, extension agrouomiat of the Wes coA 
Research Station. 

Getting Ahead 
Lucas Reyes of tho Texas A&M Research Station at Corpus Christi is 
shown with examplem of arin sorghum heads grown at the Beeville 
Experiment Station. On the left is an African hybrid which could possibly
be adapted to South Texas production for human consumption. On the right
is a common variety of grain sorghum grown in this area. Reyes noted thatwhile the darker grin grown locally is marketed by weight and used 
primarily in livestock feed, the lighter-colored African species contains more 
nutrients and food vlu;,N which might serve to make it a more profitable
export product in the future. (Mike Bedwell Photo) 
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THE TEXAS AGRICULTURAL EXPERIMENT STATION/Neville P. Clarke, Director 

The Texas A&M Univers ty System,,Colege Station, Texas, Telephone (AC.?13) 845.2211 

7-16-79 RESEARCH REPORT 
 FOR RELEASE O RECEIPT 

COLLEGE STATION---A sudden surge of a disease variously known as grain mold
 

and grain weathering is showing up in Coastal Bend sorghum, one of that region's
 

most important cash crops.
 

The malady is believed to result from the unusually wet spring and is caused
 

by parasitic fungi, plus natural deterioration by alternate drying and wetting.
 

Farmers whose crops have been affected so far are much disappointed because the
 
overall season seemed to offer near-ideal conditions for bountiful sorghum production.
 

The problem became apparent when they noticed grain weights weren't what they should be
 

"It's all a surprise to us," said Lucas Reyes, research scientist with the Texas
 

A&M University Agricultural Research and Extension Center at Corpus Christi. "We 

learned about the problem vhen farmers began complaining about their bushel and truck 

weight being way down." 

He discribed the Coastal Bend sorghum country as bounded by a:line from Kingsville 

to Port Lavaca, inland to Austin, down through San Antonio and Cotulla, and back to
 

Kingsville.
 

Although the acreage is down a little this year, farmers usually put about a. 
million acres into the grain. 
That acreage, when disease doesntt strike, can gross an
 

estimated $90 million at current prices.
 

Reyes said the amount of acreage hit by the mold has not been determined yet, "but 

farmers are losing money." 

A good average figure on sorghum production here is 56 pounds per bushel. 
But he
 
said that has dropped to 52 to 54 pounds, and farmers have found that their trlck weig.
 

are 10 to 20 percent lighter.
 

-more­
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Figures on affected acreage should be available sometime next week, when the
 

bulk of the crop will come out of the fields, Reyes said., And there may be some
 

answers to other questions.
 

"If we can pin-point which new hybrids are causing most of the trouble, then
 

maybe we can take steps to correct the situation in the future," he added. 

He said mold-damaged grain is still usable, Small quantities,can be blended. 

with normal grain and fed to livestock. 

Dr. Richard A. Frederiksen, plant pathologist with the Texas Agricultural 

Experiment Station, emphasized that the mold is not one that has drifted in from 

tropical climes. Instead, the fungi lurks in the soil all the time, waiting for the 

right conditions to strike. 

Those favorable conditions occurred this spring, when frequent rains activated 

more molds than usual. Much of that moisture came as the sorghum was flowering, a 

time when some varieties apparently are more susceptible.
 

Frederiksen said grain mold may possibly be the most damaging sorghum disease 

world-wide, and it can "erode genetic progress" in plant breeding efforts.
 

He said the mold seems to come in three-year cycles, and that 1968 was a classic 

year.
 

Loral Castor, Experiment Station research assistant, said the mold causes 

reduction in kernel size and grain filling. Sorghum plant heads can look about normal 

and still have damage. Such damage may not show up until after harvest and the grain 

is weighed. 

He said it is possible for sorghum varieties to have good weathering resistance 

and still be susceptible to mold fungi. 

-more­
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"This is because breeders sometimes base their weathering resistance findings 

on mature head conditions instead of the early flowering stage," the researcher
 

explained. 

On the positive side, Castor said there are sorghum lines vastly superior in 

resistance to these molds, both in early and late infection stages. The lines are
 

on the way, and their mold resistance will eventually shoy up in new varieties.
 

The mold and weathering problem is being watched and monitored by a team of 

Experiment Station scientists. In addition to Frederiksen, Reyes and Castor, other 

members are Dr. Fred Miller and Dr. Lloyd Rooney of the A&M Soil and Crop Sciences 

Department, and Dr. Darrell Rosenow, based at the Texas A&M University Agricultural 

Research and Extension Center at Lubbock. 

-dg­
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The most fwadaamtal approach to resolving insect and plant
disease problems--plant resistance--will be explored in a special 
conference July 22-Aug. 4 at Texas A&M University. 

Participants inthe Short Course on Host Plant Resistance,
 
sponsored by A4M and the University of California AID Pest
 
Management Project, will hear about 35 lecturers from entomology, ..
 
plant breeding, plant pathology and related fields.
 

Dr. Marvin K. Harris, short 'course chairman, said the short 
course is significant in light of the large amoumts of the 
world's food and fiber that are ruined each year by insects 
and plant diseases.
 

Short course lecturers have been.drawn from Texas API, the U.S. 
Department of Agriculture, other universities, international 
institutes and scientific organizations. Harris said all major 
agricultural crops will be discussed, and sorghum, corn, cotton 
and peanuts will be seen in the field near College Station. -g
 

Short Course participation is limited to 35 persons, Harris 
said. Participants so far are entomologists, plant pathologists 
and plant breeders, and many are coming from Asia, Africa, 

and South America. 

Harris said a proceedings of the formal presentations will be 
ftar Z PMan N-'* 

4 



Brief Reports on. 

Agricultural Research in Texas 
THE TEXAS AGRICULTURAL EXPERIMENT STATION VoL., No.7 

July 1979 

HYDROCYANIC ACID 	 Several factors in.IN SORGHUM LINES 	 fluence the level of 
hydrocyanic acid(HCN-p) that may be present in sorghums. Major causes 

may be genetic; stage of growth; nitrogen fertilization; or 
stress, especially that due to moisture or frost. Fifteen 
sorghum lines, including thirteen grain sorghums, one 
sudangrass and one sweet sorghum, were grown under field 
conditions for studies on HCN.p potential. They wereplanted'on a Ships clay on land not fertilized the previous 
year and uniformly cropped with maize. Soil samples in. 
dicated levels of N. P2 05, and K20 were less than 34, 114 
and 970 lbs/acre respectively, for a depth of 6 inches. Find­
ings of scientists with the Texas Agricultural Experiment
Station include: 1)potential levels of HCN-p were increased 
by adding nitrogen, even in lines or varieties that are 
inherently low; 2) two entries were consistently low in
HCN-p at all harvest dates and only exceeded the "thres­
hold of danger" (200 parts per million) at the preboot
stage; 3) as expected, HCN-p tended to decrease with 
maturity of the plant; 4) but, two of the entries still re­
tained HCN.p in excess of 200ppm, indicating a need to
exercise caution with some varieties when allowing cattle 
to graze stover after grain harvest. Source: George McBee,
Fred Miller. College Station, Tel. 713/845-2541. 

Agricultural Research in Texas 
VoI.S,No.1O 

MIDGE-RESISTANT Sorghum cultivas from 
SORGHUM CULTIVARS 20 countries were 

evaluated for resistance 
to the sorghum midge by scientists with the Texas Ag­
ricultural Experiment Station (TAES). The 210 cultivars 
were obtained from the TAES-USDA sorghum conver­
sion program. Midge damage ratings from three tests 
grown in two states in 1978 indicate that 10 cultivars are 
highly resistant (less than 30% seed loss) and 21 cultivars 
are moderately resistant (30 to 60% seed loss). Highly
resistant lines had been collected from Sudan, Ethiopia,
Uganda, India and Pakistan. These resistant lines are 
being improved fbr agronomic quality. Indications are 
these materials will serve as sources of resistance fbr 
commercial breeders. Source: J. W. 	Johnson, Lubbock, 
Tel. 806/746-6101. G. L. Teetes, A. L. Wuensche, Col­
lege Station, Tel. 713/845-3411. 

\A 
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YOU CAN IMPROVE YOUR SORGHUM YIELD RECORD The Famer-Stockman, August 1979
 

LZ *%TTEB what yolur stirghmn svsten." whheh would ifichiub proper stronger sl.i.ls. tropically or %%-.!e more import:ant. io.,l. Ialenst,'l. 
,il i I tIhis season. Vteil can hybrid selcelion, land Welaralion area ad;.pled hybrids. twir. sieeded invite wiepl proibhn% atmii fha ther 
:.;i it Pr,.balhly by a Cun lerabl(e and culttural practiv.'h,; su 1-0as ci'p sorughlii. ieiSt.t%itell iis.eI lvsi.'- vield Culs. 

n;Itat .,... prop~er fer'i!i'at ion inclid- an'+'.'" 
h.l,.-Ct1 ei-ly. liming and pla'emlenl of Brerm,;" says with :rq,,of tho ne'v- -Wo kroo'w f.'om ,ritr-.±I ;o f(ur %% ing voerect 

n14 -,!:,1. 11I..t;: ;.jilie to Il'fertihz.r elements, proper"plant- er ada;it.-l sorghum hyt-rids, pt:.. t- crop rota ion I:i .-('iy i. .. t;: 'r 

114. .ini-hic:,irg panipmered lieds, ing, i,sect, disease and weed control. ing has become %ery critical. Espe- tIo main |r'st.ons. l i,,fi:, is 1o-eon­
taI :ive roalu.i irmil gonal seei. "Through genetics." he says, cinlly imlportanit is adjtasti:g 1.. nil Irol righllt A'rt;...n;'.ll v;ials 
, t feA ili:,lm. .I ('onir(,I "'we've been able to come up with populations to given soil aad loral- weeis c'n .cur,-..r.. . :'%.a: a 

I..,:lal.a-(" a'. hybrids than most would have ized rnoistiire conditions. Iml)rop:r Coiinnitlu (-rai :1[ . iaia .Iunoki lbetter ) 
.1 %of gicn h'a;-tr'. 'id .4 !alergt, might not ever believed possible. ligher yields. plaintig rales cut yields. Anid even on a io;,h. year at-r 

'a, v i,,' .,. -.it nii.'h in the last few* ye:l.'" 
-ithI: uLo ......... .... ........ ' ; ., n.* at
t..t. wi ti r.e.ifuptiaizIln .. .... . ..... Bremer... . .) i.v.. .-- , .th 

. . a;t t;, ill r:in iarti'ts, better I'-:,'::r.-. . tit:(zhipa;; the at C 

v.!'! aiat l.. thinking about- ' i i ,1!. . T ,,;,-t;n-hai s y:.. ,: .te ,VI ,lit -al' 3 
.. ~~fl I ~--~ ~ __ ~crepased an a%t,:ag1 of per ... by 

"I..ml tal i'flnt-n about improve- n:ar'cv~ ing i'nxv!•. fi'w 4t.ti . 1%:30 it.. 

:i.,.t :|t idil tIalk. Shrtlilgly. 'Dr. TROPICALLY adapted sorghum hybrids hold lois of promise. If you're not "'We feel 'ha c,-lriii till,:- !,.:-1 ­
',,d Miil.-,, a .,-sorghtnn tiLrec-ler at already acquainted with them, here's a d3finition hom Dr. Fred Miller of Ices C111 b *,us'e(iire-t by !h,. ;Ili.,; 
T, ..- ,'.aM. v:ain.alts that [he grain Texas A&M. use Of (1.eanai(;.ls." h, :;.-. . , 
.-:1* f.1'I )1l.it .l aa% i;tl ua- Tropical ad&plaion simaply refers to a hsbrid bred from at least one contint:.d c ,WI'.th - Vr its.-fo i. the iot.ah 

"troqicilr paren;t luie. it refers to the ab,!ity of a so;'ghum hybr5.' to rnazn­
tain high yield potential under short day Idngth and high night taei.pera­

.. : 1.4z t lures. 

I;::, .,2 [.'- :2;;,i~ One way it dmIfGrs from "normal" temperate hybrids is that ! -.mpera;e -), . " .:..:~; 1 H;'dr 

.ybrids maturze faster whon no-i d to southern clini.tes t:cau .e of t1acir 

fz ,,Cld gereti" -p. day Ilrngth:s and Ic. t *.... iinakcu dric.- ot. nights c:a33,.3 rar;-d - . 

,. ,..' . 01, malu:ity in places like South Texds. SincL the :e:n .-rates mal.,rc faster a. .. ,.arj';-." T..,', 
whcrn eovid nuth they don't set .s many lewes. don't fill oul hc..s as .'. a ." ... I 
"" l!as in morthean zcon, :;* don't havo the ulalk quality they nigohl normnl;y _-A i..:i 

Ilave. aw-i dci;'t yicld !, -t:s ' , o the p!it' r.. ::rity is . . . . . .wel fcccl 
the rnajor ,,-j.,-.n ' yields have bema lrad.or,..-.,v Ir ursoa;l,%:rr, sr',lai 

.to .e-d 1il) to than no: hern yiuJ.. according to Iviler. shoria:, mn iuac.l; d;.::.-;.and:i-.­
l ita. .f a "Wa:**t ;ECtI. Ili contr.-st, laopically adapted hybrids grow wel! in nr(::.s V.h. .e day t.u .: ti; . -.., 

. :.'m. h:-t's til,i:ididle:0 nl- l , isshort atJ riiilit- tilt. ,ish el ":.'o1i- are lorn.lj 


| .tII AnC.d.tnl.1 c,:, 'Wi,;; lez :;t'n .a. for plitilli 1aV11( - iliL d 2:): M.fl.. L tO: .t.'. i h:t. t A r.1 . .-. 
.1 L. |i.,,.[iLO ;.;i that A ;Eilv:CraiC Iybtid -n.h! I:.2,r its/ A ,::-aLiict n. ,a,, ;! .v.r-lc-,. 'e , ; '-. . 1 

iti;j. '-I o r";;"- t(ii, tlr,-.veYOU % I at fO 4iays at C(,rrus Ctristi. On tim oth:.r h:i l. trop c..!.aJ-.a.,- evc.;. :ittsla i 1.1, t :,: I, "" 
I' yoIrid mi ght flowtor ii 70 c.,ys at Linco:n ;;nd 75 &try.iat CX.P ,3li1li. i.lirW" i:';n* .;, ',I. " '1 

. tw.s'arch is iaa:cs tropi.cl h.ybrias ha;' ee io ic;. . :t;I"-i k-f,;ui: .!-;"z .r , . 
o . %.- Iini t. tenipe: "AL r ai -c-%s at "-,.iflT axas to n-.sare I 's 

.. .. .:. .. .!I I .X. .1" l(",-1 .. h ......t: ,.-:r:, ;a . ''-ic|es .'r,,r,0i,.:: t., .l, . . ' .... ,.r.t -.. . . . .--*,.-,­

v;-.';, a " col. '.-. I.g('r: ,t w li.- m.i.te I jLds ic Jed -3 to 51 ois.,:es loto rmndtlc.n. ,.i" .taim.uii.i='." 
I.D Avilable Document~Best 

http:1.eanai(;.ls


Agricultural Research in Texas
 
THE TEXAS AGRICULTURAL EXPERIMENT STATION VoLlino.8 
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WHAT THE SCIENTIST SEES 
Larvae of the sorghum midge, Contarinia sorghicola 

(Coquillet ). arc so smalli tllte (Itiille call Comiiplete 
devehollittill wiihinl a intgle surghmti spikelet, where they 
usually feed upot the devehoping latil iva y. l)pI)lite their 
small s.te. s.ich larve call. wmeii 1)icsCnt ill large imbers, 
severely damage develhpi,,g seeds and greatly reduce yields, 
lecause storgtiniu midge Lrvae cost l'' is iXriniIs 

ii1it o.INof dtihnls arrsrnally Ill yield losses ul Chemical 
contrul measurC,. Texas Agricultural Eixperiment Stalism 
(TAlES) scientists are seeking ilmproived iiiil:ageiticlt strute. 
gies for the contrul of this pest. 

It these itew ititnagetent strategies, plant resistance is 
expected Itl he a ma:,jor c )lithtllert. ['I'S scieltists study. 
ing the mechanisns involved ini plant resistance believe that 
a hetter undcrstaading ol Iow 1he :.r vac fed is iomportaist. 
I.aghl nlicr scopes camnot prtvide Ihe high m.'agrilicaion 
atd fite detail required for study Of the tinuleitIouth. 

Plate 6 
The mct'etun micrgraph, Iiuws ite e\ternal nmrphsigtsly of the 

nfml lilUais Air a laic lar%.i iotar, ineiti ioga}: lat cu.) lilte (Ip).psea 
mandible (im). mantibular ridges (black nusrows). tmandibular Ise 
(black irsd %,tlelearis,s ). iill,l| (111%). liiill (1|). lig.ula (1). and 
siluphure (s). 

parts. lluwavcr, under the dirctiun of )r. (etirge Tectes, 
associate prul'f.:oi t eiltsnndogy. graduat.: mxamfhtI assist­
allts Ron lletralia and Allen Witeii-Ihe have devised ways of 
isiiig -I s.aiImihg elt-c Ion smiwt scop c (SI M) (it piovide 
magitifications of the laivil head as mnuclh as 7500 tincs 
actual siZc. Ily IlIezinS o1 SI:-A ruiclographs uch as the oine 
showil lit-low fell). Ihey lh.ivi ht,I ;Illc Illlcililly .1rl1l de. 
scribe individual mIuIniUIp:.ais. Ihe results otf their study 
itldia:e that midge Litvac Iced sits plant I'luihd rather than 
by chewing plant tissue, arid that cxtra-inel.stinal digestion 
prohbllly aids ill the pitithlli)til but iciste ,lUJi~tlles oh 
fluid for larval devchupmelt. iIt addilimi. the SNI iicron­
grapls have biet used by )r. Ann Suensen to prepare the 
first detailed illustration tl a larval sorghuin iiidge had 
(right, ielow). (Stsre" ih. (;. I.. "reties,(',kge s.,tisiton, 
Tel. 71.1/X45.341 I1.) 

s•r. , .) 

S-N: 

Plate 8 
This is a ,ialraniiatit' frioltlt Vi.W lt tiv ltar l head aid minuth. 

astLd tn isahay t1 %I miriirgraltti. X751111 lillu'tlrilism hy It. 
,..'irselt ',,. 
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Minimum tillage gives year-round forage. It 
may he the way to raise forages on grass sod in 
the South, say Louisiana State University agron-
omists Marvin Allen and Lee Mason. They're 
planting corn and forage sorghum in bermuda-
grass and bahiagrass sods after first suppressing 
grass growth with herbicides. Yields from tests 
have equalled those conventionally planted. 
They've also gotten good stands of ryegrass and 
clover the same way. 

To suppress the grass for corn and sorghum, 
one qt/A of Roundup was broadcasted prior to 
planting. Two qts/A of AAtrex was banded. 

To establish clover and ryegrass, researchers 
applied 1 pt. of Paraquat. The dried up plant 

Tropical sorghum& jump yields by 20%. And In 
some south Texas areas grain sorghum yields have 
doubled from tropically adapted varieties that were 
first introducod in 1974, explains Texas AM sor-
ghum breeder Fred Miller."In Most Of the world. sorghum is used as a human 

food and red color is a prejudice factor," he says. 
"That's why we're now breeding for write seeded 
sorghums which can be used for oth human and 
animal consumptioni.

"By using best management practices and getting 
reasonable rainfall, some farmers are oroducing
5,000 lbs/A yields with white seeds. rather than the 
3,000 lbs/A red seed averagp Eventually. I'dlike to 
bee atotal ph se out of all red nybrids." 

In the nex! few years, "1iliorexpects more diseaso 
resistant end hinor yielding
while sor0hums. Experimental. 
ly. Texas A&M now consistently
produces white variety sor-

ghums yielding 12,000lbs/A. / 


* '. 

r' 


. .
 
•P ' . 

in 
. 

Soh 
residue was then burned before seeding the c!ov­
er and rye with a minimum-till drill. 

Ryegrass established on sod provides grazing 
from early December through May, when the 
bahiagrass starts providing forage again. Clover 
planted in October should be ready by March. 

Nematodes cut grass yield. Yields of cvol-sca­
son perennialfnragegrassesareseverely reduced 
on light-textured soils i'hen nematodesare pres­
ent, advise Auburn UIniversity agronomists. 
When chemicals were applied to control the 
pests, second-yeargrassyields increased50-90% 
duringautumn andearly winterperiods. 

Stubby root, stunt and lance nematodes re­
duced root weight of tall fescue 60%. orchard­
grass 47%. Infested grass fields, the agronomists 
note, are highly susceptible to autumn drought.
Infested stands lack competitive vigor and 

warm-seasonperennialgrasses. 
Although the Alabama tests clearly shoWt,

greater yields are achieued by treating for ncrna. 
todes, the researcherscaution chemical control 

measures are not practical at this time. 

New lodge resistant soybean. Ifyou're experi.
encing lodging problems with Lee 74 soybeans,
hang on help's on the a. 

T he lpklaoa e e st h e 
The Oklahoma experiment station has re­

leased "Sohoma," a new variety reputed tr, be 
lodge resistant and high yielding based on tsts 
inboth Oklahom and western Arkansas.
 
i aho a anm trn rkaas.

d Group VI, about 2-3Sahoma falls ir maturit 
dayi earlier than Lee 74, It'; a bit la,.er 
seeded than most of the varieties beiiii 

"":.' grown in the region, tests higher in lth 
- protein and oil. P!ants are shnrrer than i.e 

74, have average drought tolerwnce. 

.. 'Alfalfa benefits from killin," frost. C""­
" ; ing or cutting alfalla for hay soon after the 

first freeze-down nut only stretches w 'r., 
" feed supplics, but mrire importantly 'e­.duces weevil damage next spring. 

" lnrvesting after a freeze this fall .iil 
*. ., destroy .inme of !he weevil, going i:nt tha. 

winter un, r.duce the numn'r ofi pla:.., for 
them tW lay eggs." oxiplains Ui ersiy of 

'hri .l'-!
lKentt,rer-y Cnohkitth' 

-By Chares E. Summers and Gieg Lamci, 
....... Crops aru .;o,,sEdit,:.. . ... 

ng Is ind onyoo byiinger 18nAppou. G hasue estl u a o ult 7 
Postardinhis ssu tolingus ~alkind of fatmir'g you're interesetEd in. 
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DR. FRED MILLER INVITED TO STUDY SORGIUMS IN CHINA 

Fred Miller, a leader in grain sorghum investigations, is one of
 
seven U.S. scientists serving with an agricultural exchange team 
in the People's Republic of China for the next five weeks.
 

Miller, whose research with grain sorghums has received attention
 
internationally, was invited to serve with the U.S. team, whose
objective will be to study the acquisition of germplasm of soybeans, 
sorghum, millet and vegetables.
 

The U.S. recently entered into an agricultural exchange program with
the People's Republic of China. 
The program involves reciprocal

visits by scientists.
 

"Our team will visit production units where a broad range of germplasm
of major crops is under evaluation, including soybeans, sorghums,
millets and vegetables. We will be permitted to select materials
 
of interest to the U.S. from PRC selections," Miller explained.
 

The U.S. team will visit the Academy of Agricultural Sciences and 
nearby production units near Peking, Kirin, Shanghai, Shenyang and 
other provinces.
 

"Our team will discuss the future exchange of germplasm and relate
other crop information covered in this first exchange program. Once
the team arrives in China, members will be guests of the Republic 
of China," Miller added.
 

Miller will be concerned with collection of data and germplasm on
 
sorghums and soybeans.
 

Also concerned with soybeans will be Dr. W. R. Fehr of Iowa State
 
University, Dr. K. Hinson of the Agricultural Experiment Station
 
at the University of Florida, and Dr. K. R. Bromfield of the
 
Plant Disease Laboratory at Frederick, Md. 

Exploring possibilities for vegetable germplasm exchange will be
 
Dr. E. Z. Wann, director of the U.S. Vegetable Breeding Laboratory

at Charleston, S.C., and Dr. John Bouwkamp, of the University of

Maryland. Dr. W. W. Hanna of the Coastal Plains Experiment Station 
at Tifton, Ga., will be concerned with collecting germplasm of
 
millet.
 

Miller met other team members in Washington, D.C., Aug. 13 and

attended a briefing session conducted by the U.S. Department of
Agriculture. The team then left for Tokyo and continued on to
 
Peking.
 

Miller returned to College Station, Sept. 17.
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Dr. Fred R. Miller, whose "Our team wil! discus tne 
-,lk" research with grain sor. future exchange of germ­

'.1 "" ghums has received atten, 
plasm and relate otlr croption internat..onai. .vt o erveawithatheLTS.tinformation covered in this 

with the U.. first exchange program. 
team, whose objective wil Once the te'am :rrives in 
be to study the acquisition u: China. memners will be 
germplasm of soybeans, sor- guests of the Renubiie of 
ghum, millet and vegetables. China."Milcr added. 

The U.S. recently entered Miller will he on.,-rned 
into an agricultural ex- with collection of data and 

,.. - change program with the germpiasm on sorghums and 
Dr. Fred Miller People's Repub!ic of China. soybeans. 

The program involve- r.rIp- Miller met other team 
Researcher Miller Invited rocal visits by scientists. members in Washington. 
To Study Sorghums in China "Our team will viqit pro- D.C., Aug. 13 and attended 

A Texas AgriculLurai Ex- duction units where a broad a briefing session conducted 
periment Station leader in range of germplasm of major by the U.S. Department of 
grain sorghum invdstiga- crops is under 2valuation, ii- Agricuhure. The team then 
tions i one of sever T."..S. cluding soybeans, sorghumr., left for Tokyo and will con­
scientists serving %iLu , a millets and vegetables. 'e tinue on to Peking. 
agricultural exeliaage team will be permitted to selcct Miller is scheduled to a. 
in the People's Republic of materials of interest :o the rive back in College Station, 
China for the next five U.S. from PRC selections," Sept. 17.explained.

,Millerweeks. 
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BROADER ROLE 
FORSORGHUM?
 
Researchers say 
there's potential fore-developingdvlin g 

Several African countries pro-
duce sorghum beer, which re-
portedly is less bitter than Ameri-
can brews but has a higher alcohol 

Cerealchemist Uoyd Rooney 
displays foodproductsmade with 

grain sorghum, includingapackage
of cereal soldinSouth Africa. 

grainsorghum as 
a food crop 

content. Other products made 
from sorghum include acola-like 

soft drink, porridge, soups, baked Imp 
Sorghum, sorghum everywhere, goods prepared from a combina­
but not a grain to eat-at least not tion of sorghum and wheat flours, 
for people in this c:untrv. It's no and even cosmetics. 
secretthatamong themajorgrain Roonev says the red-and 
crops raised in the United States, brown-seeded sorghums U.S. a 

none is used more exclusively for farmers grow aren't very satisfac- -

feed than grain sorghum is. Less tory for these products. "Most of 
than 1 percent finds its way into the sorghums raised overseas .. -" 

any tvpe of product used for have nice white kernels, a bland M; hn sac cenita.. 
human consumption. flavor and better milling proper- Texas A &M University, checks loaves 

That doesn't necessarilv have 
to be the case, hov ever. Food 

ties than the types 
here," he explains, 

we raise of bread made fromamixture 
of grain sorghum and wheatflours. 

scientists at several universities New color. For a number of 
are using grain sorghum to make years, geneticist Fred Miller and 
all sorts of tasty goodies, includ- others at Texas A & M have been 
ing bread, cookies, tortillas, noo- working with some of the 
dIes, a puffed cereal-like pro- white-seeded t pes. Miller says 
duct, and a cheese-flavored most of the sorghums coming 
snack that looks and tastes much out of the Texas research pro­
like several made from corn that gram now are white-seeded. All 
are now on the market. have been analyzed for food 

Llovd Roonev, a cereal chemist grain quality and many have 
at Texas A &M Universitv who's been selected in part for their 
been working on sorghum qual- human-food potential. 
itv for the past 12 Nears, says Miller is also working on some 
there's no question that sorghum vegetable-type sorghums with 
is mainly a feed grain in the U.S., sweet seeds that are harvested 
and will be for a long time to green and used much like garden 
come. But he doesn't discount peas. The grains are eaten in 
the possibility that some day it some parts of India and Africa, 
mav becomeafood grain as well. 

Used elsewhere. In many trop-
ical areas- particularly in Asia
and Atrica-gramn sorghum is a 

and Rooney says that when he. 
took some to a Texas A & M
faculty potluck, "people were
coming back for seconds and 

-A-p 

basic dietary staple for much of asking what it was." 
the population. In India, it's In addition to sorghums for 
made into chapattis and rottis, food uses, the Texas sciennsts are ...j " t" 

which are similar to Mexican tor-
tillas. Enara and kissera, the 

developing types with more 
sugar in the stem. These, Miller ,, .4L4L; 

basic breads of Ethiopia and the says, could have real potential as 
Sudan, are made from fermented
grain sorghum flour. 

rdw matena! tor tuel alcohol.
"inBrazil," he explains, "some '", %w, t. 

sweet sorghums have been . .. . f" 

found that ',ield more fuel per 
acre than sugarcane." 

Another angle Miller is looking 
into is whether both grain yield 
and plant mass can be increased 
simultaneouslh in sorghum, or if 
one must be ,acnficed to increa.e 
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Geneticist Fred Miller is developing 
sorghums that produce white, 
bland.flavored seed suitable for 
use in a variety of foods. 

the other. He hopes eventually .o 
develop selections that will pro-

M .A 	 ;duce large amounts of both grain
Z?4v-.' - and stover. 

" Sdentists at other institutions 
V-C 45~,' are also looking at sorghum as a 

.2fl '11. s 7vt "Ul 'v :" j t "food crop. At Purdue University.t 

for example, geneticist John Ax­
~ t2.:., -;..,.. ',~ *'trg tell is developing high-lvsine va­

4' - . .' .. .," 'rieties twice the protein; 	'; ',.. with 
,.. . ',,7> ' value of normal sorghums. : I', '~ "Ct. 

~'iyv'!' ­,: :'. 9:-:'.... ..':iThe ... federal government is get­
ting into the act, too, by funding 

-a major sorghum technolog, pro­
,.',.4' ". - JJ ,' ject to be conducted by research­

" ,", "e rs at eight universities. 
i;.: ".. ' .h~ .~A Carl Hosenev, acereal chemist: ""'" '"!"'4' tKna State University, ex­

. - . plains that the main goals of the 
t',1 rQ t I project are, first, to develop stan-V9.)' 

.,A' '. dards breeders can use to tailor 

Iv. ".new sorghums to specific food 
",, j t : ', ' "i "requirements . and, second, to 

'43% ~4 4 A~t.improve the primitive sorghum­
processing methods no, used in 

" V* [ , :.,t-,most developing nations.'""..4 


Export potential. The sor­
.. , ... , ""......, ........ I ghum technology project is 

% * . , , , .. ,, ' e. primarily intended to help 
.,,-,'.... ' , .,. :,, 	 -esspeodevnele i,,n'.
,:'" .,=a...., ',!,*.. ,p-eople" 	 spdeelo ed:' .... 	 unun
\ A; •tries 	 get more out of the crop, but 

'i : '. 	 the work could.'.A.''' 	 llosenev says 
" Z ..... benefit U.S.'farmers as well. I 

'yr *. ),~j* think sorghum has good export 
., potential," he explains, "but in 

.. i V." , .,order to develop it, we'll have to 
': ..... '". pay much closer attention to 

, t ,what potential customers need." 
v,.G . eneticist Fred Miller agrees.

" 'Anysorghum that will work 
....in wellfood products"- will also 

. ' .make a good feed grain, so 
. . . .. ; A there's really no reason not to 

-"-develop and use food tvpes," 
Miller says. "With sorghum 

.:"being welf established as a food 
..- , . .' grain in so much of the world, we' 

" -. be able to export a ,reat'.should 
deal of it 4 suitable varieties are 
available and if American farm­
ers will grow them." 

f 	 K' 

.',,'.. . , ." ;l r.,, % : ..- . 1. . . ... . . ... . . ..: .
 
, a ' ' [­"'.I . , :, ; '" " '' " : . 

2:.¢a.~k:.- .3.Jt g...:..... . a-.. ... .	 v.h',i.f'..',as... . ; 	 .. .
 
_____ i>%tS rA. l 
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By Calvin Pigg, Editor 

FORTH WOILTH, Texas-Mushrornting enthusiasm 
o,'. prospects f'or turnin,; pgricul,ural commodifi.s 
into uel energy can otdly be "cautiously justifiu' 

-I.ny najor-seale conversioni of
bi,:aas. into alcohol fuels rjiut:t 
eina as par" of a larger 'n­
e,'..e'iru.fed, for,d, fiber '.. 

f .cOai,'r:. to be unvh:.. 

" , -, 

at :.astfor row, speaker' ,-Q
p.o"'rina U .ore Texa.s I'ed.:. ;,. 
r .j!:ally g r ::lhere , re ".,... 
. will pl:y GIdy a 

"t:'.'al" role in solvir.g th" 
.,.,won's energy dileniia. the 
:*1,l g.tl1ered members of I!,Tex;.: Seed Trade Associat:on 

-1,:tolid., 
VtLam6Y.er, aning, souhwest­

,. 

' 

J 

("V.7-4rov's er--).,, corn. sol'gi:': 
az., sti:arcan , are l a,;it, 
eanidat,.s for fuel alec';,, 
m;.'. in-,l h l.D 'I-pu rp ,oe '!I 
"'.-. f v • ': ..J ' 

. . 

S- ,.,+ -'S47a'.;.,Ih:r;,z eru: +"sl'' 
','.',}Sz O. .:' ered 

at'i% ,' " 
a t t1'l: 

. ,h I l t:;ni p1;a:nt 6:';!2.'; 

.:!d ot E ;.rk "'ren %­
',ti,'er,aiq crops for d 

p,+n-t.wse roles. 
1- i .Wr:of !e r , i1, . ,,. 
'"f'.,f~i':, .\p r,.a'" ': .
.;:.,:al 'r .Iu.tion in luc:s. 

1a' a i. h:i.­ .,a't "aI':'t. .. .....r.. , l. tho :.: , : 
vi..l..Iu0lsthw't f:':,Lih,. .k! 

.:,'a"I,\"s tokl:I 

'M::~IY 7: 141:7 
M: ti ro io ti iolll:, 

t' ~~~- :lTih.l r. 

Ii, t..': . f .:..h 'l'e : n.' .
njr. o 
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Breeder Says Crops.Easiy Altered.
 
Forages Important 

"We also feel that in the very 
near future, forages for fuai-
making are going to become 
more important," said Kreso-vich, noting new processing and 
conversion tecwniques, 

He detailed two newly de-
veloped, cost-cutting conversion 
processes, one called the MIT process, devised at Massachu-setts Institute of Technology and 
another popularly called the 
CherSystem, developed by a 
Chefirm. 

He said whereas older methods 
of making ethanol once required 
o50,0k)0 Btus to produce, the150,o heBts toprodce, 
figure with the newer procedures 
is no greater than 20,000 Btus. 

"In the next year or so, I 
believe they'll have it down to 
only 5,000 Btus of energy-so 
we're not talking negative 
energy balance anymore." said 
Kresovich. Ethanol has an 
equivalent 80,00 Btus. 

In a later interview, Kresvirl 
told SOUTIIWEST FAR M 

1'FIT'SS that some of the curv,nt 

luthwiiasm among land opera-


rs over the fuels potential, in-
m uding investments a few are 

making, is only "cautiously justi-
fied." 

"There is a large amount of 

potential in bioma:s energy in 

Texas. However, people must 

take caution in all the various 

aspects, not the least is safety on 

un-farm distillation of alcohol 

and the legal ramifications." 


ie said l lcohol 
sysemwil
ee tocosierus
-esteid wnses co hol 


of all fermentation by-products 

for the fuels scheme to be 

pmofitable. 


"Don't go overboard," he 
suvgested. 

"Enerjjy systems -for agricul-

ture are multicisciplinary. you 

havke to know about commodity
production, chemical en.-.in,:er-pd i, ic n r 

ing and a good bit about 

economics." 


Another speaker was Texas

A&Msorghumbreeder, Dr. Fredit..Msiller ofbCollge Statior. 

Easily Altered 
Dr..Eiller said commercial 

gr.in orghusaican be altorcd 
'amin sily frcan be .tio:e.lfood 

"ia aeasily rop. lie n-

rioned a gra':enesorgrhum plnt-


x feet llmo sio tall :;aving I;,h 

W :ir; yir"d. aui hmvuni, a ­"r::i ri id ing ic a 
s,r'eeuties . foridstiars) con-

*vere'oneintofuelf 

available to plant breeders to 

genetically engineer specific 
types of plants," he said. He said 
a similar type of genetic
rebuilding applies to corn.sugarcane, wheat, peanuts, 
soybeans, sunflowers and other 
high carbohydrate crops as well 
as to sorghun. 

The plant breeder said 
sorghum might be reconstructed 
for fuel purposes easier than 

other commercial farm crops. 
"The main reason such recon-
struction is possible, we believe, 
in sorghum," said Dr. Miller, "is 
that we know so much about 
sorghum through our work with 
the world collection of sorghums, 
where specific traits have been 
singled out and drawn hito 
present day hybrids." 

lie said now with the tue: 
possibility, crops such as 
sorghum, could be altered to 

serve as multi-purpose crops 
such as for teed, food and for 
fuel. 


He said building materials can 
be manufactured from cellulose 
fibers left from the sorghum 
plant. 

"We need the grain to produce 

both foond the grai from 
bothufood an fe rn 

hu w cannot change 
that part of our reconstructed 
plant," Dr. Miller"infact, if toldwe theseudsmen. cold 
produce more grain that would 
pe or t ecsTheranta wol 
be to our advantage. Any excesd 
grain over market needs for teed 
or food could go to produce 
alcohol." 

He said the different need is 
for added sugar, or the amount 
of total fermentables, in the stem 
of plants as a source of energy 
for alcohol and as sugar for food. 

The breeder's final prediction:
"We will see much mnre 

awareness of total plant 
utilization from our major 
agricultural crops as we move 
into this era of harvesting both 

and fuel from our fields. 
This will bring the need to 
dovelop new plants with mu!1;!4!!
ticd rather than just i)rn (r 

cr' for irain." F,, ailed :t a
:t'unf 'imure total utLilizatioi 

ui runi' plant materials." 

The Texa. A&M expert said he 
is active in one research :.,ujcct 
to devise a high energy .%stein 
with sorghum.economicswofefarmsfuel 

"From all we know about 

production today," concud- d 
Dr. Mier, "producers are well 
advised to leave fuel making 
alone unless they can use all the 
by-products. He said dried 
distillers grain, a left-over from 
fermentation, is commonly 
utilized in cattle feedlots ad on 
dairy farms insome areas,. 
A commercial seedsman, jim
ndsey of Planview, pre,:id&nt 

of Pioneer Hi-Bred International, 
Incorporated and president, kou­
them Seedsrmen's Association, 
was next speaker on the pro­
was e speke on The peo­
gram. He spoke on "The Seed In­
dsty Challenge" to fuel crops 
He challenged isfellow seed
 

merchants to stoy alert to all 
fuel crop possibilities, as a "new 
economics of energy" emerges. 

Suspect- Doubts
 
"Isuspect that many people in 

this room harbor some doubts 
about the likelihood of farm 
crops becoming a serious source 
of energy-or that the production 
of fuel will be a serious market 
for farm crops," said indscy. 

The seed official pointed out 
athe economy of the U.S. is 

based on energy and the cast of 
that energy will increase. *.In 
other words," said Lindcey, 
"there'll be a new econorrc s of 
energy. And, it's not just ar-6" 
matter of rewriting the old .-. 

whole rule book has to be 
throi out and a new one i be 
written. 

"If we feel we're stic!'." ,,r 
neck out i getting serwu. -,,' 
oasohol." sp-rr.contined the 


"think of the guy who %t- h s 
money on the status quo t..,W. 
he won't make it." 

Lindsey told his fellow ..c,' 
industrymnen that the "p''t­
ability" fo gasohol, the v-tu-l 
blend of gasoline and vilianil 
(alcohol). is a key part 4, the 
alternate fuels ouestion. 

Gasohol Ad ntage
"None of the other ait,::ia.e 

energy sources can be ,ae'.J
around so easily-not nuc!e:;:., t 

solar, not really coal," .:. 
lin..ey. "Ga ':;,h'
l 's ,, 
e:i.::v avalal: e fuel f. 
tending our last-dwJ:.:; 
supply of motor fuels." v 
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m~red:tw in e~ 

D. 1-%Gu~hce, chii ,f of v~a­
virornen.tal rnd natu-rl re­
soar Ues eolicit itr the Libr~ary of
 
Cong'e. in .ashki~iton, D.C.
 

In his 	 asiilm.it. GULSI.ee 
P1 ovidet. congr'1:ssonal mc'mbers
 
%wilhdaa 6~n the nation's energy

mr-t'.rs. He vas less en­
tul-.la;!Lc about glasohol serving
 
the antional in~terest. fie said
 

* 	C4:i-.-Tr"$5 has been reluctant to 
do inuch in *'unce'nomic eneray 
a'c..s"' such "s gasohol repre­
sentscurrently. 

co"nress Movin,. 
Gi ;hce's tact s that the U.S.
 

Con.!reyi appears not to be
 
rnohinga forward on energy policy
 
t ;ue.n.-nieatbut that actually it
 
is. C.Inlress rconizes that
 
riv nr snecific leirislative artions
 
t.i 	 .y can be highly counter
 

Seto otir Litizens.
foiir (.t appars ino ntionb,.lt! !'i theune.c'on audience P.
 
that . -ohol sin theao unal
 
pAnt curene is Utullly a trivial
 

iMALt r 
is a trivial matter,' he 

GI, .hie's"because as thin . 
st,,ai todjiay you inu~st write of! L11~ RARY OF CON1GRESS energy cuasticri anid that gesollne is still cie~. 
hihar c-tsa glun in norraol . :!alist Gushee tells seedsmenDavid 	 than the altei-native fuel.noeona!
n, 	 t comds intre oi g..schol Is a trivial part of energy 

di .;jetobe viable, it has to b,.S rec "You canno afford the cost of
 
iidirctmeicans tirough the titockuihngtax harvesting and hio­

mas materials for its enervy
 
-In the final analysis," said purposes alone today." added
 
rsl,.. "gasoWo is more ex- Gusce. He said C')gress is von­

re:.Ove the gasoline." 	 siderin, $711 million in incentives 
Cite-, Ex-oo 	 to productionples prtmh gasohol 


IVe s::id lo,%-a ind Nebraska but that the bill as originally
 
arc in tUouble w'th their state proposed will be altered consider­
p.,,y ,.mainteince prograrms ably. 

MY: te di'inish: funds for Concluding. Gushee s.... -isted 
r-11r.iasohol th a four-cent that for gishul to be feasible as 

e
a ,i state la exemputin. f a general miotor fuel, prices fur
 
.hai.!, as penmr.unded W-percent fue miust rise considerahly fir
 
:.t 1toal nt;r iuels market in federal polwy port e nhatnen
 

States. to substdioed Lt.ah! and then qi
 
-.t! ie it, cnhme L the spread incro to
the aord costs 


i."rart of Ctiigres.; tt CitizenS the i:inbio­oficial. through

"' eit s. an opporrtunity systnie fr(r 

" ? yOU t)eyoin During tod.
i'*, rel. aid 	 the business 

V.10 In' i: it as a so ndary en- rsetie, in adiion ipo r ' .eics
 

Iv eaEarmnl ople-iti. fier chosen,. ais'hl litoducitionaa
 
.. thtinoat nsi
r 	: t,'u p::rnip disri'wtois elterei i(deit-a 

r.:i srvi: donwrud In ,aret
rr : his l inza ome. 


, bw.ttes t to D Ilenert i: f i
tlo,.ener-	 I~I , t'.u 

l~r'k'ct~on. 	 Hailwad tit l.sia'uai. 'lTv'\is. 

http:mr-t'.rs
http:GULSI.ee
http:asiilm.it


* I h!, l.*' l'*' I* *l,l(l{.j** 'i 'Ve l11' . 11Into l'*..i Pl 1, 1 1i . 

S *' c i, . ., . . ' ,"- (..r.ionlof :: .... on 

ell.:i it ec:,id "icr preL',l:nt. 1:0 
heais up Hich.,rdson .iceds. In-
corp rated. 

•You have here in T-xs 
systvi,.s that can produce both 
food and ener;,y on the :same 
land aoid at tho sazne time." one 
speaker. Steven Kresovich of the 
Battefle ColumL's (Ohio) Labor. 

"atories, told the g:athering. 

No Tr..6,e.Off 


"There is no trade-off. We 2an 
get food and we can get energy 
from the same land," sawd 
Kresivich, who is agricultuail 
coordinator for bi;omass produc-
tion systenis for the 1929-foaulded 
non-pn ffit research or:-anizatinn. 
active in hiomass encre.y de-
vel,..zncnt for the past five ye.,rs. 

Ktre:'"ch explained as an 
exr,mple that with either corn ur 
sorg;hin grain. the carbohydratc 
Iu 11.ae the alcohol cnn he 
rc,,o'.. d %1 e i'otcui for foti Is 
left intict in t:o kerinei vi !,:iln. 

IIn the sie"rt term. edcirnoi 
ehydrous peodtredrthanol, 

W oa starches and scars 
throt.; h fermentation," c:,n-
tinued Kresovich, "is the e.-s;est 
and -oost cust-4iffective way to 
go. This could be done under a 
ru.ujibtr of differeta skill levels." 
said the Battel!, specialist. 
"Ah't;ol from bionass can be 
produced with farm sLills, with 
co-,;:,,rative sklls or on a mulzi-
in1.it,,dollart f: r" ba--." 

Rr.;ovich sa:d that with newmcth,,ds it a'ears tl'e cn-
version to alc l.nl van eventu'Ily 
be enst--Lffecti:e a . all tl,'e 
levels. Fe saA. hr-wever, on-
farm alcohol nzaking via a 
nlderni7ed still de'.ie is highiy 
c iaivipr to thic :.,r,,lor.carbwl 1;: ,.das 

it11.-:I1 thc i.;n, : ah':o, l 
.aoi,ihol)wIt! be pro liuced 

c:unec.-iai!y from all c::rL,,n 
c:nin iattiL!s. :,e Said. 

"A al'.e t.!: i..:oaiass it 
t,;' ':t'.,I.e- r... "" i .ddyao;k 

th, c. eillwcal thl:, :;'il! ;o. 
ih.' r,:'t," sa;l i.r.,'jvieh, !,I-
drlnt,: r i c'n be fuei :d.:[-
suif' 'it the. L 'I 's bat I.,

A~ch::'to;'.y an.. m .!el.,v ! 

r.cilve i 
* i'**1 r. . ; ,-- a, pul w)r+|le 

pri' Ma 141."+­

ll, - itS. V,,c+. 

sito-tion, Kre.ovich said Texas 
fa:'h ers con.;wine an Cejiv..;,,nt 

,idrrelh of crude od in 
their operation daily.

lie said agriculture's i'nory 
requirement is expected to in-
crease at a rate of 9 percent a 
'ear witil 1985 and increase by 

17.4 percent annual gain by the 
year 2000. 

Fuels Not Same 
As to the alternate fuels possi-

bility, the Battelle energy ccor-
dinator reminded the seedsmcn 
that methanol and ethanol are not 
the same, in terms of ener-y 
equivalents. Methanol has only 
onp-half the Btu equivalents of 
gasoline. Ethanol, used in ,nso-
hol, contains two-third.s as much 
working energy as uasoline. 

lie said the U.S. D,partmeitt of 
Energy has projections calling 
for methanol to be prodtcd 
cununercially by the year 29"'0 
for 50 to 60 ment a gallon and 
etfl:nol for .1 :i v,illon. "-Bit we 
can't wait that Inng."

l saidsai the only•:: !ntony J,, 
"rilnprot.icing e:lI1n,,I tnav th 

,,.'i, aS a ferne:,tat -n 
stw k, .dh* :; .S .,, r,,'.i 

i ')' is Isis:;Sor. ' I, a':... 

et':-,iol R.I . .. , r" 

g iinn today.
ei gntl l ~r,',:- z:.e i 

als, such as in si: ran,, fct-
mented unl.:':e thealeol, 

Lel.i.. " ro' s
 
"When cneigy pr,'uctiun
 

tortvu.h hiori:a in'I",ai ia
 
:,.C11 of." L.,rln.i! Kre . vi,'h,1 

, three leadit, C.il1d ..m%) 
'11'* virn, a;.;:i' ; l' 11:.l 
..t"!huni, specti,.z-ally . 

. ,, i 
co.' 'c",J rLIr.'.,n tie lt:.: 
tw:,. 

Much information has ceen 
brut,:ht cut about *enerTv 

balance", wlhether you draw 
more net energy from the con­
ver.son than you out into the 
manufacturinp process, Kreso­
vech continued. 

"A lot of critics s..v it tak-s 
morte e:argy than you get out ;.f 
the final product and that's trile 
if you use infornation irmat 
105.1," he added. 

"We have zt band today break­
thro,,ghs in technoioy that will 
give us a more -';t; energy
balance." Ele said that as 
examples, with latet !.nowhov, 
corn converted into a;*ohol fuel 
can give a 1.05-times 1itfl ener-v 
gain, a 2.43-times gain is possib:e 
thr:ugh suqarcane and a two­
times energy bala.-e is fou.:d 
when sweet sorghum is ccn­
veted. 

Noting cther considerntions, he 
rt-min.'d M.-, ": " t:I *-I t

' eaer .. b::iLnc,!" 6-.n't -L %! 
any:;,iimg to do with. ti:e c ",: f 
mardi t e conversi.)n f-or r.:w 

-inteioirs, flr, : .,v .-.Ierulinto :t 
pr.e.sc. saI: 
conversion nietis it is ..
ponsio ietho t sr­
possible to conhvert sw et .*,.r 

alcohols for a "nosltv': e'.".,hei
balsne" at arin.h':e!:i h' t.l int . :a "an " 

a ndho &.. i.f:iv . 
P-e: . ; , % 

. .. . ' c'.''. . . 
rat 

. ......" t,01 :, .,. , .
 
'+cl av u2i.. ...
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Improvement of Grain Sorghum for Developing 
Countries - Texas A&M,University 

Dr. M. Peterson, Chairman of the Subcommittee composed of Dr.
 

Thorbecke, Dr. Whitney, and Mr. Wittnebert briefly described the project
 

Both this project and the Nebraska project were discussed
 as follows. 


together before the presentation of motions.
 

This is a proposal to extend for three years, or until 1979, a sorghum
 

This
breeding program which A.I.D. has partially supported since 1974. 


is essentially-a situation of A.I.D. buying into ah already large'and"
 

In 1963,
generally successful sorghum breeding program at Texas A&M. 


the Texas Station and the USDA began a program aimed at converting the
 

tropical sorghums of the World Sorghum Collection to temperate types.
 

The sorghums originated in Africa in the zone south of the Sahara desert
 

where wild types are still found. They are believed to have been
 

selected for cultiVation as early as 3000 B.C. and were grown 
in India,
 

Syria, and southern Europe. Cultivation in the U.S. began with intro­

ductions in the 1850's.
 

These,early introductions and those still grown in some areas of
 

developing countries are very tall, late maturing, and photo-period
 

The U.S. breeding contribution has been the discovery and
sensitive. 


exploitation of dwarfing genes, greatly lessened photo-period sensi-


This enabled the development of
tivity, and increased grain yield. 


types which could be grown over a very wide latitude and "combine
 

types" which were short enough to be harvested witha.grain combine.
 

host for a great variety of diseases and insects.
So-ghums proved to be a 
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Plant breeders learned long ago that resistance to diseases is most likely 

to be found where the crop has been grown for thousands of years and 

where the greatest variability of genotypes exist.
 

The expanded program initiated in 1963 was to convert tall, late, 

photo-period tropical sorghums to short, early, photo-period less-sensi­

tive types and test these against diseases and insects occuring in the 

U.S. by straight forward breeding procedures to make crosses and produce 

the segregating generations in tropical (Puerto Rico) and temperate 

locations. The conversion system from tropical to temperate zone 

sorghums could work both ways. Thus the highly desirable qualities of 

temperate zone sorghums could be converted to sorghums adapted to the 

tropics. The final goal is to develop dwarf or semi-dwarf hybreds that 

are agronomically desirable, insect resistant, multiple-disease 

resistant, photo-period insensitive, environmentally tolerant, and can 

be utilized immediately in breeding programs in developing countries. 

The project has already released a significant number of improved
 

lines. A.I.D. does not claim a great deal of credit for this, because 

much of this is the culmination of 10-12 years of program work. Issues 

include: First, a need for the inclusion of information on the 

identity and qualifications of individuals assigned to the projects.
 

Second, none of the budget items are alarming with the exception of the 

overhead rate. Third, the role of Puerto Rico should be reviewed, and 

if this part of the system is discontinued, it is perceived to be no 

longer necessary, or will it be fulfilled by ICRISAT? Fourth, there 

should be some comnent on the quality evaluation of sorghum for human 



food. 7be Purdue project has determined that the tannins in sorghums
 

are det-rimental to protein digestion. The results of the Purdue project
 

need to be incorporated into the Texas project, if in fact the results
 

are transferable. Although the Purdue project is not now up for review,
 

the point is made that severe limitations are imposed on plant breeding
 

efforts conducted in areas where the crop is not grown comnercially.
 

Grain sorghums in Indiana practically do not exist.
 

Turning now to the review of the Nebraska project without open
 

discussion.
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REPORT SUMMARY
 

A. 	I. Project Title and Contract Number: Development-of Improved High-

Yielding Sorghum Cultivars. Project No. 931-17-130-575. Contract
 
AID/ta-c-1382.
 

2. 	Principal Investigator, Contractor and Mailing Address: 
 Jerry D. Eastin,

205 Kiesselbach Crops Research Latoratory, University of Nebraska,
 
Lincoln, Nebracia 68583.
 

3. 	Contract Period (as amended): from February 1974 to October 1979.
 

4. 	Period covered by Report: from February 1977 to October 1979.
 

5. 	Total A.I.D. funding of contract to date: $7767.44.
 

6. 	Total expenditures and obligations through previous contract year:
 
$295,000 (estimate).
 

B. Narrative Summary of Accomplishments and Utilization. Grain sorghum is a

major food source in many LDC's. Hence the yield per acre of a quality energy

and protein source is critical. Climate in the LDC's of interest is usually

characterized by environmental extremes (temperature and water) as is often the
 
case in the Great Plains of the U.S.A. The twin problems of maximizing yield.

and, perhaps more important, of stabilizing yield over the years is critical.
 
The combined disciplines of physiology, breeding, nutrition, entomology and
 
pathology are being brought to bear on 
these problems.
 

Principal efforts during the current report period included the following:

(1) continued evaluation of breeding methodology for use with random mating

populations - S1 progeny testing appears best at this point, (2) selected
 
within several populations for absence of the testa (a quality consideration)
 
-
selections will be recombined in 1977, (2) incorporation of greenbug resistance,

twin seeded character, and yellow endosperm into one population, (4) tested
 
the influence of different cytoplasms on yield and found minimal effects, (5)

found yields of F lines selected from NP3R and their hybrids to be equal to
 
or superior to good checks (line performance was particularly good),(6) found
 
nontesta populations superior to testa populations for metabolizable energy, (7)

expanded development of yellow endosperm populations, and evaluated genetic

combining ability of selected lines, (8) evaluated recurrent selection procedures

for grain protein, (9) determined three-way crosses to be equal to single
 
crosses for R line testing with the advantage of greater seed production, (10)

released a combine height line, N32, giving 2 dwarf hybrids of potential

interest in LDC's when crossed to most combine height R lines, (11) 
released
 
several superior parental lines from a general combining ability study, (12)

determined that the minimum number of S
1 families needed for reliable population

evaluation is on the order of 100, (13) reported base yield levels of several
 
populations, 14) tested twin seeded versus single seeded S1 progeny and noted
 



superiority in the normal for grain yield (15) determined soil bedding and
 
conventional tillage methods to be equal in yield, (16) determined the value
 
of soybeans in a soybean-sorghum rotation to be equivalent to 40 to 100 kg/ha
 
suggesting more grain legume-sorghum rotation work is in order in LDC's, (17)
 
found that mulches delayed plant growth but increased dry matter yields, (18)
 
determined that Iiefficient plants are not necessarily the top yielders, (19)
 
demonstrated a water gradient approach was a useful drought selection tool,
 
(20) demonstrated water stress conditioning occurs in sorghum, (21) determined
 
that a good deal of work is in order on temperature and water influences
 
on metabolic efficiency, (22) designed, installed and began evaluation of a
 
modified water gradient system for drought screening to reduce the land
 
requirement, (23) demonstrated that water and high temperature stress usually
 
increase root production, (24) showed water stress during panicle development
 
reduced yield and photosynthesis, (25) demonstrated that only a small portion
 
of the total root will keep plants functional, (26) demonstrated that a stress
 
resistant hybrid required 31% less assimilate to support its root system
 
compared to a normal hybrid during panicle development, (27) showed seed size
 
to be a critical yield stability parameter in adverse environments, (28)
 
demonstrated a 31C seed number and yield reduction in field sorghum when
 
night temperature was elevated 5C above ambient for a week beginning at floret
 
differentiation, (29) demonstrated'a wide range in panicle respiration rates
 
at different temperatures, (30) continued selection of adapted higher quality
 
A lines for medium elevation areas, (31) analyzed growing degree unit require­
ments for each sorghum developmental stage, (32) completed development of
 
several growth room and greenhouse controlled environment modules, (33) developed
 
X-ray spectrographic analysis techniques for sorghum (34) screened for P up­
take and utilization efficiency, and (35) developed an Al tolerance screening
 
technique.
 



A. GENERAL BACKGROUND 

Authorities generally agree'thatincreasing worldfood needs created
 

by rising populations are creating severe pressure on world,food production
 

capacity. Cop improvement progress will have to accelerate if production
 

is to keep pace with demand, especially in developing nations.
 

Sorghum ranks fourth among cereals (behind wheat, rice and corn) as
 

a human food source. Sorghum is particularly important in those developing
 

nations where environmental stresses often severely limit crop growth one
 

or more times during the season. Relatively little is known about how to
 

effectively screen for desirable environmental stress reactions in sorghum.
 

The purpose of this project is to study the nature of environmental
 

parameter (particularly stress) effects on essential physiological processes,
 

related developmental processes and the resulting seed number and seed size
 

components of yield. Environmental stresses of chief interest are temperature
 

extremes and water deficits. A more recent related area of interest includes
 

soil nutrient deficieAcies or toxic excesses which bear on the efficiency of
 

nutrient uptake and subsequent utilization by the crop.
 

Plant-breeding programs traditionally have most often been carried out
 

under relatively optimal conditions to assure full expression of a genotype's
 

potential under the assumption that the top genotypes under good conditions
 

will probably be the top under stress conditions. Reasonable evidence is
 

available to suggest such is not necessarily always true.' Therefore, effort
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should be devoted to-developingastress screeninq techniques.for.breeding
 

programs.
 

Developing these screening techniques will require a good basic under­

standing of environmental stress effects on photosynthetic and respiratory
 

mechanisms, synthetic processes associated with both, and translocation
 

processes mediating metabolite transport interconnecting all those essential
 

processes. 
The overall project objective is to better understand the nature
 

of stress induced effects on essential physiological and developmental processes
 

in order to (1) develop screening techniques for efficient genetic manipulation
 

and (2) 
to improve cultural practices to conserve water while stabilizing and
 

maximizing yields under some given set of environmental conditions. A more
 

detailed breakdown of these broad objectives follow.
 

B. STATEMENT OF PROJECT OBJECTIVES AS STATED IN THE CONTRACT
 

Basically investigations are geared to understanding growth and
 

development of the sorghum crop well enough to manipulate the crop toward
 

fairly stable yields consistent with the environmental limitations or
 

resources of a given production area. Sustained progress toward steadily
 

increasing yield depends on 
(1) progress in current applied investigations
 

bearing directly on improving cultural'practices and genetic manipulation
 

and (2) on basic studies on essential physiological processes which designed
 

to develop new plant breeder screening techniques and cultural practices.
 

Bothtypes of investigations are included. 
Project objectives modified
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slightly from the original contract follow as taken from the Work Plan of
 

Annual Report No. 3 (Febr. 11, 1976 to Febr. 12, 1977):
 

Objective 1. 
Incorporate yellow endosperm lines into a Nebraska-developed
 

random mated-population. 
Yellow endosperm lines are being incorporated into
 

good yielding germplasm in current random mating populations because of 1)
 

potentially higher food value, 2) extensive vigorous root systems which may
 

function in a water stress avoidance capacity and 3) offer potential for gain
 

in seedsize.
 

Work pursuit.
 

1), 1 yellow endosperm population progeny-have been selected and.
 

are being evaluated for nutritional quality. Special attention
 

will be given B line populations.
 

2) Greenbug resistance is being incorporated into several.populations.
 

Objective 2. Develop suitable selection techniques and breeding methods for
 

use with random mating populations destined for the tropical environments. Grain
 

yield, when grain number and size are not limiting, is a function of plant meta­

bolic efficiency and length of the grain filling period. 
Particular emphasis will
 

be placed on determining what the correlation is between length of the grain
 

filling period and the yield of grain., *Arandom-mating population shall be
 

selected and evaluated for variability in length of grain fillini eriod.
 

Work pursuit.
 

1) One more year of tests will be done on the initialrgrain fill period
 

selections made from NP3R in 1970. 
 Hybrids of selected F6 lines will
 

be used.
 

2) Additional head selections from a yellow,R population were made in 1975
 

'i
 



4
 

for length of grain fill. 
 Short and long fill heads will be recombined
 

separately to generate both early and late random mating populations of
 

yellow endosperm material., This relates'closelY with work in
 

Objective 3. Evaluate the utility of soil bedding as a limited tillage
 

practice for sorghum on upland soils initially and on wet soils later. Use
 

of such practices on wet soils may produce better stands and growing'conditions
 

as well as reduce the number of tillage operations required and subsequently
 

reduce expense. Hopefully, water loss will be lessened as the tillage is
 

decreased. When soil is wet, sorghum planted on beds may bave better root
 

aeration. This objective was broadened last year and called cultural
 

investigations.
 

Work pursuit.
 

1) A minimum till soil bedding experiment compared with conventional
 

tillage in sorghum will be continued one or two'years more.. A 

similar soil bedding ­ conventional tillage experiment waslinitiated
 

this year with corn and will be continued.
 

2) A larger sorghum experiment initiated after (1)above is in progress
 

using additional'minimum tillage approaches to minimize energy usage.
 

3) 	A crop rotation experiment was established in 1974 involving sorghum,
 

soybeans, no-tillage and various rates of nitrogen. 
The objectives
 

are to: 
 (a)reduce fuel usage by direct planting after soybeans,
 

through ;reducing heavy tillage every other year with so beans-sorghum
 

or every two years with soybean-soybean-sorghum; (b)'conserve moisture
 

by not disturbing the soil and controlling-weeds with herbicides and
 

(c)evaluate possible nitrogen-fertilizer savings by determining the
 

contribution of nitrogen from the soybean crop.
 



4), Complete experiments on stand rgeometry(row spacing and population)
 

and plant morphology (leaf type) as they influence light inter­

ception and yield.
 

Objective 4. 
Develop screening techniquesapplicable for stress tolerance and
 

stress avoidance mechanism.
 

Work pursuit.
 

1) Use a heat test to evaluate germplasm from..wide genetic diversity
 

for heat and drought tolerance.
 

2) Grow genotypes under mineral stress conditions to evaluate germplasm
 

for mineral uptake efficiencies and tolerances to excesses.
 

(a) Expand methodology to screen large numbers of plants in relatively
 

short time periods in both soils and nutrient solutions under
 

mineral stress conditions.
 

(b) Determine what plant properties and/or responses are resionsible
 

for high efficiency of mineral uptake and:tolerance'to mineral
 

excesses.
 

,(c) Mineral elements of particular interest include phosphorus, iron
 

and zinc.
 

3) Continue work on root screening techniques.
 

4) Continue work on temperature.adaptation screening.!
 

Objective5. 
 Investigate survival mechanisms operative in environmentally stressed
 

plants in the more marginal crop production areas of the tropics (both low and high
 

altitudes). 
 An attempt shall be made to develop additional screening methods.
 

Work pursuit.
 

1) Continue work on desiccation injury and associated leaf firing. 
The
 

role of cuticular waxes and "bloom" needs further investigation.
 

!)Interactions between drought and high leaf temperature effects are
 

being studied with particular emphasis on integrity of the photo­

synthetic apparatus as predicted from heat and drought screening tests.
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3) Atemperature-typing 'creening 
test is being evaluated in an effort
 

to classify sorghums in terms of cool, temperate or tropical adaptation.
 

For example, stress effects on the seed number component of yield are
 

serious at the floret differentiation stage. Deleterious effects aee
 

compounded if cool adapted germplasm (high elevation tropical or
 

temperate region) is placed in a temperate climate or if temperate
 

material goes to a tropical low elevation climate. More quantitation
 

on these effects is needed.
 

Objective 6. 
Develop screening methods for early season cool tolerance growth
 

capability. 
Germplasm development shall be coordinated with CIMMYT.
 

Work pursuit.
 

1) The temperature-typing technique mentioned in Objective 4, item 4 and 

Objective 5, item 3 needs much additional evaluation as to its suita­

bility for a broad screening technique across a broad temperature range.
 

2) Work during the summer of 1975 on correlating field emergence under cool
 

temperatures and a new growth chamber cool germination screening technique
 

is being tested further on a population basis. NP8BR and NP10BR selec­

tions have been selected, tested and are now in Puerto Rico for increase
 

prior to additional testing here in 1976.
 

3) Field climatic evaluation of genotypes in relation to cool tolerance in
 

continuing to see if both bloom date and length of grain fill under con­

trasting climates can be used as 
a temperature-typing screening technique.
 

Objective 7. Conduct analysis of energy requirements of sorghums for the develop­

mental stages including the periods from planting to panicle initiation, panicle
 

initiation to bloom, and bloom to physiological maturity.
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Work pursuit
 
The initial phase of thiswillbe onc edand results
....
 

€oncudedandrsultpublished.
 

Subsequent work will relate to Objective 6, item 3.
 

Objective 8. 
1Publish results in appropriate Journals and/or'circulars.
 

objective 9. 
Meet at Beeville, Texas in-July with other coonerator.
 

Objective 10. Tnis ob~ective was not included in the.original work plan as such
 

and is more or less a supporting activity to Objective 4, items 1, 2 and 4,
 

Objective 5, items 1, 2 and 3 and Objective 6, items 1 and'3. 
 Specifically,
 

work initiated will include (1) building large controlled climate rooms indoors.
 

(2) Bdilding outdoor rain shelters. (3) Work on designing night temperature
 

control facilities outdoors under rain shelters will be initiated in order to
 

study water x temperature stresss interactions.
 

Objective 11. Initiate investigations on genotype differences on'nutrient uptake
 

and utilization efficiency.
 

2. 	Procedures to be used are not changed too much* 
Activities,place more
 

emphasis on environmental control as outlined.
 

3. 	Significant factors relating to accomplishments. No serious problems are
 

anticipated. Some consultation with Australian and New Zealand Scientists
 

on comparative environmental control facilities would be very useful in
 

the next 3 years.
 

4. 	Dissemination of results will follow established approaches.
 



D. ACCOMPLISHMENTS TO DATE.
 

1. Original objective statements are listed.below and followed-by'a work
 

pursuit statement for each objective.
 

Objective 1. Incorporate yellow endospermi lines into a Nebraska-developed
 

random mated population. Yellow endosperm linesare being incorporated into
 

good yielding germplasm in current random mating populations because of 1)
 

potentially higher food value, 2) extensive vigorous root systems which may
 

function in a water stress avoidance capacity and 3) offer potential for gain
 

in seed size.
 

.1 Kofoid, Maranville, and Ross. Grain quality as related to testa.
 

NPl3R, a yellow-endosperm random mating population, and NPI4B, a greenbug­

resistant, normal endosperm ranaom mating population, each were subdivided
 

into 200 S1 families with and without a testa layer. Data were
 

collected 1976-1977 for various agronomic and quality traits.
 

While the two populations varied for certain agronomic traits as
 

expected, the nontesta of both tended to have high-zT grain oil,
 

less tannin, higher XVDMD, and higher metabolizable energy (ME)
 

than the.test types. While several adverse correlations existed.
 

among agronomic and quality traits, a selection index based on ME
 

yield gave results similar to selection for agronomic traits alone
 

but gave better correlated responses to the nutritional traits,
 

especially protein, lysine as percent of sample, phosphorus, tannin,
 

IVDMD, and ME. On the whole, the nontesta population of NP13R was
 

no better from the quality standpoint than the nontesta population
 

of NPr4B.
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2) Ross and Maranville. 
Grain quality population development.
 

Mass-selected 
 sI from NP12B and NPI3B have been recombined in
 

separate isolated plantings. The two populations have a high
 

frequency of yellow endosperm and a low frequency of testa layer
 

(low tannin). 
 NPl8B is another quality population that has been
 

developed and contains high protein components from the Purdue program
 

selected for combine height and early maturity. Additionally, NP20BR
 

was formed from N7BR high protein components, NPI7R (a population
 

tracing to Purdue-materials), and Nebraska high lysine crosses. 
 Sls
 

were selected from NP20BR in 1978 and evaluated in 1979 for metaboliz­

able energy and metabolizable energy X yield, but the data have not
 

been analyzed. 
Future recurrent selection in grain quality populations
 

will not be based on grain protein alone because of that character's
 

negative association with yield.
 

3) Otte and Ross. Genetic combining ability of yellow endosperm R-lines.
 

Nineteen yellow endosperm R-lines from North Platte and Linco)n and
 

-five other R-lines (SC 120, SC 133, Tx 414, Tx 415, and TX 430) were
 

crossed to combine Xafir-60, Martin, and Wheatland male sterilesi
 

the F1 hybrids were evaluated in 1977 and 1978. 
The yellow males
 

generally gave hybrids that were*'tall (120-125 cm) as compared with
 

the check hybrids (95-100 cm). 
 Only a few yellow males produced hybrids
 

equal to Tx 430 hybrids in yield, and those hybrids were among the
 

tallest. Most of the experimental yellow R-lines were included in
 

forming population NPl2R. 
Now it would be of interest to see if
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new lines can be extracted from NP12Ras good as Tx 430. 
 Tx 430 is
 

a derivative of Tx 2536, and the latter was one of the most widely
 

used R-lines in the United States.
 

4) Maranville, Kofoid, Ross. Selection techniques.
 

A procedure was developed to help estimate.1the feeding values of sorghums
 

that contain tannin by utilizing the-inhibition of methanol extracts
 

on an alpha-amylas enzyme system. 
Correlation coefficients were calcu-"
 

lated for several parameters from a 
population with a testa (tannin).and
 

a population without a testa (no tannin). 
 A strong negative correlation
 

was noted between inhibition (%of control activity) and tannin content,
 

and a strong positive correlation between inhibition and IVDMD values.
 

The test is simple, rapid, and adapted to screening large-numbers of
 

samples in breeding programs.
 

Objective 2. Develop suitable selection techniques and breeding methods for
 

use with random mating populations destined for the tropical environments.
 

Grain yield, when grain number and size are r'ot limiting, is a function of
 

plant metabolic efficiency and length of the grain filling period. 
Particular
 

emphasis will be placed on determining what the correlation is between'length
 

of thelgrain filling period and the yield of grain. 
 A random matingrpopulation
 

shall be selected and evaluated for variability in length of grain filling period.
 

1) Ross, Maranville, and Kofoid. Recurrent selection for grain protein.
 

The efficiency of mass selection for high and low grain protein in
 

NP7BR was studied in 1975 and 1976 by testing 200 random S1 progenies
 

from each recombined population for each of two cycles. 
The results
 

follow:
 



Population Cce 
Protein 
____ 

Yield 
kg/ha 

Protein Yield 
kg/ha 

High protein.. 11.2 3400 381 

.High protein c2 116 3310 384 

Low protein C 10.7 3600 385 

Low protein C2 10.3 3660 377 

As expected, a negativecorrelation between protein and yield existed,
 

and each had a high'correlated response with the other. 
While protein
 

yield remained nearly constant in the above populations, selection for
 

thatftrait might result in yield increases without corresponding de­

creases in protein.
 

2).Ross, Ritter, and Maranvilles Sampling for grain protein.
 

Whole-plot threshed grain samples for protein using IRR were compared
 

with composites of threshed mid-panicle branches of 5 to 7 heads in two
 

hybrid and one line experiment in 1977. Differences were low for
 

protein sampling methods (0.1, 0.5, and 0.4%) in the three experiments,
 

but all were significantly different due to the large number of
 

measurements (480, 400, and 80, respectively) and low standard errors.
 

The method x entry interactions were significant, however, in only one
 

experiment, and this may have been due to selfed plants arising in crosses
 

with one female parent. For screening large amounts of breeding material,
 

which in many cases is not threshed, sampling 5 to 7 heads was deemed
 

adequate. If plots are threshed, the samples can easily be taken
 

from the whole-plot grain.
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3) Ross and Kofoid. Evaluation of grain sorghum R-lnes with a
 

single-cross vn. 
inbred line testers.
 

Forty-two R-lines were crossed to Martin, Wheatland, and Martin-


Wheatland F1 male steriles, and the single crosses and three-way.crosses
 

were evaluated in a replicated yield trial in 1975 and 1976.- The means
 

of the three sets of hybrids differed significantly for height'and
 

bloom but not for yield, and the mean yield performance of the three­

way crosses was not different from expectations based on single-cross
 

data. The experiment did not indicate that epistasis was of any great
 

consequence although more refined experimentation and more replications
 

might have shown different results. Selection of the bast 50% males, 

as might be done in a preliminary evaluation of'breeding stocks, based 

on three-way cross performance had in common 15 of the best 21-Martin 

hybrids and 15 oZ the best 21 Wheatland hybrids. An advantage was noted
 

in the amount of hybrid seed produced from hand crosses on the male­

sterile Fi's.
 

4) Ross and Kofoid. Identification of a DwI tester stock.
 

All sorghum lines previously identified as carrying the Dw1 height gene
 

have possessed one or more other dominant height genes (Dw
2, Dw3 , or Dw4
 

A combine-height partial conversion (Sc 102-9) was sterilized in milo
 

cytoplasm and was crossed to an.array of height testers in 1976 and
 

evaluated in 1977. 
 The SC 102-9 lines was identified as
 

DW Dw Dw the first recorded instance of such a genotype.
 

The line has been released as N32 and could be useful in both grain
 

and forage hybrid production;
 

In countries where 2-dwarf hybrids are desired, seed production of grai
 

sorghums could be accomplished easily by combining the N32 seed parent
 

where the male parent (also combine height) would carry the Dw or Dw3 gene
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5) Ritter# Ross, and Sullivan. Combining ability in grain sorghum F hybrids. 

Two sets of hybrids (10 females.X 10 males'and 4 females X 30 males)
 

were grown in 1976 and 1977. Variances of GCA effects were larger than
 

those for SCA effects for all traits in both experiments, ranging from 1.1
 

to 15.1. 
 The results indicated the relative importance of additive over
 

nonadditive genetic effects and imply that recurrent selection procedures
 

applied to sorghum should be successful. Several superior parental lines
 

were identified in the study.
 

6),Ross and Kofoid. 
Effect of non-milo cytoplasms.
 

In 1970 and 1971 southern corn leaf blight devastated corn production
 

because of the disease's association with a particular male-sterile
 

cytoplasm used in hybrid production. Sorghum is equally vulnerable
 

since 97% of the U.S. grain sorghum hybrids have the same cytoplasm
 

which traces to milo. 
KS34A through KS39A are male-sterile sorghums
 

with cytoplasms other than milo, primarily from introduced noncultivated
 

grass sorghums. 
While certain test crosses indicated that some of the
 

cytoplasms may have been different, combined 1976 and 1977 data revealed
 

no adverse or beneficial effects on yield or other agronomic performance
 

of crosses where the KS male steriles were used in single crosses and
 

modified backcrosses; 
nor were there any genotype x year interactions.
 

The commerical hybrid sorghum seed industry should convert widely used
 

male-sterile stocks into several or all of the KS lines as precautionary
 

measures.
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7)-Ross. Recurrent selection for grain yield.
 

The C0, CI , and C2 recombined populations from NP3R and NPSR were
 

testod in 1977 and 1978 with the following results (kg/ha):
 

Cycle NP3R (HS). rP3R(FS) NP3R JS) NP5R (S
 

0 
 4050' '4050 4050 
 4720
 

1- 4920 4800 5090 4780
 

2 46k0 4440 4740 4710
 

The yield reducticn in NP3R from the C to the C 
was due to selection
 
1 2 

pressure necessary to attain acceptable height and maturity. Although
 

no apparent yield differences existed among the three cycles of
 

NPR,
tail and late types were selected againstso that each successive
 

cycle was improved agronomically.
 

Evaluation of 200 families each from three types of selection
 

from-three cycles (Co, CI , and C2 
 in NP3R have been completed.
 

Simultaneous testing of half-sib, full-sib, and S1 families allows a
 

breakdown of the total genetic variance into additive, dominance, and
 

additive* as appropriate. These data for yield follow:
 
Family Variance 

0
C0 C
 

HS Total 12.73 16.57 12.48
 

Additive 50.93.- 66.28 49.92.
 

FS Total 43.03 20.59 22.95
 

Dominance 70.28 -50.20 -8.04
 

Si Total 39.92 30.08 20.46
 

Additive* 22.35 
 42.63 22.47
 

While dominance variance disappeared during fuil-sib testing,
 

additive variance in half-sibs and the additive-tyoe (additive*)
 



variance in S l' remained adequate so that further progress in breeding, 

for yield is likely. In practice the negatively computed values for
 

full-sibs can be assumed to be zero or have very small positive value.
 

In either event, dominance variance appears to have little or no role in
 

explaining the variance of yield in a sorghum random mating population.
 

'8)Ross,
Kindler, Kofoid, and Hookstra. Evaluation of RP1R half-sib 

families for resistance to the European corn borer.. 

In a test of 100 half-sib families from RPIR, a greenbug-resistant
 

population, artificially infested with second-brood European corn borer
 

egg masses, yield was reduced 20% in 1977 and 7% in 1978 below the
 

same families where the insects were chemically controlled. Kernel
 

weight was reduced significantly, and potential head and stalk breakage
 

was 40 to 50 times greater in the infested treatment. Stalk rots
 

developed as a severe secondary problem due to borer entry and feeding
 

and contributed to lodging.
 

Heritabilities were calculated for several pertinent traits in both
 

the infested and controlled groups. 2These values (h ) are listed below: 

Trait Infested Controlled 

Seed weight 0.80 0.68 

Broken stalks 0.56 0.24 

Broken heads 0.32 0.08 

Total grain yield 0.60 0.57 

Combined grain yield 0.64 0.56 

Although the amount of head breakage was the trait 'of most apparent
 

difference in the two groups, heritability was relatively low in the
 

infested families. This was probably due tonon-random actual in­
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"fostation by the insect larvae even though avery plant was hand infesteg 

on the'1ower surface of the upper leaves, C families were evaluated 
in 1980, but data 
are not analyzed.
 

9) Ross. 
 Sample size (number of families) for evaluating81iProgenies.
 
Two hundred S1 families each from NP12D and NP18B were evaluated
 

in 1977 and 1978 for yield, grain protein, and other characters. 
 A
 
block-in-replications design was used where sets of entries per
 
population equalled 20 which remained together in each replication.
 
The total analysis of variance for each trait in each population was
 
partitioned into smaller experiments of 2, 4, .6,and 8 blocks (40,
 
80, 120, and 160 entries, respectively) and compared with 10 blocks
 
(200 entries). 
 Five, two, one, and one respective subexperiments resulted
 
without duplication of entries. 
Thefamily'variances for yield only
 
and standard errors are listed below:
 

No. of No. of
 

blocks 
 fami lies NP12B P8 
2 (high) 40 28.43 110.40 40.71 12.84 
2 (low) 40 10.73 7.02 13.29 + 5.56 

80 

480 

19.62 

101 +10 

6,28 

5.8 

33.22 + 

34.73 + 

7.24 

7.98 

6 120 18.65 + 4.9g 32.95 + 6.26 
8 160 18.32 + 4.26 

.. ..-­ 33.98 + 5.42 
10 200 20.34 + 4.00 .84 + 38 

8 .. 4.3
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While two'blocks (40 entries) failed to give consistent estimates of
 

the family yield variance components, four blocks (80 entries) generally
 

gave about the same estimates as 10 blocks (200 entries) in both popu­

lations. Standard errors progressively decreased with larger sample
 

sizes. The standard errors, of course, relate directly to the probable
 

success of recurrent selection practices. .:Ifone accepts standard one­

fourth as large as the variance component, then 8 blocks or 160 entries
 

would be necessary to sample NP12B. With NP18B considerably less numbers
 

(4 blocks or 80 entries) produced this level of precision. The variances
 

and standard errors of other traits should also be.considered as well
 

as family X environment variances. In any event, 100 families would
 

appear to be an absolute minimum number while 150 or 160 would be more
 

comforting numbers.
 

10) Ross and Hookstra. Yield of base populations.
 

Five random-mating populations and hybrids RS 626 and RSi671have
 

been yield tested for 8 years, 1972-79, while 18 populations and the
 

same checks have beentested 4 years, 1976-79.. Their yields (kg/ha)
 

are-summarized as follows:
 



Population 
 1976-7922~2 

NPIBR 
 4140 4340
 
U4350 
 4620
 

flP3R 
 4790 4930
 
N 34'R
4880
 
NP5R 
 4800 5170
 

NP6B 
 - 5310
 
4320 
 5180
 

NPSBR 
 5480
 
NP9BR 
 4580
 
NPIOBR 
 5480
 

ZUPIIBR 
 5450
 
NP2D 
 4480
 
NP13R 
 5040
 
NP14B (RP2B) 
 5000
 
NP15R (RPIR) 
 4880
 

NP16BR 5190 
NP17BR
 

5170
NPISS

RS 626 
 4860
 
RS 626 
 5290 5520
 
RS 671 
 5540 6130
 

Populations, like hybrids and lines, differ in their yielding ability
 

A few have remarkably good records in the short-term period, and NP3R
 

and NP5R have averaged 90% of the yield of RS 626 over the 8-year
 

period. After one or two more seasons, a complete analysis of variance
 

will be made, and population and population X years variance components
 

will be determined. Stability parameters also will be calculated.
 

Physical limitations preclude recurrent selection studies with all of
 

the populations, but the above offers a wealth of germplasm for such
 

pursuits.
 

11) Ross and Hookstra. 
Effect of year of selection on S progeny performance. 

A tenet of population improvement requires random family selection. 

While simple in theory, randomness in practice is more difficult to obtain.
 

Two hundred S1 families were taken.from the same base population (NPI6BRA
 

\C 



in-1976, 1977, and 1978 and were evaluated in 1979 and 1980. The
 

mean results from 1979 follow:
 

•Year of Yield Bloom Height
 
families kg/ha days cm
 

1976 5089 69 109
 

1977 5351 70 117
 

1978 5371 68 104
 

The difference in yield of the' 1976 familles is unexplainable except
 

for the fact that different people were involved:in the random selection
 

of families each year. Most individuals inadvertently tend to take the
 

better heads from a population, but some may try to avoid an upward bias
 

and instead create a downward bias by taking more than the usual number
 

of poor plants. In any event, the data illustrate the care that must be
 

taken to accomplish randomness of selection. The difference in heights
 

can be explained by a drought period in 1977 that did not allow plant
 

heights to be properly expressed. As a result, supposedly normal-height
 

plants became taller under the better growing conditions of 1979.
 

12) Hookstra and Ross. Male-sterile FLS as hybrid seed parents.
 

Nine A and B.lines were intercrossed to give 36 male-sterile F1 and were
 

compared to the 9 A-lines in a replicated experiment in 1978 and 1979
 

designed to study hybrid seed production. The pollinator rows were a
 

composite of 100 different grain sorghum hybrids. 
The Fl's averaged
 

5248 kg/ha of seed versus 3504 for the A-lines, an increase of 48%.
 

Seeds per head were also 51% more for the F1 s while threshing per­

centage and seed germination were slightly in favor of theF 's. Genetic
 

variances were generally lower for the l'Sas expected.
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Ingeneral Fl's involving5Wheatland, Combine Kafir-white Sourless,
 

and Combine Kafir-Ellie with other lines produced the highest yielding
 

seed parents. 
A few other lines like KS4, KS23, and WD 4 were involved
 

in specific F s that were superior. Seed costs of three-way hybrids
 

should be materially less than for single crosses, and variability in the
 

hybrid can be minimized if the proper F1 seed parents are used. 
Three­

way crosses should be feasible for developing nations that are ready
 

to embark upon a hybrid seed production program.
 

13) Finley and Ross. Evaluation of the twin-seed character.
 

NPl9BR, the source material, was developed from NP13R (yellow endosperm)
 

NP2B (greenbug resistant), 19 experimental twin-seeded lines having a 

common Indian durra twin source, and 10 twins from the Texas-USDA con­

version program, some of which may be duplicates. After two random 

matings, 160 normal and 160 twin-seeded S Is were randomly selected 
1
 

in 1977 and evaluated in three replications in 1978 and 1979 for agronomic
 

and grain quality characters.
 

The normal S1 progeny rows were higher yielding than the twin­

seeded'S1 progenies and averaged 6645 versus 4754 kg/ha. 
 Sterility
 

seemed to be associated with the twin-seed material since seeds per
 

head were not materially different from the normals (1918 for the twins
 

versus 1943 for normals). 
 Moreover, twin seededness resulted in
 

decreased seed weight (1.97 grams/100 versus 2.34 for the normals)
 

and was a contributor to decreased yield. 
While this experiment seems
 

to discourage the use of the twin-seed character, it is possible that
 

some of the different twin-seeded sources are controlled by different
 

genes'and that they could be expressed differently in different genetic
 

and/or cytoplasmic backgrounds.
 

IA 
V 
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Objective 3. Evaluate the utility of soil;bedding asa. limited tillage practice
 

for sorghum on upland soils initially and on wet soils later., Use of such'
 

practices on wet soils may produce better Istands and growing conditions as well
 

as reduce the number of tillage operations required and subsequently reduce
 

expense. Hopefully, water loss will be leassened as the tillage is decreased.
 

When soil is wet, sorghum planted on beds !mayhave better root aeration. This
 

objective was broadened last year and cal.ed cultural investigations.
 

1) Eastin. Comparative results betwqten normal and minimum tillage with
 

the soil bedding approach again showed no yield differences in 1979 and
 

1980. The system-does reduce the number of tillage operations. Possibly
 

it might have some utility in mechanized agriculture schemes such as
 

those in Sudan. its utility therm might be more in stand establishment
 

during intermittont dry periods. The bedder operates by elevating dry
 

soil away from an underlying moist layer. Since planter units follow
 

the exposed moist area seedling establishment is,usually quick and
 

adequate.
 

2) Clegg. Light interception vs plant type experiments was expanded to
 

include not only the normal and erect leaved hybrids but also tall
 

hybrids. Six genotypes consisting of non-erect leaved (RS 626 and RS 671),
 

erect leaved (Martin x SC33 and wheatlnd x SC33) and tall (Funks Hai752
 

and Ha4060) were planted in row spacings of .38, .76 and 1.14 meters
 

at a plant population of approximately 172,000 plants/ha. Light inter­

ception was measured during a period from one hour before and,after solar
 

noon using a 1 meter rod filtered for the 400-700 mu band.
 

The combined heights for the tall hybrids were 200, 197, and
 

196 cm; for the non-erect hybrids 106, 110, and 115 cm; and for the
 



erect hybrids 111, 
 11,, and,115 cm for the .38, .76 and 1.15 m row 

spacings respectively. Light'interception by the hybrids in the
 

.38 andi.76 m row spacings were very much the same regardless of
 

plant type. 
 In the 1.14 m row spacing the non-erect types intercepted
 

less light than the tall or erect types. No difference in light
 

interception by the erect leaved and tall types was observed, thus,
 

erect leaved types which have a stiff mid-rib maintained a canopy
 

which was similar to the tall types. 
 The leaves of non-erect hybrids
 

tended to droop as the plants aged allowing more light tbrough the
 

canopy. 
Height and stiff mid-rib erect types maintained a more complete
 

canopy. 
However, going to a narrower row spacing negated the height
 

and erect leaf habit affects.
 

Yields of the hybrids were not related to licht interception.
 

This occurred because other environmental variables were more in­

fluential such as water and heat stress.
 

3) Clegg. Lodging in sorghum: Changes in sugars insorjhum stem tissue
 

following anthesis.
 

Lodging is a problem in most grain crops. 
Structural stalk
 

strength or the ability to maintain healthy stalks enable grain sorghum
 

to resist lodging. 
However, sorghum is a perennial and because of this
 

habit once the grain is filled the stalks become storage organs. Thus,
 

the questions arise as to the sugar levels at first freeze and are
 

they at a level which could support fermentation and other microbial
 

activity resulting in tissue breakdown? This wouldweaken the stem
 

and increase its susceptability to breakage.
 



Eight sorghum genotypes were planted and harvested at weekly intervals
 

beginning a week after anthesis. 
 The peduncle node, basal-node
 
segments and sheaths were separated, dried and analyzed for sugars.
 

The peduncle node was of special interest because it is the last node
 

to develop and is a primary site of stem breakage.
 

In general the basal nodal'sections were the highest in sugars,
 

followed by the peduncle nodes and then the sheaths."! The sugars in the
 

various parts changed with each successive harvest. 
The reducing sugars
 

decreased with harvest from approximately 84 mg/g drywt to 
'alow of
 

20 mg/g d-y wt at the last harvest. Non-reducing sugars were high
 

by the second harvest, 184 mg/g dry wt, attained a low of 37 mg/g dry
 

wt. by the last harvest. 
All the genotypes responded similarly over
 

harvests. Differences were observed in levels of sugars between genotypes.
 

The concentration of sugars at the final harvest would indicate
 

that by the first killing freeze there would be a concentration of
 

sugars (180 mg/g dry wt) available for fermentation and microbial
 

activity to degrade and weaken the stem.
 

4) Clegg. Grain sorghum grown in a continuous cropping system responded
 

to increased nitrogen applications by incrdasing grain yields. 
 A
 

similar positive but much lower yield response to applied nitrogen
 

occurred when grain sorghum was grown after soybeans. The yield level
 

of the control (zero N) was significantly higher following soybeans
 

rather than sorghum. 
In 1975, the yield response of grain sorghum
 

following soybeans in-rotation was equivalent to approximately 50
 

kg/ha N. 
In 1978 and 1979 the nitrogen equivalent was approximately
 

100 kg/ha N. The yields of grain sorqhuM.were reduced when 170 kg/ha
 

/
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was applied to the crop when rotated with the soybeans. This may
 

suggest that there was residual N available for the soybean crop
 

following sorghum and a reduced need for nodulation of the roots.
 

Thus, there would be less fixed N for the following sorghum crop.
 

Nitrogen tended to shorten the number of days the sorghum required
 

to bloom. 
However, only in 1975 was the difference significant.
 

The effectiveness of the release of residual nitrogen from the
 

soybean root system is closely related to the environment. If there
 

is adequate moisture, presumably there is the microbiological activity
 

to release the nitrogen'and make it available for the following crop.
 

At our location under good conditions the nitrogen equivalent was'around
 

100 kg/ha.
 

Measurements of leaf chlorophyll content and photosynthesis were
 

made in a preliminary study. Higher chlorophyll content and photo­

synthesis rates were related positively to higher nitrogen levels
 

regardless of whether the nitrogen source was from applied nitrogen or
 

residual nitrogen after soybeans.
 

5) 	Maranville and Clark. Limited tillage.
 

A study was conducted to measure nutrient uptake in plants grown undei
 

0, 2200, 4400, and 8800 kg/ha mulch. Moisture was not limiting and
 

dry matter production as well as total mineral uptake and concentrations
 

were determined at several growth stages. 
Mulches altered growth by
 

delaying plant maturity and by increased dry-matter yields. Nutrient
 

uptake increased with increased dry matter production although elemental
 

concentrations declined. 
Hybrid reaction to mineral uptake was dependent
 

on specific environment created by the mulch. 
Results indicated that
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management considerations forsoil fertility under mulch conditions
 

should be made on the basis of expected dry-matteryields for the
 

specific environment.
 

Objective 4. Develop screening techniques'applicable for stress tolerance
 

and stress avoidance mechanism.
 

Maranville, Clark and Ross. Nitrogen efficiency in sorghum genotypes.
 

'Nitrogen efficiency' was determined on 12 hybrids based on the following
 

definitions: 1) total dry matter production per total N uptake; 2) total
 

grain production per total N uptake; and 3) total grain production
 

per total N uptake times superior N partitioning to the grain. The
 

results showed that hybrids having 'wheatland' female or ISC33-91 male
 

parentage exerted the strongest influence on either grain or stover
 

yields, but were not particularly N efficient. The high yield level
 

influence exerted by these two parents also resulted in higher total N
 

uptake but again they appeared inferior for desirable N partitioning
 

to the grain. Hybrids containing ICK6' female or 'SC119-9' male
 

parentage were the most N efficient by definition No. 3. These hybrids
 

were intermediate grain yielders.
 

2) 	C.Y. Sullivan, J.M Bennett, D.P. Garrity, and R.E. Maurer. Screening
 

for heat and desiccation tolerance. Stress resistance of selected
 

sorghum genotypes was further tested on sandy soils of western Nebraska
 

on a sprinkler irrigation gradient. Selections from population NP9BR
 

were included which were screened for seedling drought resistance and
 

which had higher stress stability on the irrigation gradient in 1977.
 

There was no significant correlation between seedling drought resistance
 

and yield stability with increasing drought stress. Forty-eight advanced
 

yield hybrids and eight selected yellow hybrid were also grown on the
 

gradient. Yield reductions from the wet to dry side ranted from 15 to
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74%. The irrigation gradient was shown to be an effective method of
 

selecting for yield stability to drought stiess.
 

3) C.Y. Sullivan, J.M. Bennett, D.P. Garrity, and R.E. Maurer. 
Investigate
 

physiological aspects of limited irrigation including stress conditioning.
 

A comparison of sorghum and corn to limited irrigation by an irrigation
 

gradient was done a second year. The'data is incomplete, but it has
 

been concluded that when starting with a full soil water profile an ap­

plication of less than 30 cm. water applied favors sorghum yields.
 

Conditioning to stress, increased osmotic nntentials and maintenance of
 

turgor potentials was apparent. Stress conditioning was also apparent
 

in hydroponically grown plants by monitoring photosynthesis of pre­

conditioned and control plants. The conditioned response was also
 

apparent in rates of recovery of photosynthesis from stress with dif­

ferences in genotypes.
 

4) Eastin. Growth efficiency meas4rements were made on dark seedling
 

growth (g
new growth per g seed weight lost) and revealed differential
 

genotype responses to different combinations"of temperature and water
 

levels. While no other exactly equivalent data are in the literature,
 

the results are somewhat at odds with limited data available. Therefore,
 

experiments will be repeated.
 

5) Clegg. Lodging in sorghum: Some post-freeze effects on stalk breakage
 

of grain sorghum.
 

Lodging is an important factor influencing the harvestability of a
 

grain sorghum crop. Stalk lodging usually is not a great problem if the
 

plant remains alive. However, any factor causing death or injury of the
 

plant such as disease, insects, drought, freezing, etc., will increase
 

the incidence of lodging. The growing season for sorghum in Nebraska
 

1>[ '!
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is usually terminated by a killing freeze. Therefore, knowledge of
 

biochemical and physical changes which occur in stalks after freezing
 

should aid in our understanding of factors connected with stalk strength.
 

Seven grain sorghum hybrids were planted and after emergence
 

thinned to a population of 170,000 plants/ha. The hybrids ranged in
 

maturity from early to late. Plant samples were harvested before and
 

after the first killing freeze. Plants harvested before the first
 

freeze were separated into two samples. One sample was place into a
 

freezer for two hours ani the other sample remained at room temperature.
 

Sub-samples from frozen and nonfrozen samples were broken using an
 

Instrom to determine the maximum breaking moment (M) and modulus of
 

elasticity (E) and then dried for sugar analysis. The remaining sub­

samples were placed in respiration containers and carbon dioxide loss
 

was measured. Temperatures around;the containers alternated between
 

30 C for 16 hours and 10 C for 8 hours. Carbon dioxide was measured
 

at 10:00 a.m. each day when the temperature was 30-C. After
 

seven days the samples were removed from the container and processed
 

as above. The plants harvested post-freeze were broken and the samples
 

dried for sugar analysis.
 

Considerable variability.occurred in the data, therefore, all
 

the data over hybrids were combined. Sugar decreased in both frozen­

and nonfrozen stalks after storage with little difference between
 

treatments. Daily rate of CO2 loss was higher for the frozen than
 

for the nonfrozen stalks. Initially after freezing there was an in­

crease in elasticity as indicated by a decrease in E. Because of this
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change in flexibility, there was an increase in M of the frozen­

,treated stalks. 
 After storage E and M did not differ between treatments.
 

'Measuring sugars pre-freeze and after freezing showed that sugars
 

in the stalks increased until the plant was killed by freezing. This
 

increase was probably a response to lower temperatures. After freezing
 

there was a linea,: decrease in sugars. Breakage of sorghum stalks
 

showed an increase in E and a decrease in M with time after the killing
 

freeze. This indicated the stalks were becoming brittle, probably
 

from drying and required less force to break the stalk. Breaking time
 

was also shortened. Sugar measurement does not appear to be a viable
 

screening technique for lodgihg resistance.
 

6) 	Eastin. A modified water gradient system was set up in Garden City$ KS,
 

for drought stress screening. See Objective 10.
 

7) Clegg. Grain sorghum responses to temperature and moisture.
 

Root growth pattern studies of grain sorghum in relation to soil
 

temperature and field moisture levels showed that the rooting depth
 

was influenced more by soil temperature than soil moisture. With
 

respect to moisture, as moisture availability decreased, root dry weight
 

increased. Presently experiments are being conducted to evaluate root
 

growth and branching in relation .to temperature and moisture using a
 

temperature gradient sand table.
 

Studies were undertaken to examine the physiological nature of
 

tolerance (CT) in grain sorghum using the hybrids NB 505, RS 671, RS 691
 

and Ms83xl89. Ms83xl89 and NB.505 were the cool tolerant hybrids.
 

Dry matter accumulation and leaf elongation rates were significantly
 

reduced for all hybrids used by 5 degree C night temperature. Contrary
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to our hypothesis, the CT hybrid Ms83x189 was affected more by the
 

5 degree C night temperature than the non-CT hybrids. This was based
 

on comparison to a control 15 degree C night temperature. However, if
 

the night temperature response curves of CT and non-CT hybrids are
 

similar in shape but do not have the same optimum, then 15 degree C
 

would not give a fair comparison point and temperature response curves
 

for each hybrid should be determined.
 

Objective 5. 
Investigate survival mechanisms operative in environmentally
 

stressed plants in the more marginal crop production areas of the tropics (both
 

low and high altitudes). An attempt shall be made to develop additional screening
 

methods.
 

1) Bennett and Sullivan. 
 Effects of drought and heat stress on Dhoto­

synthesis and growth.
 

Sorghum was grown to maturity in hydroponic cultures with water stress
 

controlled by additions of polyethylene glycol. As previously found, a
 

root media stress of -6.5 bars during panicle development reduced
 

yields 40 to 50%. A differential response was found to stress at bloom.
 

If stress occurred during early bloom, photosynthesis was severely
 

inhibited and yields reduced about 30%. 
 If the stress occurred during
 

late bloom neither photosynthesis nor yields were significantly reduced.
 

2) Sullivan. Investigate characteristics of root systems as related to
 

stress resistance.
 

It was shown that sorghums could grow well with only a small portion of
 

their total root systems in contact with available water. Plants were
 

grown for up to 22 days with only their root tips in contact with nutrient
 

solutions. Root tips in contact with water representing only 3% of the
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total dry weight of the roots supported the plants and produced 30% 
of
 

control yields. However, when about 10% of the root dry weight was
 

held in contact with available water during bloom through grain filling,
 

yield was reduced only 35% compared to controls. Water use per unit
 

leaf area was reduced by 37 to 53% by three genotypes during a period
 

of 17 days when oonly 10 to 20 =n 
of root tips were in contact with
 

nutrient solutions. Total dry matter production was reduced only 10%.
 

3) Rice and Eastin. Root growth and respiration characteristics of drought
 

resistant and normal sorghum hybrids ione each) were studied in nutrient
 

solutions. Slightly less root growth generally occurred in the drought
 

resistant hybrid. Test conditions used were control, -5.0 bars and
 

-7.5 bars water stress all at 25, 30, 35, and 40C. 
On the average, the
 

normal hybrid roots respired 31% faster (on a per g dry wt basis) than
 

the stress resistant hybrid during the period the panicle was developing
 

suggesting that the roots provided a 31% larger sink competitive to the
 

developing panicle. 
Generally this causes a greater reduction in seed
 

number and grain yield. Minimal root energy requirement during critical
 

growth stages may represent a desirable stress resistance mechanism.
 

4) Francis. Field experiments were conducted in 1978 and 1979 in seven
 

locations to evaluate genotype by environment interactions in relation
 

to cultural and moisture variables. Treatments included different
 

plant densities, planting dates, tillage practices and irrigation levels.
 

Genetic materials included 56 hybrids, lines and random mating populations.
 

There were more than 50 environments included in the study. Data collected
 
b 

included early plant vigor and growth, time of flowering and physiological
 

maturity, plant height and leaf number, tiller number per plant, and yield
 

and components of yield. Preliminary analyses indicate a broad range of
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adaptation of some commercial hybrids. Thereis an over-riding effect
 

''
of maturity on performance in the range of environments used, and
 

this obscures other effects of specific morphological traits.' Hybrids
 

were most stable in the best environments, while random mating populations
 

rwere superior in some of the worst environments in the study, indicating
 

'-why farmers may cling to their traditional varieties in some areas.
 

Stability analyses of yield and the evaluation of yield components
 

.suggest that seed size may be a critical factor in final yield compensation
 

.during the grain fill period. Further studies are under way to determine
 

capacity for grain fill in several commercial hybrids, and how this is
 

influenced by density, tiller removal, and moisture. 
The interaction of
 

seed number and seed size may be critical in final determination of yield
 

and stability.
 

5) Ogunlela and Eastin. The effects of night temperature on sorghum yield
 

were evaluated in 1978 by controlling night temperature at a field 5C and
 

10C above ambient during panicle development. Panicle development was
 

divided into five 6-day periods. The most sensitive period was 12"days
 

after panicle initiation when 6 days of ambient +5C reduced yields 31%
 

(44% seed number reduction) and ambient + 10C reduced yields 61% (72%
 

seed number reduction). Ambient + SC is not a severe stress. Obviously
 

sorghum is quite sensitive to adverse environmental parameters at that
 

stage. Yield reductions closely parallel seed number reductions. However,
 

seed size increases partially affect the seed number losses.
 

6) 	Gerik and Eastin. Since previous experiments by Eastin and Ogunlela showed 

that temperature is an important seed number and yield determinant, ex­

periments were conducted to check variation in plant reaction (respiration 

rate as a measure of metabolic pace) to temperature. Two populations 

were field screened for panicle respiration rates at different temperatures 

I ] 
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(by choosing different times of day) using the field portable CO2
 

measuring system developed by Sullivan and Clegg. 
Stated differently,
 

the rationale was that temperature controls metabolic pace which
 

relates to the maximum seed number potential realized in the crop.
 

Respiration rates were measured hoping they would be a reasonable
 

indicator of metabolic pace at different temperatures. Respiration
 

rates were taken (below) from 100 heads in each of two random mating
 

populations to check for variability in respiration response. 
Knowledge
 

of variability is essential in order to.tell whether or not one could
 

reasonably be able to select for differential temperatures common to
 

divergent environments.
 

Variable Units 
Range of Variability 
X Min. Max. 

TP - RO sub -4 population 

Panicle Respiration mg CO2 g­1 hr -l 1.78 .31 5.22 

Grain fill days 31.4 20 41 

Yield g grain panicle "1 74.5 19.5 167.0 

Seed nuibcr panicle - 2948 961 6356 

TP 11 Population
 

Panicle Respiration mg CO2 g-hr 1 2.10 .14 12.4
 

Grain fill 
 days 29.8 20 
 39
 

Yield 
 g grain panicle 73.8 
 .23.5. 71.4
 

Seed number panicle 1 3170 737 7366
 

The respiratin values are averaged over 3 temperatures. Obviously a
 

great deal of variability exists in respiration response to temper­

ature. 
 Selection for temperature response should be possible. 
Un­

published work from our laboratory shows respiration in plants at PI
 

increases 12 to 14% for each degree C over the range from 12 to 27C
 

(moasured at 5C intervals). If metabolic pace relato, to metabolic
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erriciencyland it is that heavily influenced by.temperature, perhaps
 

more care in selecting the right metabolic pace (temperature response) 

for a given environment would be useful. 

7) Mahalakshmi and Eastin. Mahalakshmi first, ana Gerik later, demonstrated
 

that increases in panicle respiration in response to temperature proceed
 

at.about half the pace of increases in respiration of plant vegetative
 

matter. Mahalakshmi further tested the influence of temperature
 

on starch synthetase activity in RS 671 and RS 626 sorghum grains at 

10, 15, 20, 25 and 30 days after anthesis. Seasonal mean starch 

synthetase activities (Omoles,glucose incorporated g fresh weight hr....). 

follow. 

Temperature (C)
 

Hybrid 32 37 42 

RS 671 8.14 8.42 9.22 

RS 626 7.97 8.08 8.68 

Enzyme response from developing grain is modest as is respiration
 

response. This may relate to the fairly stable grain'fill rate within
 

a genotype across a range of environments as observed byseveral workers.
 

Perhaps starch synthetase activity relates to control arain fill rates
 

in sorghum.
 



34
 

Objective 6. Develop screening methods for early season cool tolerance growth
 

capability. 
Germplasm development shall be coordinated with CIMmYT
 

1) Clegg and Eastin. Cold tolerant lines.
 

Certain crop growing areas have day temperatures which are adequate
 

for growing grain sorghum, but night temperatures become minimal.
 

At Sidney, Nebraska, 145 lines with two years selection from this site
 

were planted for yield evaluation. Yields from these lines ranged
 

from 1600 kg/ha to 4380 kg/ha. Twenty linei yielded 3500 kg/ha
 

and over. Maturity ranged from 56*to 80 days to 50% bloom. 
Over
 

half (54%) of the lines were in the 56 to 62 day range. Yield was not
 

greatly influenced by maturity. 
 Only the very early 56 to 57 days or
 

those later than 76 days to 50% bloom yielded significantly less.
 

The seasonal temperatures at Sidney for 1977 were much higher than
 

normal and lessened the influence of maturity.
 

Yield levels obtained with this selectign of lines would indicate
 

that progress can be made in obtaining genetic material for this type
 

of environment and add yield stability.
 

2) Francis. Nursery work was expanded in Sidney to seek out lines with
 

acceptable grain quality and good agronomic potential under cool
 

conditions and a short growing season. 
 Introductions from CIMMYT
 

were compared with materials selected in Western Nebraska over the
 

past several years. Selections are observed as head rows in Sidney
 

and in Head (longer season) in each field cycle. 
 Genotypes with a
 

long fill period and efficient grain production for short season
 

conditions will be available for broader testing on anlinternational
 

scale within a few cycles.
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An isolation block of B population material was grown in 1978
 

and 1979 in Sidney, and a number of sterile and fertile heads selected
 

for further testing. This will be grown in isolation as head rows in
 

the next season, and further selections made for earliness and grain
 

quality in Western Nebraska. Promising individual families-will be
 

chosen for recombination, and the best advanced selections converted
 

to A lines. It is expected that hybrids could be produced for testing
 

the adaptation and yield potential of female lines within two cycles
 

of 	selection.
 

3) 	Eastin, Clegg, Mendoza. Screening methods for cool tolerance germination
 

and growth.
 

Mendoza reported earlier on atray method of testing for cool germination
 

ability. Seeds were perched on the edge of an upright piece of thick
 

blotter paper with additional longer paper sheets placed on the outside
 

of the thick support blotter paper in order to hold seeds in place. the
 

seeds, sandwiched between the outer sheets of paper which extended slightly
 

above the blotter paper on which the seed rests, can be viewed directly
 

as they germinate. Seed sandwiches rest upright in a water tray.
 

Mendoza's test was extended by first taking germination notes and then
 

allowing the plants to grow 4 to 5 weeks at which time length of roots
 

and shoots were measured. In two preliminary trials, average root and
 

shoot lengths were estimated from 30 seeds selected at random from S1
 

heads from different populations. Root growth was of particular interest
 

since soil mulching in semiarid environments to improvecatching and
 

retaining water also means cooler soils. Plant development from
 

individual S heads are then removed, transplanted and grown to maturity
 



usually in tne tield. 
Plans are to recombine seed lots from the
 

different growth habits, permit them to random mate for at least
 

3 seasons and eventually test contracting populations for yield under
 

much (ecofallow) systems. Simultaneously individual plant selections
 

from the original S1 
heads will be retested each generation and the
 

best contrasting types will be carried to the F 
and later'generations
 
4
 

for testing under ecofallow.
 

4) Clegg. An index for field evaluation of cool tolerance in grain sorghum.
 

An index was developed to identify cool tolerance in grain sorghum
 

genotypes. 
This index was based on growing degree units to 50% bloom
 

calculated for each genotype at two locations where temperatures (28 C,
 

day, 14 C, night) were considered typical for sorghum growth (Mead), and
 

another location where day temperatures (27 C) were typical but night
 

temperatures (8 C) 
were lower (Sidney or Scottsbluff).
 

Growing degree units (GDU's) to 50% bloom were calculated according
 

to the equation
 

GDU ,(max.+,Mi.ne
 

where 1 is the day planted, n is theday of 50% bloom and BT is the
 

base temperature (15.5) at which minimal growth occurs. 
The selection 

index (I ) was calculated according to the eauation! 
s 

Xs-- (GDUm/GDU )-"(GDU /GDUsr)
 
., mg ,mx sg ax
 

where GDU and GDT 
 refer to growing degree units to 50% bloom for the
 

same genotypes at Mead and Sidney or Mead and Scottsbluff respectively.
 

GDUm 
 and GDUs; refer to the location means of all qenotypes at Mead
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and Sidney or Scottsbluff respectively. The location means provided
 

a useful method of removing variations due to environment. Positive
 

index values for a genotype classified it as cool tolerant.
 

In this study, the lines identified as cool tolerant using this
 

index were lines that had been labeled cool tolerant either by source
 

or laboratory tests and were generally one of the parents of the cool
 

tolerant hybrids used in this study. Of interest, CK 60 and Tx 414, two
 

lines used as parents for commercial hybrids had positive index values.
 

Possibly because of this cool tolerance, their hybrids have wide
 

adaptability.
 

Genotypes selected at Mead had a mean value less than a base
 

population of check hybrids and parent lines labeled cocl tolerant,
 

whereas, genotypes selected at Sidney had a mean value which was greater.
 

Also, lines originating from northirn USA and Canada had positive values.
 

In both cases, these results would support the cool tolerant index for a
 

method of identifying cool tolerant material.
 

Objective 7. Conduct analysis of energy requirements of sorghum for the
 

developmental stages including the periods from planting to panicle initiation,
 

panicle initiation to bloom, and bloom to physiological maturity.
 

1) Eastin. Growing degree unit (GDU) and solar thermal unit (STU)
 

requirements for grain sorghum. 
Data for 2 years are summarized in
 

Table I. Solar thermal units are Langleys x GDU's.
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TableI. GroWing degree units (GDU) at 
base 15 C and solar thermal units 
(STU) for respective growth stageslin 20 sorghum hybrids. 

Genotype GDU STU x 102 

CS1 GS2 GS3 GSI GS2 GS3 
820' 301 280 261 1695 1471 1161 

E591 
8281 
E57 
Nb 631 

254 
300 
251 
278 

304 
281 
286 
291 

279 
263 
297 
278 

1404 
1678 
1394 
1560 

1643 
1488 
1525 
1541 

1272 
1170 
1386 
1238 

C42j 
833 
Nb 635 
Nb 634 
Acco R109 
C42Y2 
RS 626 
Exel 808 
RS §71 
266 

244 
281 
234 
237 
243 
237 
224 
249 
250 
227 

274. 
276 
292 
293 
299 
277 
276 
302 
295 
298 

314 
284 
.308 
305 
294 
313 
298 
285 
286 
305 

1377 
1572 
1322 
1328 
1353 
1342, 
1287 
1390 
1393 
1291 

1433 
1459 
1529 
1543 
1591 
1445 
1434 
1609 
1575 
1554 

1487 
1297 
1454 
1433 
1366 
1503 
1450 
1314 
1329 
1447 

222; 
8452 
F64 
RS 25 
233 

262 
251 
298 
212 
203 

285 
293 
274 
291 
279 

286 
290 
269 
290 
310 

1471 
1414 
1670 
1219 
1174 

1510 
1544 
1450 
1515 
1450 

1330 
1347 
1209 
1416 
1531 

Ave 263 287 290 1425 1513 1352 

Ave/day 6.68 8.06 6.37 36.17 42.50 25.70 

1 Pioneer 
2 Dekalb 
3 Northrup King
 

Xnowledge that generally from 200 to 300 GDUls (15C base) or about
 

1400 STU are required to complete the vegetative (GSI), panicle develop­

ment (GS2) and grain fill (GS
3) periods should be useful in evaluating
 

where grain sorghum production might be feasable. 
Minimal data required
 

would be estimates of or actual maximum and minimum daily or weekly
 

temperatures. 
 Also some estimate of appropriate maturity .classes for
 

different areas should be possible.
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Objective 8. See Section D.
 

Objective 9. Not applicable
 

Objective 10. 
 Continue work on developing both indoor and outdoor environ­

mental control equipment.
 

1) Eastin, Clegg, Maranville, Clark, Sullivan. Development of controlled
 

environment facilities. Four AID purchased growth rooms 9'W x 9'L x 7.5' H
 

were installed in the new Plant Science Complex. 
Also state funds were
 

used to construct a new headhouse-greenhouse complex and install an
 

additional 13 growth rooms 
(4 from AR, SEA). Growth rooms are housed
 

in the headhouse: Excellent "field stature" millet and sorghum crops
 

have been grown in the AID growth rooms. The millet crop was grown by
 

Mr. David Andrews, head of the ICRISAT millet program. The rooms are
 

,especiallyvaluable for water x temperature stress interaction studies.
 

-An excellent, simple temperature control device was designed and
 

built for field investigation of above ambient temperature. 
A control
 

was developed which permits controlling night temperature in a 5' x 6' x 4'
 

movable field tent at a fixed temperature differential above ambient
 

(see Ogunlela's results). The devices will be used next to test for
 

water x temperature interactions in drier fields at Garden City, KS.
 

Two linear move irrigation systems were purchased and set up to
 

do drought screening and water stress evaluation work at Garden City,
 

KS, and Sidney, NE. The KS unit was operated in 1980. The NE unit was
 

delivered in May and will be operated in 1981.
 

The above three system developments were very time consuming.
 

However, the facilities are all functioning to expectations and will
 

contribute heavily to our Title XII sorghum and millet effort.
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Objective 11. Initiate investigations on genotype differences on nutrient
 

uptake and utilization efficiency.
 

1) D. Knudsen, R. B. Clark, J. L. Denning and P. A. Pier. 
Use of energy
 

dispersive X-ray spectrography for plant analyses.
 

Energy dispersive X-ray fluorescence is proving to be an effective
 

technique for multi-element analyses of plant tissue samples. 
 It can
 

effectively assay elements above the molecular weight of Mg (24) including
 

S, Cl and Br. Once the parameters and programs have been selected or
 

developed, operation is relatively simple and easy. 
However, the programs
 

and parameter selection can be quite complex, but critical for quantitative
 

work.
 

Best overall results haverbeen obtained using 500 mg x 31 mm pellets
 

or 100 mg x 13 mm. The smaller pellet is used for samples with small
 

amounts of material. Somewhat better intensities for low-Z (Mg, P, Al
 

Si, S, Cl, K, Ca) elements are obtained with thinner samples, but lower
 

intensities then occur for mid-Z (Zn, Cu, Mn, Fe, Mo, Cr, Co, Ni, As,
 

Se, Br, Rb, Sr) elements which are usually in low or trace quantities.
 

Samples pelleted with 1 g of boric acid backing in Al cups provided good
 

intensities for the low-Z elements, but much lower intensities were ob­

tained for the mid-Z elements. This technique might be superior for
 

low-Z elements when 100 mg or less of sample material is available.
 

Samples must be ground to pass 40 mesh in order to form a stable pellet.
 

National Bureau of Standards plant material has been used initially
 

to prepare standard curves. 
This has provided satisfactory standard
 

curves-for some of the elements. Cellulose (filter paper pulp) was
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found satisfactory for preparing additional standards for elements
 

above molecular weight of Cl. 
 Materials of known concentration will
 

be needed and used in addition to NBS standards in order to obtain
 

concentration ranges needed for standardization. A technique for
 

spiking cellulose or samples is being developed to obtain additional
 

materials for standardization of all desired elements.
 

Programs and parameter selections have been developed to determine
 

25 elements automatically and simultaneously on the same sample. 
This
 

has been done for twenty 31mm pellets in about 2.5 hours or twenty­

five 13mm pellets in 3.2 hours. 
Current quantitative detection limits
 

(3 x standard deviation of background) for some of the elements are
 

given in Table 1. Except for 
Mo and Co, these lower detection limits
 

for the essential elements for plant growth are well below the con­

centrations normally found in healthy or deficient tissues. 
This
 

program consists of three passes at.the sample, each with different
 

excitation parameters. Further refinement is expected to improve
 

some of the detection limits and to decrease time of analysis. 
Software
 

will be incorporated into the system to make matrix corrections when
 

necessary.
 

Over 500 samples have been analyzed with the above programs. In
 

addition, at least 400 standards and other samples have been run in
 

order to develop standard curves, sample preparation techniques, and
 

appropriate excitation parameters. Considerable analyses by atomic
 

absorption and other analytical methods have been performed to
 

characterize standard materials.
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Table 1. 	Detection limits of Dome mineral elements in 'plant samples by energy
 
dispersive X-ray spectrography.t
 

hacronutrients 	 Micronutrients Nonessential Elements
 

Detection Detection .Detection
 
Elcment Limi t Elemant Limit Element Limit
 

ug/g ug/g uB/g. 

P 30 n8 Al 340 

R 27 Fe 5 Si 100 

Ca 23 Cu 2.2 Cr 6 

Mg 410 Zn 2.5 Ni 2 

As 	 1.0
 

S 21 Mo 9 	 Se. 1.2
 

Cl 65 Co 3. 	 Pb 2.5
 

.Ig 2.3
 

Rb 3
 

Sr 5
 

-Assuming 	three times tbe standard deviation of background. 

svA
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2) 	R.B. Clark, J.1. Maranville, and H., J. Gorz. Phosphorus efficiency
 

of sorghum grown with limited phosphorus.
 

Sorghum (Sorghum bicolor 1. Moench) genotypes showed marked differences
 

for uptake, accumulation, and distribution of P. When grown with
 

limited P, the genotypes differed in dry-matter yield, mg dry-matter
 

produced/mg P, P concentration and content, and accumulation of P
 

in roots, lower and upper leaves. Roots showed greater differences
 

than leaves for these parameters. Phosphorus content had the widest
 

ranges among genotypes and mg dry -iatter produced/mg P had the
 

narrowest ranges. The ratio of P in the upper leaves to that in the
 

lower leaves ranged from 2 to 46. Phosphorus top/root ratios ranged
 

from 0.8 to 2.3, indicating that in-some genotypes, roots retained
 

more P than did leaves. These differences may be important in adapt­

'ation of plants to low P conditions and should help explain differences
 

among sorghum genotypes for efficiency of P uptake and utilization.
 

3) R.B. Clark, H.J. Gorz, and F.A. Haskins. Effects of mineral elements
 

on hydrocyanic acid potential in sorghum.
 

Sorghum (Sorghum bicolor L. Moench, cv. 'Early Hegari') seedlings were
 

grown in nutrient solutions to determine the effects of varied levels' 

of mineral elements on hydrocyanic acid potential (HCN-p). Maximum 

growth of seedlings occurred at ion levels of 0.3 to 30 meq and 

seedlings grown at ion levels below or above this were abnormal. HCN-p 

.was influenced by mineral elements only when seedlings were grown for 

at least two days in treatment solutions. individual salts had the 

following effects: KCl decreased HCN-p, NH4cl, NHNO3, NH4H2 PO, 
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2sOS 4 , and Ca(H2P04 )
:21 2 increased HCN-pu and KNO3 , CaC 2 , Ca(N0+3 )22 1 ,
4 .i, 

CaSO4, MgCl2, Mg(N03 )2 , and MgSO4 had no effect on H CN-p. Factorial
 

experiments were set up to compare the cations across a common set
 
ofanions Cl'.,0N .P04" and S02­

f H2sPand4' N0 the various anions of the
 

common cations (K or NH4
+ ) to determine the individual effects of
 

ions on HCN-p. HCN-p decreased when KCl and NH4 Clor QO3 and NH4 NO3
 

were combined in the medium. HCN-p increased when KH2O 4 and NH4H2PO4 were' 

added singly or in combination. HCN-p also increased when (NH4 ) SO4 

was added at high levels of K but not at low levels. 

4) P.R. Furlani and R. B. Clark. Screening sorghum for aluminum tolerance
 

in nutrient solution.
 

Sorghum (Sorghum bicolor L. Moench) genotypes were grown in nutrient
 

solutions to evaluate their tolerance to Al toxicity. Seedlings weri
 

grown 10 days in treatment solutions with large numbers of plants (uj
 

to 125)/container of 6.31 (50 ml/plant). The optimum level of elements
 

for good sorghum growth and wide differential 'responses to Al were (mg/l):
 

2.0 P, 300 Ca, 40 Mg, and 4.0 Al. Phosphorus.added at 4.0 mg/l or
 

higher caused relatively severe 6red-speckling' or.leaves of many geni
 

types and at 1.0 mg/l P deficiencies appeared. When Al was added
 

at 2.0 mg/l toxicity symptoms were nil and when added above 6.0 mg/l
 

toxicity symptoms were very severe on all genotypes. Severity of Al
 

toxicity symptoms were reduced when Ca was increased from 150 to 300
 

mg/i, but Ca was detrimental to root growth at 600 mg/l. Magnesium
 

added at levels higher than 90 mg/l was detrimental to root growth on
 

most genotypes. Severity of Al toxicity symptoms were increased as the
 

temperature increased. The relative tolerance of many sorghum genotypes
 

to Al will be discussed.
 



45
 

5) Angela M. Furlani, R.B. Clark, and C.Y. Sullivan. Properties of a
 

phosphorus-induced 'red-speckling' on sorghum leaves.
 

Sorghum (Sorghwm bicolor L. Moench) seedlings showed varied amounts
 

of 'red-speckling' when grown with different levels of P in solution.
 

A relatively susceptible genotype Martin and a relatively resistant
 

genotype N9040 were used to characterize some of the chemical and
 

physiological properties of this P-induced disorder. 
 'Red-speckling'
 

appeared on Martin leaves at P levels as low as 0.2 mg/l and were
 

rather severe at P levels of 0.5 mq P/l. No 'red-speckling' appeared
 

on N9040 leaves at these P levels. The amount of 'red-speckling' on
 

seedling leaves also depende'don the type of P compound used: phenyl
 

phosphate z potassium nonbasic phosphate > ethylammonium phosphate 

glycero-phosphate > calcium tribasic phosphate > aluminum phosphate 

> ferric phosphate - calcium pyrophosphate. Leaves which had greater 

amounts of 'red-speckling' also had higher leaf concentrations of P, 

lower leaf surface areas, and lower photosynthesis rates. 

6) G. Franca, R.B. Clark and J.W. Maranville. Differential nitrogen uptakeA
 

distribution and use by sorghum genotypes.
 

Fifty-four sorghum genotypes were grown with 10 mg N/plant in nutrient
 

solutions to determine differenqes for N uptake, use, and distribution.
 

Differences among genotypes for dry matter yields, N concentrations
 

and contents, dry matter produced per unit N, and top N/root N ratios
 

were determined. Dry matter yields among genotypes ranged from 0.70.
 

to 1.75 g/6 plants (a 2.5- fold difference) with a Tx3934 x GHS-17
 

genotype yielding the highest and an SClI0 x SC120 genotype yielding
 

the lowest. The same Tx3934 x GH8-17 genotype also produced the
 

highest dry matter per unit N (41.5 g dry wt/gN) compared to an
 

5-1
 



SC150 x GH8-17 genotype which produced the least dry matter per
 

unit N (29.3 g dry wt/gN); a 29% reduction. An SCl50-6-x 

scl5O-9 genotype translocated less of its total N from roots to tops 

(top N/root N =,1.49) compared to an SC300 x SC52 genotype (top N/root 

N1= 	2.69) which translocated more of its total N to the tops. 
 Using
 

the definition that N efficiency is the highest dry matter pxoduced
 

per unit N, a Tx3934 x GH8-17 genotype was the most N efficient and
 

an 
SC150 x GHS-1? genotype was the most N inefficient genotype. Wide
 

differences among genotypes were also noted for N concentrations and
 

contents, for root and top dry weights, and for top/root ratios of
 

dry weights. Considerable differences appeared to exist among sorghum
 

genotypes for N uptake and distribution as seedlings. Selected
 

genotypes from those tested are being studied for other N uptake,
 

distribution, and use properties with age and N level in both
 

nutrient solution and in soil experiments.
 

2. 	Interpretation of data and supporting evidence:
 

The objective and work pursuit statements under each numbered objective
 

in C above are generally interpretive statements. However, the following
 

selected statements will add emphasis to certain areas.
 

Objective 1. 
Yellow endosperm lines, low tannin and nutritional value. 1) Adverse
 

correlations were found in two populations for agronomic and quality traits, but
 

progress for higher nutritional value was demonstrated while retaining desirable
 

agronomic traits. 2) Grain quality populations featuring low te~ta (tannin)
 

frequency, high yellow endosperm, high protein, high lysine and high metabo­

lizable energy have been formed. 3) A simple, rapid test using alpha amylase
 

was developed to estimate feeding value of sorghums containing tannin. The test
 

is adaptable to breeding programs.
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Objective 2. Breeding techniques. 1) Recurrent selection for protein
 

demonstrated, unfortunately, a.typical negative yield-protein correlation.
 

3) Use of single cross steriles made seed production for R line testing
 

easier with no yield reductions compared to use of inbred line steriles.
 

4) Two-dwarf sorghums (tall) are desired in some LDC's where both grain and
 

forage are needed. An unusual combination of dwarfing genes discovered in
 

SC 102-9 was used to make a sterile combine height parent, which when crossed
 

to selected combine height males, gives high grain yielding tall hybrids. Tall
 

hybrids from crossing tall lines are very difficult to produce whereas this
 

production scheme is normal making the potential advantages of hybrids easier
 

.to realize in LDC's where tall hybrids are desired. 9) Family sizes of 100
 

S, progenies from populations were determined to be minimal for yield and
 

protein testing.
 

Objective 3. Limited tillage and cropping-systems practices . 1) Soil bedding 

did not influence sorghum yields compared to-conventional tillage. Fewer
 

field trips were necessary using the bedding approach which might be of some
 

value in mechanization schemes (i.e. the Sudan). No additional bedding work.
 

is planned. 2) Mulching associated with certain kinds of minimum tillage delayed
 

plant growth (cooler soil) and increased yields. Fertility management would need
 

to be adjusted on the basis of yield level. 3) Soybean-sorghum rotations give
 

the effect of 50-100 kg/ha N equivalent on sorghum following sorghum. The value
 

of grain legumes in LDC cropping systems merits attention.
 

Objective 4. 
Stress tolerance and avoidance mechanisms. 1) Efficient'N'
 

partitioning to grain did not correlate well with high yields" 2) No significant
 

correlation between seedling drought resistance and field yield stability was
 

5-1'
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noted. Therefore the seedling test was 
not deemed useful. The field water
 

gradient technique, however, was shown to be an effective drought screening
 

technique. 
3) Drought stress conditioning was shown to benefit photosynthesis
 

and stabilize yields under limited water. 
 6) A modified water gradient system
 
was assembled to be tested for field screening for drought resistance. The
 

system uses half the land and seed required for a normal water gradient system.
 

7) -Ieat and limited water were generally shown to increase root growth which
 

leaves a lower proportion of limited assimilates available for grain production.
 
Objective 5. 
Plant reaction to stress and survival mechanisms in stressed plants. 
1) Stress during panicle development and right at bloom are quite detrimental to 
photosynthesis (ca 30% reduction) and yield (40-50% loss). 2) Relatively
 

small proportions of roots exposed to moist soil or nutrient solutions supported
 
good plant growth. 
3) A drought resistant hybrid used 31% less assimilate to
 
support its roots than did a normal hybrid under both normal and stress conditionse
 

The lower root assimilate requirement is probably partly responsible for the
 
higher seed number and yield of the resistant hybrid under stress. 
Much research
 

is needed on root characteristics based on results in 2 and 3. 
4) Based on
 
extensive genotype x environment interaction work, the seed size component of
 
yield appears to be an important yield stabilizing factor in harsh environments.
 

'5) odest night temperature elevations (5C above ambient) during the differ­

entiation and early development of pistil and stamen primordia (6 day period)
 
reduced yields 31% because of a 44% seed number reduction. No suitable screening
 

technique for screening for stability during this period is available. 6) Field
 

screening for temperature effect on grain respiration rate is possible and
 
genetic variability for variability in respiration rate at the same temperature
 

is appreciable. 
 Therefore, it should be possible to fit genotypes to environments
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varying widely in temperature profiles. 7) Grain starch synthetase activity
 

is'not influenced much by temperature. This may or may not be related to
 

fairly stable and nearly linear grain fill rates noted over a ranae of
 

environments.
 

Objective 6. Cool temperature growth. 1) William Amen selected about 200
 

li'.es out of 7000 seed lots grown by Elmer.Johnson at Chapingo, Mexico. Many
 

were found to be suitable for Sidney, Nebraska, as tested subsequently by
 

Clegg and Eastin. Other materials gathered by Pe Nordquist were also included.
 

A reasonably wide range of dwarf materials have been gathered which fit moderate
 

altitude (4400') semiarid, short-season climates like Sideny, NE. 2) Two
 

Nebraska populations planted at Sidney were observed to have sufficient earliness
 

to be used for selection at Sidney. Francis has been selecting and forming
 

B line populations suited to that area which will be available for international
 

testing in the future. 3) Mendoza earlier developed a cool temperature germ­

ination screening test where germination progress could be observed at any time'.
 

The method has been extended to observe root-shoot ratios up to a month in age.
 

Good root growth is of interest since that appears to be a problem under cool soil
 

conditions resulting from ecofallow forming where mulches are left on the soil.
 

Mulching should be of interest in some high elevation, semiarid tropical
 

locations. Desirable plants are being selected from 
l heads for field testing
 

under ecofallow.
 

Objective 7. Growing de2ree units for sorghum. 
 Twenty hybrids spanning a range
 

of maturities were evaluated for growing degree days required to complete the
 

vegetataive, panicle development and grain fill stages. The likelihood of
 

adapting sorghum to now locations or successfully implementing shifts in
 

maturity at a location'can be estimated if reasonable maximum and minimum
 

temperatures are available.
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Objective 10. 
 Controlled environment facility development. A unique, simple
 

temperature controlling device for regulating field temperature at night
 

in small tents was developed. Yield results from temperature variation effects
 

conform well to growth room results confirming the value of the growth rooms
 

developed to supplement field efforts. 
A sizeable growth room-greenhouse
 

complex has been put into operation to help investigate temperature x water
 

interaction effects. Much basic knowledge needs to be gained regarding
 

stress mechanisms in hopes of improving the rate of crop improvement through
 

breeder selection techniques.
 

One general breeder screening technique is a modified (shortened water
 

gradient system which was tested just one season and appears to be excellent.
 

Objective 11. 
Mineral nutrient uptake and utilization. 1) An excellent energy
 

dispersive X-ray spectrograph was acquired (station funds) and calibrated for
 

plant material analyses. 
Primary use is for nutrient uptake and utilization
 

efficiencies. Much work was required for calibration but now sample analyses
 

are more rapid with less technical labor required than for inductively coupled
 

plasma spectrograph analyses. 2) Marked differences have been shown amongst
 

genotypes for uptake, accumulation and distribution of P. 3) The influence
 

of different anion and cation concentration on HCN production were tested.
 

Phosphates generally increased HCN while cloride and nitrate decreased HCN.
 

4) Sorghum lines were screened for Al toxicity. Genotypes vary substantially
 

in tolerance levels and can be separated through the screening technique
 

developed. 
A number of tropical soils require Al tolerant genotypes for
 

successful culture in lieu of phosphorus fertilizer which generally is not
 

readily available or is too costly. 
 6) A nutrient solution screening technique
 

was set up for differential N uptake and utilization. Additional effort is
 

needed regarding screening potential.
 



3. 	Research design 
 The research design has generally beon adequate. Research'
 

techniques in some of the areas being emphasized require rather regular
 

modification. This is in the area of quantitating the plants reaction
 

to 	different combinations of environmental stresses-and attempting to find
 

out 	what the mechanisms of resisting stresses are. 
 Understanding mechanisms
 

sometimes permits developing breeder screening techniques. Success with the
 

water gradient system for drought screening led to development of the ab­

breviated system using half the land requiring only half the seed for .the
 

normal system. AID cooperation in this is greatly-anoreciated.
 

E. 	Dissemination and Utilization of Results.
 

1. 	See appendix for bibliographic list.
 

2. 	Use of findings.
 

a. 
The normal water gradient screening techniques is being used in
 

Yuma, AZ and at ICRISAT. It may be tried soon in Egypt under
 

Title XII efforts. The linear move abbreviated systems are.now
 

at Garden City, KS, and Sidney, NE. Apparently one is being
 

planned at.Lubbock, TX.
 

b. 	The heat tolerance test has been or is being used in several
 

Places. Overseas sites include IRRI and Taiwan.
 

c. 	The cool tolerance test is being used in Mexico.
 

d. 	Screening for aluminum tolerance is being done in the U.S. and
 

Brazil. Three Brazilian students were or are being trained.
 

e. 
A student from Botswana was involved in research on nitrogen
 

contribution of a grain legume to sorghum and is now beginning
 

his Ph.D. training in Botswana applying that approach to local
 

N problems.
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f'.: 	Invited participation in an international Workshopon'"Stress
 

Syndromes and CropProduction" sponsored by the Canadian Society
 

of Plant Physiologists and the International Association of Plant
 

Physiologists.
 

g. 	Participated in Educational TV program informing'Midwesterners 

of the US AID - Nebraska program and the mutual benefits for 

everyone.
 

h. 	 Particpated in University of Nebraska Media Days promoting inter­

national involvement of Nebraka Scientists. A continuing-effort
 

proceeds on explaining the mutual benefits derived for Nebraskans
 

and LDC's through international work.
 

i. 	We have hosted many individuals and groups from LDC's, SAFGRAD
 

and DC's regarding sorghum work at Nebraska.
 

Nebraskans have participated actively in the planning and work
 

effort required to get the Title XII sorghum-millet CRSP going
 

while it overlapped with the current contract.
 

k. 	Presented a paper on Tropical Adaptation at a 1979 International
 

Workshop at Corpus Christi, Tx.
 

3. 	One way to expand use of research results is to evaluate more closely
 

doing a portion of a graduate student's thesis research in his native
 

country or other developing country. The case of Mr. Lucas Gakale serves
 

as an example. He worked here on an MS degree and gained experience in
 

grain legume-cereal rotations. Now he has returned to Botswana to begin
 

work on his Ph.D. research using crops specifically adapted to that area
 

of the world. While this arrangement sounds ideal, certain facts have
 



.S3
 

to be recognized. The arrangement is expensive. 'Graduate colleges can
 

not accept this kind of research arrangement without (1) the supervisor
 

visiting the research area once or twice and (2) another adequately
 

trained local scientist being there for regular consultation with
 

the.student. We are attempting to do more of this under the sorghum­

millet Title XII CRSP. Expansion of the approach will require extra
 

input from AID and other world development agencies if the approach is
 

desired.
 

4. Since this is a terminal report there is no future work plan. ,However.
 

the basic effort under this contract is being continued under -the
 

sorghum-millet CRSPi
 

/
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F. Statement of Expenditures 'and Obligations and Contractor Resources.
 

Since t%-he-contract number was changed both budget-cost sets are included.
 

Contract ta-c-1382 

Cost to Costs 
Budget 2/.77 2/77 to compl. Final 

,. 

Salaries & Wages 101,757 109,542.64 
Fringe benefits 8,832 6,985.92 
Equip. & mat. 79,389 105,557.90 
Travel & transp. 6,940 4,466.29 
Other D.C. 18,605 12,361.12 
Ind. C. 79,477 56,086.13 
Totals 295,000 295,000.00 

Contract ta-c-138" 

Salaries & Wages 161,000 153,161.40 
Fringe benefits 6,640 8,284.56 
Equip. & mat. 142,970 157,819.10 
Travel & transp. 17,000 23,737.60 
Other D.C. 72,080 60,628.57 
Ind. C 82,050 78,108.83 
Total 481.740 481,740.00 

Combined totals 

Salaries & Wages 262,757 262,704.04 
Fringe benefits 15,472 15,270.48 
Equip. & Mat. 229,299 263,377.00 
Travel & Trans. 23,940 28,203.89 
Other D.C. 90,685 72,989.63 
Ind. C. 161,527 134,194.96 

Total 776,740 776,740.00 

V
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Two significant events during.progress of the project bear comment*
 

First we were able to establish two good semiarid nursery areas for
 

drought-temperature field screening. A long season-dry area nursery
 

was established at Garden City, KS, in cooperation with Kansas State
 

University. This involved several delays due to getting a research
 

well permit in an oversubscribed groundwater area. Patience on the part
 

of Drs. R. Jackson, J. Yohe and several of the contract staff in helping
 

us get that project completed is greatly appreciated* A short soason-dry
 

area (cool night) nursery was established at Sidney, Nebraska. Combined
 

with other nurseries at North Platte and Lincoln, this gives us a wide
 

range of screening-testing areas to evaluate germ plasm and study mechanisms
 

of plant adjustment to adverse water and temperature variables.
 

Second, we have been able to design and build a variety of environ­

mental facilities to further help in quantitating plant reaction to stresses
 

and help in developing breeder screening techniques. AID fund input into this
 

effort constitutes a very small portion of a total package but, in our case,
 

it was a very significant input.
 

G. 	Work Plan and Budget Forecast for Coming Year.
 

This is a termination report.
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SORGIUM SIED 'SlIPPED OVERSLAS THROUGII USDA PLlsT G;R:PLASK QUARLTINE .CENT1R 

Country 14. of .Samples 

1977 
-

Albania 
Argentina 
Australia 
Djibouti 
Egypt 
Hungary 
India 
Japan 
Mexico 
Philippines 
Rumania 
Turkey 
Switzurland 
United Kingdon 

4 
4 

12 
4 
40 
23 
'32 

103 
146 
4 
6 
28 
3 
24 

TOTAL 436 

1978 Brazil 
France 
Hungary 
Mexico 
Niger 
South Africa 
Thailand 
Uruguay 
Venezuela 
Zaire 

345 
'47 
76 
17. 
14 
30 
i2 
1 
2 

.7 

TOTAL 551 

1979; Argentina 
France 
Gambia 
India6 
Indonesia 
Japan 
Philippinei 
Rodesia 
Venezuela 

166 
424, 
36 

34 
14, 
9, 

2 
•-10 

TOTAL 299 
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Development of Improved Sorghum­
-Physioloc.y of Yield and Stress Reaction 

University o! Nebrask& 

Dr. M. Peterson, Chairman of the Subcommittee composed of 
Drs. 

Ehrenreich, Falcon, and Whitney, briefly suinarized the proposal as 

follows.
 
. 


This proposal is for an extension for three years of a program 
first
 

In November 1972, A.I.D. presented the RAC
 funded by A.Z.D. in 1974. 

with a project on sorghum improvement involving a consortium of three 

Puerto Rico to work on tropical types, Texas A&M to
universities: 


work on disease and insect resistance, and Nebraska 
on the physiology
 

of grain yield. These three institutions, together with Purdue which
 

was doing work oh protein qua.lity, were to be an integrated 
team on
 

The three university consortium was divided into sorghum research. 


in 1974. The present Nebraska project became opera­separate projects 


tive in February 1974 building on much earlier work; 
hence the annual
 

Annual Report No. 9. Issues include:
 
report for 1975 is shown as 


this the best way to organize an international sorghum
). 

research effort?
 

Are the objectives as outlined important and 
attainable?


2) 


What is the quality and quantityof past performance and future3 

promise?
 

This does not appear to be a very tidy package. The historically
 

the program need to be brought back together to
 factored parts of 


produce adapted varieties. Regarding objectives, 2 appear to be
 



out of place with the other 4. Objectives 1,2, 'and5 seem to be"worthy 

and compatible. Ar. examinatior, of!the adaptation of sorghum to stress 

are aresituations is important because the areas where sorghums grown 

always stressed, mainly by drought. However, stress from heat,'cold,
 

nutritional deficiences, and pests are equally important.
 

The primary concern of this reviewer is that the data 'generated 

from this study of basic physiological processes may be superficial. 

For example, the experiments designed to test for heat-hardening of 

nitrate. reductase measure only. the. ability of the enzyme to withstand 

elevated temperatures in a cell-free system. It would appear that a
 

more representative interpretation of the effect of heat-hardening on 

nitrate reductase could be obtained by measuring enzyme activity under 

elevated temperatures ir an in vivo system. Technology developed by 

P. Filner, Michigan State University; E. Jaworski, Monsanto Chemical 

Company; and J. Radin, U.S.D.A., Tempe, Arizona would be applicable. 

The effect of moisture stress (R. H. Hageman, University of Illinois) 

and low temperatures (G. Brown, University of Missouri) on protein 

synthesis in higher plants is well' documented. Perhaps a study of this 

type would be beneficial to the current program. Dr. Eric Davies, Life 

Sciences Department, University of Nebraska, has made many outstanding 

contributions to the understanding of protein synthesis in plants. His 

experience might be useful to this project. It is surprising to find'
 

that Dr. N.J. Rosenberg, Engineering, University of Nebraska, a 

highly competent metrologist is not involved in this project. He 

would be a valuable addition. 



essential nutrients
The'differential ability of.genotypes to utilize 

is noted. 'The evaluation of populations ±o0: differen-ial responses :tc 

study o+f the plasma membranemineral elements might be enhanced by a 

Technology
and associated uptake mechanisms in genotypes in question. 

developed by To Hodges and co-workers at Purdue University. might be 

helpful.. 

We recognize that the data generated to date represent only the 

initial effort in the program. Subsequent reports will deal with 

The questions generated and physiological parameters in greater depth. 


However, it is felt
the conclusions reached are obviously valid. 


that a more basic approach to the proposed physiological 
studies would
 

-significantly improve the project.
 

objective 3 was a study of heritable difference in mineral uptake.,
 

If this can be done utilizing breeding materials developed 
for a
 

sorghum breeding program outsi.Ze of this project, it is
probably worth-


As a sorghum breeding and genetic study within this project,
while. 


it is not well balanced since it is simply one single 
breeding
 

among many possible objectives.
objective 

Objective 5 does not fit a project on the 
physiology of stress.
 

It'is concerned with developing breeding techniques 
with emphasis on
 

recurrent selection for objectives which are identical 
to the Texas
 

Inclusion of this objective has the appearance of an

A&1M project. 


expediency arising out of a compromise. In addition to this diffi­

culty, it is intere 3ting to know that Doggett, the'
sorghum breeder at
 

summer50 acre winter nursery and an 80,acre 
ICRISAT, last ,yearhad a 

nursery for the identical purpose 

http:outsi.Ze


In spite of these problems, Dr. M. Peterson waIs in favor of the 

project. It would bi a far bete: pro0ec', i!Nebraska concentrated or 

sorghum physiology, brought in some added taient they are known to 

have, and follow a more sophisticated approach to sorghum physiology. 

Dr. Thorbecke stated that he had little to add to the subcommittee 

report. Texas had little to say about achievements under the period 

of A.I.D. support. Contributions to macro-economic targets, such as 

yield and DC conditions, should be stated. He wanted a better state­

ment of impact. 

Mr. Wittnebert accepted the subcommittee report with a positive
 

reaction. He urged more reference to A.I.D. plans for support following
 

the project.
 

Dr. Ehrenreich assessed the progress, communications, and probability 

of success as good. Possibly the project is over ambitious; there is 

general need for a decrease in the breadth of work with greater con­

centration on the physiological methods. Objectives 4 and 5 on 

disease resistance should be tied into the Texas ,AMproject. Objective 

6 is vital, but it should be more specific. He suggested stress on
 

system simulation modelling as a goal, moving from an analogue approach
 

to stochastic methods. More cooperation among the four projects is
 

desirable, as well as, an international symposium at the proper time.,
 

Dr. Falcon was strongly supportive, complementing the project 

statements. However, the total funding requirement is not clear, and 

there is lack of specific information as just what aspects AGI.D. is 

supporting. 
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Dr.l Whitney was gratified o see the specificity of the Texas A&M
 

objectives, although he was troubled by thelack of A..D 
role specifi­

city. How and by whoc 
 will the Puertc Rico testing be checked. The
 

budget increase is apparently related to the plan for the international
 

nurseries and the three new staff positions. The scope of the
 

Nebraska proposal seems like a lifetime undertaking leading to a U.S.
 

Sorghum Center. 
What will be useful, and when, for the developing
 

countries? The work appears to be more beneficial to the developed
 

countries. The cultural methods appear to be very complex; can these
 
.. . m .. ... ... ~...o. ,.. ... .. .. . 0. .. o . , • .o e 

be transferred to DC's? This is 
a good design, and a competent staff,
 

but he doubted that they could meet the stated objectives in the proposed
 

three year period.
 

-Mr. Ludington commented that there was no reference to the food
 

aspects. If insects won't eat the product, perhaps people won,t
 

either. 

Dr. Earl Leng, TA/AGR, stated that he was pleased to look at the 

whole program. It had never operated as a consortium. However, the 

several contractors are now working well together. Meetings were 

held at Lincoln a little over a year ago concerning help to the 

International Centers, ALAD and ICRISAT. Dr. Frederick is now in
 

Senegal. Greater integration may be appropriate under Title XII,
 

although this is not clear at this time. 
 These are large and complex 

programs with some possible conflicts from the individual project point 

of view. However, A.1. D., supported parts can be interleaved in many 

areas,'.although this is difficult to Lspockify, and we may have to judge 
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the outcomes. He commented othe sevral iquestions raisedin terms of 

mater of first importance
as 0f0oWE: Food utilizatiCn:. This was z 

Nebraska objecives
at the Cereal Chemist Moeting in Vienna in May 1976. 


Breeding methods
reflect the interests of individual staff members. 


face difficulty of general agreement; Nebraska and Texas 
do use
 

One symposium has been held
 different methods, but they do interact. 


International trials
 at Mayaguez, Puerto Rico, and more are planned. 

are likely to be conducted through ZCRISAT as the home for 
such work 

Travel is. important inand as a best way to distribute germ plasm. 


support of an international program, and possibly Texas should 
be
 

Review of the program will be planned; but basic
 encouraged to do more. 


work should go forward until appropriate alternate mechanisms 
become
 

available.
 

Modelling is important, but should be considered separately 
from
 

a function of a four-gene system which can
this project. Dwarfing is 


produce many variants; an intermediate length is likely to be the
 

best for overseas areas. Buying-in to ongoing projects by A.Z.D.
 

provides support for overseas travel and particiaption which 
would
 

normally otherwise simply not be available, and this is a valuable
 

asset.
 

br. D. Peterson pointed out that there tends to be confusion 
over
 

the several possible objectives of the concept of modelling. We need,
 

to'identify what we are after, since models may be sansitive-only 
to
 

the limited purposes for which they were designed. Three classes of
 

information retrieval, crop
madel objectives commonly recognized include: 


productivity processes, and structural model of an.efficient plan.
 



Dr. Moss stated that this appears to be an excellent 
project and
 

-

does not comerwhe r. 

worthy of support. He noped thae the time 

There is need for the 
support goes only to the International 

Centers. 


continued support to U.S. Universities.
 

Evaluation requires adequate information 
on the qualifications of
 

RAC might perform the role of assisting 
to
 

the personnel involved. 


identify and fill the gaps in needed expertise.
 

Texas A&M project
Motion: re: 


Note: Because of the interrelationship of sorghum research.
 

projects, this and the subsequent (Nebraska) 
project
 

proposal have been discussed together.
 

That the project extension for three years 
at the requested
 

funding be approved.
 

It is recommended (not a condition of the 
motion) that field
 

review of this and two related A.I.D. financed 
sorghum research
 

projects be held next summer by one review 
team in the context
 

of work done on this problem by nternational Research Centers
 

and other entities. RAC representation on that review is
 

suggested.
 

Moved by M. Peterson: seconded by Whitney.
 

Vote: Unanimous approval 
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Motion: 	 re- Nebraska project
 

That the projec- extension for three years at the requested
 

funding be approved.
 

It was the general consensus of RAC that the physiological
 

studies could be strengthened by techniques developed by
 

various other research laboratories and that additional
 

scientific talent at Nebraska as well as advice from physio­

logists elsewhere would be useful in these studies.
 

The same recomandation was made as on the previous 
project
 

regarding the conduct of a field review of all related
 

sorghum research projects by the same team.
 

Moved by M. Peterson; seconded by Whitney.
 

Vote: Unanimous approval.
 



Minutes of the July 14-15, 1977 RAC 
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YielId and QuaL-iy of 
Millet for Semiarid Ara University 
lMProvement of, GraiIn' Pear.
 

-1ansas:.State 

Dr. PetersoU, the RAC subcommittee chaiiman.reported to the 

RAC as follows:
 

Like the sorghums, Pearl Millet exists in two forms: one 

adapted to Eotage production which is tall and leafy and selected 

for green forage purposes and the other selected to produce grain 

from the seeds for use as human food. When one reads the proposal 

several general questions arise that can be discussed under the 

following headings:
 

I) Importance of Pearl Millet Improvement
 

Although pearl millet is by far the most important millt, 

there are a nt--ber of other genera and species known as.millets. 

Of the world production of all mille-s estimated at 21.6 milion 

metric tons, about 12.3 are produced in the Far East, and 5.3 in 

Africa leaving only insignificiant amounts for the remainder of 

the world. That geographic distribution is in a belt Just to the 

north of the equator and is characterized by Limited rainfall 

occurring during 2 to 7 months of the year, with very limited 

irrigation possibilities. The people of India, Africa, and else­

where who depend. on millets for food are among the world's poorest. 

Sorghums are grown in areas generally too dry to support corn. 

Similarly, Mill t are grown where poor soils and ,drought limit 

sorghum production. 



Pear millet, aside .from being a crop alost wiout alter­

naltives in these extremely dry areas, is also a crop, with sub­

s1tantial nutritional virtues. Protein content is 3-4 pecent 

higher than grain sorghum. With AID's comitment to helping 

the' varld's poorest, pearlmllet is a good choice of crop to 

work towards this goal. 

2) -Prospects for Improvement and how long will it ltake. 

oals of the proposed research are to (1) to 'produce higher 

yielding synthetic varieties and to investigate the possibilities
 

of developing hybrids, (2) to characterize certain desirable
 

traits such as seedling vigor, drought resistance, and herbicide 

susceptibility, (3) to determine nutritional quality, and, (4) to 

determine- storage and rancidity problem. 

Kansas. State in cooperation with USDA began research on pearl 

millet as a grain crop in Kansas in 1971. The work plan proposed 

by KSU is..exceedingly detailed. as to precise actions to be taken 

each year. Step by step they have shown the pirocedu-es for popula­

tion improvement, determining hybrid possibilities, studying, 

moisture stress of different genetic lines, determining genetic 

variability in digestibility and nutrient composition, and studying, 

factors that contribute to losses in storage and rancidity. 

I.appears that the project has a high probability of r6achin 8 

most of .its objectives. Amng crops that have benefitted little 



from research, initial progress is usualLy fairly rapid and 

predictable. Production. of improved synthetic varieties of 

unselected populations is aImiost certain to, be successful. 

EAC should expect that this project will not reach its 

potential in 3 years. A reasonable expectation would be a 3-year 

or possibly a 5-year extension. Plant breeding takes tima and as 

old goals are achieved. new ones cake their place. 

3) Qualifications of the Contractor 

Kansas State University has the staff to conduct a successful 

breeding and quality evaluation program. Their agronomy program has 

a. long record for successful plant breeding. They have a department 

of Grain Science that specializes in quality evaluation and of Food 

Science interested in human nutrition. 

4) Duplication of effort with ICRISAT 

Kansas State has more than 6 years of experience and a con­

siderable backlog of material to build on. They have a specialized 

staff, facilities and departments that cannot be dupLcated else­

where. ICRISAT cannot possibly do all the work in the world on 

millet. In addition, monoEpoies in research are not desiable because 

they sometimes lead to limited approaches. The two organizations 

can exchange materials and information-_However, we would expect the 

outreach program to be handled by ICRISAT. Overall we are supportive 

of the project. 



Dr. Ludington agreed with the subcommittee chairman's report 

but wished to Stress to the staff that this project has numerous 

rather major objectives and to be cautious of forming too many. 

permutations in the research design. He also cautioned tho investi­

gators about focusing too closely on the nutrition values in millet 

breads.. He would hope that KSU would attempt to develop strains
 

directly applicable to both India and Africa.
 

Dr. Moss indicated that he was generally positive about the 

project but wished to raise 3 additional questions. The Bio-data 

supplied indicated tha t the investigators were agronomists With 

little plant breeding experience. Who wrote and will carry out the 

plant breeding portions of the project? Since millet already has 

a.higher lysine content than corn, why is this component being 

stressed in the research design. The project paper leads one to 

believe. that there are really 2 independent projects going on, one 

at Fort Bays and the other a, Manhattan. Wil these stati 

compete or cooperate? 

Dr. Swanson favored: tie project but, wished clarifica tion 

from the staff on severalI points not addressed previously byRAO 

members. He wished to know what were the prospects for more'
 

precision in determing what genetic traits.are desirable? Are 

there any marketing implications to increased millet production? 

Will the training of foreign nationals occur natural.ly or is training 

programmed into this project? 

http:natural.ly


Dr.. Montogomery asked if the' end product of this:project was 

to ceate an industry to provide thefamers with seed or; would the 

farmer keep sufficenat seed from his own harvest? 

Dr. Long (AA/TA) asked RAC to 'address wheither KSU and 

ICRISAT was the right combina tion to -give op timu coupetition and+ 

cooperation. Also,why is the goal to develop a dwarf variety of 

millet considering the by-products of the plant may be extremely 

important to the local poor farmer? 

Dr. Earl Leng (TA/AGR) represe'nted the AID staff in addressing 

RAC coments and questions. He provided the RAC with a short Genesis 

of the project. 1his project initially came to the Agency over a 

year ago. We were redirecting our program priorities and requested 

that they submit a new proposal which would include coordination 

with TCRISAT. The present document indicates this direction and we. 

are well satisfied with it,however, we will watch carefully how 

this working relationship develops. 

PIearl millet may be important in very poor soil areas in the 

U.S. someday, but not in the near future. Prospects for progress 

are, good but obviously we cannot go from start to finish in 3 years. 

A.great deal of work has been done in India but they ran into 

ergot problems. Considering the tall versus dwarf plant types, 

what was meant by dwarf was a medium sized plant that would give 

good yield yet be manageable towork with since the tall strains 

can. be over 10 fee t high. 
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Even w~ally 'a.seed industry, would be necessary and thi's is, 

important because farmers do, not save seed as welt as a seed company 

would. It',is however not possble to develop a seed industry in 

3 to, 5 years. 

Dr.. Long added for the RAC's information that the sorghum­

millet package is being developed and looks promising for co­

operative work with a U.S. consortium. A lot of things need to 

be worked out -yet but plans are working out well so far. 

.Dr. Long continued addressing C's comments by indicating 

tha t the Agency wishes to keep the focus of this project narrow. 

The- staff is as welL.anxious to see adaptation of products developed 

from this research adapted to India and Africa. Lysine content of 

pearl millet is relatively high compared to other plants but the 

content varies greatly throughout the world. We will watch the 

breeding experiments for any loss:,of. protein or change in amino acid 

balance. Training is.part outreach and part prograned into the
 

project., It is difficult. to build into the program and currently
 

no :funds are earmarked specifically for a training component. Prior 

to =eadinb.. the RAC motion, Dr. Peterson asked the AID staff if 

ICRISATr us going to develop a globaL nursery and whether staff 

was comfortable that.a major effort of the project would be to 

develop ,a, high. yielding synthetic variety? 



With'an affirmative answer from- the. staff onboth questions, 

Dr,. Peterson read, the mo tion: 

Motion: That; the project be approved as proposed,. with, 

the recou-endation: (1) that a mjor initial effort be 

directed toward production of high yielding synthetic 

varieties; (2) that there be free exchange of breeding 

materials and information batween KSU and ICRISAT; and (3) 

that the field outreach aspects be primarily the responsibilitY 

of ICRISAT. 

Dr. Luddington seconded the motion. The. motion was approved 

by. a unanimous yote of the RAC. 



IN THE TROPICSTHE 	 'DEVELOPMNTPOTENTIAL, OF- NEW LANDS SETTLEMENT 

AND SUBTROPICS: A GLOBAL STATE-OF-THE-ART EVALUATION 

WITH SPECIFIC E{PHASIS ON POLICY IMPLICATIONS 

EXECUTIVE SU HA.RY 

Thaver Scudder,_. 

Institute for Development Anthropology 
and
 

CaliforOia tie o Techn"logy
 

October'1981 



EY:ECUTIVE SU)ThLARYCONTENTS 

I. 	 GOALS * . . . , .:. . . . . . , . 

II. NEW LDS SETTLEmENT DEFINED . . .. . . . . . . . . . I. . . . . . 1
 

-A. 	INTRODUCTIO1. .... ... .. 1 

B. 	TES OF NEW LANDS SETTLEENT. ... . 3 

1. 	Spontaneous Settl'ement ''ith Very Little 
Government or Other Assistance . . . . . . . . . .. .. 

2. 	Spontaneous Settlement Facilitated by Government 
and Other Agencies . . . . . . . .. . . . . . 4 

3. 	Voluntary Settlement Sponsored by Government 
and Other Agencies . . . . . . . . . . . . . . . . . .. 5 

4. 	Compulsory Settlement Sponsored Primarily 
by Government Agencies..... . . . . . . .. , 5 

C. 	 THE lI.AGNITUDE OF CONTEMPORARY SETTLEMENT ...... . . . . 6 

D. 	 CURRENT JUSTIFICATION FOR GOVERNMENT INVOLVEMENT, 
IN NEW LANDS SETTLEMENT. . 6 

III. XTHODOLOGICAL DESIGN . . . . ... . .7 
• 7
*. .* * . .S ETtEkENT SUCCESS DE F INED . . . . ... .

IV.
 

,,.. 	 SCALE . . . . . .. . . . . . . . . . .. . . .. .. . .. 

B. 	THE 'SPACIAL LAYOUT OF SETTLER COMMfUNITIES AND THEIR
 

RELATIONSHIP TO RURAL TOWNS ....... . .,.,., '.. . 9
 

C. 	DIVERSIFYING FARMING SYSTEMS . . . . ... .. . . . .. . . 10 

D. 	 NET INCOME OF SETTLER FAMILIES . . . . . . . . . . . 10
 

E. 	 'EkPLOYMENT GENERATION .... . ...... . .. • .1. .. . 2 

1. 	Owner/Operators and Their Families . . . . . . .... 1 2 12 
2. 	"Seasonal and Permanent Laborers . . *. ;. 13 
3. 	Nonfarm Employment . . . . . . . . . . . . ... . . . 13 

F. 	NATIONAL DEVELOPMENT POLICIES .. .. . . . . . . . . . . .. . 14 

V. 	NEW-AADS SETTLEMENT STAGES . . . . . . . . .. . . . . . .. .. 14 

A. 	INTRODUCTION . . . . 0 14 



15.
B#-SETTLEMENT STAGES ...................... 


1. 	Stage One: Planning, Initial Infrastructural
 
......... 	 . . 15
Development, 	and Settler Recruitment 


....... 	 16
 a. 	Feasibility Studies, Planning, and Design 


b. 	Construction of Initial Infrastructure
 
and Settler Recruitment . . . . . .... . . ....... 16
 

2. Stage Two: The Transition Stage ........ • .*... 16
 

Stage Three: Economic and Social Development . . . . , . 18
3. 

4. 	Stage Four: Handing Over and Incorporation .,,.. . , 19
 

. . .. . . 19
 . . . . . . . . . .
a. 	Handing Over 

. .	. . . . . . . . . . . ... . . . . . 9
 

b. 	Incorporation 


VI. BASIC ISSUES ASSOCIATED 	WITH STAGE ONE [Planning,:
 
... ..	 . 2
Initial Infrastructure Development, and Recruitment) 


. .	 . . . . . . 20... .
 . .	 . . . .
A. 	INTRODUCTION .
 

,09....... . 20
B. 	PLANNING .
 

. .	 . . . . . . . . 20Simple as Possible
1. 	Keeping the Plan as 


2. 	Keeping Financial Costs per Settler Family
 
. .	 . . 21
 . .	. . . . . . . .
Within Reasonable Limits 


21
a. 	Settlement Type 

b. 	 Location of Settlement . 0. . .... . ... . . 21 

.. . ... 21 c. 	Involvement of the Private Sector 


d. 	Worker/Settlers . . . . . .. 22 
. . . . . . . . a . . . . a . 22
e. Housing 

. . ... . . . . 22f. 	Roads .............. .
 

g. 	The Phasing of Infrastructure • . .23 

h. 	Facilitating the Development of Existing Rural Towns . 23
 

3. 	Feasibility and Planning Studies for Siting 

New Lands Settlements . . . . . . . . . ... . . . . . 23 

4
.... 	 2..C. 	 PLAItING FAR14ING SYSTEMS. .. .. . ..... 

.. ..... : 242. 	The Need for Research . . . . . . 

........ . 25
D. 	PHASING INFRASTRUCTURE . ......... 


. • .2
E. 	SETTLER RECRUITMENT AND POLICY 


. .	 . . . . . ..... . . . . . . .1. 	Introduction . . . 

. . . . . .. • . ... . . . . . . . . ... 262. 	Settler Mix 

3. 	 Recruitment ....... . •. • " " 27
 

. .
4. 	Middle-Class Settlers ... . .. .. . . . . . . . 28 

5. Exclusions . . . . . . . . . . . . . . . . . . . . . 29 
. .. . . .	 . . . 296. 	 Settler Homogeneity ..... 


. ..... . 30
7. 	Land Acquisition, Land Tenure, and Land Use 


a. 	Land Acquisition . . . . . . . . . .....- .• • ... . . 30 
.. . ... . . 30b. 	Land Tenure and Land Use 


8. 	Target Income and Settlement Pattern .. .... - .. . 31 

. . . . 31. ......
. .
9. 	Size of the Household Plot . . .
 



VII. BASIC ISSUES ASSOCIATED WITH STAGE TiO (The Transition Stage] . . 31 

4. 	 THE DROPOUT PROBLEI: ILLNESS AND INDEBTEDNESS . ....... 31
 

B. 	DEPENDENCY AND SUBSIDIZATION VERSUS PAYING FOR DEVELOPMENT . . 32
 

1. 	Dependency . . . . . . . . . . . . ... . .. 32
 
2. 	Subsidization, Food Aid, and Paying for Development-... 32
 

C. 	ORIENTATION . . . . . . . . . . . . . -33 

D. 	EXTENSION . . . . . . . . . . . . . . 33
 

E. 	COURSES FOR SETTLERS AND TRAINING COMMUNITY EXTENSION
 
AGENTS FROM AMONG SETTLER FAMILIES . .... . . . . .34
 

F. 	LOCAL PARTICIPATION AND SETTLER ORGANIZATIONS . . . .. . 34
 

G. 	SHORT AIND MEDIUM TERM CREDIT ... . . . . .......... 5
 

1. 	The Type of Credit . . .36
 

2. 	Individuals as Sources of Credit ........... ' . 36
 
3. 	Instituti.onal Sources of Credit . . ........... 36
 

a. 	Settlement Agencies . . . . . . . . . . . . . . 36
 
b. 	Other Government Agencies and Private Institutions.. 37
 
c. 	Settler Organizations . ............ . 37
 

4. 	Interest Rates . . . . . . . . . 37
 
5. 	Repayment . . . . . . . . . . . . . . . . . 38
 
6. 	Eviction of Settlers . . . . . . . 38
 

VIII. BASIC ISSUES ASSOCIATED WITH STAGES THREE AND FOUR
 

[Economic and Social Development; Handing Over and Incorporation]i. 38
 

A. 	MANAGEMENT . . . . . . . . . . . . . . . . . . . . . 38' 

1. 	Introduction . . . . . . . . . . . . . . . 38
 
2. 	Centralized and Autonomous Government Management
 

Agencies Versus Coordinating Agencies . . . . . . .. 39
 
a. 	Parastadal Management Agencies . 39
 
b. 	Coordinating Settlement Agencies . . . . . ....... 40
 

B. 	MARKETING FACILITIES AND SETTLER RUN COOPERATIVES . . . . . . 41
 

C. 	ECOLOGICAL IMPACTS OF NEW LANDS SETTLEMENT ..... . . ... 42
 

D. 	RESEARCH . . . . . . . . . . . . . . . . . . . . . . .. . . 42
 

IX. AN IDEAL SETTLDIENT PROCESS . . . . . . . . . .... 	 43
 



EXECUTIVE SUMMARY 

I.GOALS 

This global evaluation of new lands settlements in the tropics
 
and subtropics has had two major goals throughout. The first was to
 

provide a "state-of-the-art" analysis of new lands settlement as a
 
development option for settler, farm laborer and nonfarm families;
 
national oevelopment a~encies; and international donors. The second
 
was to detionstrate the development implications of current knowledge
 
in order to provioe information which could be used for improving
 
settlement design, implementation, management, and evaluation.
 

II. NEW16LAWDS SETTLE!ENT DEFINED 

A. INTRODUCTION
 

New lands settlement is defined as the spontaneous and
 
sponsored settlement of areas which are largely uncultivated at the
 
time of their occupation. It includes what has been referred to in
 

the literature as "colonization" (especially in Latin America and in
 
Indonesia prior to inoepenuence), "resettlement," and
 
"transuigration." All these terms emphasize the settlement of land by
 
people rather than land reclauation or land preparation as such.
 

Aided by international development assistance, many national
 

governments have attempted to plan and implement sponsored settlements
 
as one of a variety of mechanisms to realize various economic, social,
 
and political 0oals. Generally speaking, sponsored settlers are
 
selected from established cotunities according to a relatively narrow
 
set of age and otijer criteria and then are required to follow a
 
closely supervised program of agricultural development for the
 

production of annual and perennial crops. To date, returns have been
 
disappointing, while costs per settler family have increased steadily.
 
According to the World Bank's Agricultural Land Settlement (1978b:16),
 
"Typically, evaluation of settlement projects three to five years
 

after the start of implementation shows economic rates of return at
 
least 50 percent below those in project appraisal documents." (Van
 
Raay and Hilhorst [1981:7] make the same -eneral point.) Even in the
 

more "successful" cases multiplier effects have not been impressive.
 
Unfortunately few evaluations are carried out over longer time
 
intervals so that planners ten6 to be unaware of those cases in which
 
major multiplier effects have occurred and, of course, they also tend
 
to be unaware of the nature of these effects.
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Governments have also exaggerated the capacity of new lands
 
settlements to aLsorb population surpluses. According to the Worla
 
Bank's Azricultural Land Settlement, massive government sponsored
 
settlement in Indonesia over a twenty-year period has absorbed only
 
about 5 percent of the population increase in Java during the same
 
time period, while Kenya's major settlement progra= over a ten-year
 
period has only absorbed approximately 10 percent of the population
 
increase. In Latin America, Eelson reports that new lands settlement
 
has absorbed only 2 percent of the rural population increase
 
(1973:198). This is the general situation.
 

It would be a mistake, however, to conclude that new lands
 
settlement has insufficient potential to warrant government investment
 
with or without international finance. A major conclusion of this
 
evaluation has been that while planning expectations tend to be too
 
high in regard tc the rapidity with which early returns can be
 
expected, they are too low in regaro to possible lonL-ter. benefits.
 
Throughout the tropics and the spbtropics, the majority of settlers
 
are small scale operators. This is a major benefit of settlement
 
projects for low income rural populations. Wnereas rural elites are
 
apt to co-opt the benefits of rural development in old lands, in new
 
lands settlements the overwhelviing majority of settlers are low income
 
to start with.
 

Though the term "settler" will be used time and again, i- ii
 
essential to emphasize from the start that this term refers to the
 
settler fa.ily as a production and social unit. Though this may seem
 
to be so obvious as to not require special attention, national and
 
international planners alike all too often write about the settler as
 
if he was a single male, with the term "farmer" used time and again.
 
Not only does this usabe emphasize farm activities for the male head
 
of household while neglecting the farmwife and the children, but it
 
also emphasizes the agricultural component to the neglect of the off­
farm component of the farming system, the recruitment of settlers with
 
nonfarm skill, and the development of community diversification.
 

In the definition of new lands settlement, the phrase "largely
 
uncultivated" is important since most new lands are ir,fact occupied
 
by others (hereafter called the hosts) at the time of settlement or,
 
if currently unoccupied, are almost always the subject to rights of
 
customary use and tenure by the hosts.
 

In most cases, population densities tend to be relatively low.
 
For this reason, and because the hosts also tend to have relatively
 
low social status and little regional (let alone national) influence
 
and power, their lands are frequently taken away without adequate
 
compensation during the settlement process. And even if they do not
 
lose most of their lands, rarely is a systematic attempt made to
 
incorporate the hosts within the settlement design, hence increasinw
 
the chances of host/settler conflict.
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The distinction between spontaneous and sponsored settlers
 
refers to whether or not the settlers are self-recruited or respond to
 
the recruitment initiative of a sponsoring agency. It has nothing to
 
do with the reasons or motivation for leaving current residence for a
 
settlement area.
 

Though government administrators with settlement experience
 
often remain skeptical, evidence from different parts of the world
 
suggests that generally speaking spontaneous settlers make better
 
farmers in less time and at a lower financial cost than do government
 
sponsored settlers. The comparison here is with pioneer settlers,
 
that is, those who arrive during the first time phase (hereafter
 
called the pioneer phase) of the settlement process. A range of
 
explanatory factors appear to be involved. There is considerable
 
evidence for exa:ple that spontaneous settlers have access to more
 
resources than do the majority of government sponsored settlers. Most
 
government sponsored settlers are poor. They are more apt to be
 
landless laborers or sharecroppers than spontaneous settlert whose
 
resources often place them above the lowest 20 percent of the sending
 
population in terms of income. Under such circumstances, it makes
 
sense to combine both types of settlers in the settlement process
 
rather than favoring one type to the exclusion of the other. Indeed,
 
the evidence suggest that without government assistance spontaneous
 
settlement alone cannot generate a process of integrated area
 
development.
 

B. 	TYPES OF NEW LkNDS SETTLDIENT 

In classifying settlement types, emphasis is placed on both
 
the type of settler and on the nature of the involvement of the
 
sponsoring agency or agencies. Four types are separated out for
 
purposes of analysis, although several different types may in fact be
 
represented in a single settlement. These are the following:
 

1. 	Spontaneous settlement with very little Rovernment
 
or other assistance.
 

2. 	Spontaneous settlement facilitated by government
 
and other agencies.
 

3. 	Voluntary settlement sponsored by government
 
and other agencies.
 

4. 	Compulsory settlement sponsored primarily by
 
government agencies.
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1. 	Snontaeous Settlement with Very Little Government
 

or Other Assistance
 

project and program planning and of national
 In this era of 

tend to forget that inhabited portions of 

the
 
development plans, we 	

Even
 
world have been largely populated by spontaneous 

settlement. 


today the majority of settlers moving into 
the last frontiers of the
 

hULuid tropics are primarily spontaneous, whether 
to locales in South
 

America, the equatorial belt of Africa, Nepal, Indonesia, or the
 

Philippines.
 

2. 	Spon:aneous Settlem;ent Facilitated by Government
 

and Other ARencies
 

settlement has been comparatively rare.
 To date this type of 


While the evidence is impressive that spontaneous settlers time and
 

better farmers nonetheless there are major 
disadvantages


again ma!:e 

Three reasons in particular


associated with spontaneous settlement. 

the low yields and environmental
 have been stressed. These are 


degradation associated with spontaneous 
settlement and the tendency of
 

the host population.
spontaneous settlers to displace 


Though serious, these criticisms need to be placed 
in
 

While systems of bush fallow or shifting
historical perspective. 


cultivation (as practiced by many spontaneous settlers) 
have lower
 

also provide the
 
biological productivity than primary forests, 

they 


cultivators with the highest yields per unit 
of labor within the
 

limits imposed by their current technology.
 

influx of spontaneous settlers,
In relating to this 

of three responses. These
 

governments have tended to emphasize one 


condemn the process and vilify the settlers, (2) to ignore
 are 	(1) to 

assistance to
 

encourage such movement but with no provision 
of 


or even 

(3) 	to facilitate the process of
 individual settler families, and 


two 	responses have been historically dominant,
The first 


although there appears to be a growing awareness of the need for the
settlement. 


third.
 

Without assistance, most spontaneous settlers 
continue to be
 

primarily subsistence farmers. Furthermore, research indicates that
 

not even an effective mechanism
 unassisted spontaneous settlement is 


over the years the vulnerability of
 for 	land redistribution since 

to both rural
increasing proportions to sell out 
small holders causes 


and national elites.
 

Accordingly a major recommendation of this study 
is that
 

governments should assist spontaneous settlers if higher returns (at
 

to be achieved in
lands settlement are
lower financial costs) from new 


can 	take a variety of forms. All-weather
 
the 	future. Assistance 
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access roads and potable water supplies are crucial, as is credit and
 

s.ome sort of mechanism to provide the settler with secure use rights
 

Access roads and potable water may be best
 to the land in question. 

provided through a site and service approach such 

as has been so
 
a number of low income urban communities in parts of
 successful in 


Africa and Latin America.
 

An especially attractive approach would be for government to
 

establish comunities of sponsored settlers around which 
spontaneous
 

The communities of
 
settlers would be encouraged to take up residence. 


as local service centers for
 sponsored,settlers initially could serve 

They might also be
 both sponsored and spontaneous settlers alike. 


used to demonstrate appropriate farming systems and other 
research
 

based probrar.s concerned with community and settlement development.
 

3. 	Voluntarv Settlement Sponsored by Government
 

and Other Aencies
 

Sponsored settlement has been emphasized throughout the 
global
 

evaluation. Proportionately the importance of government sponsored
 

voluntary settlement has been increasing in recent decades 
in
 

comparison to settlements sponsored by commercial firms 
and religious
 

organizations.
 

4. 	CoMDulsorv Settlement Sponsored Primarily
 

by Government Agencies
 

Compulsory settlement is rarely carried out for the good 
of
 

the people concerned, aside from occasional instances of removal as
 

part of a disease control program. Rather it is a by-product of
 

larger scale events in which the future settlers find themselves
 

embroiled.
 

Because it represents such an extreme example, settlement
 

based on compulsory relocation throws into relief a number of problems
 

which to a lesser extent characterize all types of new lands
 

These have been studied in considerable detail in
settlements. 

connection with dam relocation in the tropics and sub-tropics. 

The
 

results of such studies have been very useful in improving 
our
 

settlement
understanding of settler responses to settlement, of 


wide range of issues associated with each stage.
stages, and of a 




C. THE MAGNITUDE OF CONTEMPORARY SETTLEMENT
 

Both spontaneous and government sponsored settlement have
 
increased since the end of World War II. While the World Bank's 1978
 
Issues Paper notes that there are no reliable global estimates on the
 
amount of new land settled during this time period, it also states
 
that "there is no doubt that the extension of cropped area has been a
 
major source of agricultural growth in large parts of Latin America
 
and 	Africa and, to a lesser extent, Asia" (p 20), with most of the
 
increase being rainfed cultivation.
 

Looking to the future, the best general summary of the
 
situation is contained in the World Bank 1978 Issues Paper which draws
 
heavily on FAO data. According to those data, "cultivated land in
 
1970 constituted about 57 percent of the world's total potentially
 
arable land" (pp. 20-21), with over 40 percent of the estimated
 
reserves in Latin America (459 million hectares), followed by tropical
 
Africa with between 15 and 20 percent. Though Asia contains only
 
about 5 percent of the global reserves, approximately 50 million
 
hectares are nonetheless involved. While the above totals are
 
impressive, there is generally a tendency to overestimate the
 
agricultural potential of arable lands in the tropics and especially
 
in the humid tropics. Perhaps over half of the above totals would be
 
better kept in silviculture in the humid tropics and in pasturelands
 
in the semi-arid areas and more arid savannas.
 

The largest areas of under-utilized potentially arable lands
 
are in the humid tropics where approximately 75 percent of settlement
 
in spontaneous. Presumably, at present rates of settlement much of
 
the remaining land in the humid tropics will be occupied during the
 
next twenty years. The same applies for the savanna environments in
 
Africa, which are the most extensive in the world.
 

D. 	 CURRENT JUSTIFICATION FOR GOVERNINT INVOLVEMENT 
IN NEW LANDS SETTLEMT 

I believe that there is a greater role for government
 
involvement than I and other critics had previously realized. The
 
authors of the Institute for Social Studies Advisory Service (the
 
Hague) 1981 Draft Discussion Paper, Land Settlement and Regional
 
Development in the Tropics: Results, Prospects and Options, have
 
reached a similar conclusion. Noting persistent inter- and intra­
regional imbalances in many countries, their summary stated that "the
 
contribution of government-sponsored land settlement to a reduction of
 
these imbalances could be more significant than tends to be the case
 
at present" (van Raay and Hilhorst, 1981:ii). What they mean is that
 
there is tremendous room for improvement provided certain lessons from
 
the past are learned and translated into new approaches to design,
 
implementation, management, and evaluation. As another lesson from
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experience, the authors of the ISS Advisory Service. report also
 
propose that "land settlement may be an attractive alternative to the
 
further intensification of agricultural production in already settled
 
area 
[sic), especially if low-cost solutions of land settlement can be
 
developed."
 

III. METHODOLOGICAL DESIGN 

As a comparative and longitudinal evaluation of new lands
 
settlements, the research on which this report is based consisted of
 
three major components. These were (1) a global evaluation of the
literature on over one hundred sponsored and spontaneous.settlement
 
areas in thirty-five countries plus Micronesia and Melanesia; (2)

field studies in Egypt, Nepal, Sri Lanka and Sudan by grantees funded
 
through the global evaluation of specific settlements which have been
 
in existence for a minimum of ten years; and (3) site visits by

myself, with and without consultants, to a number of settlement areas
 
in nine countries in Africa, the Middle East and Asia. 
A special

effort was made to select settlements which have been in existence for
 
at least a generation and which were considered relatively successful
 
by administrators and scholars.
 

IV. SETTLEMENT SUCCESS DEFINED
 

Successful settlements are those that stimulate an ongoing
 
process of integrated area development. Essential to this definition
 
are linkages between rural and urban sectors, with agricultural

development stimulating the emergence of a hierarchy of service
 
centers as well as manufacturing and industrial development within the
 
region. The word "ongoing" means that the development process must be
 
sustained at least into the second generation.
 

This definition of settlement success as a mechanism for
 
initiating a process of integrated area development is so important

that it requires further emphasis. According to the World Bank's 1978
 
Issues Paper on Agricultural Land Settlement, "future settlement
 
activities should be viewed within a comprehensive development

framework which recognizes the need for careful use of all 
resources
 
in the project area" (page 8). Moreover, a wide range of
 
considerations "lead to the conclusion that settlement must be planned

within an integrated regional framework which includes development of
 
related agro-induntrial and service sectors" (p.40). In 
a 1978 ILO
 
Working Paper on Employment and Income Generation in New Settlement
 
Projects, Weitz and his colleagues (1978) conclude that successful
 
settlement projects "must be multisectoral. Agriculture does not
 
develop itself. It requires a complex institutional system to support

it, market its products, and provide inputs, credit and professional
 



advice. The full capacity of employment generation in new settlement
 
projects beyond a certain size cannot be realized unless there is a
 
simultaneous growth of agriculture and industry. The term
"simultaneous' implies an 
intrinsic link between the two 
sectors. . . . In other words, even though a project is based mainly 
on agriculture, it should include as an integral part of its plan, the 
establishment of industries" (p. 5). Furthermore, "from the evidence 
brought so far it seems clear that integrated planning will bring 
about the best results from new settlement activities" (p.65). 

In their 1981 Draft Report on Land Settlement and Regional
 
Develovment in the Tropics: Results, Prospects and Options for the
 
Advisory Service of the Institute of Social Studies (the Hague,
 
Netherlands), van Raay and Hilhorst come out even stronger for
 
regional planning and integrated area development. In their opinion,
 
without explicit linkages "between land settlement and area
 
development, there is the real danger that minimal conditions for
 
attaining a measure of viability cannot be met" (p. 55). And, "if
 
there is one lesson to be learned from past failures, it is the fact
 
that rural development is best served by a specific locational matrix
 
of urban activities and functions. It is not thE proximity vis-a-vis
 
main metropolitan centres that matters most but rather the proximity
 
in respects of urban and rural centres in the region" (p.66).
 

As these recent statements indicate, the current consensus of
 
those who have completed comparative studies of new lands settlements
 
is that regional planning and integrated area development (including
 
both agricultural areas, rural towns and regional towns) are essential
 
for the development of successful settlement projects. Since the
 
financial costs per settler family are high, averaging, for example,
 
$8,650.00 per settler family "or World Bank-assisted projects between
 
fiscal years 1962-75, major government funding is unlikely to be cost
 
effective unless settlement is associated with major multiplier
 
effects. While these are not frequently associated with government
 
sponsored settlement projects and are rarely if ever associated with
 
spontaneous settlement, area development has been attained in a small
 
number of cases. Furthermore, the evidence is suggestive that it
 
could have been attained in a still larger number if more attention
 
had been paid to certain basic issues associated with the settlement
 
and development process. These are outlined into the sections that
 
follow.
 

A. SCALE
 

For new lands settlement to stimulate a process of integrated
 
area development - with a simultaneous evolution of agriculture,
 
services, and industry -- settler families must number in the
 
thousands rather than the hundreds. Few multiplier effects can be
 
expected from the smaller settlements in terms of nonfarm production
 

http:8,650.00
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and employment. As Weitz and his colleagues state, "Obviously, the
 
a
 

benefitiof industry cannot be gained if the project is very 
small; 


minimum volume of agricultural raw materials is required 
to create a
 

market for perishable foodstuffs" (1978:6).
 

SETTLER COMMUNITIES AND THEIRB. THE SPACIAL LAYOUT OF 

RELATIO!SHIP TO RURAL TOWNS
 

While there are obvious benefits to the settler of a homestead
 

pattern where the family is surrounded by its fields, in terms of
 

employment generation, the provision of services, and the facilitation
 

of area development a nucleated settlement pattern has the advantage
 

in most cases.
 

the World Bank concludes: "The
Summarizing various sources 

interests of both settlers and their children are best served in most
 

instances by larger, nucleated settlement. . . . The benefits are of 

several types -- greater employment opportunities, higher service
 

standards, reduced infrastructure costs, reduced migration to large
 

urban centers, and more balanced regional growth" (1978b:40).
 

There is overwhelming agreement that settlement projects "must
 

be based on a hierarchy of communities" (Weitz et al, 1978:70), with
 

settler communities linked to, in increasing order of magnitude, rural
 

service centers and rural and regional towns. A major failing of
 

settlement planning throughout the tropics and subtropics is the lack
 

opposed to smaller rural service
of attention paid to rural towns as 

centers with their cooperatives, schools, clinics and other service
 

In over 100
facilities but with virtually no industrial capacity. 


cases examined during the global evaluation, rural towns were planned
 

in connection with only eleven, and in most of these cases regional
 

which play a major role in retaining multiplier effects
towns --

within the area - were insufficiently emphasized.
 

If we examine these eleven cases, the majority pertain to the
 

1970s, suggesting that the trend is moving in the right direction.
 
an increased emphasis on area development
Partly this is because of 


Welcome as this is, the eleven examples
and regional planning. 

Furthermore, in most cases
nonetheless relate to only five countries. 


a tendency to emphasize new towns rather than the enhancement
there is 

Not only
of existing towns, even where suitable existing towns exist. 


is this a more expensive undertaking, but frequently the old town will
 

continue to out-compete the new one.
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C. DIVERSIFYING FAR-MING SYSTEMS
 

There are three important reasons for diversifying the farming
 
systems of settler families in terms of multiple cropping and the
 
combination of the crop and livestock components. First, such systems

tend to be more resilient and ecologically stable and productive

economically. Second, they tend to cake better use of 
ramily labor
 
providing some farm income and 
status to various family members in the
 
process. And third, they provide food for nonfarm labor and
 
agricultural produce (including crops, livestock, forest products and
 
fish) for processing.
 

Under reason one, 
multiple cropping, including the cultivation
 
of a wide range of essential food stuffs, makes sense for the farm
 
family which can then rely on their own produce where necessary. The
 
evidence is also increasing that multiple cropping and diversification
 
of the farming system tends to increase yields per hectare. 
According

to Innis (1980:7), "Research on three-crop mixtures, which is closer
 
to traditional methods, but more difficult to handle with machines,
 
shows that the closer researchers come to traditional methods the
 
higher the yields are for the samp inputs."
 

As for the second reason, diversification has important
 
economic and social equity advantages as it relates to the farm family
 
as a production and social unit. 
 It also better distributes family

labor throughout the annual cycle by providing each family member with
 
a variety of activities which tend to be better distributed throughout

the year. 
 As Weitz et al (1978:4) state the case for diversification:
 
"Only through the introduction of properly planned additional
 
enterprises into the crop pattern is it possible to fill the gaps of
 
underemployment in the slack season of 
the agricultural year."
 

Thirdly, diversification of settler farming systems is still
 
more directly related to area development in that it provides

foodstuffs for nonfarm families and raw materials for agricultural and­
other industries.
 

D. NET INCOME OF SETTLER FAMILIES
 

If new lands settlements are to initiate-a process
.f.area 
development, far more attention need be paid to the net income of,
 
settler families than has been the caseto date.
 

The settler family, not the.land or the water resources, is
 
the main resource, and the new lands settlement can only catalyze a
 
process of area development if the settler family has the incentive
 
and the opportunity to produce.
 

Concerning the dynamics of the settlement process. so long.as
 



the subsistence level, it is reasonable to
settlers remain close to 


ezpect them to be risk adverse. As net income go up, however,
 

investment strategies change and consumption goes up, hence increasing
 

and services which in turn provide increased nonfarm
.demand for goods 

This point has been documented time and
employment opportunities. 


Structural Transf.ormation: Economic

again. In their Atriculture and 


Strategies in Late-Developing Countries, Johnston and Kilby (1975:301)
 

note that "as per capita output in the economy rises a growing share
 

of household expenditures are devoted to manufactured and processed
 

commodities."
 

Where planners do take into consideration the multiplier
 

effect of increased agricultural production, the conventional wisdom
 

is that most employment generation will be in agro-industry. But what
 

some of this applies to settlement
evidence is available (and only 

case. In their World Bank
projects) suggests that this is not the 


study of the Muda Irrigation Project in Malaysia, Bell, Hazel, and
 

Slade (1980) reported that for every dollar of direct benefits
 
eighty-three cents of indirect
generated by the project, there were 


benefits. Of that eighty-three cents, fifty cents came from increased
 

farmer demand for consumer goods and services rather than from
 
ten cents
production linkages (with rice milling accounting for only 


of the total). After recounting this case, Carroll adds that agro­

to generate rural employment.
industry may not be the best way 

a undated
Referring to a summary of research studies (in the form of 


to Spatial Planning for Rural
manuscript entitled "An Approach 


Development" prepared by U.S. Aid's Working Group on the Rural Poor),
 

concluded that "small enterprises for production of
Carroll (1980) 

local household consumption goods engaged about two-thirds of the
 

nonagricultural labor force" (p. 15).
 

In the literature on new lands settlements, various authors
 

have stressed the risks associated with net incomes which are either
 

too low or too high. As a general proposition, target incomes both in
 

-terms of settler incentives to farm and increasing settler demand for
 

a wide range of producer and consumer goods and services, might be
 

best based on the "average national income" or even the "average urban
 

-income," depending on the nature of rural-urban terms of trade.
 

Though raising target incomes in this way would reduce the number of
 

it would probably
settlers employed on the land, in the long run 

Since
facilitate area development, including employment generation. 


too low are a serious constraint to
settler incomes that are 

subsequent development, it is better to err on the higher side than on
 

the lower side.
 

Almost by definition a successful settlement process will
 

elite among both settlers and nonfarm families. As
create a new rural 

the stage of economic development,
they move from the transition to 


be expected to pursue dynamic investment
 many successful settlers czn 


strategies as their incomes go up. The challenge for planners is to
 
"set the stage" in such a way that settler initiative is encouraged
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can be done in a
without being too exploitative of others. This 


number of ways. Ready availability of credit-for annual production
 

needs and strong settler dominated producer and marketing
 

organizations will help spread the benefits of settlement to a larger
 

proportion of the settler population.
 

E. EIMLOYMEN T GENERATION 

scant for assessing the potential of 
Empirical knowledge is 


different farming systems and settlement designs for generating
 

employment. Yet the topic is a critically important one, especially
 

in countries with rapid population growth and high rates of
 

unemployment and underemployment.
 

three
New lands settlement have the potential to increase 


general types of employment. These-are, first, employment of
 

farm holdings; second, the

owner/operators and their families on 


employment of permanent and seasonal farm labor; and, third, nonfarm
 

With few exceptions the planning and implementation of
employment. 

new lands settlements by government and donor agencies has 

emphasized
 

the first type of employment while ignoring the other two types.
 

1. Owner/Operators and Their Families
 

the key to subsequent
Owner/operators and their families are 


development including increased agricultural production, rising 
living
 

standards, and employment generation including nonfarm employment.
 

In terms of employment generation, there is no alternative to
 

emphasizing recruitment of settlers working small holdings versus
 

those working medium and large holdings. Not only does emphasis on
 

small holders increase the number of farm owner/operators, but as
 
less evenly
Johnston and Kilby note, "where income is more or 


distributed over broad segments of the population, the result is large
 
Since the
markets for comparatively simple goods" (1974:304). 


production of these requires little technical and managerial
 

can be produced within settlement areas,
sophistication, such goods 

hence increasing the scope for nonfarm employment.
 

There is an upper limit, however, to the number of small
 

holders who can profitably be settled in a particular area.
 
this point - so that increasing
Unfortunately planners tend to forget 


the number of settlers beyond a certain level actually reduces
 
incomes are insufficient to
employment generation since settler net 


increase demand for locally manufactured goods and services, and since
 

local production is not sufficiently great or diversified to meet the
 

demand of nonfarm workers for locally produced foodstuffs and raw
 



materials'for,local, processing, the farm enterprise becoming mainly a 

subsistence operation vhich perpetuates rural poverty rather than 

all.1evi.ating, it'. 

2.1 Seasonal and Permanent Laborers
 

With only a few exceptions, it is unrealistic to expect
 
employ only family labor. Yet time
successful settlers to continue to 


and again settlements are planned on the assumption that settlement
 
This position not
allotments must be cultivated with family labor. 


only ignores the natural development cycle of the family but it also
 

ignores the dynamic nature of settler investment strategies once Stage
 

Three (economic and social development) begins. As net incomes rise,
 

settlers begin to substitute nonfamily labor for family labor in
 

regard to less desirable and/or less productive agricultural
 
seasonal and permanent labor occurs
activities. This recruitment of 


even or. small 	holdings of several acres.
 

Furthermore, it is not in the interests of either employment
 

generation or 	the welfare of farm laborers to pretend that they do not
 

exist or to deemphasize their existence. In large-scale irrigation
 

based settlement projects seasonal workers during the harvesting
 

seasons may outnumber adult settlers. Though hire of laborers is less
 
on rains cultivation,
significant in regard to farming systems based 


even there large numbers of seasonal laborers are used during certain
 

stages of the-production cycle.
 

3. Nonfarm Emloyment
 

The general literature on linkages between agriculture and
 

industry, though sparse, suggests two conclusions. First, that the
 

potential multiplier effects of agricultural development would appear
 

to be considerably greater than realized in terms of employment
 

areas and, second that national development
generation in 	rural 

share much of the blame for the failure of new lands
policies must 


settlements to realize their development potential in terms of
 

employment generation and multiplier effects.
 

over half of all nonfarm
According to the World Bank (1978a), 

in rural areas - a situation
employment in 	Africa and Asia is still 


rural peoples
which we tend to forget because of the ongoing influx of 

areas
into urban areas. Furthermore, nonfarm activities in rural 


source of employment and earnings to approximately
provide a primary 

towns are included (my
one-third of the rural labor force where rural 


underscoring), with this proportion rising to 40 percent where town
 
to twenty to thirty thousand
population in rural settings increases 


residents.
 



Not only do rural nonfarm activities appear to employ more
 

people than previously expected but these activities also provide a
 

significant proportion of the income of rural households. Chuta and
 

Liedholm present data fron six countries which show nonfarm earnings
 

over 20 percent of the income of rural families.
accounting for 

are presented for Korea and
Estimates of 22 percent and 23 percent 


Pakistan, respectively, versus 43 percent for Taiwan and 70 percent
 

for Japan. While the Japanese and Taiwanese cases represent special
 
eventually achieve
features nonetheless it should be possible to 


similar results in carefully selected settlement areas in the tropics
 

and subtropics with careful planning and plan implementation.
 

F. NATIONAL DEVELOPMENT POLICIES
 

It is very difficult for new lands settlement projects to
 

sustain themselves through time in the face of adverse national
 
Where rural-urban
development policies and private sector policies. 


terms of trade are unfavorable to the rural sector new lands
 

settlements face a major constraint from the start.
 

The generation of nonfarm employment in manufacturing and
 

other activities is more directly constrained where industrialization
 

policies favor the development of large scale urban based industries
 

through a range of direct and indirect subsidies. Government and
 

private sector credit policies may be especially critical for both the
 

agricultural and industrial components of new lands settlements,
 

Katzman arguing that the increasing proletarianization of the
 

agricultural labor force in the Northern Parana settlement area of
 

Brazil is due in part to adverse government and private sector credit
 

policies.
 

V. NEW LANDS SETTLEMNT STAGES 

A. INTRODUCTION 

A major goal of the global evaluation was to develop a
 

framework which could be used for the systematic analysis of new lands
 

specifically for their planning, implementation
settlements and more 

management and evaluation. In attempting to explain the relative
 

success or failure of new, lands settlements which have been in
 

existence for at least a number of years, I developed a four-stage
 

framewozk. Before outlining this, a cautionary warning is warranted
 

about the use of stages. These are merely tools for coming to grips
 

with a complicated and dynamic process. They amount to simplifying
 

assumptions which attempt to break the settlement process into a
 

series of critical time periods during each of which a range of basic
 

issues need be addressed.
 



B. 	SETTLEMENT STAGES
 

The four stages cover at least a jeneration and'are'as"
 
follows:
 

1. 	Planning, Initial Infrastructural Dev16ment,'
 
and Settler Recruitment
 

2. 	Transition
 

3. 	Economic and Social Development'
 

4. 	Handing Over and Incorporation
 

In order to be successful, a new lands settlement area must pass
 
through all four stages though the order of the third and fourth may
 
be reversed. These last two stages are "crucial if living standards
 
and productivity are to rise and if continuity and development are to
 
continue" (Scudder, 1981c:13). Though ideally a settlement area
 
should pass rapidly through all four stages so as to realize its
 
development potential at the earliest possible date, in fact a wide
 
range of internal and exogenous factors are apt to interfere, so that
 
a steady movement through the four developmental stages tends to be
 
the exception rather than the rule. Furthermore, many spontaneous and
 
sponsored settlements never reach the third stage of economic and
 
social development but rather evolve directly from Stage Two to Stage
 
Four.
 

In spite of such variations and various analytical
 
difficulties, it proved to be relatively easy during the global
 
evaluation to place different settlements within a particular stage or
 
between two stages. Furthermore, "the very concept of stages draws
 
attention not only to the fact that new lands settlements have
 
histories but also that these histories are remarkably similar"
 
(Scudder, 1981:13). It follows from this that people and the
 
sociocultural systems in which they are imbedded and interrelated
 
(including settlement agencies) respond to new lands settlement in
 
predictable ways. And these responses have major policy implications.
 

1. 	Stage One: Planning, Initial Infrastructural Development,
 

and Settler Recruitment
 

This stage lends itself to further division into two
 
substages: the first relating to feasibility studies, planning, and
 
design and the second to settler recruitment and the construction of
 

such initial infrastructure as roads and irrigation facilities.
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a. Feasibility Studies, Plannin. 
and Design. Ideally, the

feasibility studies which are 
carried out during this substage should
consider a wider range of alternatives before a decision is made to
proceed or not to proceed with a particular type of settlement. Under
planning, a wide range of issues need be considered - including the
 acope and scale of the intended farming systems and the settlement as
 a whole in relationship to regional development. Weitz and his

colleagues assume, for example, that multiplier effects are correlated
with diversification of the farming system, farm family income, and

settlement scale and scope. 
 During the planning phase, consideration

should also be given to the extent to which the hosts will be included

within the settlement project on social equity, economic, and
 
political grounds.
 

b. Construction of Initial Infrastructure and Settler

Recruitment. 
The wording "initial" infrastructure suggests that
 
infrastructural development should be phased, with planners

establishing priorities for implementing in time different types of

infrastructure for settler families, administrators, and other nonfarm
 
families.
 

As for settler recruitment, far too much emphasis in the past

has been paid to the recruitment of individual men as opposed to
settler families where attention is paid to both spouses. 
 But settler
recruitment should be still more broadly linked during the planning

process to the consideration of what types of production systems, what
types of communities, and what types of societies are desired so that

recruitment 
can seek out both farm and nonfarm families with the
 
necessary aptitude/orientation, experience, and skills.
 

*2. Stage Two: The Transition Stage
 

The use of the word "transition" is used to emphasize two
points. First, that this is 
a stage of transition for settlers who in
 many cases are moving from one habitat to another and, second, that

this transitional period must come to an end before settler families
 
can be expected to take risks and increase significantly their
 
productivity. 
While the duration of the transition stage may be less

than a year for a minority of families in settlements which

subsequently reach Stage Three, for the majority it would appear to
last for at least two years and more often for five to ten years.
 

During the transition stage many settlers are risk-adverse,

which explains why few technical, organizational, and sociopolitical

innovations are adopted at this time. 
 Risk-aversion appears to be a
coping response to the stress and uncertainty associated with moving

into a new habitat - where settler families need not only come to
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grips with a new physical and biotic environment but also with new
 
neighbors, an increased government presence in the case 
of government

sponsored settlement, and frequently with a new host population.

Whnile "learning the ropes," most settlers adopt a conservative stance,

their first priority being to meet their subsistence needs. They

favor continuity over change; and where change is necessary, they

favor incremental change over transformational change. Where
 
possible, they cling to the fami,iar by moving into new 
settlements
 
wilh relatives, former neighbors, and co-ethics. They also try to
 
transfer area-of-origin house types, farming practices, and other
 
skills even though they may not be suited to the new habitat.
 

The transition stage comes to an end when enough settler
 
families shift from a conservative stance to a dynamic open-ended one,

hence initiating the third stage of economic and social development.

This shift 
is most apt to occur after settler security is increased
 
through the p. duction of sufficient food to meet family needs and the
 
settlers begin to feel "at home" in their new habitat.
 

At this point it is worth mentioning certain policy issues
 
associated with the transition stage. Granted the security oriented
 
and conservative stance of the settlers at 
this time, it is
 
unreasonable for governments and donors to expect rapid increases in
 
productivity through agricultural intensification during the first
 
five years.
 

The logical way to improve project performance during these
 
early years of implementation is to shorten the length of the
 
transition stage. This can be done in a number of ways. 
 One relates
 
to settler recruitment. The advantages of recruiting settlers from
 
different villages within the same locale and ethnic area as opposed
 
to different ethnic areas are overwhelming during the transition
 
stage. There are two reasons for this. The first is that neighbors
 
and co-ethnics are much more likely to form self-help groups for land
 
clearing and house building during the early years of settlement which
 
so often are characterized by serious labor shortages. The second is
 
that the potential stress and uncertainty of having to adapt to new
 
neighbors is lessened when those neighbors come from a similar ethnic
 
background.
 

Another way for governments to shorten the length of the
 
transition stage is to make a conceptual distinction between
 
settlement and development stages. During the settlement stage, the
 
emphasis should be on helping the settlers feel secure in their new
 
habitat at 
the earliest possible moment. Such a approach does not
 
mean that development activities should be ignored at that time. 
Just
 
as 
land negotiation and tenural arrangements should be completed

during Stage One to expedite subsequent development, so too are there
 
:.similar range of developmental activities which can be implemented
 
during the transition stage. These include, for example, continual
 
provision of crucial physical and social 
infrastructure and
 



construction, equipping, and staffing of schools. Schools are
 
especially important because one of the first investments made by
 
settlers is in childrens" education. If schools are inadequate in
 
number and quality, gover=ent sponsored settlers are less apt to
 
bring their families to settlement areas, hence contributing to
 
instability and labor bottlenecks.
 

Other developmental activities which can be undertaken by
 
sponsoring agencies include fielding of a appropriate unified
 
extension service, the encouragement of appropriate private and public
 
sector marketing services, and setting the stage through extension and
 
training for the emergence of settler-dominated participatory action
 
organizations. All these activities, however, must be carefully
 
formulated and implemented so they actually facilitate settler
 
initiative and independence rather than promote a sense of dependency
 
which can bog a settlement down in the transition stage for years to
 
come.
 

To sum up, the early years of pioneering a new settlement area
 
are difficult and stressful. They require a period of adaption which
 
is rarely less than two years and usually much longer. Though timely
 
governmental interventions can shorten the length of this difficult
 
period of coping and transition, it cannot be eliminated, hence
 
underlining the unreasonableness of sponsor expectations that settlers
 
will intensify their production from the very start.
 

3. Stage Three: Economic and Social Development
 

The contrast between Stage Two and Stage Three is dramatic:
 
the first characterized by a population of risk-adverse settlers and
 
the second by a population of risk-taking settlers. Since the same
 
people are involved, a dramatic change occurs.
 

While most settlers concentrated previously on a domestic mode
 
of production involving extensive agriculture, during Stage Three we
 
have observed a wide range of investment strategies designed to
 
achieve higher levels of labor productivity through diversification of
 
the family estate. While more data analysis is necessary, it would
 
appear that settlers follow the same sequencing of investment
 
activities in different parts of the tropics and subtropics.
 
Initially they invest in education for their children. Subsequently
 
additional farm land is sharecropped, leased, and/or purchased and the
 
farming system is expanded into cash crops (including labor intensive,
 
higher risk crops), while the crop component is expanded to cover
 
livestock and nonfarm activities.
 

Nonfarm activities tend to start on the farm homestead, taking
 
the form of small business enterprises such as crafts, baking, and
 
tailoring which are located within the home. Subsequently, investment
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expands to nonfarm activities off the homestead but within the
 
settlement area, with these including small general stores and
 
transport for hire in the form of two- and four-wheel tractors,
 
trucks, taxis, and mini and other buses. Still later, investments may
 
be made in urban real estate and businesses.
 

As incomes go up, many settlers prefer to hire laborers for a
 
increasing proportion of agricultural tasks. Especially in irrigated
 
settlements in Africa, Asia, and the Middle East, the number of
 
seasonal and permanent laborers may exceed the number of settler
 
families. 

Farm diversification and increasing net income among settlers
 
also facilitate the development of commercial and service centers
 
whirh process the produce and serve farm and nonfarm family needs.
 

4. Stage Four: Handing Over and Incorporation
 

a. Handing Over. Because of the observed inefficiency of
 
long-established national and special project settlement agencies and
 
because of the frequently negative impact of educational systems on
 
the willingness of settler children to continue farming, I do not
 
consider any settlement to be a success until a degree of handing over
 
control to settlers and other local institutions has occurred and
 
until a second generation of settlers has taken over. Handing over
 
activities to departmental, local government, and settler
 
organizations is a tricky business which can proceed both too rapidly
 
and too slowly. On the whole, however, the problem in the
 
postcolonial era is that settlement agencies retain for too long a
 
period a wide range of activities which could be more efficiently
 
carried out under a policy of devolution to local organizations.
 
Since it is natural for bureaucrats to endeavor to perpetuate
 
themselves in space and time, the problem of inefficient national and
 
special settlement agencies is a major one during the later stages of
 
settlement projects. Indeed, it is so major in some cases as to
 
possibly offset the undeniable advantages of such centralized and
 
hierarchical organizations during the initial stages.
 

Because of the nature of the educational system and the
 
propensity of settler families to invest in the education of their
 
children, a number of older settlements are having difficulty in
 
passing on farm activities to the children of settlers as the first
 
generation retires.
 

b. Incorporation. Incorporation refers to the process
 
whereby a new lands settlement become an integrated part (rather than
 
a special enclave) of the region within which it is situated.
 
Physical handing over alone is not sufficient. The incorporating
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agencies must have the personnel and capital resources and the will to
 
tkke over essential settlement services so these services do not
 
subsequently break down.
 

Part of the problem is political incorporation, since
 
settlement organizations will not be able to compete for regional
 
resources after handing over unless they are integrated within the
 
political economy of the region. So incorporation has a number of
 
aspects which extend beyond the process of handing over. Furthermore,
 
if larger and more diversified new lands settlements are to realize
 
their potential for catalyzing a process of regional development,
 
incorporation must enable the settlement area to play a major role in
 
influencing regional policies and the implementation of those
 
policies.
 

VI. 	 BASIC ISSUES ASSOCIATED WITH STAGE ONE [Planning,
 
Initial Infras:ructure Development, and Recruitment]
 

A. INTRODUCTION
 

Each settlement stage is associated with a wide range of basic
 
issues which must, be addressed by planners, administrators, and
 
settlers. Though their proportional importance may shift through
 
time, certain issues characterize all stages; others are primarily
 
associated with a single stage.
 

To avoid repetition, certain major issues (like settler net
 
incomes, employment generation and multiplier effects) which have been
 
already assessed are not dealt with again except in passing. Other
 
important issues which have already received considerable attention
 
elsewhere in the literature are also not emphasized.
 

B. PLANNING­

1. KeeDini the Plan as Simple as Possible
 

Evaluation after evaluation has emphasized the need to
 
carefully prioritize interventions, stressing a relatively small
 
number of "projects" at a given time in order tO realize pore
 
complicated program goals.
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2. Keepin2 Financial Costs Per Settler'Family Within Reasonable Limits
 

Financial costs are broken down into capital and recurrent
 
expenditures, both of which can be significantly reduced by following
 
courses of 
action which should actually enhance possibilities for
 
success rather than reduce them. 
 The paragraphs that follow are not
 
meant to be inclusive; rather their purpose is 
to illustrate a range

of policy options which could reduce costs without jeopardizing the
 
chances for project success.
 

a. Settlement Type. 
Financial costs go up as the proportion

of sponsored settlers increase relative to hosts and spontaneous
 
settlers. 
According to Judith Tendler, the incorporation of
 
spontaneous settlers within a portion of Brazil's Alto Turi project

nearly halved costs 
per settler family by increasing the number of
 
beneficiaries, on the one hand, and by decreasing the costs of land
 
allocation and settlement per beneficiary, on the other.
 

b. Location of Settlement. In discussing lessons learned,
 
van Raay and Hilhorst (1981) emphasize that "market proximity is th
 
major determinant of the economic viability of 
a land settlement
 
scheme, the general rule being that the highest net income per ha 
can
 
be realized nearest 
the market centre" (p. iv).
 

c. Involvement of the Private Sector. 
 Because of the
 
complexity of integrated area development and its financial costs it
 
makes sense to involve nongovernmental organizations in the
 
development process from the very start. 
 As in Malaysia, private

lumber and building contractors can play a major role in clearing

settlement areas 
of timber and in constructing major infrastructure.
 
Such private companies might also be willing to shoulder more of the
 
financial costs of settlement if assured of 
some of the benefits with
 
lumbering companies, for example, contributing to access and feeder
 
road construction in return for lumbering rights.
 

Joint ventures between government settlement agencies and
 
commercial companies are another way for organizing a type of
 
cooperation between the public and private sectors that would
 
facilitate land settlement. Such ventures could involve forest
 
product and mining companies as well as agribusinesses. Here I am not
 
referring so much to 
the provision of infrastructure as to the actual
 
settlement of people around the margins of 
a forest product, mining,
 
or agribusiness enclave ­ with settlers providing produce to the
 
enclave both as food and, in the case of 
forest product companies and
 
agribusiness, as products for processing.
 

There are also other ways in which the services of the private

sector 
can be used both to reduce financial costs to the government
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andto provide a range of management and other services. Current
 
government policy in the Mahaweli Basin of Sri Lanka in connection
 
with the Accelerated Mahaweli Programme is of special interest here
 
since the Mahaweli Authority of Sri Lanka is experimenting with a
 
number of mechanisms for involving the private sector. For example,
 
the IASL has arranged for Hatton National Bank Limited to have
 
exclusive lending rights to settlers in part of System H, while the
 
Ceylon Tobacco Company, Limited, has recently begun to manage H-9.
 

d. Worker/Settlers. Periodically, attempts have been made to
 
recruit worker/settlers who will clear and prepare their own lands for
 
cultivation, and construct the infrastructure serving those lands.
 

Worker/settlers often arrive without their families simply
 
because living conditions tend to be extremely difficult. Because of
 
these difficulties and because worker/settlers often come alone, every
 
effort should be made to ready the land for cultivation and family
 
occupancy during the first year; otherwise the hardship and suffering
 
of worker/settlers is apt to be reflected in low morale, increased
 
illness, suspicion of government intentions, and high "drop-out"
 
rates.
 

e. Housing. Roads arA government built permanent housing
 
tend to be the two largest single costs associated with settlement
 
based on rainfed agriculture. Vhile the former are necessary, the
 
latter are not. In addition to high financial cost, government
 
provided housing often is both culturally and sociologically
 
inappropriate. It may constrain family activities and the normal
 
developmental cycle of the family because of regulations as to how the
 
housing and the house plots are to be used. Permanent housing also
 
tends to be associated with relatively small house plots on which it
 
is not possible for the settler's heir to build his/her own housing so
 
as to be near aging parents. In effect, government provided housing
 
locks the social organization of the settler family into "concrete,"
 
so to speak, while the size of the household plot more often than not
 
is inadequate for the keeping of animals and the planting of household
 
gardens. For all these reasons, it makes sense for settlers to build
 
their own housing wherever possible.
 

f. Roads. Time and again roads are the major capital
 
expenditure associated with new lands settlement. In Latin America,
 
for example, they accounted for 38 percent of public expenditure in
 
connection with fourteen settlement projects assessed by Nelson. It
 
is best to recognize such high costs from the start before asking in
 
what ways they can be reduced. When cost reductions are then
 
considered, a number of possibilities come to mind. These include
 
location of settlement areas as close as possible to settled areas and
 
major market centers and involvement of the private sector.
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g. The Phasink of Irfrastructure. The phasing of
 
infrastructure has two major implications in regard to financing of
 
new lands settlement. On the one hand, it can postpone certain major
 
capital expenditures until a later time phase of the settlement
 
process; on the other hand, it may provide a source of income for
 
partially financing subsequent infrastructural investments.
 

h. Facilitating the Develonment of Existing Rural Towns. We
 
have already noted the propensity of planners to create new rural
 
towns from scratch, often with unsatisfactory results. Granted the
 
undeveloped state of the art in the planning of new townships, it
 
makes far more sense to stimulate the development of existing rural
 
towns if such exist. Though no comparative data exists, I presume
 
such am approach would also be significantly cheaper financially.
 

3. Feasibility and Planning Stuoies for Siting New Lands Settlements
 

Because new lands settlements are situated in relatively
 
unknown areas there is no substitute for feasibility studies for
 
considering possible development options and for planning studies to
 
explore particular options in more detail. Such studies can be
 
divided into two broad types, the first dealing with the physical and
 
biotic environment and the second with the host and prospective
 
settler populations. Time and again settlements are planned and
 
implemented without adequate information on the physical and biotic
 
environment. Time and again a major reason for their subsequent
 
failure or inability to realize their development potential is due to
 
the failure to carry out appropriate climatic, hydrological, and soil
 
surveys or to utilize available data. Socioeconomic surveys of the
 
hosts should provide data on their numbers, their systems of land
 
tenure and land use, their water rights, and, to an extent, their
 
socioeconomic systems. Surveys of the nu=bers and lifeways of the
 
host population are needed to establish the total population that will
 
be impacted upon by a possible settlement project and to assess their
 
attitudes toward being incorporated should settlement proceed. Studies
 
of land tenure and water rights are needed to define host concepts of
 
tenure according to customary law. It is fair neither to the hosts nor
 
to the settlers to ignore customary tenure, since future land disputes
 
can jeopardize the entire settlement process. As for the study of host
 
systems of land (and water) use, these can yield invaluable information
 
on the resources of the area and how to utilize them.
 

Information on prospective settlers has two major uses.
 
First, it can provide data of use in planning and implementing the
 
settlement itself. Second. it can provide information of how.the
 
emigration of a significant number of people from a particular locale
 
can be used to facilitate the development of that locale.
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C.. 'PLANING FAMMING SYSTEMS-. 

1. :Introduction
 

Agricultural diversification in terms of the integrated
 
planning of farmirg systems, fisheries, and silviculture is a rare
 
feature of settlement projects. The same applies even to farming
 
systems diversification, both in connection with diversification
 
within a particular farming system and between farming systems.
 
Throughout the tropics and subtropics, new lands settlements have been
 
planned and implemented as agricultural production schemes based on a
 
relatively small number of crops for export and domestic consumption
 
in that order of priority. Yet diversifying agricultural systems and,
 
more specifically, farming systems increases the development potential
 
of new lands settlements. In the discussion that follows, the need
 
for diversification must continually be kept in mind.
 

2. The Need for Research
 

There is no substitute for research for agricultural
 
development. Simply because so little is known about new lands
 
settlement areas, this must start at the earliest possible moment.
 
Because most new lands settlement areas will be colonized by small
 
holders, agricultural research should be oriented toward the creation
 
of more productive farming systems. While I am not suggesting that
 
conventional crop research be deemphasized, I am suggesting that every
 
research station should include an area which simulates in size and
 
other conditions the different kinds of settler holdings.
 

Regardless of focus, all research programs both on the
 
research station and in the field should be both comparative and
 
longitudinal. Researchers should also be on the lookout for
 
"breakthrough" possibilities which could significantly alter or even
 
revolutionize small holder farming in existing settlement areas, and
 
which could open up new agro-ecological zones for settlement.
 

To sum up, I am suggesting that agricultural research stations
 
in new lands settlement areas not only place more emphasis on
 
appropriate farming systems research, but also that they serve as the
 
institutional base for carrying out a broader range of research
 
relating to the development of agricultural systems. For example,
 
serious consideration should be given to basing monitoring and
 
evaluation activities at agricultural research stations, with the
 
necessary facilities attached. Since effective extension must be
 
research based, it also makes sense to place training facilities for
 
both settlers and extension staff close to research stations.
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D., PHASIG FSTRUCR 

A common characteristic of settlement agencies is their
 
attempt to provide instant infrastructure from scratch. Not only is
 
this a very expensive procedure but, also, it seldom works. For the
 
majority of settlers, the first few years tend to be the most
 
difficult. At that time the critical items of infrastructure would
 
appear to include potable water and certain disease control programs,
 
access roads, primary schools, and in the case of irrigation projects
 
the timely completion of the irrigation infrastructure and of land
 
preparation so to ensure the timely delivery of water in the right
 
amounts to the settlers.
 

Since settler health tends to suffer during the initial years,
 
a clean supply of potable water is a major need which, in fact, is
 
rarely supplied.
 

All weather access roads service a variety of needs. First,
 
they provide access not just for the settlers but also for a wide
 
range of essential goods and services. If access roads are adequate,
 
private sector entrepreneurs are more apt to move into the area to,
 
provide transportation facilities, and to built general stores and
 
other retail outlets. Second, access roads provide exit routes.
 
Their very existence reduces the degree of isolation for the settlers.
 
Like access roads, the early provision of primary schools also
 
encourages settlers to bring their families and to remain in
 
settlement areas during those initial years of hardship. As for the
 
timely provision of water in irrigation based settlements, that is a
 
crucial input which time and again has been delayed with very
 
detrimental impacts on settler morale, departures rates, and
 
relationships with the settlement and other government agencies.
 

From the settler point of view, the need is much less urgent
 
to provide secondary schools, a hospital, postal and banking services,
 
and other types of infrastructure during the first five years of the
 
transition stage. Such items are far more important from the point of
 
view of administrative staff and other government and private-sector
 
nonfarm personnel. For them, however, it is both cheaper financially
 
and quicker to upgraoc existing facilities in established rural towns
 
than to build new towns.
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E.,, SETTL ER' RECRU ITMENT AND POLICY 

i. Introduction
 

Pioneer fa:ilies tend to be relatively young, often with only
 
one or two small children. Over the years family size can be expected

to increase significantly, usually exceeding the national average in
 
terms of the number of children. The planned size of the household
 
plot should take into consideration the needs of this growing family

unit, including the probability that in their old age the first
 
generation of settlers will wish their heir to build on the 
same plot

during the period of handing over.
 

2. Settler Mix
 

The global experience is that there are more than enoughgood

candidates for sponsored settlement. The desired nature of the mix
 
will vary between countries and from one agro-ecological zone to
 
another. Generally speaking, in countries with large areas 
of
 
underutilized humid rain forests and with heavily populated old lands
 
with a significant proportion of landless farmers, spontaneous

settlers tend to outnumber sponsored settlers by three or four to one.
 
The proportion of spontaneous settlers tends to be significantly less
 
in areas with rainfall deficiencies during the main cultivation
 
season.
 

If planners are aware of the history of ;pontaneous settlement
 
within the different agro-ecological zones of a particular nation,

obviously they are in a better position to forecast the possible
 
response of spontaneous settlers to the opening up of new areas and,

based on such estimates, to work out the settler mix. What the mix
 
should be will also depend on other factors. Since financial costs
 
per spontaneous settler family tend to be lower, this factor alone may

be significant -- although a site and service approach to sponsored
 
settlement can also reduce settlement costs. 
 Another factor relates
 
to whether or not sponsored settlers come from without the settlement
 
area or are hosts. In the latter case, the global evaluation suggests

that the best strategy is to incorporate them within the settlement
 
area if they are willing.
 

A major conclusion of the global evaluation is that far more
 
'emphasis should be placed on facilitating spontaneous settlement and
 
combining it with sponsored settlement as a mechanism to tap into the
 
initiative of spontaneous settlers, to diversify settlement areas in
 
terms of occupational specialization, and to cut the financial costs
 
of the settlement process.
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3. Recruitment
 

Where new lands settlements are a major development
 
intervention, serious thought should be given to formulating a
 
national set of recruitment criteria. While desirable criteria will
 
vary, some generalizations appear valid. Of these perhaps the most
 
important is to recruit settlers as families rather than as
 
individuals. Another is to use a formal point system whereby both
 
spouses are evaluated according to desirable criteria with recruits
 
being those families with the highest number of points.
 

Time and again settlers are interviewed by sponsoring agencies
 
or local leaders as if they did not have wives or families, and with
 
little effort made to learn if wives wish to move -- and if they do,
 
as to whether they have appropriate skills. Special planning is
 
needed to correct this situation. As a starting point, it makes sense
 
to recruit only families in which both spouses wish to become
 
settlers. As for establishing a point system, not only does that
 
require more careful thought about the relative merits of different
 
criteria, but it also reduces the possibility of favoritism within the
 
selection process.
 

Though it is far more difficult to generalize about the
 
desirability of specific criteria, and very difficult to weigh them in
 
relationship to each other, even here the global evaluation has led to
 
some tentative conclusions. Most frequently emphasized are health,
 
education, skills, background, and number of children. Granted the
 
hardship associated with the initial years of settlement, good health
 
is clearly important. On the other hand, the correlation between
 
education and becoming a productive settler is not clear in spite of a
 
good bit of attention to this factor in the research lierature.
 
Ideally, sufficient education to be able to read simple instructions
 
and to keep simple accounts makes sense. Other than that, what
 
appears to be more important than thenumber of years of education is
 
the type of education and the expectations associated with being
 
educated.
 

If new lands settlement is to initiate a process of integrated
 
area development, obviously people must be recruited with both farm
 
and nonfarm skills. This applies at all community levels, since even
 
small settler communities need barbers, carpenters, masons,
 
blacksmiths, curers, midwives, religious leaders, and other skilled
 
personnel. Background relates more to occupational and class
 
background. Throughout the tropics and subtropics, we found that
 
sponsored settlers were overwhelmingly low income rural residents. In
 
this sense, sponsored settlement is an effective mechanism for
 
assisting low income populations.
 

The fifth criterion relates to settler family size and more
 
specifically to number of children, a criterion with which most
 
settlement planners are concerned. They are faced with a relatively
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difficult choice. While younger couples 
can be expected to be in
 
better health, and hence more capable of dealing with the early rigors

of settlement, older couples with more, and older, children will have
 
a larger labor force of family members during those same critical
 
years. One factor that tends to be ignored are the sociological

implications of a settlement population which initially contains very

few three-generational families and, in comparison to old lands, a
 
very small proportion of older people. Assuming that a broader mix of
 
people of different ages is desirable, planning consideration could be
 
given to actively recruiting older couples to provide the necessary

nonfarm occupational skills. Older women, for example, could be
 
recruited as midwives and older men as carpenters) masons, and
 
blacksmiths. Older couples could also be recruited as health
 
pr:actitioners and religious leaders.
 

4. Middle-Class Settlers
 

Periodically governments and settlement agencies have
 
experimented with the recruitment of middle-class settlers, usually as
 
a minority within a settlement dominated by lower-class settlers but
 
occasionally within their own settlement. One or two reasons tend to
 
be used to justify a policy incorporating middle-class settlers. The
 
first is that they will make more successful farmers. The second is
 
that they will provide leadership within the settlement.
 

There is no evidence that middle-class settlers make better
 
farmers. On the contrary, what evidence is available suggests that
 
yields per hectare generally speaking a:e lower on middle-class
 
allotments than on peasant holdi-ag.; within the same settlement.
 

As for providing leadership, the issue is more complex.
 
Though Farmer (1957) notes that middle-class settlers in Sri Lanka
 
"have on the whole done little or nothing to provide any form of
 
leadership for nearby peasant colonists," small holders at Tahaddi
 
(Egypt) told members of the Pacific Consultants team that graduates
 
were useful in pressuring the settlement authorities to live up to
 
their responsibilities in terms of operating the irrigation system and
 
providing inputs. At Way Abung, an Indonesian transmigration
 
settlement in Sumatra, middle-class settlers had been instrumental in
 
establishing a senior secondary school and other social services whic',
 
were then available to all settlers. On the negative side, howe&r,
 
is the tendency for middle-class settlers to dominate positions ox
 
leadership not just on school boards but also within cooperatives and
 
other production and marketing oriented settler organizations,
 
becoming a new rural elite in the process which impedes the sub, equent
 
development of more broadly based settler organizations.
 

Against this background, there appears to be little
 
justification for combining middle- and lower-class settlers in the
 



same settlement. Rather settlements of small holders should produce

their own leaders, a conclusion which Farmer reached in.the 1950s
 
after his analysis of settlement in Sri Lanka.
 

5. Exclusions
 

Though the evidence is overwhelming that new lands settlements
 
benefit the poor, nonetheless exclusions occur on sociopolitical
 
grounds. 
 Most frequently such exclusions pertain to host populations,

although they may also be more specifically ethnic. Though exclusions
 
may be justified in some cases, these would appear to be 
the minority.

Furthermore, where the hosts 
are excluded, future conflicts can be
 
expected to threaten the viability of the settlement process. Though

the international community of donors has the opportunity to at least
 
question (if not influence) exclusionary policies, rarely have they
 
done so.
 

6. Settler Homoeeneity
 

Though governments continue to see new 
lands settlement as a
 
mechanism for integrating and nationalizing a heterogeneous
 
population, the evidence appears overwhelming that settlers prefer to
 
live and work with co-ethnicq and that ethnically homogeneous settler
 
populations facilitate cooperation, reduce potentially disruptive

conflict, and are a contributary factor to a shorter transition stage.
 

Cooperation is especially crucial during the early years of
 
the settlement process when settler families often have to clear and
 
prepare their land, build temporary homes, and plant and care for
 
their farms under unfamiliar conditions. Self-help groups for
 
alleviating labor constraints are formed more often among co-ethnics
 
than among settlers from different ethnic groups.
 

While there is very good evidence to back up the
 
recommendation that co-ethnics from the 
same locale be settled within
 
the same community, one 
advantage of large scale settlement is that
 
there is room for 
a range of ethnic groups within the settlement as a
 
whole. In terms of spatial arrangements, it makes sense for co­
ethnics to be clustered around their own rural service centers.
 
Mixing between adult members of different ethnic groups would then
 
occur at the next level in the settlement hierarchy - that of the
 
rural town where their children, for example, would mix in junior and
 
senior secondary schools.
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7. Land.Acquisition. Land Tenure. and Land Use
 

In terms of fairness to both hosts and
 a. Land Accuisition. 


settlers alike, land acquisition must be carefully undertaken before
 
to reduce the incidence of subsequent
so as
the first settlers arrive 


some disputes are almost inevitable. In
 
Even then,
land disputes. 


land acquisition and adjudication policies 
tend
 

spite of this, formal 

to be neglected by settlement planners until 

after conflicts occur.
 

No generalizations are possible
b. Land Tenure and Land Use. 


as to the relative merits of individual versus communal control and
 

Rather the key factor is working out a form of
 cultivation of land. 

tenure which provides sufficient security to the settler family to
 

encourage members not only to maintain their allotment but also to
 

make permanent improvements, and to develop 
a form of cultivation
 

Within these limits many possibilities
which the settlers support. 

including family cultivation and control of 

land, family

exist ­
cultivation and settlement agency control of 

land, family cultivation
 

and communal control of land, and communal cultivation and control of
 

There is little doubt, however, that the majority of settlers
 land. 

in the tropics and subtropics prefer family 

cultivation and control of
 

land. So do the majority of settlement scholars who expressed
 

themselves on this matter.
 

Settlement agencies, on the other band, tend 
to shy away from
 

granting titles to settlers'(even where promised), preferring tenancy
 

type arrangements based on annual or longer 
term leases which
 

theoretically can be terminated at the discretion 
of the settlement
 

This preference for tenancy arrangements and for long term
 
agency. 


can be largely explained in terms of two government
purchase options 

a concern for maintaining certain agricultural
 concerns. The first is 


goals which the settlement agency fears will not
 production goals 
 The second is
 
be met if settlers have full title to their land. 


concern that settlers will sell their land to 
speculators, hence
 

-- or they will subdivide it
 interfering with social equity goals 


among heirs, hence interfering with production 
goals.
 

Both of these concerns appear exaggerated when 
compared with
 

the problems associated with lack of settler security 
over land
 

to suffer where the
 
tenure. Productivity, for example, is more apt 


settler has a disincentive to produce and to make 
permanent
 

tenural insecurities, while subdivision may
improvements because of 

- many 3.nstitutional
 

occur because of inability to obtain credit 


donors requiring land title for collateral. Finally, on a
 

the more successful settlements, settler
 disproportionate number of 


families own their land.
 

For such reasons as the above, settlement scholars tend to
 

While they also suggest that
 favor granting land titles to settlers. 


safeguards be institutionalized to reduce land sales and subdivision,
 



31
 

I suspect that the best measures are ready availability of credit' and
 
the development of nonfarm employment for absorbing the second'
 
generation.
 

8. Target Income and Settlement Pattern
 

Though target incomes need be carefully thought out in each
 
case, a starting point for consideration is either the average

national income per employed person or the average income per person

employed in the rural sector.
 

As for settlement pattern, the general consensus favors a

nucleated settlement. Although a dispersed pattern does not preclude

integrated area development, as shown by the Northern Parana case, it

does make it more difficult to provide a wide range of production

oriented services as well as social services.
 

9. Size of the Household Plot
 

A strong argument can be made for not reducing the household
 
plot below a size which can support various economic activities for

various family members (especially the wife), which can accommodate
 
some family livestock, and which will allow extra rooms to be added as
 
new family members appear.
 

VII. BASIC ISSUES ASSOCIATED WITH STAGE TWO [The Transition Stage]
 

A. THE DROPOUT PROBLEM: ILLNESS AND INDEBTEDNESS
 

During the early years of settlement, it is not unusual for
 
relatively large numbers of both spontaneous and government sponsored

settlers to drop out. Though there is 
no quantitative data as to why

settlers leave their new homes, case studies indicate a variety of
 
reasons. 
 Of these, misfortune appears to be a more common explanation

than deficiencies on the part of the settler family. 
Two types of
 
misfortune are mentioned time and again. 
 These are illness and
 
indebtedness, with the first not infrequently leading to the second.
 

Indebtedness can occur for a variety of reasons, including

illness and death, crop failure, such social events as weddings, and
 
fiscal mismanagement. Because of the general absence of other forms
 
of credit, indebtedness is usually to local moneylenders. Though

their credit is better than none, it is usually provided at very high

interest rates so 
that debtors may find it virtually impossible to
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meetrne~r oect servcng responsibilities, with the result that they
 
either sell out or 
ha'e their land taken over by their-creditors.
 

B. DEPENDENCY A1D SUBSIDIZATION'VERSUS PAYING FOR DEVELOPMENT
 

1. Dependency
 

While spontaneous settlers frequently suffer because of
 
inadequate government assistance, the amount of assistance and the way

in which it is delivered to sponsored settlers may cause them to
 
become dependent on the settlement agency. Dependency is undesirable
 
for a number of reasons. First, it delays the arrival of Stage Three
 
and reduces the development potential of new lands settlement by

curtailing settler initiative. 
 Second, where settler organizations do
 
form, there is 
the danger that their activities will be
 
disproportionately concerned with settlement agency-settler
 
organization relationships. 
 Third, settler dependency increases the
 
financial cost of settlement since the settlement agency must retain a
 
large staff and continue carrying out 
a range of activities which
 
could otherwise have been handed 
over to local management. The best
 
way to avoid these disadvantages is 
to attempt to involve the settlers
 
in settlement decisionmaking and management at 
the very start.
 

2. Subsidization, Food Aid, and Paying for Development
 

While subsidization of settlers should be kept 
to the absolute
 
minimum at 
all times, during the initial years of settlement special

assistance may be necessary. This is especially the case in regard to
 
worker/settler programs where the settlers need shelter, water, and
 
food while preparing the settlement area. It also applies to cases,
 
of which there 
are many, where it is unlikely that settlers will be
able to meet their food needs during the initial months or years of
settlement.
 

In all such cases planners should carefully assess ways to
 
help the settlers become self-sufficient at the earliest possible

moment with the least danger of a settler-settlement agency dependency

relationship developing. 
 Special attention should be given to
 
procedures which enable the settlers to plant customary food crops

while the official farming system is being developed. More often than
 
not, however, governmental aid will be necessary until the first
 
adequate harvest occurs. A number of options are 
available here
 
including food aid (both national 
and World Food Programme), wage

labor on the scheme, and subsistence allowances until settlers are
 
self-.-upporting. 
 Where there is a choice, in my experience government
 
provided food for work produces the best results, provided it is
 
distributed in a timely fashion. 
The trouble with a food allowance is
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that family health may suffer if there is insufficient food for 
local
 

purchase prior to the first harvest, if food prices are 
seriously
 

As for
 
inflated, or if the allowance is spent for 

other purposes. 


wages, the risk there is that the settlers may come 
to see themselves
 

owner/operators

laborers on a government farm rather than 

as 

as 

preparing their future holdings.
 

some form of food aid/wages/allowances usually 
are
 

While 

sponsored settlements, other types of
 necessary for a while on 
 As a general


subsidization should be avoided wherever possible. 


proposition, settlers should be taxed to the extent that at the very
 
Whether or not they can
 recurrent project costs.
minimum they pay for 


be expected to eventually repay the government 
for capital investment
 
As for recurrent costs,
will depend on the nature of that investment. 


these should be covered by land development and/or 
water taxes which
 

are carefully explained to the settlers from 
the start.
 

C. ORIENTATION
 

Whether in the form of orientation or extension, 
settler
 

one of the weakest aspects of government sponsored
training is 

settlement programs. Orientation virtually never occurs; in fact,
 

among our cases I am aware of only one where a 
carefully thought out
 

orientation program has been executed which is 
separate from
 

This is the San Julian (Bolivia) settlement orientation
 extension. 

program. Heads of newly recruited settler families are brought
 

together to the settlement area where they work communally to prepare
 

cultivate as individual families,

the land that subsequently they will 


and to build family housing. Throughout the four-month period they
 

receive orientation and special training.
 

D. EXTENSION
 

Throughout the tropics and subtropics the large majority of
 

settlers are unfamiliar with their new habitat at the time 
of their
 

are to avoid costly mistakes and a lengthy
arrival. Clearly if they 

crucial. We
 

period of adaptation, both orientation and extension are 


have already seen that orientation programs are virtually nonexistent
 

in regard to new lands settlements. As for extension, of the thirty­

six government sponsored settlements on which we 
have sufficient
 

(53 percent) extension services were
 information, in nineteen cases 

(11 percent)


either nonexistent or minimal, and in only four cases 

one of those cases they
 

were they good to excellent in quality (and in 


were inadequate in regard to availability). In regard to ten
 

spontaneous settlements on which we have adequate 
data, on nine (90
 

either nonexistent or minimal.
percent) extension services were 
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ent sponsored settlement.
 In spite of the fact that most governm
 

are planned and implemented as agricultural 
production schemes,
 

areas 
 the necessary early
 
data fro= the global evaluation show 

that most of 


viable farming systems are absent
 inputs into the implementation of 


These include soil surveys and research 
based
 

most of the time. 


extension services.
 

Though there is no easy solution to the extension 
problem, some
 

sense

First, the advice extended must make 
can be given.
guidelines 


economically as well as 
technically in the context of the settlers"
 

Second, advice must be presented to 
the
 

systems.
farming system or The
 
settler family in a consistent fashion and in the right way. 


logical approach to the second guideline 
is a unified extension
 

one field agent responsible for advising 
settlers in
 

service with 

the entire farming system (with back up 

advice provided by
 
regard to 
 irrigation

specialized technical officers at the 

district, section, or 


system level). Presenting extension advice in the right way refers
 

to how the extension agent approaches 
the settlers but also
 

not. just 

to the sex of the agent. A frequent planning weakness of new lands
 

are apt to put more stress on the farmer
 settlements is that planners 

Not only is the agricultural role of
 the farm family.
rather than on 


women apt to be ignored, but agricultural extension personnel often
 

are exclusively male.
 

service for extension
 
A third guideline relates to terms of 


whose morale is frequently low because 
of inadequate


personnel -­

salaries, inadequate opportunities for 
advancement, inadequate
 

housing, and inadequate local transport.
 

A14D TRAINING CO.M1NITY EXTENSION
COURSES FOR SETTLERSE. 
AMONG SETTLER FAMILIESAGENTS FROM 

The British introduced farmers' training 
centers in their
 

former colonies, while the French paid special 
attention to training
 

unpaid village volunteers who were selected 
by their fellow village
 

training are applicable to new lands
 farmers. Both types of 

the nature of the
 

settlements though the actual mix will depend 
on 


settlement as well as on the nature of any orientation and extension
 

programs.
 

SETTLER ORGAN4IZATIONS
F. LOCAL PARTICIPATION A]VD 


that project success is
 
It is becoming increasingly clear 


In their Strategies for
 
associated with active local participation. 


An Emnirical Study of Rural Development
Small Farmer Development: 
 their primary

Projects, Development Alternatives (1975) stated as 


success, the small
 
findings that "to maximize the chances for project 
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faime: should be involved in the decisionmaking 'process 
and should
 

a resource commitment to the project"
also be persuaded to make 

(Executive summary:l). Generalizing for irrigation projects,
 

the local level, countries with the most
 
Radosevich states that "at 


successful irrigated agriculture )-ve adopted 
some form of Water User
 

the effectiveness of which appears to increase
 
Association" (1979), 
 or within a river
 
where federated up to the irrigation systems 

level 


Dealing more speifically with settlement, there 
is the
 

basin. 

impressive accomplishments of the San Juan flood refugees in Bolivia,
 

whose local action greatly facilitated their settlement and served as
 

model for the San Julian orientation program.
a 


Granted the lack of social integration which so often
 

characterizes new lands settlements, settlement agencies 
should be
 

prepared to facilitate the development of settler participatory
 

organizations; indeed, the importance of these in terms of stimulating
 

development and avoiding dependency is such that 
their creation should
 

be built into the enabling legislation establishing 
settlement
 

authorities.
 

wide variety of training programs
Especially important are a 


for training leaders and staff of community 	farming associations,
 
Here a word of warning is
 water user associations, and cooperatives. 


a danger that such training programs may
needed since there is 

or her peers who subsequently view the
 separate the trainee from his 


trainee not as representing their interests but 
rather the
 

As for the scope of settler organizations which are
 government's. 

encouraged by government and other agencies, it is especially
 

important to not overload them with too many functions.
 

G. SHORT AND MEDIUM TERM CREDIT
 

one of the most difricult policy issues
The issue of credit is 

areas. U ough there may be no
 associated with new lands settlement 


on settlement projects where credit is easily
correlation, nonetheless 

available through government channels, there is 

also apt to be a
 

degree of settler dependency which may retard fiscal 
responsibility
 

On the other hand, case
 and initiative within the settler family. 
 cause
inadequate institutional credit can
after case shows that 

settlers to lose their land, especially following a wide range 

of
 

In other words, there are special circumstances 
where
 

misfortunes. 

credit is needed if otherwise satisfactory settlers 

are going to
 

survive as settlers.
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I.. The TyPe of Credit
 

For settlers, the primary need is for short term credit during
 

the first few years, although medium term credit may be equally
 
are based on animal traction.
important where farming systems With
 

most farming systems, however, the need for medium term credit
 

increases as the focus of the settler family shifts increasingly from
 
This trend
production for consumption to production for the market. 


should not conceal the probability of an ongoing need for short term
 

deal with shortfalls in production and family
credit not just to 

misfortunes but also to deal with such seasonal activities as
 

purchasing fertilizers and pesticides and recruiting labor for
 

weeding, harvesting, and other activities.
 

As for small and medium scale entrepreneurs, their need is more
 

start up businesses, although
apt to be for medium term credit to 


small provisioners may need credit for replenishing inventories.
 

2. Individuals as Sources of Credit
 

Though
A major function of local elites is to provide credit. 


they provide an important service here in the absence of alternate
 

credit, it is usually provided in a patron-client
sources of 

profit at the expense
relationship which often enables the patron to 


of the client. Another noninstitutional source of funds, and one
 

which should be encouraged since it helps develop fiscal
 

responsibility, is the informal rotating savings association or
 

tontine.
 

3. Institutional Sources of Credit
 

There are many possible institutional sources of credit, which
 

can be divided into four general types. These are settlement agency
 

sources, other government agencies (such as agricultural banks aud
 

agricultural finance corporations), private banks, and settler
 
organizations.
 

a. Settlement Avencies. Though one of the more reliable
 
sources, settlement agency credit is not without its problems. First,
 
it tends to be tied to a limited number of cash crops in which the
 

settlement agency has a major interest. Often these are export crops,
 

with the ready availability of such limited credit interfering with
 

farming system diversification. Second, the credit may only be
 

available 	for a limited range of activities. Third, restrictions on
 

on funds, often curtain the credit to a relatively
availability, or 

areas with a major credit
small proportion 	of settlers even in project 
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component. Fourth, the ready availability of credit through
 
centralized or even decentralized settlement agencies can increase
 
settler dependency at the expense of settler initiative.
 

In spite of such limitations, settlement agencies are a
 
crucial source of credit during the start-up period of new lands
 
settlements, when other types of credit institutions are either
 

case of settler institutions,
hesitant to become involved or, in the 

are not yet sufficiently organized.
 

b. Other Government Agencies and Private Institutions.
 
Throughout the world a variety of national goverment agencies make
 

The main limitations associated
available credit to small farmers. 

with such credit are the lengthy bureaucratic procedures which the
 
settlers must follow and the limited funds available. Whether in the
 
form of cash or kind, the credit may be received after the deadline
 
for its use. The possibilities for involving private banks in credit
 

programs for new lands settlements are greater than usually realized,
 
with the result that they are an underutilized source of funds.
 
Private banks tend to hesitate to become involved with small holder
 
agriculture for a variety of reasons, including lack of collateral to
 
secure a loan, the administrative costs of processing many small loans
 
as opposed to a smaller number of larger ones, and low repayment
 
rates. There are imaginative approaches, however, which can be used
 
to solve these problems such as providing loans only to settler
 
organizations rather than to individuals. In Sri Lanka, Hatton
 
National Bank, Ltd. has been given a monopoly on supplying credit to
 
small holders in H-5 on the basis of an earlier experiment during the
 
1970s whereby they provided credit to farmers on a small scale
 
settlement.
 

c. Settler Organizations. The global evaluation suggests
 
that one component that not infrequently is associated with more
 
successful settlement areas is settler organizations which provide
 
credit for their members. Possibilities include savings and thrift
 
associations, cooperatives, water user associations, and community
 
farm associations.
 

4. Interest Rates
 

These must be attractive enough to secure the participation of
 
private banks and ensure the fiscal viability of other institutions
 
allocating credit. What evidence is available suggests that settlers
 
are willing and able to pay such rates, especially if we bear in mind
 
their willingness to receive credit from individual moneylenders at
 
much higher interest rates.
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A word of caution, however, is needed here which once again 

emphasizes the initially poor information base dealing with new lands
 

settlement areas and the high exposure to risks from crop failure
 
Such risks need be more carefully
during the first few years. 


especially high, the need may
calculated by planners. Where they are 

major
be more for a food aid program during the first few years than a 


credit program, although again some settlers will need credit to cope
 

with such special circumstances as the severe illness of the family
 

head.
 

5. Repayment
 

tend to be better where settlers are required
Repayment rates 

to market their crops through the project and where incentives to do
 

are high enough to forestall the development of too large a black
so 

market. Repayment also would appear to be better where loans are
 

given through a settler organization which vouches for loans to
 

members.
 

In sum, data from the global evaluation supports the
 

Development Alternatives conclusion that factors associated with a
 

good repayment rate include "group rather than individual credit
 

liability; and compulsory marketing through an organization
 
Under such circumstances,
established by the project" (1975:24). 


however, it is important that credit be available for farming systems
 
one or two crops.
diversification rather than just for 


6. Eviction of Settlers
 

Even where careful recruitment procedures are followed,
 
settler families will prove to be unsatisfactory
inevitably some 


farmers. This should be anticipated, with minimum standards of
 

adequacy carefully worked out and explained to settler families as
 

they are recruited.
 

VIII. 	 BASIC ISSUES ASSOCIATED WITH STAGES THREE AND FOUR
 
[Economic and Social Development; Handing Over and Incorporation]
 

A. MANAGEMENT 

1. Introduction
 

A major conclusion of the global evaluation is that new lands
 

settlements cannot stimulate a process of integrated area development
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without major external assistance - the lack of such assistance 'being­
perhaps the major reason why spontaneous settlement has been so 
unsuccessful as a development intervention. The primary source of 

such assistance is government agencies. 

Having emphasized the need for government assistance, it is
 
also important to emphasize that inadequate government assistance and
 
management capabilities may also become the major con.straint facing
 
settlement development. Partly for this reason it is important to
 
stress the need for combining government initiative with local
 
participation, and with private sector and private voluntary
 
organization cooperation. Creating viable new lands settlements is a
 
complicated ongoing task, with case after case indicating that where
 
government agencies attempt to go it alone, they are apt to become a
 
constraint on the very development that they are supposed to foster.
 

2. 	Centralized and Autonomous Government Management
 
Aeencies Versus Coordinating Agencies
 

The conventional wisdom is that large-scale settlement
 
projects are best carried out by autonomous specialized or national
 
settlement agencies. While such centralized agencies are parastadals
 
established outside the normal departmental structure through special
 
statute, coordinating agencies tend to be incorporated within a
 
particular government ministry or department.
 

a. Parastadal Management Agencies. In theory parastadals
 
have the flexibility to plan, implement and manage through time the
 
complicated components associated with settlement and integrated area
 
development whereas government departments do not. At least at the
 
beginning they also are apt to have considerable political support
 
which is translated into funds, personnel and influence. Powerful
 
autonomous agencies are also in a stronger position to lobby for
 
additional resources and to protect settlers against outside
 
interests. To attract staff such agencies also tend to olfer higher
 
salaries, hence achieving better staff quality and continuity.
 

Though the strengths of parastadal settlement agencies have
 
received considerable emphasis, less attention has been paid to their
 
weaknesses. Three types of weaknesses, linked to an extent, appear
 
with relative frequency. The first is an increasing inability to
 
service the settlement area as time goes by, while the second relates
 
to poor relationships with other government departments. The third
 
relates to an inability to hand over managerial responsibilities to
 
settler organizations, rural and municipal councils and other
 
government agencies. This tendency to resist devolution increases the
 
risk that the settlement bureaucracy will become more inefficient as
 
the 	years go by, especially if political influence wanes with time, so
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fhit financial resources are cut and the better staff seek more 
rewarding job opportunities elsewhere. 

While there are no easy solutions to the weaknesses outlined
 
above, two types of approach exist -- the one political and the other
 
based on budgetary inducements and constraints. Both have the same
 
goal -- to force parastadal settlement agencies to share power not
 
just in the interests of efficiency but also in terms of facilitating
 
integrated area development.
 

While political pressure from settlers does not appear to be
 
an effective mechanism at this point in time for pressuring parastadal
 
settlement agencies into handing over more managerial
 
responsibilities, budgetary inducements and constraints would appear
 
more promising. Budgetary constraints, for example, could be built
 
into annual reviews in such a way that certain funds would not be
 
allocated if it appeared that insufficient effort was being made to
 
honor timetables relating to handing over and incorporation goals.
 
The international community of donors could apply pressures here by
 
allocating funds to appropriate institution building and training
 
progra=s for local organizations, by more carefully monitoring their
 
use, and by justifying different approaches on the basis of experience
 
elsewhere.
 

b. Coordinating Settlement Aeencies. The main advantages of
 
using an existing government department to play the lead role in
 
coordinating the settlement process relate to the later stages of the
 
settlement process, and especially to handing over and incorporation.
 
Both actions are less of a problem simply because the various
 
departments being coordinated are usually the ones to which an
 
autonomous settlement agency would hand over responsibility.
 

The weaknesses of using an existing department or ministry to
 
coordinate the development of a new lands settlement relate to
 
problems of flexibility and of influence. As Dalton (1981) has
 
pointed out for area development projects, the coordination of complex
 
development efforts involving many agencies is an incredibly difficult
 
task demanding "an enormous and steady series of efforts directed at
 
fostering communication and understanding among policymakers,
 
technocrats and technicians," not to mention politicians and leaders
 
of local organizations.
 

Two types of solutions to the above weaknesses suggest
 
themselves, the first being institutional and the second budgetary.
 
At the national level, the coordinating agency's influence and
 
political clout could be enhanced if the coordinating committee
 
reported directly to a prominent cabinet subcommittee or even directly
 
to the vice-president or president himself. As for the local level,
 
clearly local government agencies should be involved along with the
 
participating government departments while at the district level, the
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senior district political official in most cases would be the logical
 

person to chair the coordinating committee.
 

As for budgetary solutions, here funds could be allocated to
 

the coordinating agency to "encourage" participating agencies to carry
 

out activities that fall within their sphere of influence but which
 

they may have neither the motivation or the staff, equipment and
 

finance to carry out.
 

B. 1ARETING FACILITIES AND SETTLER RUN COOPERATIVES
 

Marketing facilities include appropriate handling and storage
 

facilities on the settlement and transport from the farm to the market
 

either direct or via government or private sector marketing agents.
 

Sponsored or spontaneous, marketing inadequaciec are
 

associated with the majority of settlements on which we have data.
 
are
Uhether related to availability or cost, frequently these 


associated with inadequate feeder and settlement access roads, with
 

the result that the settlers have to pay exorbitant prices to
 

marketing agents to pick up their crops at the farmgate, have to hire
 

laborers and transport to carry produce to the nearest government or
 

cooperative depot, or have to use their own labor and transport.
 

In discussing possible solutions to marketing inadequacies
 

from the settlers' viewpoint, it is important to emphasize that
 

private traders, like money lenders, provide an invaluable service -­

at a high price - in the absence of other alternatives. Granted the
 

complexity of the settlement process, and the difficulty of government
 

sponsored agencies providing, at a lower price, equally efficient
 

services, settlement planners should seriously consider providing
 

alternative options to settlers as opposed to a strategy which
 

attempts to give government marketing organizations a monopoly from
 

the start by excluding both private traders and settler organizations.
 

While some government marketing organizations are very
 

efficient, the majority may well be counterproductive in terms of new
 

lands settlements initiating a process of integrated area development.
 

There are three reasons for this. First, concentrating on one, or a
 

small number of crops, such organizations act as a constraint on
 

farming systems diversification. Second, while often evening out
 

price fluctuations, prices offered settlers tend to be low 


government marketing boards being a major mechanism whereby farmers
 

are "taxed" to subsidize the development of the urban-industrial
 
sector (Bates, 1981). Third, they are often highly inefficient, with
 
dtlayed pickup of crops and delayed payouts.
 

Effective solutions to marketing problems often must provide
 

not just prices, marketing facilities, and pickup and payout schedules
 



which meet settler needs, but also help remove other constraints which­
increase settler dependency on private traders. Credit is'a case in
 
point.
 

Although a number of cases, including the Northern Parana one,

indicate that the private 
sector can provide adequate marketing

services without competition from gover~ent and settler run
 
organizations, we have argued throughout that settler participation is
 
associated with project success. The emergence of settler run
 
cooperatives is a major way to foster that participation. Indeed,

during the global evaluation we came across a number of efficient
 
settler run cooperatives which were able'to outcompete private traders
 
by offering members a better price and a range of other services.
 

C. ECOLOGICAL IMPACTS OF VZEW A1UDS SETTLEMENT
 

Of special concern is the replacement of highly diversified
 
humid tropical rainforests with less productive cropping systems.

Especially serious in Latin America because of the emphasis placed on
 
conversion of humid forest to grassland for ranching, the elimination
 
of primary rain forest is also occurring at a rapid rate throughout

tropical Asia and in West Africa. Of concern is 
not just the removal
 
of the forest cover but also the techniques being used for land
 
preparation, with mechanical clearance more apt to remove the top soil
 
and cause adverse compaction than hand clearing.
 

Another problem in the humid tropics as well as ia savanna
 
environments is declining soil fertility occurring over both the short
 
and long run. In arid and semi-arid lands, adverse ecological impacts
 
are more apt to relate to problems of salinity and water logging,
 
coupled with declining fertility. A major problem relates to
 
inappropriate farming systems for each agro-ecological zone. In terms
 
of corrective action, a good starting point 
is the more diversified
 
farming systems of host populations which are characterized by

multicropping and interplanting, with both leading to a more intensive
 
form of land use which is not carried out at the expense of soil
 
fertility.
 

D. RESEARCH
 

Many of thp conclusions in this study are based on a
 
relatively small number of studies. They need testing against the
 
results of further research. There is a special need for farming

systems research, for research on the multiplier effects of new lands
 
settlements, and for research dealing with the later stages of the
 
settlement process.
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There is a special need for experimental research, for topical
 

research, and for long-term comparative research. Of these three
 

general types, experimental research will deal in large part with
 

It should be based at agricultural
appropriate farming. systems. 

research stations, provided the linkages to universities and other
 

not restricted
 
research centers exist to ensure that such research is 


to agronomic and technical components alone.
 

As for topical and long-term comparative research, a strong
 

can be made that at least part of this research should be
 argument 

carried out by settlement agencies themselves.
 

IX. AN IDEAL SETTLEMENT PROCESS 

has a yet to be realizedGovernment sponsored settlement 
potential to catalyze a proces; of integrated area development 

in
 

carefully selected portions of the tropics and subtropics. For while
 

planners overestimate the magnitude of rates of return during the
 

first five years, they underestimate the long-term potential. This
 

potential relates to both irrigation-based and rainfed farming
 

In stating this I do not wish to give the impression such
 systems. 

The majority of government
potential will be easy to realize. 


sponsored settlements cannot be considered a success in terms 
of
 

either direct or indirect benefits. Furthermore, they are fraught
 
the major risk takers. For


with problems for the settlers who are 


example, of forty sponsored settlements on which we have sufficient
 

data, the majority were characterized by three or more major 
problems
 

at the time of study, major problems including such factors as settler
 
lack of fertilizers
dependency; on-farm problems due to poor soils, 


and credit etc.; inadequate infrastructure; and institutional 
problems
 

relating to inadequacies on the part of the settlement and other
 

government agencies.
 

Such problems are not easily solved especially by government
 

organizations with annual funding and relatively short-term 
horizons.
 

For that reason they should be amenable
But they are not intractable. 

to solution through more careful planning, implementation, 

management
 

and evaluation.
 

The paragraphs that follow outline the distinctive features of
 

This is not presented as a new prototype
an ideal settlement process. 

Rather it
 or "model" to be superimposed on a particular area. 


-- drawn from many
represents a composite, based on features 

which would appear to increase the
settlement experiences --

These features have never been combined in a
 possibility for success. 


single case so that little can be said about bow they would fit
 
Furthermore, because of the


together and evolve through time. 


distinctiveness of national ideologies and development policies, of
 

the background and experiences of prospective settlers, and 
of the
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differential nature of agro-ecological zones, some features of the
 
composite would be inappropriate. Notwithstanding these cautions, we
 
know enough now about the settlement process that the presentation of
 
a ideal settlement "model" can help national and international
 
polic)-makers and planners, administrators, settlers and other
 
settlement participants improve the planning, management,
 
implementation, and evaluation process. At the very least, planners
 
should consider the appropriateness of the "ideal" and not introduce
 
major variations unless these are based on convincing reasons.
 

The major goal of an ideal settlement process is to catalyze a
 
process of integrated area development with growing linkages between
 
the agricultural and the industrial sectors within the settlement
 
area. Though initially the settlement population numerically is
 
dominated by settler famnilies, as the settlement area evolves the
 
proportion of far= laborers and of nonfarm wo:..rs increases tintil
 
eventually nonfarm workers employed in rural service centers, rural
 
towns, and urban areas predominate. To reduce financial costs and the
 
type of organizational inadequacies which so often dominate sponsored
 
settlements, careful attention should be paid from the start to the
 
proper balance between settlers and other settlement residents, the
 
private sector, and the public sector in the provision of inputs
 
required for settlement success.
 

To realize such a gfal, settler families must number in the
 
thousands. Appropriate farming systems should be sufficiently
 
diversified to provide economic opportunities to all family members to
 
realize a net income high enough to stimulate demand for a wide range
 
of 'roduction and consumption goods and services which can be locally
 
provided, and to produce a variety of agricultural commodities for
 
meeting the food needs of farm laborers and nonfarm workers, and for
 
stimulating the emergence of agro-industry. Within the farm system,
 
special emphasis should be placed on the crop and livestock but not
 
the off-farm components.
 

From the start there should be major government involvement,
 
with very careful attention given to how government inputs can be best
 
provided through time in terms of organizational structure. Where a
 
special or national settlement agency is involved, mechanisms should
 
be built into its enabling legislation or terms of reference which not
 
only encourage the handing over at appropriate times of certain
 
managerial and other functions to the decentralized departments of
 
relevant ministries, rural and municipal councils, and local and
 
participatory agencies, but also include fiscal and other mechanisms
 
to insure that such handing over occurs. Where a decentralized form
 
of administration is established with one agency responsible for
 
coordinating the activities of other agencies, that agency should
 
report to a high enough authority (a council of ministers, perhaps, or
 
the vice president, prime minister, or even president) to ensure
 
compliance from other cooperating agencies in the achievement of
 
clearly stated settlement goals.
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Thorough planning should precede implementation, with
 
fdasibility studies including climatic, soil and hydrological surveys
 
of potential settlement areas, and socioeconomic surveys of the land
 
tenure, land use, and sociocultural systems of the host population.
 
Once specific settlement areas are selected, more detailed soil,
 
hydrological and host-oriented studies should commence, and
 
appropriate agricultural expeiiment stations, with a farming system
 
(as opposed to a crop specific) orientation, should be established.
 
The settlement type should attempt to include host, spontaneous, and
 
government sponsored "outsider" settlers not just as mechanisms to
 
provide opportunities for all three populations and to tap into the
 
enterprise and initiative of the spontaneous settlers, but also to cut
 
the financial costs of the settlement process. For settler
 
recruitment, both spouses should be interviewed and settlers with a
 
mix of farm and nonfarm skills should be selected.
 

All types of settlers should be encouraged to settle in
 
nucleated co=unities in which household plots are large enough for
 
women to grow vegetables and fruits and raise some livestock and for
 
the second generation heir to build a home next to that of his/her
 
parents. These communities should be articulated to a carefully
 
planned and hierarchically organized network of higher order service
 
centers and townships which should incorporate existing commercial
 
centers wherever possible, and which should be planned with the needs
 
of both settler and nonfarm resident (including government officials)
 
in mind. Orientation courses for at least a minority of settlers
 
(with some drawn from each community) should be undertaken as soon as
 
possible after the arrival of each phase of settlers.
 

The provision of infrastructure should be phased, with initial
 
emphasis on roads; potable water (and water for irrigation where
 
relevant); preventive medical services (malarial control, for
 
example); appropriate research-based extension advice; and credit.
 
Generally speaking, settlers should be responsible for building their
 
own houses, although in certain agro-ecological zones it may be
 
necessary for government to stockpile local building materials.
 
Throughout, initial government inputs should be targeted to achieve
 
economic and social viability of settler communities at the earliest
 
possiblc moment so as to facilitate the shift from the second stage of
 
transition to the third stage of socioeconomic development.
 

Economic assistance should have priority over social
 
infrastructure and housing -- while the provision of such social
 
infrastructure as schools, clinics and other community services should
 
have priority over housing, which is best left to settler initiative.
 
Under economic assistance I have selected out roads, research-backed
 
extension services, and credit for special emphasis during the initial
 
years because of their inadequacy, time and again, in settlement
 
planning and implementation. Properly maintained access roads are
 
crucial not only to move inputs into the settlement area and produce
 
out of it, but also to reduce the sense of isolation from the point of
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view of the settlers. Appropriate research-backed extension advice is
 

needed for both production related and ecological reasons, while
 

credit is crucial from the start if the failure or "drop-out" of
 

settler families and the risks of land consolidation in the hands of a
 

few are to be reduced.
 

There is increasing evidence that production increases and
 

in connection with rural development is closely
project success 

correlated with the participation of local beneficiaries in the
 

For this reason, special emphasis need be placed
development process. 

on how best to involve the settlers in the preparation of the lands
 

that subsequently they will be farming and to facilitate the emergence
 

of settler dominated local organizations during the early years of
 

implementation. In the case of such organizations as water user
 

associ.tions, coxamunity organizations, and cooperatives, these should
 
as to increase
be encouraged to federate up to the project level so 


to organize community labor for development
their capacity not only 

purposes and to express settler neecs but zlso to enable the local
 

population to compete more effectively for scarce resources at the
 

district, regic-nal, and even national level.
 

Though marketing facilities usually are not crucial during the
 

initial years when many settlers are struggling to achieve self­

as soon as settlers begin to produce
sufficiency, they become crucial 


for both local, regional, and national markets. As defined here,
 

marketing facilities include those for both storage and
 

transportation. These can be provided by a wide range of
 

nature of which need be worked out in each
organizations, the exact 

the level of the
instance. The need for market centers right up to 


regional town increases as the settlers begin to shift from a Stage
 

orientation. At that time implementation of a
Two to a Stage Three 

policy to develop rural service centers and rural towns should be
 

the provision of credit for
accelerated through such mechanisms as 

At the same time, efforts should 	continue to make
business loans. 


the owners of
rural towns attractive places to 	live not just for 

employees but also for settlement
commercial enterprises and their 


agency and other government officials. This can be done through the
 

construction of appropriate housing (in contrast to the policy for
 

settlers) and the phased upgrading and provision of educational and
 

medical facilities, post and banking services, and recreational
 

with the upgrading of existing ccnmaercial centers
opportunities ­
favored over the construction of new towns wherever possible.
 

the settlement
General prescriptions become more difficult as 

the development process becoming
area evolves, with the dynamics of 


more complicated. As more and more factors come inno play, with
 

ongoing shifts in their proportional importance, policy prescriptions
 

on an ongoing process of monitoring and evaluation
which are not based 
become more difficult. But a capability for carrying out ongoing 

monitoring and periodic evaluations should be present from the start 
one set of probles in itself
since the identification and solution of 


i ;~. 
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can lay the basis for new problems. As the settlement area evolves,
 
new constraints and strengths 
can be expected to continually arise.
 
Rural/urban terms of trade at the national level may shift in such a
 
way that they effect the settlement area either adversely or

favorably. 
New health hazards (such as schistosomiasis in the case of
 
irrigation projects) may sap settler vitality, while the proliferation

of rats, wild pigs, and a 
wide range of insect pests; the appearance

of new diseases of crops and 
livestock; and major environmental
 
changes (owing to increased land degradation and riverine siltation,
 
or to an increased incidence of frost or drought) can bring on major

setbacks. Though monitoring and evaluation 
can not be expected to

identify all problems before they reach critical proportions, properly

done it 
can easily pay for itself in terms of what problems are
 
identified and then acted upon in a timely fashion.
 

One function of monitoring and evaluation is to ascertain the
 
appropriate time for handing over 
certain managerial responsibilities

from the settlement agency or agencies to settlers and local
 
government institutions. 
 This, of course, requires monitoring and

evaluating the capabilities of those institutions - with weaknesses
 
identified so that they can be offset by appropriate training and
 
other assistance, and strengths also identified so that they can be

built upon. Though aspects of centralized management may have to
 
continue where settlement is part of large-scale river basin
 
development projects or major systems of irrigation, this is not
 
necessarily the 
case even there. It is still less necessary during

Stage Four in the case of settlement based on rainfed systems of
 
agriculture.
 



Minutes of the Oct. 31 - Nov. 1, 1978 RAC Meeting
 

The Development Potential of Agricultural
 
Settlement in New Lands - Institute :for .-
Development Anthropology
 

The report of Dr. Montgomery, Chairman of the 

subcommittee that included Drs. Anderson, Falcon, Tanter 

and Thorbecke, is summarized below: 

The subcommittee is in agreement, with regard to 

the merit of the proposal and the excellent qualifications 

of the principal investigator. There is some disagreement 

on what the ultimate disposition of the proposal should be.
 

The question that has been posed is whether it
 

is possible to examine the experience governments have had
 

in resettlement schemes so that performance in future
 

resettling efforts can be improved.
 

The proposal is to study four types of resettle­

ments: (1) spontaneous migration unaided by government,
 

(2) spontaneous migration aided by government, (3) migration
 

that is initiated by government through the selection of
 

sites and the provision of inducements to migrate and (4)
 

compulsory resettlement. The investigator would examine
 

the behavior of settlers in each of the typologies after
 

relocation. This behavior is believed to follow a pre­

dictable pattern where in the first stages the relocated
 

population becomes resistant to innovation and risk and
 

skeptical of government involvement. After economic
 

self sufficiency is achieved the acceptance of change is
 

greater.
 



A weak point in the argument is that there is also a 

need to analyze the nature of the, stresses experienced 

by the settlers after relocation. These should be better 

understood to help governments respond in a timely manner 

to the needs of these people. 

Timing of activities proposed under the project would 

be as follows: (1) a three month literature search, (2) 

two months of field trips to observe some of the re­

settlement schemes, (3) one month of additional travel 

for professional contacts and (4) five months to write the 

report and prepare a manual from the analysis.
 

The principal investigator would carry out these
 

activities while on sabbatic. However, this project as
 

designed is bigger than is appropriate for sabbatical.
 

The subcommittee agreed that the project in its 

present form is too ambitious for the resources available, 

and that for the sum requested the issues could not be 

resolved with much conviction. We are also agreed that 

the methods and approaches in the proposal are too limited
 

to provide the kinds of insight the project requires.
 

Three alternative recommendations are suggested in the 

subcommittee's letters: (1) to reject the proposal without 

prejudice on the ground that it was not appropriate for 

AID sponsorship (too theoretical, too academic, not likely
 

to produce findings useful to government or to international
 

donors), (2) to enlarge the scope of the project by adding
 

more personnel and increasing the range and quality of
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data to be gathered (a course of action which I would find
 

extremely uncomfortable, since it would essentially re­

quire the design of a multi-disciplinary and extremely
 

ambitious project for which the qualifications of the
 

contractor are not immediately obvious), and (3) to reduce
 

the scope of the project and use the resulting research to
 

develop a basis for further field work. I believe the last
 

option, if properly conceived, could be made consistent
 

with the principal arguments advanced by all four of our
 

colleagues.
 

As to how the project could be redefined and reduced,
 

the members were not fully in accord. I propose the
 

following procedure: (1) Reduce the typologies to be
 

The first type, "spontaneous
studied from four to two. 


migration", is interesting from a theoretical point of
 

view, but it does not become a policy option unless the
 

government decides to offer support, in which case it
 

becomes type 2. The only advantage in studying it as a
 

separate experience would be if some comparisons were
 

to be made between projects receiving government aid and
 

those that survive without it, so that governments could
 

decide whether or not to intervene once spontaneous mi­

gration has occurred. This kind of recommendation is much
 

less useful than one that deals with another question:
 

if a government decides to intervene, how should it do
 

The fourth type, compulsory relocation, is a policy
so? 


usually undertaken for reasons not likely to be affected
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by a finding that it does,not produce socially or economically
 

results,'.. -And such a finding is all thati one could expect
 

from-the proposal under consideration. Since that type has
 

already been studied most thoroughly by the principal in­

vestigator, I propose to drop it, too, leaving types 2
 

(spontaneous migrations that are subsequently facilitated
 

by government agencies) and type 3 (government-sponsored'
 

settlements) as the two forms of settlement schemes to be
 

studied under this project, (2) Reduce the field trips
 

to countries in which both Type 2 and Type 3 settlements
 

co-exist, so that a direct comparison can be made. Such
 

a study will permit the principal investigator to explore
 

further his "coping" hypothesis. Both types, according
 

to the principal investigator's expectations, will display
 

the "closed system" responses, along with the involuted
 

culture and minimum technological change syndrome. But
 

I suggest that other features of the settler response will 

be more important than these characteristics and should 

be added to the analysis. The investigator should refrain 

from the temptation to consider only responses that "test" 

his hypothesis, (3) The range of questions to be studied 

should include more details about agricultural potentials 

and decisions. They will require the use of agricultural' 

scientists of various types, preferably from the host 

government. It is likely that existing programs in 



Indonesia, for example, are already pretty well studied,
 

(4) Economic data, especially household budgets, 
should
 

be collected with the aid of an' economist experienced 
in
 

micro analytics and farm surveys so that productivity,
 

income, and consumption data gathered in the 
field will.
 

follow standard formats and procedures. Efforts should
 

be-made in advance of the field trips to 
discover what
 

that a strategy for augmenting them
 data already exist so 


can be worked out, (5) The kinds of services 
rendered
 

by governments to both types of settlements should be
 

carefully studied to discover the extent 
to which dif­

ferent public investments elicit developmental 
responses.
 

"Indicators" of developmental responses 
should be developed.
 

by the principal investigator in advance 
of the field
 

studies, preferably with the assistance 
of measurement
 

specialists at Cal Tech or the University 
of California
 

or Stanford, (Eugene Webb, e.g., already worked on such
 

indicators.), (6) Organizational strategies used by
 

governments to encourage responsive behavior on the 
part
 

independent variables.
 of settlers should be studied as 


Such strategies might include the use of semi-public
 

public enterprises or cooperatives;
organizations such as 


the sharing of different kinds of responsibilities 
with
 

locally elected or otherwise responsive 
officials; and the
 

kinds of activities central authorities 
engage in; to keep
 



field operations going., Tha principal investigator 

assumes that settler behavior is essentially the same in 

all four types of situations. That may be, but there 

may be important differences in their responses to the 

different situations caused by factors like project 

implementation and continuity of central support. They, 

toc, should be studied systematically. Although the 

principal investigator has already indicated that he is 

no specialist in this kind of analysis, he is to be joined 

in Indonesia by Colin MacAndrews, who is. There are no 

exotic or esoteric skills required for this kind of 

analysis. It might be prudent if the fieldwork began 

in Indonesia so that the approach developed there can be 

replicated in the other studies, and (7) Land tenure 

relationships, hypothesized on page 12 as the principal 

means by which governments can reduce settler "uncertainty", 

need to be structured in comparative settings to determine 

whether productive responses are associated differentially 

in the-short term with various policies. If productivity 

responses, not "uncertainty", were treated as the dependent 

variable, it should be possible to derive a better under­

standing of the relationships, to be confirmed, if they 

appear strong, by further investigation. 



Dr. Anderson thought the proposal was not a defensible
 

investigation. The topic of the rural poor appears to have
 

been added as an extra side light. The evaluation of ser­

vices of government is time consuming and requires good data
 

which will not be available. The investigator wants to in­

clude agricultural scientists in the investigation, but
 

who are they? How do they fit into the project? There
 

is no evidence that the investigator knows what he wants to
 

study in terms of social structure. Finally, there is the
 

really important question of how important are settlements
 

to development. What policy questions would be resolved?
 

Dr. Falcon thought the topic was legitimate. Land
 

settlements in S.E. Asia is a central issue. The problem
 

the investigator-has is that he promises too much for the
 

professional resources he plans to employ. Agricultural
 

The pro­technology is a serious omission in the proposal. 


posed budget is too small by about $100,000.
 

Dr. Falcon would narrow the typologies and reduce the
 

number of countries. He would then support the project as
 

sound and because the principal investigator's track record
 

is good.
 

Dr. Tanter thought the four typologies were needed
 

to decide the issue of what level of government inter­

vention is effective, i.e., to obtain variation in type
 

of intervention. The sample of countries should be selected
 

also to maximize variance in intervention and to tiinimize
 

confounding variance.
 



Interaction effects should be a central focus but isn't
 

discussed. The policy implications in the study could be
 

strengthened.
 

Dr. Thorbecke thought the proposal was too broad in
 

scope. The number of issues to be studied could be
 

reduced and sharpened. Any issue examined should be
 

formulated in a testable hypothesis which should be based 

on reliable data. Explanations of the statistical tests 

should be given in the methodology.
 

Dr. Peterson remarked that more attention should be 

given to the reason for successes and failures among the
 

settlers. Many'settlers leave their original locati.on 

because of failure. Others have misconceptions about
 

markets and other factors. Also the agricultural potential
 

of the new settlement should not be ignored.
 

Dr. Carter thought the Agency should not try to 

respond to a time period fixed by the principal investi­

gators availability. The time period should be increased,
 

the budget enlarged and the project paper revised. 

Dr. Heady thought the project could be Useful but 

should be done in a broad perspective. The success of a
 

resettlement project would be determined by many economic
 

variables which would not be included in the project.
 

Mr. Hobgood of the AID staff described the project
 

as not as rigorous as research in the hard sciences but
 

quite good for an anthropology study. Insights from 

http:locati.on


The project
anthropologists are needed on this problem. 


is a serious research effort and would have high policy
 

implications.
 

Dr. Morton of the AID staff explained that the
 

principal investigator would be taking leave from the
 

University and would not be on sabbatical, Part of the
 

time that.he is away from his university position, he
 

will serve as a consultant to PPC. He is a very policy
 

After some discussion, he would
 oriented 	anthropologist. 


like to restrict the scope to the Near East, Africa and
 

Asia and extend the field component to six months. There
 

have been two favorable responses from USAID missions.
 

The principal investigator has tried to address the per­

ceived needs of AID from an anthropological point of view.
 

Dr. Montgomery suggested that perhaps the RAC had been
 

a little 	too exuberant in its discussion of the project
 

design. 	The project is a beginning in this area and
 

needs to 	be done. He offered the following motion:
 

Motion: 	 That the proposal be approved subject to the
 

following conditions:
 

1. The project be focused on relationships
 

between government action and settler responses
 

in "newland" development.
 

2. The number of countries be reduced and. should
 

include Indonesia and Malaysia.
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to review and3. A RAC subcommittee be appointed 

approve the project design. 

Dr. Anderson thought the proposal should be re­

submitted to RAC after modification. 

Dr. Falcon wanted the proposal to be carried out 

primarily in Asia. 

Mr. Kaschak of the Latin American Bureau said members 

of that bureau liked the project in principal but wanted
 

to see an elaboration of the design in the 'economic area.
 

He also asked for clarification as to whether Latin
 

America would be excluded from the research.
 

Dr. Smuckler suggested that the project required
 

RAC subcommittee
further internal clearance after which the 

to help the principal investigator furthercould meet 

develop the project. 

Dr. Peterson wanted some assurance about why settle­

ments fail. He was still bothered by the lack of agri­

cultural components in the study. 

VOte: 	 2 opposed; 1 abstention, all others in favor. 

The motion carried. 
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ACTION MOANDUXi FOR THE ASSISTANT ADMINISTRATOR FOR AFRICA 

7-OM : AID/AFR/SWA, Frederick E. Gilbert
 

SUBJECT: Princeton I*University Research Proposal" ''Agricua .turalDevelopm nt 
in Senegal: Prospectives, Risks and ProductionS rteges" 

Problam: 
 A decision is needed by the Assistant Administrator on USAID/Senegal's 

recommendarion that AID approve an unsolicited research proposal from .rinceton 
on agricultural-development and public policy in Senegal. The research wculdTn4ersity/ produce studies of Senegal's agricultural perspectives and risks, 

economic options, and administrative practices which Senegalese and U.S. decision­

makers may use in forming judgements concerning agricultural strategies and
 

n oGovernment of Senegal (GOS)

Inavestments to implement the/' Reform Plan of
 

i980, Guidance and feed-back for the three-year policy-oriented research would be
 

provided by the Ministry of Plan's Interministerial Agriculture Policy Committee.
 

Total cost of the research would be $450,000, with $300,000 allocated by the GOS
 
-...Ads ;. hi
 

rrom P.L. 480Title III agricultural policies account and
 

S130,000 provided over three years from the Mission's Planning, .anagement and Research
 

account, of which $30,000 would be obligated Ln .FY1981.
 

Discussion: 
 Senegal has come to a critical juncture in its economic and political
 

lifa. As the A.I.D. Country Development Strategy Statement for FY 1983 and papeis
 

dce for the Joint GOS-US Assessmeft of U.S. Assistance Program in Senegal all make
 

clear, 
ew directions have be be undertaken in economic policy and administrative
 

s:*ccures. 
A new political leadership is in place and significant reforms are 

ae:e-niT underway. T.e U.S. Government is providing the Government of Senegal with 

balance of payments support, in addition to regular technical assistance, in order
 

,:o help the country meet its current economic crisis over the next several years.
 



U.S. non-project assistance for the purpose includes a P.L..480 Title III three­

year $21 million sales and.agriculture development program, a $25 million Agriculture
 

Sector grant beginning in FY 1982, and possibly an Economic Supplort Fund grant.
of research 

A program/in an unsolicited proposal from Princeton University should improve 

the capability of the GOS and USAID to apply the U.S. balance of payments support,
 

and related counterpart funds generated as a result of that support, to effect 

stabilization and basic reform measures in Senegal's agroeconomy. The research 

findings should be helpful to Senegal in implementing overall budgetary and 

foreign exchange restraints to which the country committed itself in the 1980 
The plan was 

Reform ?lan.(orked out in consultation with the nff and IBRD. In addition, the
 

research on "Agricultual Development in Senegal: Perspectives, Risks, and Production 

Strategies" should specifically help the government refine and implement economic 

policy in the agricultural sector, as promulgated and accepted by the GOS in the 

Reform Plan. Under the Plan, for instance, the government is committed to change 

marketing and producer price policy to promote production of food stuffM and 

agricultural exports, to overhaul prices of farm supplies and equipment, to re­

structure the terms and conditions of agricultural credit, to create and develop 

village sections within the cooperatives, and to encourage private initiative in 

marketing. The government in any case will encounter great difficulty in making 
these economic changes and even more difficulty if it lacks an understanding of the 

?oitical, social, and historical dimensions of the challenga. The proposedz-searc~ill help the government factor these elements into a cohesive agriculture
 
economic reform package. 
This is a propitious time for AID to respond affirmatively to Senegal's request for
 
advisers from a university selected by the GOS to assist in shaping programs and
 
investments for the country's Sixth Development Plan. In this connection, the
 
Miniscer of Plan has requested that the advisers and analysts in the Princeton
 
University research eam assist the newly formed Interministerial Agriculture Policy

Comrittee. This Committee is chaired by the Director of Planning and includes v erS v'.w
Ministn of Rural Development, the GOS agriculture research agency (ISRA'
and the Prime Minister's Office. 

T.he research proposal provides that an interdisciplinary 'bam of eight )2aQ;pol.itical scientists and economists, in collaboration with Senegalese scholars and

officials, conduct policy-rienrresearch on the country's experience in
 
managing the agricultural economy for economic growth at a time when the govern­



ment itsel! aimsi to decentalize operations and disengage fromdirect economic 

activities. 
 The researchers will assess the institutional balance of forces that 

leads to policy design for the country's agricultural strategy in rural areas. 

Various rural growth productionist and community based strategies which the govern­

ment has attempted since independence in 1960 will be examined as a basis for 

identifying avenues open to achieve changes required in the 1980 Reform Plan. These
 
hastening
 

changes include/ lecentralizat'on, reorganizing the coops, overhauling large
 

incermediate parastatals such as the Regional Development Agencies, and working
 

.rimarily with small grouves de producteurs. The researchers will assess the 

at:itudes and goals of institutional factors, past problems, successes, failures and
 

their remedies, and the likelihood that free market forces will be 
e 4 S in 

the near future. Administrative and other instruments for implementing policy will 

be appraised, together with political implications of ajusto" the system. 

The research will also examine how the government goes about recona.iling
 

legitimate but potentially incompatible goals such as increases in food
 

production and agricultural exports, decreases in agricultural imports, improvements
 

in subsistence agriculture, and provision of urban populations with food. 
 In sum,
 
administrative analysis


-hp/ component of the research will develop a detailed picture of the institutional
 

actors who will produce answers of their own. It will then ascertain what these
 

actors believe the relevant factors are in setting priorities and estimate their
 

ralative weights in the polic7 pro ess.
 

The economic analysis component will examine the options available to Senegal
 

in ter-s of a li-ited number of issues such as the wisdom of focussing on export
 

crops, domestic production, or a mix of the two; the role of public and private sectors
 

in providing goods to the rural sector; methods for establishing domestic pricing and
 

and overseas marketing of agricultural commodities; questions of private/public finance
 

I.\qIv 
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and ownership of productive resources; the role of large-scale private firms; 

and ways and means to intrbduce nev agriculture technologies. Researchers will 

examine operations of the 'agriculcura. economy as a whole and estimate costs of 

different types of uncertaint7 and risks on the part of farm and farm supply 

operators in different parts of the country. 

Togather the economists and political scientists will produce a set of policy­

relevant papers useful to Sanegalese and U.S. development administrators concerning 

critical problems and options for Senegal over the next decade. The researchers 

expect a -wide reading from development prac ioners world,wide as has been the
 

case with their other work. The work will be made available to Senegalese and 

U.S. analysts as it is undertaken. The researchers offer to hold meetings in Dakar
 

and Washington to make their progress known to the policy community.
 

The Princeton Universit7 principals who have proposed the research and will
 

manage the on-site team are uniquely qualified to lead such an effort.. Professor
 

Henr7 Bienen, Director, Research Program in Development Studies, and Professor
 

John Waterbury have carried out four major country studies under A.I.D. sponsor­

ship ia the political economy of income distribution in Mexico, Egypt, Nigeria
 

and Turkey. The multi-disciplinar- work was carried out as an unsolicited research
 

proposal approved by the A.I.D. Administrator in fav 1976 when the Agency concluded 

that the nature of the research and the receptivity o f the researchers by the host
 

In the case of the current
country made the normal solicitation process impractical. 

proposal, Dr. Bieanen in 1980 produced research on political and administrative 

asvects or development reform in Senegal which has been accepted by the Governmenc of 

Senegal as par: o! the GOS-U.S. Joint Assessment exercise. Together with three other
 

U.S. academicians, he participated in the Nission's strategy formulation session
 

in December 1980, which formed the basis for the FT 1983 CDSS. Professor Waterbu
 

was tn Senegal in July 1981 to explore COS receptivity to the Princeton research
 



The GOS has expressed 	satisfaction with the qualifications and approach
proposal. 


" leaders who would have large responsibility for
of both professors as tea
 

Other Princeton economists will be 
responsible
 

political and institutional..analysis. 


for specific parts of 	 the economic analysis. It would be im­

to obtain proposals from other U.S. sources already knowledgeablepossible at this date 

about Senegalese economic and political practices and institutions involved in the 
delay the 

reform, and acceptable to the GOS. To/start up of the research by inviting others to 

prepare themselves in a comparable manner and to demonstrate their acceptabilit7 to 

h.e GOS in this area of political-economic analysis, would not be in the interest 

of the U.S. Government, given Senegal's need to address the economic crisis at once 

USAID/Senegal has reviewed and approved the proposal for technical soundness
 

and methodology and for its potential contribution to public policy. The Mission
 

has determined that Princeton's macro analysis and public policy research should 

on microbe scarted by October 1981 so that it will correltate with USDA analysis 

price policies and production export costs, with Michigan State University research 

in farming systems, and with operations of A.I.D.'s Grain Storage and..arketing
 

?roject. Together this series of powerful analytic tools will be used to effect 

the 
agricultural policy, both a;Anational and farm levels The PrinceL.. 

research team wil be uniquely able to strengthen the GOS capability and 

for stabilization and policy changes intoresolve to turn .Reform Plan comitments 

in-f-act shifts toward 	government decentralization, deraeulation and disinvolvement
 

"rom business !unctions. It should also enable the government to discover opportunitiei 
or increasing private operacionslin the .ield 

The USAID/: agricultural marketing and other elements of Senegal's/-.f stry. 

Senegal Director recomends that the Assistant Administrator approve the research 

In response to SWA's request for a statementproposal for financing with PM&R funds. 


:.rm the Project Director to the A/AR., the Mission Director,acting in that capacity,
 

has provided the required statement certifying that the proposal was unsolicited.
 

(Actachment A).
 



Since this undertaking will be conducted at the host government's invitation 
following USAID/Senegal's review and approval of the research scope of work and
 
methodology, and since it 
serves U.S. interests to have the research begin at the
 

time when the first donor's consultative group meets with the Government of
 

Senegal on October 19-21, 1981, to review Senegal's Sixth Development Plan, A.I.D.'s
 

Research Advisory Committee officer agrees that the Africa Bureau may process and 

approve this unsolicited research proposal now. It is understood that the RAC will
 

have the opportunity to review and provide comments on the work at a.later date.
 

Accordingly, it is planned that RAC review the research undertaking during its
 
regularly scheduled meeting on November 17, 1981. We believe that observations and 
advice from RAC social scientists concerning the content and approach of the research 

can be beneficial to both interested parties in Senegal and to Agency development
 

officials who may wish to sponsor similar policy oriented research in other countries.
 
Mission and Africa Bureau administrators of the Princeton University research contract 
will be able to take account of RAC observations and advice as the work proceeds in
 
FY 1982 and as the research agenda for later years is discussed in Senegal and agreed
 

upon with Princeton researchers.
 



Princeton University
 
Recommendation: That you approve the three 7ear/$450,000 multidisciplinary,
 

and public policy
 
unsolicited research proposal on agricultural development/In Senegal, to
 

be financed from P.L. 480 Title III GOS-owned counterpart funds ($300,000), and
 

from the Senegal Mission's PM&R account ($150,000) beginning with $50,000 in 
of PM&R funds 

F71981. The balance/would be made available in FY 1982 and FY 1982, sublect to 
by Princeton of 

availability of funds, upon s";missjQ / a research agenda acceptable4to A.I.D. 

Approved.______ Date ______ 

Disapproved.______ Date ______ 

That 7ou accept the certificatiou of the Mission Director as Project Manager
 

t.hat the proposal was unsolicited, (Attachment.A)-. 

Approved .''M_._Date _ 

Disapproved __...... ..Datae 

Clearances:
 

.AID/AFR/SWA:RGray Date
 
AID/AFA/DP: Date
 
AID/AFR/DR: Date •
 
AID /GC/AFR: Date 
USAID/Senegal (d f Date U. /a1 -r
 
F:/Pudson (drAil .Date /?//218
 
S'TPO: Rechcigl, M. (draft) Date 9/21/81
 

AT011 44A-~:n.~ B. Johnson:.8/31/81:X2099 4 :vd 
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i ntroduction 

Senegal has come to a critical j'jmncture ii its: economic and 

political life. Asthe AID Country Development Strategy Statemet for 

FT 1983 and the various papers done for the Joint Assessment of U.S. 

clear, new directions have to be
Assistance Programs in Senegal all make 

A new politicalpolicy and administrative structures.undertaken in economic 

leadership is in place and significant reforms are already under,7ay. USAID 

on the Jointis also reformulating its activities in Senegal, building 

Assessment evaluations. 

Princeton University's Research Program in Development Studies
 

significant input to the study of agricultural
believes that it can make a 


We have already carried out four major
development strategies in Senegal. 

country studies in the political economy of income distribution inMexico, 

Egypt, Nigeria and Turkey. The Director of RPDS, Henry Bienen, has been 

all, RPDS has already.involved in the Joint Assessment exercise. Above 

proposal on the political and economic risks in export orientation,
developed a 


which is before the Internationalchoice of technology, and capital sources, 

Economics Division of the Department of Agriculture. This involves study of a
 

number of problems which are relevant to Senegal's own development
 

strategies. (USAID Senegal and the Senegal desk, USAID Washington, have 

copies.) 

traditional foodand costs of producingThe comparative advantages 

stuffs for the domestic market, especially millet, compared to producing
 

as rice - which are now taking up significant foreignfood crops such 

exchange through importation is a terribly important policy issue for 

Senegal. Similarly, how much revenue can be raised from increasing groundnut
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,production and thus providlng funds for foreign exchange involves an analysis 

of the costs and benefits of reaching food self-sufficiency through trade.
 

So does the question 6f diversifying into new exports of either agricultural
 

commodities or manufactures.
 

These issues have been central to our own concern with analyzing 

the interrelated aspects of production, storage, transportation and marketing 

price and trade policies. As our proposal on agricultural development 

strategies notes:
 

While the prospects for rural reform strategies cannot easily be
 

generalized to developing countries as a whole and while strategies must be 

country-specific in order to take account of critical political and cultural, 

as well as economic variables, we can, at a high level of generality, character­

ize the options available for countries in terms of a limited number of key
 

(and unresolved) issues:
 

(1) the extent to which development should focus on the cultivation
 

of export crops rather than on expanding sources of food for domestic con­

sumption; 

(2) ~the extent to which the finance and ownership of productive 

resources should involve foreign and/or public sources rather than the main­

tenance of small, largely self-financing farms; and the role of large-scale 

private farms versus medium or small-scale private farms; 

(3) the role of the, public sector in providing goods to 

the rural sector;
 

(4) the extent to which the public and/or foreign investors should
 

be involved in the domestic pricing and overseas marketing of agricultural 

commodities;
 

(5) the rate at which new agricultural technologies should be
 

introduced into the agricultural sector and the form of these technologies. 
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developing countries, lisoneThe context for Senegal, as for most 

where trade issues loom very large. Indeed, for Senegal, issues of trade 

1)

and regional and international development are closely linked because: 


Senegal remains in the franc zone, and 2) important new development projects
 

The issue of
involve cooperation with Mali and Mauritania in the OMVS. 


River Basin involves coordinating price
joint development of the Senegal 

and vriff policies with neighboring countries. Since capital investments 

are going to be undertaken which will have effects on at least three countries, 

in the regional
the costs and benefits of OMVS projects must be weighed 


context.
 

We feel we have a very strong comparative advantage in building
 

on work done at Princeton and elsewhere on models of risk and opportunity
 

through which to consider problems of trade, investment, agricultural
 

strategies. Moreover, our own comparative advantage at Princeton has been
 

to work on issues that lend themselves to joint efforts by economists and,
 

Analysis of the development and implementation of
political scientists. 


agricultural strategies requires sensitivity to political and administrative
 

concerns as well as to economic development and trade issues.
 

These issues could not be more relevant to Senegal. Senegal's
 

1) bringing about
Plan de Redressment has the two major objectives of: 


increased financial rigor in management of the economy as a basis for in­

creased growth; 2) decentralizing decision-making within the economy which
 

entails the progressive disengagement of the government from many of the
 

kinds of activities in which it has been 
involved in the rural sector.1
 

1See Donald Brown, "Senegal's Plan de Redressment," Dakar, October 15, 1980.
 



Senegal is now engaged in a far reaching and consequential attempt
 

to alter 	its'administr4tive structures operating in the rural areas. These
 

have been 	some of the most elaborate and developed, although surely not
 

efficient 	and productive, set of administrative structures in Africa. Yet
 

there is a widespread recognition within Senegal, among Senegalese policy
 

makers, donors, and producers, that fundamental alterations in responsibility 

for farm inputs, credit and seed, and marketing will have to take place. 

Any discussion of food self-sufficiency and greater productivity in the 

rural sector must take account of the questions of decontrol and co-mmerciali­

zation in Senegal's rural sector. Thus to the analyses of risk, private 

initiatives, both domestic and foreign, and trade issues must be added an 

analysis of the potential for reform of the administrative structures for 

rural development and agricultural growth in Senegal. Again we believe we 

are well placed to carry out such studies through our interdisciplinary
 

team at Princeton and in collaboration with Senegalese scholars and.officials. 

I. 	 Tnstitutional Aspects of the Development and Implementation of
 

Agricultural Strategy.
 

When nations, LDCs or others, announce development strategies, set
 

priorities, and allocate investments, it is only natural that dominant policy
 

makers try to propagate an image of unanimity and immutability. But these 

policy packages are the result more of bargaining among institutional and
 

less formal interests than of consensus, and as such tend to be fragile.
 

As the economic situation they claim to address changes, for good or ill,
 

the policies are changed or scrapped.
 

It is important in the case of Senegal to have a clear picture of 

the institutional balance of forces that leads to policy design for the 

rural areas. To come up with that picture would require some or all of 



the folli4g steps listed in Sections A through E. 

four -major phases of rural growth
A# Draw lessons from the 

strategies to'date:
 

1. 1959-62 - the socialist-oriented strategies of rural trans­

for'.ition, aimed as much at equity as at increased production. Why was 

this judged a failure? What conclusions were drawn from it? What institu­

tional actors felt that it was not mistaken? 

2. 1962-72 -- the productionist phase with an emphasis on efficiency
 

and the regrouping of the agricultural sector into large administrative and
 

production units. What, other than the Sahelian drought, called this approach
 

into question?
 

3. 1972-79 - an effort was made through the Administrative Reform 

of 1971 to return some administrative and political power to regional and 

sub-regional units. In terms of production and standards of living, however, 

the rituation continued to deteriorate. Was it a question of local leader­

ship dt the level of the commune rurale not understanding the powers at. 

their disposal, or of over-zealous sous-erefets unable to work with local 

groups in a cooperative spirit? (Geller's work will be useful here)
 

4. 1979 - he Plan de Redressment contains policies that would
 

hasten decentralisation, reorganizing and revitalizing the coops, overhauling
 

large intermediate institutions such as the RDAs and ONCAD, and working
 

primarily with small groupes de producteurs. Is this a return in part to
 

the philosophy of the 1959-62 period? Is it the first step in the retreat
 

of the public authorities from the agricultural sector?
 



B' An assessment of the goals of institutional actors
 

At the broadest level outside observers have difficulty in seizing
 

the true direction oft"he government since 1978/80. Don Brown posits that 

the Plan de Redressment calls for "the progressive disengagement of the 

government from the economy, particularly in the rural sector." Geller 

presents a very different view: "Most GOS cadres are anti-business, especially 

commerce. Their attitudes are not likely to change. Hence, there is little 

free market forces in the near future. Govern­likelihood of "unleashing" 


ment regulation is thus going to remain a feature of Senegal's economic
 

institutional structures for quite some time."
 

It is probable that current plans will bring about a regrouping of 

governmental efforts rather than a retreat. The crux of the matter 	 lies 

re­in elaborating a strategy for regrouping, and the strategy for that 

grouping will be the result of intense bargaining among institutional actors,
 

including the ruling party and the Brotherhoods. 

It will be essential, therefore, to map these interests and detail 

their images of past problems, successes and failures, and their remedies 

for the future. An attempt must be made to assess their .relative weights
 

in the bargaining process. 

C. Target Groups and Levels
 

Institutional actors will have preferences for aiming at specific 

groups as the best operating unitsin effecting policy goals, and will 

select the instruments of intervention according to the nature of the group 

or level. 

There appears to be some preference, perhaps only rhetorical, for 

small clusters of cultivators, below the commune level. These are referred 

to vaguely as groupes de producteurs, or, in the case of the OMVS PID, hydraulic 
p 
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units. How in fact are these groups lkely to be composed? There will
 

of course be marked differences by region and by the nature of rural
 

production: Cassamance rice cultivators, peanut farmers, cattle raisers,
 

participants in newly-irrigated perimreters in the Fleuve, etc. Target
 

groups and policy instruments will and should vary according to these 

regional and production characteristics. 

Beyond such variations, however, is the question of whether or 

not the groupes de producteurs will be anything more than a mask for the 

local notables that Carvin and others feel most benefitted from the 1971 

administrative reform. This question must be understood both for its 

equity implications and because other proposed policies may in fact enhance 

the power of local notables. 

Thus it will be important to understand it the government wants
 

to work with existing interests and local power structures (for example
 

the OMVS PID talks of encouraging clan/village/cooperative participation)
 

or if it will seek to erode or break them up. If the latter, the question
 

then is, how?
 

D. Instruments. 

There is not yet a consensus among Senegalese planners on the 

best.instruments, administrative or other, for implementing policy. There 

will probably continue to be a great deal of tinkering with the system. 

Other components of this proposal will deal with the economic implications 

of these instruments; this component intends only to address some of eheir 

political implications. 



1. Pricing and marketing. There will continue to be strong public 

participation in both processes although market forces and the private sector 

are slated to play a growing role. What will be the impact of that course? 

For example, how will the two-track pricing system whereby the government 

sets prices for export crops and allows the market to determine the price 

of local food crops impact on various segments of the society? Will there
 

be a flight from export crops? Will the government have to "indenture" 

peanult growers to their crop? What will rapidly rising food prices mean­

for the urban poor? If the pricing of inputs, including eventually 

fertilizers, is to be left to the market, who will be able to afford the 

inputs? What interests will supply them? As more marketing functions de­

volve upon the private sector, who will assume them? These questions should 

be linked to those in Section C. We shall seek not so much to answer them 

as to ascertain how Senegalese policy-makers assess them. 

2. Credit. How will the terms, volume, and private/public mix 

of agricultural credit be determined? What will be the leading criteria 

for public credit and who will be able to meet them? 

3. Institutional levels. Where will financial resources and
 

extension efforts be directed? -- to groupes de producteurs? cooperatives? 

CERPs?, connunes rurales.? RDAs? Will the sous-prefet continue to be the 

linchpin between policy from Dakar and local implementation? 

4. Performance crit~ra. There is an unmistakable emphasis, flowing 

from the overall economic crisis, upon efficiency and orthodox cost-benefit 

criteria in assessing investments and project performance. The government 

may enter into performance contracts with parastatal organisms such as the 

RDAs, and it is claimed that investments of any magnitude ($500,000+) will 

be subject to strict cost-benefit analysis. Can these concerns be made 
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for equity and the greater involvement of smallcompatible with concerns 


underfinanced producers in the development effort?
 

E. Performance Goals.
 

The most difficult task facing the Senegalese Government will be 

reconciling several fully legitimate but potentially incompatible goals:in 

cultivators or agents1. increased agricultural production -what 

(state J'rms? foreign agribusiness?) are most suited to bring this about 

What will be the cost to the less-suited?now? 


2. increased,exports of agricultural products -- what price 

incentives must be introduced to promote such exports and what are the
 

trade-offs in terms of local food production?
 

3. reduction of imports of agricultural products -"is this to
 

take place largely through increased rice production and the vulgarisation
 

of millet consumption?
 

can this be done
4. making subsistence agriculture more viable '-


short of subsidizing a sector characterized by low productivity?
 

-whatservicing the needs of urban populations for cheap food
5. 


is the degree of political risk involved in ,not servicing these needs?
 

To reiterate the basic strategy involved in this component of 
the
 

to the questions posed, but rather
project -- it is not to produce answers 


to develop a detailed picture of the institutional actors that will 
produce
 

answers of their own and to ascertain what they believe the relevant factors
 

are in setting priorities. Finally, an estimate of their relative weights
 

in the policy process will be made.
 



-10-


We now turn to the economic analysis component of our study where
 

questions noted above will be analyzed with regard to production choices
 

in the context of trdde and risks.
 

Ill. Uncertainty and an Economic Strategy for Senegal
 

1. The Problem
 

The dominant sector in the Senegalese economy, agriculture, is
 

exposed to large uncertainties from several sources. First, extreme vari­

ability in climatological conditions from year to year make the output of ,
 

crops highly variable (see, for instance, Niane, 1980). Second, world price
 

fluctuations create uncertainty about the terms at which the export crop,
 

peanuts, can-be traded for foodgrains and other imports. Recognition of
 

the uncertain nature of the Senegalese economic environment raises questions
 

about implications for economic policy.
 

2. Scope of the Analysis
 

An understanding of the implications of different types of uncertainty
 

for Senegalese economic policies requires both theoretical and empirical
 

research.
 

The theory of decision-making under uncertainty is not so well
 

developed as to provide immediate answers to many questions raised by the.
 

Senegalese situation. Crucially important to making any theoretical research
 

enlightening for decision makers will be the strategy choice of assumptions
 

appropriate to Senegalese conditions. The development of this theory can
 

be informed by the work of other analysts who have previously described
 

the economy. A selection of the works cited in Kostinko and Dione (1980)
 



will be 	particularly valuable in this regard. An outline of proposed
 

areas for theoretical investigation is contained in the next section of 

this proposal.
 

Informed policy making, however, requires more than a highlighting 

of relevant issues at the theoretical level. Knowledge of the actual 

ma.tudes of different phenomena and of the quantitative impacts of 

different policies is also needed. The empirical work necessary to provide 

this information is limited by the data available on the past operation
 

of the Senegalese economy. At this stage it is too early to know how
 

far this type of empirical work can be pursued. Aproper inventory of 

Senegalese data resources is extremely time consuming and can only be 

undertaken in Senegal after discussions with Senegalese researchers and 

government officials. In Section 4 we outline a number of possible empirical 

projects, their data requirements, and comment on their probable feasibility. 

We are confident that some significant empirical research is possible. 

3. 	 *'teoreticalResearch
 

Uncertainty is an especially important problem in Senegal due :to
 

the absence of well developed capital markets in which individual farmers
 

can diversify risk. With no opportunities to buy insurance, producers are
 

likely to choose their techniques and affect the allocation of resources
 

in such a way as to lessen their exposure to risk. Thus, the classical
 

arguments for free trade may fail to hold in the absence of well-functioning
 

markets to share risk (see Helpman and Razin, 1979).
 

Several policies have been proposed to allow Senegal to deal with
 

the problems associated with instability. First, it has been suggested
 

that Senegal follow a policy of import substitution aimed at achieving
 

self-sufficiency Li food. We propose to investigate the issue of optimal
 

trade policy in an environment without risk-sharing markets. In a
 



country like Senegal commer~ial policy can be used to provide insurance 

to producers who otherwise are exposed a great deal of risk. The cost 

of such a policy are the usual ones; interference with production in­

centives causes a misallocation of resources.* There are different short­

run and long-run potentialities for commercial policy as insurance. In 

the short-run,commercial policy affects only the allocation of mobile
 

resources,,such as labor (see Eaton, 1979). In the long-run the allocation
 

of land to the various crops can be affected as well. The optimal degree 

of import substitution may also depend on the relative contributions of 

terms-of-trade variability and weather variability to overall uncertainty, 

as the former exposes consumers as well as producers to risk, whereas the 

latter does not. 

Integration into international capital markets offers a vehicl-3 

for the provision of the required diversification of risk. One way in 

which Senegal could achieve such integration is by encouraging foreign 

direct investment in Senegalese agro-business. It may be possible to 

analyze the gains *t host countries from direct investment when domestic 

risk-sharing markets are absent. In such cases the return to foreign 

capital will represent both the physical productivity of the factor in­

vested and the amount of risk that is borne by foreigners. This mayyield+ 

larger than normal gains to the host country, since foreigners with their 

well-developed capital markets are sure to have a comparative advantage 

in risk-bearing. 

'Arelated opportunity for smoothing year-to-year variability in 

the economic situation of Senegal is to provide by financial borrowing 

from the Eurodollar market. Eaton and Gersovitz (1980, 1981a, and 1981b) 

have undertaken considerable research at both the .theoretical and empirical 

level into certain aspects of this type of problem. Further theoretical 
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research seems justified by the particular question of resource allocation
 

between crops and sectors suggested by the Senegalese case.
 

Another option available to Senegal is to develop a buffer stock
 

program. This program could be an integrated one implying cooperation with 

some of its neighbor countries. One question that may then be posed is: 

which set of countries would form the optimal group for such a buffer stock. 

This question bears some similarity to earlier ones posed in the inter-4 

national economics literature concerning optimal currency areas and optimal 

customs union size. In this case an important consideration seems to be 

the correlation of the weather patterns across countries, as well as the­

correlation of world prices for the major export crops of the various
 

countries. Regional buffer stocks may provide a useful institution for
 

a group of LDC's to supply insurance for e4ch other;.
 

The riskiness of economic activity in Senegal may have important 

implications for different types of investment projects. For example,, 

irrigation works affect not only the average level of output, but, also its 

variability. Similarly, transportation improvements have an important role 

to play in a situation uhere different regions of a country may alternately 

be in surplus and deficit with other regions. The profitability of 

processing agricultural output for export may also be affected by con, 

ditions of riskiness.
 

An unorthodox proposal to deal with risk is to set up an international 

insurance scheme. It may be difficult to insure output because monitoring 

procedures would be required to ensure that. they do not systematically 

reduce inputs and then claim a shortfall due to bad weather. However,,
 

it should be possible to ensure weather directly. For instance, an
 

international insurance company like Lloyd' s could promise to pay certain 

amounts to Senegal depending on the level of rainfall as measured over
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a certain period at a certain place. In return, Senegal would pay an insurancqq 

premium. We propose to investigate the feasibility of this program.
 

Several of the preceding proposals may depend on the nature of 

Senegal's relationship with its neighbors. For instance, tariff policies 

which might otherwise be attractive in dealing with uncertainty may become 

=nusable if crops can be smuggled in and out of Senegal from neighbouring 

countries. The economists involved in the projecc will leave to the 

political scientists the analysis of the political determinants of this 

cooperation. However, the economic analysis can provide valuable insights 

into the types of cooperation required and the associated gains, and we 

intend to explore these issues. 

The large projects proposed for O4VS development make all the 

more essential consideration of cooperative arrangements with Senegal's 

neighbors. 

A final important set of issues to consider in the-context of all 

of the above proposals is the interaction of risk and the design of 

these proposals with the organization of agriculture. There may already 

be traditional institutional arrangements in Senegal which mitigate the 

effects of risk. For instance, Moslem brotherhoods are organizations 

which involve the coordination of individual producers. Rural families
 

may have members in urban areas who can participate in the pooling of
 

income generated outside agriculture. Analysis is needed to see how
 

these traditional organizations have altered the nature of risk in Senegal
 

and how best to design national programs to complement these institutions*
 



4. 	 Empirical Research
 

In the context of this research proposal, two types of data sets
 

are valuable, each providing a different perspective on the behavior of 

the economy and allowing projections of the response to policies. 

Aggregete data can be used to build a small model of the operation 

of the economy as a whole. This model would be similar in conception 

and size to, but quite different in formulation from, the first macro­

econometric models of the U.S. Production in the groundnut, rice, millet/ 

sorghum and non-agricultural sectors would be related to the use of inputs 

(land, labor, capital; fertilizers, water and meterological conditions) 

in these 	sectors. The demand for the output of these sectors and imports
 

depends 	 on prices, incomes and other variables such as population and it 

.-composition. The effect of various price controls and possible black
 

market operations would require s3;cial attention given the past history
 

of Senegalese agricultural polic 7. These relationships would be estimated
 

using annual time series data at least as far back as independenc. Many
 

of these time series are easily available in the U.S., others should bd
 

obtainable in Senegal.
 

Using this aggregate model, estimates can be made of the costs of­

different types of uncertainty. It will also be possible to evaluate a
 

number of policy experiments suggested by the theoretical research
 

described in Section 3.
 

While the aggregate model is important in indicating gross magnitudes, 

it.can say little about the finer detail of economic behavior. To what 

extent do different areas of the country suffer the effects of uncertainty 

with different intensity? In particular, how does the experience of 

irrigated areas contrast with that of unirrigated areas? How does the 
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experience of 'areas with poor transportation contrast with that, of 

more accessible areas? What are the magnitude of the implied returns to 

investments in irrigation and transportation? How have traditional 

organizations been able to cope with risk?
 

These are some of the questions which can only be answered using 

detailed micro surveys providing information on individual farms and farm 

families. This type of data may be available for some regions of the 

country in special studies such as evaluations done by ENEA in its 

beneficiary survey and from USAID's small irrigated systems. A national 

agricultural census may soon be completed which could be of great help. 

We are dependent on others for these data and can only know about avail­

ability after discussions in Senegal with appropriate people and in discussions 

with colleagues at Purdue, Michigan State and other U.S. institutions that 

have received USAID support for work on Senegal. 

/3 
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IV. Personnel
 

The Research Program in Development Studies has a team of political 

scientists and economists who have carried out their own extensive work on
 

problems of economic and political development and trade in many developing 

countries. Professor Henry Bienen, Director of RPDS, has worked for many 

years in Kenya, Tanzania, Uganda, and Nigeria. He participated in the 

Joint Assessment for USAID, Dakar. Professor John Waterbury has worked 

in Morocco and Egypt and has excellent French and Arabic. Professor 

Waterbury hopes to spend the year in Senegal from September 1981 - June 

1982. Professor Mark Gersovitz has worked in Zaire, Nigeria and Mexico.
 

He was born in Montreal and is French speaking. Professor Joseph Stiglitz. 

worked in-Kenya. He is a prominent economic theorist and student of economic 

development.
 

Professor Jcohn Lewis, former USAD Director in India, former Dean 

of the Woodrow Wilson Sthool and presently head of the Development Assistance 

Co .tee of OECD will return to Princeton in August, 1981. He will be an 

invaluable participant in our work. Professor Gene Grossman and Professor 

John Eaton are economisth who have done important work on trade and risk. 

There will also be at the Woodrow Wilson School a significant number 

of regular staff and visitors with strong interest in development and
 

agricultural strategies. A great resource is Sir W. A. Lewis, Nobel winner
 

in economics, who is a constant participant in our seminars and intellectual 

work.
 

Professors Bienen and Waterbury will have large responsibility for
 

political and institutional analysis and the economists will be responsible
 

for economic analysis. But we have found a great- deal of interdisciplinary
 



effort has gone on in our past mpirical work on income distribution in 

Turkey, Egypt, Mexico and Nigeria. The large income distribution projects.. 

funded by USAID,', show that RPDS can produce high quality policy-relevant 

research under difficult conditions. The studies were collaborative efforts 

with large groups of scholars from Turkey, Nigeria, Mexico and Egypt. We 

have every confidence that we have a group that' can work productively in 

Senegal, In.harmony with Senegalese institutions andscholars. 
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V. Outiut 

Our intention is to produce a set of papers,, and possibly a 

book, that will make major contributions to the scholarly literature on. 

development strategies and on Senegal. Above all, we intend to produce 

policy relevant work for thinking about the critical problems and options 

for Senegal over the next decade. This w6rk should be polic relevant 

for Senegalese policy makers as well as USAID and other US Government 

officials. We would expect a wide reading from academics worldwide as 

has been the case with our other work. 

We stand ready, as we did during our income distribution projects, 

to make work available to Senegalese and U.S. analysts as we go along. 

*We will hold meetings in Dakar and Washington, if desirable, to make our 

progress known to the policy connunity. 

We will also be happy to make work known to international agencies 

such as the IBRD, W, various development banks and donor institutions. 

Other academics can, of course, have access to our work where appropriate. 



-20-


Brown, Donald, "Senegal's Plan de Redressment," Dakar, October 15, 1981. 

Carvin, Joe, "Progress Report of the Administrative Reform of 1971 - The 

Rural Consumer," Dakar, October 24, 1980. 

Eaton, J., "The Allocation of Resources in an Open Economy with Fluctuating 

Prices," International Economic Review, 1979. 

Eaton, J., and M. Gersovitz, "%DCParticipation in International Financial 

Markets: Debt and Reserves," Journal of Development Economics, 1980. 

Eaton, J., and M. Gersovitz, "Debt with Potential Repudiation: The Theoretical 

and Empirical'Analysis," Review of Economic Studies, forthcoming 

1981
 

Eaton, J., and M. Gersovitz, Poor Country Borrowing in Private Financial
 

Markets and the Repudiation Issues, Princeton Studies in International
 

Finance No. 47, forthcoming, 1981
 

Geller, S., "Analysis and Evaluation of Roles Played by Promotion Humaine,
 

Regional Development Agencies, and Local Institutions in Promoting
 

Rural Development in Senegal and Prospects for Future USAID
 

Collaboration," paper prepared for the Joint Assessment Evaluation,
 

Dakar, August 11, 1980.
 

Helpman E., and A. Razin, A Theory of International Trade Under Uncertainty, 

Academic Press, 1979. 

:Kostinko, G., and J. Dione, An Annotated Bibliography of Rural Development
 

in Senexal 1975-1980, African Rural Economy Paper No. 23, Department
 

of Agricultural Econtnmics, Michigan State University, 1980.
 

Niane, A.D., Supply and Demand of Millet and Sorghum in Senegal, African
 

Rural Economy Program working Paper No. 32, Department of Agricultural
 

Economics, Michigan State University, September, 1980.
 



NEW YORK UNIVERSITF' 
School of Medicine 
550 FIRST AVENUE, NEW YORK, N.Y. 10016
 
AREA 212 6nm) 340-6703
 

Office of Grants Administration
 
and Institutional Studies
 

August: 18,-.1981 

James Erickson, Ph.D.
 
Agency for International Development.
 
(DF-HEA), RPE
 
Office of Health
 
Washington, D. C. 20523
 

Dear Dr. Erickson:
 

Enclosed please find one original copy with institutional approval
 
of Dr. Ruth Nussenzweig's program project application entitled "Sporozoite

Induced Immunity in Simian Malaria - Use of Hybridoma for the Characterization
 
of Protective Sporozoite Antigen(s)"
 

Sincerely
 

Ira S. Goodnan 
Assoqate !Dire tor 

enc. 
ISG/cek
 
cc: Ms. Car 
Gaskins
 



LEGAL NAME AND ADDRESS: New York University Medical Center 
550 First Avenue 
New York, New York 10016 

BITLE OF PROPOSAL: "Characterization of the Protective Antigens of 
Sporozoites of Rodent, Simian and Human Malaria. 
Studies on their Immunogenicity." 

PROJECT DIRECTOR: Ruth S. Nussenzweig, M.D., Ph.D., Professor 
Head, Division of Parasitology 
Department of Microbiology 

CO-DIRECTOR: 

PRINCIPAL INVESTIGATORS: 

Victor Nussenzweig, M.D., Ph.D., Professor 
Department of Pathology 

Ruth S. Nussenzweig, M.D., Ph.D., Professor 
Division of Parasitology, 
Department of Microbiology 

Alan H. Cochrane, Ph.D. 
Division.of Parasitology 
Department of Microbiology 

Arturo Ferreira, Ph.D., 
Department of Pathology 

Assistant Professor 

Elizabeth H. Nardin, Instructor 
Division of Parasitology 
Department of Microbiology 

Savanat Tharavanij, M.D., Professor,. 
Head, Department of Microbiology and Immunology 

PERiPD OF PROJECT: January 1, 1982
,1 

- December 31, 1984 

Ruth S. Nussenzweiqi, M.D., 
Project Director 

Ph.D. 

T..z4ercealdDietr Office of 
Grants Administration & Institutional Studies 

(Dite)t 



CHARACTEIZATION OF THE PROTECTIVE ANTIGENS OF SPOROZOITES
 

OFRODENT, SIMIAN AND HUMAN MALARIA
 

STUDIES ON THEIR IMMUNOGENICITY
 

Table of Contents
 

Pages
 

SUMMARY I _ List of Projects, Titles and Investigators ii 

TABLE I - Chart of Projects and Investigators iii 

B. Relevance of the Proposed Work to AID s Mission. 
 2
 

C. Scientific Aspect of Proposed Work 
 4
 

Cl. Overall Objectives. and Rationale of Research 
 4.
 

C2. Individual Projects of Proposed Program 6
 

C3. 	 Rationale for Incorporation of the Individual
 
Research Projects into a Program Project 
 8
 

a) Scientific Merit of Program Project 
 8
 
b) Justification for Existence of Core Facility 
 9
 

C4. Background Data 
 9
 

a) Immunization with Sporozotes 
 9
 
b) Progress Report 
 11
 

References 
 18
 

PROJECT 1. 	Immunization with purified antigens of P. berghei

sporozoites 
 20
 

References 
 24
 
Curriculum vitae 
 25
 

PROJECT 2. 	Characterization and isolation of the protective

antigen(s) of P. knowlesi sporozoites 36
 

References 
 43
 
Curriculum vitae 
 45,
 

PROJECT 3. Nature of the protective antigens of sporozoites

of different plasmodial species 48
 

References 
 56
 
Curriculum vitae 
 57
 

k (A) 	is title naae. 

i-a
 



Table 
,of,Contents
 

Pages
PROJECT 4. / i Characterization of the Protective antigens
:of P. vivax sporozoites 69 

References 

75
Curriculum vitaes 
 78
 

PROJECT 5., Sero-epidemiological investigation of sporo­zoite-induced immunity in Thailand 
 82
 
References 


91
Curriculum vitaes 
 93
 
BUDGET SUMMARY 


101
 
BUDGETS (and Justifications) 


102
 

i-b0
 



CHARACTERIZATION OF THE PROTECTIVE ANTIGENS OF SPOROZOITES
 
OF RODENT, SIMIAN AND HUMAN MALARIA
 

STUDIES ON THEIR IMMUNOGENICITY
 

Proect.1 	 IMMUNIZATION WITH PURIFIED ANTIGENS OFP. berghei
 
SPOROZOITES
 

Principal Investigator: Ruth S. Nussenzweig*
 
Co-Investigators: 	 Emmanuel OjoWAmaize
 

Fidel Zavala
 
Luiz Shozo Ozaki
 

Project2. 	 CHARACTERIZATION AND ISOLATION OF THE PROTECTIVE
 
ANTIGENS OF P. knowlesi SPOROZOITES
 

Principal Investigator: Alan H. Cochrane
 
Co-Investigators: Victor Nussenzweigt
 

Robert Gwadz-


Project3. 	 NATURE OF THE PROTECTIVE ANTIGENS OF SPOROZOITES
 
OF DIFFERENT PLASMODIAL SPECIES
 

Arturo Ferreirat
Principal Investigator: 

Co-Investigators: 	 Victor Nussen"weigt
 

Alan H. Cochrane*
 
Ferrucio Santorot
 

Project4. 	 CHARACTERIZATION OF THE PROTECTIVE ANTIGENS OF
 
P. vivax SPOROZOITES
 

Principal Investigator: Elizabeth H. Nardin*
 
Co-Investigators: Ruth S. Nussenzweig*,
 

Jurg Gysin*
 

Project 5. 	 SERO-EPIDEMIOLOGICAL INVESTIGATION OF SPOROZOITE-

INDUCED IMMUNITY IN Thailand
 

Principal Investigator: Savanat Tharavanij§
 
Co-Investigators: K. T. Harinasuta§
 

Pramuan Tapchaisri§
 
Yaovamarn Chomcharn§
 
Achara P. Asavanich§
 
Supatra Limsuwan§
 

Division of Parasitology, Department of Microbiology
 
Department of Pathology
 
Mahidol University (several departments)
 
Consultant, NIH, NIAID, Laboratory of Parasitic Diseases.
 

ii
 



Table I
 

CORE ADMINISTRATION
 

Program Director
 
Program Co-Director
 

Administrative Assistant
 

Project 1 Project 2 Project 4 

R.S. Nussenzweig A.H. Cochrane E.H.,Nardin 

E. Ojo-Amaize R.S. Nussenzweig R.S. Nussenzweig 

F. Zavala V. Nussenzweig J. Gysin 

L. Shozo Ozaki 
R.S. Nussenzweig 

Project 3
 

A. Ferreira
 

V. Nussenzweig
 

A.H. Cochrane
 

F. Santoro
 

Project 5
 

Savanat Tharavanij
 
K.T. Harinasuta
 

Pramuan Tapchaisri
 

Yao%'amarn Chomcharn
 

Achara P. Asavanich
 

Supatra Limsuwan
 

a. Projects conducted at the Division of Parasitology, Department
 

of Microbiology
 

b. Project primarily conducted at the Department of Pathology
 

c. Project primarily conducted at the Mahidol University (Bangkok)
 

iii
 



B)'*°IRELEVrNCEOF THE PROPOSED WORK TO AID's MISSION
 

.1) tStatement of the problem and pertinence of work
 
to AID's Mission
 

The ultimate goal of our research is to develop the
 
experimental basis for a malaria vaccine of man, based on
 
the use of purified protecti ,e sporozoite antigens. This
 
involves the identification, characterization and isolation
 
of the protective antigens of sporozoites of various rodent
 
and primate malarias, including those which infect man.
 
These purified sporozoite antigens will then be used in
 
vaccination attempts conducted in experimental animals.
 
The protective antigens of sporozoites of different plas­
modial species appear to share a series of common properties,

and might well turn out to belong to a family of related
 
proteins. The occurrence of such analogies would, if.­
confirmed, simplify the task of mass producing these antigens
 
by genetic cloning, or by other means%
 

Support of research directed towards the development of
 
a malaria vaccine has, since 1966, been part of AID's
 
strategy and overall effort towards global control of malaria.
 
This commitment was formally stated by Drs. E. Smith and
 
J. Banta, in the course of a malaria workshop co-sponsored
 
by AID and the National Academy of Sciences (Washington,

July, 1974). During a subsequent International Meeting on
 
Malaria and Babesiosis (Mexico City, May, 1979), Drs. E.
 
Smith and J. Erickson reviewed the areas to be investigated
 
in relation to vaccine development and the corresponding
 
priorities based on the then prevailing state of the art (1).
 

Recently, considerable research advances have been made
 
in other areas, such as the development of hybridoma meth­
dology and genetic cloning, both of which are expected to
 
have a considerable impact on vaccine development and in
 
particular improve the prospective of mass producing a
 
malaria vaccine. The use of hybridoma methodology has lead
 
to a series of novel research approaches directed toward the
 
identification of the "protective" malaria antigens. The
 
first results obtained in this area were reviewed at an AID­
sponsored Malaria Workshop (Bethesda, January, 1981).
 

Two pert charts prepared by AID consultants were
 
presented and updated in the course of this meeting. The
 
charts reflect the present state of the art, and the se­
quence of foreseeable steps which should lead to sporozoite

and merozoite vaccine development. These charts will,
 
undoubtedly, facilitate the assessment of research progress
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and future research needs. Our own research activities in.
 
the area of sporozoite-induced immunity coincide to a con-.
 
siderable degree with the respective pert chart.
 

The proposed Program Project, and its individual
 
components, are a logical follow-up of our earlier research
 
in these areas, and of our more recent findings on the
 
protective surface antigen of sporozoites of rodent malaria
 
(2-4). We consequently trust that our Program Project is
 
consistent with AID research priorities, and is entirely

relevant to AID's mission in this field.
 

2) Potential for effective utilization of research
 
results in developing countries worldwide
 

Our research orientation continues to be directed
 
toward establishing experimental models, as analogous as
 
possible to human malaria, in order that these studies may

provide information directly applicable to malaria vaccine
 
development. Our recent work, using radiolabeled sporo­
zoites and monoclonal antibodies, is aimed at characterizing

the protective antigens of these parasites and detecting

their similarities. This approach is now being extended to
 
sporozoites of human malaria, namely, P. falciparum and
 
P. vivax.
 

Characterization of the protective sporozoite antigen(s)

is a prerequisite for selecting, among the sporozoite
 
components, those which will induce a protective immune
 
response, and which are most likely to provide good candidates
 
for use in a malaria vaccine. These protective antigens

will therefore be the targets of genetic cloning in attempts
 
at mass producing these parasite components for vaccination
 
purposes.
 

Collaborative research, such as our joint project

with Drs. K. T. Harinasuta, Savanat Tharavanij and Pramuan
 
Tapchaisri, and others in Thailand (see Project #5), is
 
designed to provide basic information on the level of
 
antisporozoite immunity of populations living under well­
defined epidemiological conditions in areas of high malaria
 
endemicity. These data will be essential for adequately

monitoring the immune response to a sporozoite vaccine. It
 
will also be useful for determining the age group which is
 
at greatest risk, and for which vaccination should first be
 
initiated. Furthermore, this study will provide immune sera
 
and sporozoites, essential for the identification of the
 
protective antigens and their corresponding antibodies.
 

Our AID-supported research activities have provided

ample opportunity for the training of investigators from
 
developing countries, as well as from the United States.
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.This training has, in several instances, contributed to
 
originating or reinforcing existing research teams, which
 
are presently active in sporozoite-related investigations.
 

In September, 1981, Dr. J. Gysin (The Pasteur Institute,
 
French Guyana) and Dr. E. Ojo-Amaize (Nigeria) are both
 
scheduled to join our research group. In 1982, Dr. T.H.
 
Cheng, a senior investigator from the People's Republic of
 
China, is expected to also join the Division. We are also
 
expecting Dr. L. Shozo Ozaki to join us shortly.
 

Our collaboration with several investigators and
 
laboratories in the United States, has also, we believe,
 
contributed to AID's network activities. In the course of
 
the upcoming contract period we fully expect to continue our
 
extensive collaboration with Dr. R. Gwadz (Laboratory- of
 
Parasitic Diseases, NIH). We also expect to continue our
 
collaborations with Dr. M. Aikawa (Case Western Reserve
 
University) and with Drs. W. Collins and K. Campbell
 
(Center for Disease Control, Atlanta). None of these collabor­
ations are incumbent upon AID funds.
 

Just recently we have initiated some collaborative
 
research with Dr. M. Hollingdale (Biomedical Research Institute,
 
Rockville, Md.). In addition, a joint research effort is in
 
the process of being initiated in the area of genetic cloning

with Dr. N. Godson (Department of Biochemistry, New York
 
University Medical Center), and J. Ellis, a graduate student
 
in the Division of Parasitology. Finally, within our own
 
Division, the combined efforts and shared ideas with Dr. J.
 
Vanderberg, especially in view of his expertise in culturing
 
the sexual stages of P. falciparum. will undoubtedly facili­
tate our efforts at mass producing sporozoites of this
 
malarial species.
 

C) SCIENTIFIC ASPECT OF PROPOSED WORK
 

Cl. Overall Objectives and Rationale of Research Approach
 

Our present overall research objective, as stated
 
earlier, is to characterize the functional sporozoite antigens
 
of rodent and primate malaria, i.e., those antigens which
 
upon purification and administration to experimental animals
 
will induce protection against sporozoite challenge. Such
 
antigens should function as good candidates for use in a
 
malaria vaccine.
 

The fact that extensive protection has been obtained
 
by sporozoite immunization in a series of vertebrate hosts,
 
including man, without the need for adjuvants, supports our
 
choice of this developmental stage, namely, sporozoites, as
 
the target for vaccine development.
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Our research project was originally limited to sporo­
zoite-induced immunity in rodent malaria. The knowledge
 
obtained as a result of the initial years of this research,
 
namely, the verification that immunization with X-irradiated
 
sporozoites results in a considerable, frequently total
 
protection of the rodents against sporozoite challenge, and
 
that this protection was stage specific and effective
 
against various species of rodent malaria sporozoites, led
 
us to reformulate and broaden our objectives.
 

During the preceding years of AID-sponsored research,
 
these studies were extended to include two simian malaria
 
systems. The purpose was to verify the general validity of
 
the findings obtained using rodent malaria, and also to
 
establish an experimental primate malaria model related as
 
closely as possible to P. falciparum malaria in man.
 

The serological methods developed in the course of
 
these studies have, in recent years, been used to investi­
gate the occurrence of antisporozoite immunity in indi­
viduals living in an area of high P. falciparum endemicity.
 
This has led to the detection of a high frequency of specific
 
antisporozoite antibodies in this adult population (5) and
 
the finding that these antibodies were congenitally trans­
ferred from mother to new-born (6).
 

Using methodology developed during the current contract
 
period, namely isotope labeling of sporozoites and development
 
of monoclonal antibodies to sporozoite surface antigens, it
 
has become feasible to characterize the protective antigens
 
of these parasites. These antigens were identified first on
 
the surface of P. berghei sporozoites (2, 3); more recently
 
a protective antigen has also been identified on P. knowlesi
 
sporozoites.
 

Characterization of the protective sporozoite antigen(s)
 
and clarification of the effector mechanisms of immunity are
 
undoubtedly among the most important goals to be reached
 
during the development of a malarial vaccine. We consider
 
that these research objectives can now successfully be under­
taken and we are fully committed to this aim.
 

In view of considerable similarities of the basic
 
characteristics of sporozoite-induced immunity in rodent,
 
simian and human malaria (7, 8), and of our initial findings
 
regarding the molecular basis of these immune mechanisms, it
 
is very likely that further studies will uncover analogies
 
among the protective antigens of sporozoites of different
 
malarial species. Under these conditions, the findings in
 
the experimental malaria models will basically be applicable
 
to sporozoites of human malaria, and thus facilitate their
 
study, which otherwise would be severely limited in view of
 
the present difficulties in obtaining adequate numbers of
 
these parasites.
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This concept provides the basis of the approach to be
 
followed in the presently proposed Program Project, and the
 
rationale for the choice objectives to be pursued in the
 
individual projects. The various research objectives and
 

individual research projects, listed herein, are closely
 
interrelated, although they utilize diverse methodology and
 

different malaria parasite-host systems. Our past experience
 

has shown that this multifaceted, integrated approach is
 
rather effective, as advances in one area generate the tools
 
and data necessary to explore another aspect of our overall
 

objective. The participation in our project of investigators
 
of diverse training and expertise, working in very close
 

collaboration, certainly is the single most important factor
 

which contributes to the efficacy of the overall approach.
 

C2). Individual Projects of Proposed Program
 

The following is a list of the f;Lve related Research
 
Projects, which are an integral part of our presently
 
proposed Program Project, and a brief description of their
 
respective goals:
 

PROJECT 1. 	 IMMUNIZATION WITH PURIFIED ANTIGENS OF
 
P. berghei SPOROZOITES
 

The overall aim of this project is central to
 

our entire research approach, namely to demonstrate that
 

protection against sporozoite challenge can be obtained by
 

immunization with purified protective sporozoite antigen(s).
 
These experiments will be performed in the P. berghei-rodent
 

system, since most of the available information on pro­

tective sporozoite antigens has been generated using
 
P. berghei sporozoites. In addition, the rodent host, to be
 
used for immunization and subsequent sporozoite challenge,
 
lends itself best for the purpose of defining optimal
 

conditions of immunization, i.e., to compare the efficacy of
 

a variety of antigen preparations, as well as of different
 

routes and schedules of immunization. The radioimmunoassay,
 
which is being developed to detect and measure minimal
 

amounts of the protective sporozoite antigens, will also be
 

modified to measure the levels of antibody produced as the
 

result of immunization, and directed against this protective
 
antigen.
 

PROJECT 2. 	 CHARACTERIZATION AND ISOLATION OF THE PROTECTIVE
 
ANTIGENS OF P. knowlesi SPOROZOITES
 

The overall goal of this project is to identify
 
the protective antigen(s) and the respective epitopes of
 

P. knowlesi sporozoites, to determine their functional role'
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through the use of monoclonal antibodies, and isolate these
 
antigen(s) for 	a variety of related purposes including the
 
structural characterization of the protective antigen. We
 
also plan to further investigate the cross-reactions with
 
surface antigens of other primate malarias, which are detected
 
by these monoclonal antibodies, and the possibility of
 
protection in these heterologous systems. Since sporozoites
 
of human malaria are so difficult to obtain, limiting severely
 
the experimental approaches which can be undertaken, the
 
characterization of the protective antigens of simian malaria
 
is particularly important as a source of information for
 
vaccine development.
 

PROJECT 3. 	 NATURE OF THE PROTECTIVE ANTIGENS OF SPOROZOITES
 
OF DIFFERENT PLASMODIAL SPECIES
 

The overall goal of this project is to define
 
the structure of the protective antigens of sporozoites of
 
P. berghei, P. knowlesi and P. cynomoli and to compare
 
Their physico-chemical properties and their peptide maps.
 
It also aims at the identification of the structural features
 
of the epitope of Pb44 which reacts with the monoclonal
 
antibody 3Dll.
 

PROJECT 4. 	 CHARACTERIZATION OF THE PROTECTIVE ANTIGEN(S)
 
OF P. vivax SPOROZOITES
 

The overall aim of this project is to identify
 
the protective antigen(s) of P. vivax sporozoites, so that
 
they might, in the future, be used as a malaria vaccine. The
 
identification of these antigens will be pursued by the use
 
of monoclonal antibodies, selected for their reactivity with
 
sporozoite surface antigens. Their functional activity will
 
be ascertained by using the sporozoite neutralization assay,
 
i.e., by determining if the incubation of these monoclonal
 
antibodies, or their Fab fragments, with viable P. vivax
 
sporozoites abolishes their infectivity for squirrel monkeys
 
or splenectomized chimpanzees. Sporozoites for these
 
experiments will be obtained from different sources, corres­
ponding to diverse geographic isolates, in order to determine
 
whether these different isolates share the same antigen(s).
 

PROJECT 5. 	 SERO-EPIDEMIOLOGICAL INVESTIGATION OF SPOROZOITE-

INDUCED IMMUNITY IN THAILAND
 

The overall goal of this project is twofold:
 

a) to establish the patterns of theantibody response to sporo­
zoites of P. falciparum and P. vivax of individuals living
 
in areas of high malaria endemicity of Thailand; and b) to
 
obtain sporozoites of these two Plasmodial species as well
 
as selected antisera from individuals with high antisporozoite
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antibody titers, for the purpose of identifying, in

collaboration with the New York University Medical Center
 
group, the protective antigen(s) of P. falciparum and
 
P. vivax.
 

Data to be obtained on the incidence of antibodies to

P. falciparum and P. vivax sporozoites in the sera of

individuals living in an endemic area will provide baseline

information on the level of the antisporozoite immunity

of this population. 
 Such baseline data will be invaluable
 
for monitoring the effects of a sporozoite vaccine as soon
 
as such a 	vaccine becomes available for pilot studies.
 

C3). 	 Rationale for Incorporation of the Individual
 
Research Projects into a Program Project
 

a. Scientific Merit of Program Project
 

The various projects of this application are
indeed closely related. The individual projects benefit not
only from the information and methodological developments

obtained in the other experimental systems, but are inter­
related and 
are a common source for essential experimental
 
materials.
 

For example, Project #4, "Characterization of the

Protective Antigens of P. vivax sporozoites" will benefit
 
from the information and materials obtained from Projects

#1-3. The usefulness of these rodent and simian malaria

projects as 
a source of information for the investigation of
the protective sporozoite antigens of P. vivax is considerable.
 
This is true because of (a) the striking analogies in the

properties of the protective antigen(s) of sporozoites of

different 	malarial species, and (b) the very limited avail­
ability of sporozoites of human malarias.
 

Furthermore, Project #4, will benefit from the data
 
and the research materials (immune sera and sporozoites)

obtained in the ( urse of the proposed Project #5, "Sero-'

epidemiological Study in Thailand." 
 The reverse is also

applicable as Project #5 will undoubtedly benefit from the
 
availability of hybridomas and the information obtained in
Project #4, as well 
as Dr. E. 	Nardin's earlier sero-epidemi­
ological work in the Gambia (5, 6).
 

Reciprocity also exists between Project #3, 
"Nature of

the Protective Antigens of Sporozoites of Different Plasmodial
 
Species" and Projects #1 and 2. 
These two projects will

provide the necessary background information on the antigens

of P. berghei and P. knowlesi, as well as the corresponding

experimental materials.
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b. Justification for Existence of Core Facility
 

All of the projects to be conducted at New York Uni­
versity will rely on the use of a common Core Facility

located within the Division of Parasitology (for detailed
 
information, see pg.
 

One essential component of the Core Facility is the

three insectaries used for the breeding and maintenance of
 
both infected and non-infected mosquitoes. These are

operated by a staff of experienced and well-trained personnel,

responsible for breeding of the Anopheles, as well as the

maintenance of the sporogonic cycle of the various malarial
 
species, and the dissection and purification of all the
 
salivary gland sporozoites used in the various projects.
 

The Core Facility also includes a major part of the
 
Division's Animal Quarters, which houses most of the ani­
mals, primates and rodefts,to be used in the experimental

work proposed in Projects #1-4. Furthermore, the major

pieces of equipment listed, and housed within the

Division of Parasitology, and in Dr. V. Nussenzweig's labora­
tory, Department of Pathology, will be used by all the

investigators involved in the projects to be performed at
 
the University.
 

As all 
our various projects involve the production of
additional hybridomas and/or maintenance and recloning of
 
existing hybrid cell 
lines, the overall Program Project and

all of its investigators would benefit greatly from a well­
equipped hybridoma laboratory to be set up at the Division
 
of Parasitology as proposed in the present application.
 

C4) Background Data
 

This review has a two-fold purpose: (a) to

summarize present knowledge on immunization with sporozoites

in rodent, simian and human malaria, and (b) to present

recent 
findings obtained during the current contract period,

related to the proposed research (Progress Report). Both of
 
these provide the basis of much of the presently proposed projects.
 

a. Immunization with sporozoites
 

The demonstration of the immunogenicity of the sporozoite

stage and of the occurrence of sporozoite-induced protection

was first provided by the classical experiments of Mulligan

et al. in avian malaria (9). Since then, a considerable
 
amount of information on sporozoite-induced immunity has
 
been obtained through experimental work using the rodent,

and more recently, the simian malaria system. 
These findings,
 
as well as the data obtained in preliminary vaccination
 
attempts in humans performed by immunization through the

bite of infected, irradiated mosquitoes (10), have been the
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subject of various recent reviews (8, 11).
 

For the purposes of the present proposal, we w±j

therefore merely summarize the essential findings in the
 
various systems:
 

1. The sporozoite stage of malaria parasites is
 
strongly immunogenic. The intravenous injection of small
 
numbers of attenuated, X-irradiated sporozoites induces a
 
high degree of protective immunity and formation of anti­
sporoantibodies in rodents (12, 13).
 

A relatively large number of X-irradiated sporozoites,
 
administered in repeated doses, is required to produce
 
complete protection of rhesus monkeys against challenge with
 
P. cynomolgi or P. knowlesi sporozoites. Only a certain
 
percentage of rhesus are "good responders" to sporozoite

antigen and become protected as a result of the immunization
 
(14).
 

In man, protective immunization through the bite of P.
 
falciparum or P. vivax-infected, irradiated mosquitoes also
 
required multiple exposure to a large number of infected
 
mosquitoes (10).
 

2. Sporozoite-induced immunity in rodent, simian and
 
human malaria is highly stage-specific. Its effects are
 
mainly, if not exclusively, directed against the sporozoite
 
stage. The erythrocytic stages of the parasite are not
 
affected by this immune mechanism.
 

3. Considerable cross-protection and serologic cross­
reactivity occur among sporozoites of certain rodent malaria
 
strains and species (15). This is not the case for either
 
simian or human malaria, where protection thus far has
 
consistently been found to be strictly species-specific, but
 
very effective against different strains .or isolates of the
 
same species (10, 16).
 

4. Sporozoites undergo antigenic changes during their
 
process of maturation which seem to be correlated with the
 
development of sporozoite infectivity. Sporozoite surface
 
antigens are barely detectable on rodent oocyst sporozoites,
 
are present in considerable amounts in salivary gland sporo­
zoites and can be detected only in the early phase, but not
 
in the late phase of development of exoerythrocytic stages
 
(17). They are absent from erythrocytic stages.
 

5. The spleen does not play an essential role in
 
sporozoite-induced protective immunity in mice. The im­
munization of splenectomized mice renders them resistant to
 
sporozoite challenge in the absence of antibodies detectable
 
by the CSP reaction (18).
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6. Sporozoite-induced immunity is, at least in part,
 
serum-mediated. The in vitro incubation of sporozoites of
 
rodent malaria with immune serum neutralizes their infectivy
 
(SNA). The passive transfer of immune serum from hyper­
immunized mice increases the rate of sporozoite clearance
 
observed in normal rodents. Serum antibodies also display
 
neutralizing activity against sporozoites of simian malaria,
 
i.e., abolish parasite infectivity upon in vitro incubation.
 

7. The non-specific stimulation of the reticuloendothelial
 
system, which occurs during sporozoite immunization, is very
 
shortlived and does not play an important role in protection
 
against sporozoite challenge in rodents (19).
 

b. Progress Report. Recent findings obtained and/or
 
published during the current contract period.
 

(i) Immunization with viable, attenuated or
 
non-attenuated sporozoites
 

Studies on vaccination of rhesus monkeys with
 
irradiated sporozoites of P. knowlesi and characterization
 
of sffrface antigens of these parasites (by R.W. Gwadz, A.H.
 

Cochrane, V. Nussenzweig and R.S. Nussenzweig) Bull. WHO 57
 

(Suppl. 1): 165-173, 1979.
 

Studies were conducted to develop an effective
 
method of inducing protection against sporozoite-induced
 
malaria in a primate system and to obtain information regard­
ing the surface membrane antigens of sporozoites. Immuniza­
tion of rhesus monkeys was performed with gamma-irradiated
 
sporozoites of P. knowlesi. Levels of antisporozoite
 
antibodies were monitored by immunofluorescence, sporozoite
 
neutralization and the circumsporozoite precipitation
 
reaction, and appeared to correlate well with protection.
 
Only the intravenous route was effective in inducing both
 
protection and antisporozoite antibodies. Immunization with
 
sporozoites mixed with Freund's complete adjuvant failed-to
 
induce protection and resulted in a minimal antibody response.
 

Mechanisms of resistance to sporozoites probably
 
involve the interaction of the host's immune system with the
 

.
parasite's surface antigen(s). Sodium dodecyl sulfate ­
polyacrylamide gel electrophoresis of surface-labeled,
 
partially purified sporozoites of rodent malaria (P. berghei)
 
followed by autoradiography revealed the presence of a small
 
number of labeled proteins in the extract. Immunoprecipitation
 
with specific antisera to P. berghei detected primarily one
 
of these membrane components, with an apparent molecular
 
weight of 41,000. The molecular weight Af this main surface
 
antigen in sporozoites of P. berghei was different from that
 
in sporozoites of P. knowlesi.
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Sporozoites of mammalian malaria: attachment
 
to, interiorization and fate within macrophages (by H.D.
 
Danforth, M. Aikawa, A.H. Cochrane and R.S. Nussenzweig)

J. Protozool. 27: 193-202, 1980.
 

Sporozoites of P. berghei and P. knowlesi,
 
incubated in normal serum, readily interact with peritoneal

macrophages of mice or rhesus monkeys, respectively.

Interiorization of the sporozoite requires that both serum
 
and macrophages be obtained from an animal susceptible to
 
infection by the malaria parasite. Serum requirements for
 
sporozoite attachment to the macrophage are less specific.

Phagocytosis is not essential for the parasites to become
 
intracellula.r. Our findings indicate that active penetration

of the sporozoites into the macrophages does occur.
 

Antibodies present in the serum of sporozoite­
immunized mice are important in determining the fate of both
 
the intracellular sporozoites and the macrophages containing

the parasite. Sporozoites coated with, antibodies degenerate

within vacuoles of the macrophages, which have no morpho­
logic alteration. In contrast, sporozoites incubated in
 
normal serum do not degenerate within macrophages, but the
 
parasitized macrophages become morphologically altered and
 
are destroyed. Preliminary experiments indicate that sporozoites
 
appear to interact with rat Kupffer cells in the same way as
 
with the peritoneal mouse macrophages. It is postulated
 
that Kupffer cells play a dual role in sporozoite-host

interaction. In normal animals-these cells might serve to
 
localize the sporozoites in the immediate vicinity of the
 
hepatocytes. In the immunized animals, macrophages would
 
remove and destroy the antibody-coated parasites, thus contribu­
ting to sporozoite-induced resistance.
 

Plasmodium berghei: Suppression of antibody
 
response to sporozoite stage of acute blood stage infection
 
(by A.U. Orjih & R.S. Nussenzweig) Clin. Exp. Immunol. 38:
 
1-8, 1979.
 

Mice infected with the erythrocytic stages,of
 
P. berghei show impaired host response to immunization with
 
irradiated sporozoites of the same malarial parasite. The
 
stage-specific antisporozoite response was measured by
 
indirect immunofluorescence, upon adsorption of the sera
 
with parasitized red blood cells. P. berghei-infected mice,

immunized with irradiated sporozoites on the 4th day of
 
blood-induced malaria infection, developed a normal antisporo­
zoite antibody response. However, this antibody response
 
was more short-lived, compared with the antibody response in
 
normal mice immunized with a similar dose of irradiated
 
sporozoites. The immune response was severely depressed
 
when the animals were immunized on day 7 or later after
 
malaria infection. None of the sporozoite-immunized animals,
 
including those which responded to the first immunization,
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developed a secondary antibody response on 
reinoculation
with irradiated sporozoites. 
A fully established anti­sporozoite immune response, obtained after multiple immuni­zation with irradiated sporozoites and which resulted in
stage-specific protection of the animals, was not 
affected
by a superimposed blood stage malaria infection. 
The titers
of the antisporozoite antibodies in these animals were un­altered, in spite of their high parasitemias. Reduction of
the malaria parasitemia by chloroquine treatment 
abolished
the immunosuppressive effects of the disease. 
These ob­servations are discussed in relation to antisporozoite im­munity and immunosuppression in man in malaria-endemic areas.
 

Immunization against rodent malaria with
cryopreserved irradiated sporozoites of Plasmodium berghei
(by A.U. Orjih & R.S. Nussenzweig) J. Trop. Med. Hyg.-29:

343-347, 1980.
 

The preparation and storage of Plasmodium
berghei sporozoites for immunization purposes is described.
The sporozoites were harvested from the salivary glands of
infected mosquitoes and maintained in cold tissue culture
medium M199 with or without mouse serum. 
 They were
radiated and frozen either at 
ir­

-750C or in 
liquid nitrogen.
After various periods sporozoites were 
thawed and injected
into A/J mice. At 
the end of the immunization period the
animals were challenged with infective sporozoites of P.
berghei and monitored for parasitemia. 
It was found that
the storage did not appreciably alter the ability of the
irradiated sporozoites to 
induce protective immunity in the
recipient animals. 
 The highest protection (80 to 100%) was
induced with sporozoites maintained in 10% 
serum and stored
 
at -75oC.
 

Active immunization and passive transfer of
resistance against sporozoite-induced malaria in newborn
mice 
(by A.U. Orjih, A.H. Cochrane, and R.S. Nussenzweig).

Nature 291: 331-332, 1981.
 

Newborn mice, ranging in age from 2 to 24
days, and adults were immunized intramuscularly (i.m) with
y-irradiated sporozoites, administered in 2 to 4 dosages.
After the immunization, the animals were challenged with
infective sporozoites. It 
was found that 88% of the young
animals and 3 3
,oof the adults were protected. These ex­periments document that 
an 
effective sporozoite immunization
is feasible in infants. 
 Furthermore, our results indicate
that, whereas i.v. administration of sporozoites is crucial
for the successful immunization of adult 
animals, a more
acceptable route, namely, i.m., 
is equally effective in
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Litters born to and nursed by sporozoite-immunized mice
 
acquired a high level of antisporozoite antibody, which was
 
found to be of the IgG class. A considerable number of
 
these newborn mice (42/69) were found to be protected

against sporozoite challenge. These findings demonstrate,
 
for the first time, that sporozoite-induced protection can
 
be transferred naturally, from mother to offspring.
 

Comparative studies on the immunogenicity of
 
infective and attenuated sporozoites of Plasmodium berghei

(by A.U. Orjih & R.S. Nussenzweig) Trans. Roy. Soc. Trop.

Med. & Hyg. (In press).
 

Experiments to characterize the immune response

induced by the inoculation of infective sporozoites were
 
undertaken in an experimental rodent malaria system. Since
 
earlier work had shown that the blood phase of the infection
 
suppresses the humoral antisporozoite response, the develop­
ment of parasitemia was completely prevented by treating the
 
animals with either chloroquine or primaquine shortly after
 
sporozoite inoculation. The results obtained by immunization
 
with infective P. berghei sporozoites were compared with
 
those obtained using -irradiated sporozoites, by measuring

the antibody levels of the immunized mice and determining

their degree of protection against chalienge.


The level of protection in animals immunized with
 
infective sporozoites and submitted to chloroquine

prophylaxis was found to be comparable to that induced with
 
irradiated sporozoites. Under both conditions, a single

intravenous inoculation of 104 sporozoites protected approxi­
mately 50% of the immunized mice from challenge with infective
 
sporozoites. When two immunizing doses were given, over 90%
 
of the animals from both groups were protected. Immunization
 
of primaquine-treated animals with infective sporozoites

resulted in a somewhat lower level of protection. The
 
antibody response to inoculation of infective sporozoites was
 
either comparable to or somewhat greater than that induced
 
by irradiated sporozoites.


In vitro incubation of sporozoites with a
 
high concentration of chloroquine abolished their infectivity.

These chloroquine-attenuated sporozoites, however, were
 
immunogenic and induced a protective immune response.
 

Antibodies to sporozoites: their frequent occur­
rence in individuals living in an area of hyperendemic

malaria (by E.H. Nardin, R.S. Nussenzweig I.A. McGregor and
 
J.H. Bryan) Science 206: 597-599, 1980.
 

Serum samples from 158 West Africans were tested
 
for antibodies against sporozoites, the vector stage of the­
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malaria parasite. Antibodies specific for P. falciparum

sporozoites were detected by means of the CSP assay and
 
indirect immunofluorescence. More than 90 percent of the
 
serum samples from adults gave positive immunofluorescent
 
reactions against falciparum sporozoites, whereas most of
 
the samples from children gave low or negative reactions.
 

Congenital transfer of antibodies against
 
malaria sporozoites detected in Gambian children (by E.H.
 
Nardin, R.S. Nussenzweig, J.H. Bryan and I.A. McGregor) Am.
 
Am. J. Trop. Med. Hyg. (In press).
 

A survey of the antibody response to sporo­
zoites of P. falciparum was carried out using-plasma
 
samples obtained from twenty mothers and their newborn
 
infants living in The Gambia, West Africa; Serological
 
assays detected antisporozoite antibodies in 90% (18/20) of
 
the mothers and similar titers were detected in 17/18 of
 
their infants. The antisporozoite antibodies were gradually
 
lost from the circulation o' the babies until by approximate­
ly six months of age positive reactions against P. falciparum

sporozoites were no longer detected. A similar pattern of
 
acquisition and persistance of maternally-derived antisporozoite
 
antibodies was noted in a neonatal rhesus born to 
a female
 
monkey immunized with sporozoites of P. knowlesi.
 

(ii) Studies involving the use of monoclonal antibodies
 

Our most recent area of research, supported since
 
September, 1980 by an AID supplement, has involved the
 
characterization, through the use of monoclonal antibodies,
 
of sporozoite surface antigens, of rodent and more recently

also of primate malaria. Some of these results have been
 
published and are therefore only briefly summarized, others
 
are in press, or in preparation.
 

Hybridoma produces protective antibodies directed
 
against the sporozoite stage of malaria parasite (by N.
 
Yoshida, R.S. Nussenzweig, P. Potocnjak, V. Nussenzweig and
 
M. Aikawa) Science 207: 71-73, 1980.
 

Hybrid cells secreting antibodies against sporo­
zoites of P. berghei were obtained by fusion of plasmacytoma
 
cells with immune murine spleen cells. The monoclonal
 
antibodies bound to a protein with an apparent molecular
 
weight of 44.000 (Pb44), which envelopes the surface membrane
 
of sporozoites. Incubation of sporozoites in vitro with
 
antibodies to Pb44 abolished their infectivity.
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Monovalent fragments (Fab) of monoclonal
antibodies to a sporozoite surface antigen (Pb44) protect
mice against malarial infection (by P. Potocnjak, N. Yoshida,
R.S. Nussenzweig and V. Nussenzweig) J. Exp. Med. 151: 
1504­
1513, 1980.
 

Monoclonal antibodies (IgGl, ) directed
against a surface component of P. berghei sporozoites (Pb44)
confer complete protection to mice against a lethal inoculum
of parasites. 
The degree of protection is a function of the
number of parasites used in the challenge and of the antibody
concentration in 
serum. Passive transfer of 10 mg of antibody
per mouse abolished or profoundly diminished the infectivity
of 103 sporozoites, but much higher amounts of antibody weje
required for complete protection against challenge with 10

parasites.
 

Fab fragments of the monoclonal antibodies
 were as effective as the intact antibodies in mediating
protection as determined by the neutralizing assay. 
 This
observation suggests that the antibodies interfere with a
parasite function necessary for its infectivity, such as,
for example, the ability to penetrate into the target cell
 
or to multiply in the hepatocytes.
 

When sporozoites are incubated with the
intact monoclonal antibodies at 
370C, a long filament appears
at 
its posterior end (circumsporozoite precipitation (CSP)
reaction). 
 Fab fragments are ineffective at high concentra­tions. 
 However, if after treatment with Fab, the sporozoites
are incubated with rabbit antibodies to mouse K-chains, a
strong CSP reaction is observed. We conclude that the CSP
reaction 
can result from the cross-linking of Pb44 and that
it has the characteristics of 
a capping reaction followed by
the shedding of the immune complexes.
 

The protective antigen of malarial sporozoites
(Plasmodium berghei) 
is a differentiation antigen. 
(by M.
Aikawa, N. Yoshida, R.S. Nussenzweig and V. Nussenzweig) J.
J. Immunol. 126: 2494-2495, 1981.
 

Pb 44, the protective antigen of rodent

malaria sporozoites (P. berghei) 
covers the entire surface
of mature salivary gland sporozoites. This antigen is
undetectable in approximately 50% of immature, i.e., 
oocyst
sporozoites. 
On the surface of the remaining oocyst sporo­zoites, Pb44 is found in patches. Pb44 is present in early

exoerythrocytic liver stages of P. berghei, but becomes
undetectable at 30 hrs of intrahepatocytic development. 
 It
seems likely that Pb44 is a differentiation antigen as­sociated with an unique function of the sporozoites, perhaps,
penetration in the target host cells..
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Biosynthesis of Pb44, the protective antigen

of sporozoites of Plasmodium berghei (N. Yoshida, 
V. Nussenzweig

& R.S. Nussenzweig) J. Exp. Med. (In press).
 

In a previous paper we identified a protective

antigen (Pb44) of the surface membrane of sporozoites of P.
 
berghei by means of a monoclonal antibody. ImmunoprecipT­
tation of extracts of mature salivary gland sporozoites

metabolically labeled with 35S L-methionine using the same
 
monoclonal antibody revealed three specific polypeptides:
 
Pb44,
 

Metabolically labeled Pb44 is probably

identical to the protective antigen previously identified by

surface labeling. Both proteins have the same molecular
 
weights and isoelectric points under denaturing conditions
 
and they share an epitope. Moreover, Pb44 also seems to be
 
located on the cell membrane.
 

The results of pulse-chase experiments

strongly suggest that Pb52 is the precursor of Pb44. The
 
relationship between Pb54 and the protective antigen is
 
unknown. The three polypeptides seem to be strictly associ­
ated with only one of the developmental stages of the
 
parasite. They were not detected in blood forms and were
 
found in minute amounts in sporozoites from the midgut of
 
mosquitoes. 
 In contrast, in mature salivary gland sporozoites

they constitute main products of protein synthesis.
 

Monoclonal antibodies against a surface
 
antigen of P. knowlesi sporozoites (by A.H. Cochrane, R.W.
 
Gwadz, V. Nussenzweig & R.S. Nussenzweig) Fed. Proc. 40:
 
1011, 1981
 

We have recently obtained nine hybridomas by

fusing spleen cells of mice immunized with P. knowlesi
 
sporozoites with a mouse plasmacytoma cell Tine (NS-1). All
 
of these monoclonal antibodies react with viable sporozoites

of this simian malaria, as detected by indirect immuno­
fluorescence. However, only 5 of these monoclonal antibodies
 
produce a CSP reaction. The various hybridomas produce at
 
least two different patterns of immunoprecipitation upon

interaction with a metabolically labeled sporozoite extract.
 
The infectivity of P. knowlesi sporozoites for rhesus monkeys
 
was abolished upon incubation of the parasites with two of
 
the hybridomas. A third, CSP negative, hybridoma failed
 
completely to alter sporozoite infectivity. Five of the
 
hybridomas also reacted with viable P. cynomolgi sporo­
zoites. This cross-reaction had not been observed by using

the sera of mice or rhesus immunized with P. knowlesi
 
sporozoites.
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PROJECT I. IMMUNIZATION WITH PURIFIED ANTIGENS OF
 
P. berghei SPOROZOITES
 

Overall goals and specific aims
 

The overall aim of this project is to induce protection
in rodents against sporozoite challenge by immunization with
Pb44, a purified surface antigen of P. berghei sporozoites.

The internal sporozoite proteins Pb54 and Pb52, which are
antigenically related to Pb44 (see Progress Report, pg. 17)

will also be used in these vaccination procedures.
 

To achieve this goal we will pursue the following

specific aims:
 

a) 
 develop methods to measure relative concentrations
of Pb44, Pb52 and Pb54 based on the raactivity of these
 
antigens with the monoclonal antibody 3D11.
 

b) assay purified preparations of Pb44, Pb52 and Pb54
for their potential to induce a protective immune response,

using different antigen preparations and a variety of schedules
 
for immunization.
 

c) monitor the response of immunized animals by
measuring their antibody titers and cell-mediated immunity

to Pb44 in order to determine whether they correlate with
 
protection.
 

Rationale and significance
 

The present emphasis on the identification of "pro­
tective" sporozoite antigens, so that they might be used as
 a vaccine, is based on the assumption that immunization with
purified antigen(s) will lead to protection against sporozoite

challenge. The demonstration that passive transfer of

monospecific antibodies directed against a defined surface

antigen confers complete protection against sporozoite

challenge (1), 
lends support to this hypothesis.
 

The proposed experiments will hopefully provide direct
 
experimental evidence of the immunogenicity of purified
sporozoite antigens, and establish optimal conditions for
 
immunization to achieve protection. 
This approach will

permit comparison of the efficacy of different antigen

preparations.
 

Furthermore, we will attempt to measure the immune
 
response to Pb44 in animals injected with X-irradiated
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sporozoites. We wish to determine whether a good correlation
 
can be established between protection and the levels of
 
antibody to this antigen. This is to be expected if Pb44
 
is indeed the major immunogenic moiety of mature sporozoites.
 

Background and work in progress
 

To date, most of the successful attempts to achieve
 
protection against sporozoite challenge have been based on
 
the use of intact, attenuated sporozoites (2,3). Inocu­
lation of non-attenuated viable sporozoites also induces
 
protection, in addition to antibody formation. This was
 
demonstrated experimentally by repeatedly infecting rodents
 
with P. berghei sporozoites, and suppressing the blood phase
 
of the infection by drug treatment (4-7). Of relevance to
 
these experimental observations is the finding of anti­
sporozo!te antibodies in the sera of individuals in a
 
malaria-endemic area (8). The titer of these antibodies was
 
significantly higher in adults as compared to children, who
 
are known to be more susceptible to malaria.
 

Very little experimental evidence is available, however,
 
on other methods of immunization. Previous attampts to
 
vaccinate mice by injecting mechanically disrupted sporozoites 
produced only minimal levels of protection (9). These experi­
ments, though, were done under conditions which we presently
 
know lead to rapid enzymatic degradation of Pb44, the protective
 
antigen. Therefore, these negative results do not preclude
 
the possibility of successfully immunizing mice with purified
 
antigen(s).
 

The surface antigen of sporozoites of P. berghei (Pb44)
 
and its precursor(s) have only recently been identified. In
 
the course of these experiments, it was found that Pb44
 
shares a common antigenic site or epitope with the internal
 
sporozoite proteins Pb52 and Pb54 (10). It would be reasonable,
 
therefore, to assay all three sporozoite components as
 
immunizing antigens.
 

Methods of purifying Pb44, Pb52 and Pb54, based on
 
their characteristically low isoelectric point and their
 
binding to monoclonal antibodies, have recently been developed.
 
Furthermore, we have found that these antigens can be eluted
 
from SDS-PAGE slab gels with a high degree of purification
 
and very good yields. Under these conditions, the purified
 
antigens retain their capacity to combine with the monoclonal
 
antibody 3DI1 (10). In view of these results, we will use
 
these partially purified sporozoite antigens for immunization
 
purposes. Hopefully, this will diminish the risk of frag­
mentation of the antigens by contaminating proteolytic
 
enzymes.
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Methods and procedures
 

a) Development of methods to measure Pb44, Pb52 and
 

Pb54
 

We are presently standardizing a radioimmunoassay
 
to measure Pb44 and the other immunologically-related poly­

peptides Pb52 and Pb54. The assay is based on the inhibition
 

of the reaction between the monoclonal antibody 3DII (which
 

recognizes Pb44) and another monoclonal antibody, anti-3D11.
 
We have found that sporozoite antigen very effectively inhibits 
the idiotype/anti-idiotype reaction. Indeed, the assay is
 

sensitive enough to detect the antigen contained in about
 

100 sporozoites, and in sporozoites from individual mosquitoes.
 

It is also very specific. No inhibition is observed with
 

extracts from salivary glands of non-infected mosquitoes,
 
Further
nor with sporozoites of P. knowlesi or P. cynomo].gi. 


work is necessary to develop a solid-phase radioimmunoassay
 
which could be used routinely to perform large numbers of
 

tests. It should be pointed out that this assay may also
 

allow the detection of small amounts of protective antigens
 
synthesized from the corresponding mRNA by in vitro translation
 

systems and therefore facilitate cloning of the Pb44 gene.
 

b) Protection by immunization with purified sporozoite
 

antigens
 

The demonstration that immunization with purified
 

sporozoite antigens can indeed confer protection against
 
sporozoite challenge is an essential and critical step
 

within the context of developing a vaccine based on the use
 

of isolated sporozoite antigens.
 

Two antigen preparations will be used for immuni­
zation: Pb44 and the mixture of Pb52 and Pb 54, Both will
 

be obtained by immunoprecipitating the antigens from extracts
 
of 35 S-methionine-labeled P. berghei with the monoclonal
 
3D11. The immunoprecipitates will be run on SDS-PAGE and
 

the corresponding band will be eluted from the gel by the
 

method described in (10). Initially, we will not attempt to
 

separate Pb52 from Pb54 because they run very close to each
 

other in the gels.
 

In view of the lack of any prior information, immuni­

zation will have to be approached empirically, using a
 

variety of modes of antigen presentation (intravenous,
 
a series of adjuvants.
subcutaneous, intradermal) and 


Since Bordetella pertussis enhances the immune response
 
to a variety of antigens, in addition to being non-toxic to
 

man, we will attempt to combine the administration of this
 

adjuvant with purified sporozoite antigens.
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c) Correlation between protective immunity and humoral
 
responses to sporozoite antigens
 

In order to verify whether Pb44 is indeed the
major protective antigen of mature sporozoites, we will
 
attempt to correlate protective immunity with levels of

antibody to this antigen in animals injected with X-irradiated

sporozoites. In addition, we will measure 
serum levels of
antibodies to Pb44 in animals vaccinated with the purified

antigen.
 

For this purpose we plan to develop a radioimmunoassay
to measure antibodies to Pb44. 
 The antigen will be purifiedi

from sporozoites as described in a previous section (pg 
 ).
Microtiter plates will be pretreated with 1% glutaraldehyde

solution and then incubated with purified antigen to obtain
 a satisfactory solid-phase coupled coat. 
 The plates will be

treated with 2% bovine serum albumin to eliminate nonspecific
reactions to the solid support, after-the plates have been

treated with the fixative. The serum samples will be diluted

in 0.5% bovine albumin containing 0.05% of Tween-20. 
 The
dilutions if serum samples will be added to the wells, and
 
after appropriatc incubation and extensive washings, 
excess

of radiolabeled affinity-purified antibody to mouse 
Ig will

be added. The wells will be washed and radioactivity counted
 
in a gamma counter.
 

This is an assay which measures binding of antigen
to antibody and is, 
in principle, independent of the class
 
of antibody to serum. Therefore, we should expect to obtain
 
a good correlation between protection and antibody titers if
indeed our working hypotheses are correct; that is, that

i) protection is mediated mainly or 
exclusively by anti­

bodies to Pb44 and (ii) 
that antibody functions by binding

to Pb44 and not by initiating complement fixation, phagocytosis,
 
etc. (1).
 

Alternatively, it is conceivable that 
immunization
of mice with purified sporozoite antigens may also induce

cell-mediated immune responses. 
 In this case we may find
that the animals immunized with the purified antigens develop

resistance to sporozoite challenge in 
the absence of detectable

levels of antibodies to Pb44. 
 In this instance, we will
 
attempt to develop methods for evaluating cell-mediated
 
immune responses to Pb44, such as measuring foot-pad swelling

in the immunized mice, and/or adapting in vitro correlates
 
of CMI to this system.
 

Facilities Available
 

This research will be carried out 
in 400 square feet
 
of laboratory space. 
 All basic equipment to perform this work
is already available or being requested.
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PROJECT 2. 	 CHARACTERIZATION AND ISOLATION OF THE PROTECTIVE
 
ANTIGEN(S) OF P. knowlesi SPOROZOITES
 

Overall goals and specific aims
 

The overall goals of this project are to identify the
protective antigen(s) of P. knowlesi sporozoites, to determine
their functional role through the use of monoclonal antibodies
and to isolate 	these antigen(s) for a variety of purposes.
 

Our research in this area will focus on the following

specific aims:
 

a) to obtain monoclonal antibodies directed against
antigenic surface determinants of sporozoites of P. knowlesi.
 

b) 
 to determine the protective role of the monospecific
antibodies and 	to define the relationship between their
spor6zoite neutralizing activity (SNA) and their capacity to
induce the circumsporozoite precipitation (CSP) reaction.
 

c) to surface and metabolically label sporozoites of
P. knowlesi and to identify, by immunoprecipitation and gel
electrophoresis, the surface membrane antigens and their
 
precursors.
 

d) to determine, using a solid phase inhibition
radioimmunoassay, whether the various monoclonal antibodies
recognize different epitopes of the protective antigen.
 

e) 
 to screen the monoclonal antibodies for cross
reactivity with sporozoites of other malarial species, in
particular with sporozoites of human malaria.
 

Rationale and significance
 

These studies with a simian malaria model will permit
us to verify the more general validity of the findings
obtained in relation to Pb44, the protective sporozoite

surface antigen of P. berghei (see Progress Report
pgs. 15-17 and 	Project #1 of this proposal). Comparison of
the protective antigens of these rodent and simian malaria
sporozoites might reveal common features, in spite of the

dissimilarity of their antigenic determinants. 
 Identifi­cation and isolation of the protective antig'.ns of P. knowlesi
sporozoites are also prerequisites for the further biochemical

characterization of these antigens by peptide mapping

(Project #3 of 	this proposal), characterization of the
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antigenic determinants, amino acid sequencing, etc. all of
 
whichrepresent future necessary steps toward vaccine
 
development.
 

The P. knowlesi antisporozoite hybridoma system will
 
also allow greater flexibility in experimental approach than
 
hybridomas against sporozoites of the human malarias.
 
Sporozoites of P. falciparum, for instance, are still not
 
readily available in large numbers in spite of the fact
 
that recent advances in culturing the blood stages of these
 
parasites have now yielded gametocytes that are infective to
 
mosquitoes (1). Sporozoites of P. knowlesi, on the other
 
hand, are easily obtainable in the laboratory in large
 
numbers. In addition, P. knovrlesi infections in rhesus
 
monkeys provide a reasonably good experimental model for
 
falciparum infections in humans.
 

Furthermore, mosquitoes infected with P. knowlesi carry
 
large numbers of sporozoites in their saliviary glands allow­
ing for maximal parasite yield, with minimal amounts of
 
mi.crobial and mosquito tissue contaminants.
 

Finally, comparison of results obtained in the P. berghei
 
system with preliminary data obtained with both P. knowlesi
 
and anti-P. vivax hybridomas (Project #4 of this proposal),

indicates a number of similarities among the three systems.
 
Thus, future findings and data obtained with the P. knowlesi
 
hybridomas will facilitate the characterization of the
 
protective antigens of sporozoites of human malaria.
 

Background and work in progress
 

We have earlier shown that the multiple intravenous
 
inoculation of sporozoites of P. knowlesi into rhesus
 
monkeys induces a sterile immunity in these animals (2). A
 
strong correlation was observed between antisporozoite
 
antibody levels in the immunized animals and their degree of
 
protection. Using both ultrastructural observations (3, 4)
 
and indirect immunofluorescence (5) we have shown that
 
antisporozoite antibodies are directed primarily, if not
 
exclusively, against the surface membrane components of
 
sporozoites of both rodent and primate malarial parasites.
 

Our findings on the protective surface antigen of P.
 
berghei sporozoites using monoclonal antibodies, which have
 
been the subject of various publications (6-8), have provided
 
the background for the approach we are currently using with
 
P. knowlesi sporozoites.
 

We initiated this research approximately one year ago
 
and have obtained, by fusion of spleen cells of P. knowlesi
 
sporozoite-immunized mice with a plasmacytoma cell line, 
a
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series of 9 hybrid cell lines secreting antibodies to P.
 
knowlesi sporozoites. The hybridomas were screened and
 
selected by immunofluorescence, i.e., by the production of
 
antibodies to sporozoite surface antigen(s). Most of these
 
hybridomas have now been successfully cloned. Five of the
 
hybridoma antibodies produce a positive CSP reaction when
 
incubated with viable sporozoites. Several monoclonals have
 
been tested in the sporozoite neutralization assay and some
 
have been found to abolish sporozoite infectivity. These
 
initial results were reported at the Hybridoma Workshop,
 
during this year's AID meeting, and at the mini-symposium on
 
"Characterization of Parasite Surface Antigens" at this
 
year's FASEB meeting (9).
 

We have also obtained preliminary evidence indicating
 
that some of the P. knowlesi hybridomas cross react with both
 
glutaraldehyde-fixed and viable P. cynomolgi sporozoiles,
 
indicating the presence of shared epitopes between sporozoites
 
of these two Plasmodial species.
 

Methods and procedures
 

a) To obtain monoclonal antibodies against antigenic
 
surface determinants of sporozoites of P. knowlesi
 

We are using the method of Kohler and Milstein (10), as
 
modified by Pontecorvo (11) to obtain monoclonal antibodies
 
to P. knowlesi sporozoites.
 

In this procedure, Balb/c mice are immunized by multiple
 
intravenous injections of viable sporozoites of P. knowlesi.
 
The immune status of the mice is monitored by antisporozoite
 
antibody levels as determined by immunofluorescence and the
 
CSP reaction. Four days after the last immunizing dose, i.e.,
 
when high levels of these antibodies are reached, an animal
 
is sacrificed. Immune spleen cells are recovered and fused
 
with NS-1 plasmacytoma cells using polyethylene glycol-1000
 
as the fusing agent.
 

The assay used for the determination of antisporozoite
 
antibody producing hybrid cell lines is the indirect immuno­
fluorescent test. The antigen for the assay consists of
 
glutaraldehyde-fixed sporozoites of P. knowlesi.
 

Most of the 9 cell lines secreting antisporozoite anti­
bodies have now been cloned by the method of limiting dilution
 
and have been injected intraperitoneally into Balb/c/DBA2 mice
 
to obtain ascites. This assures the maintenance of the cloned
 
cell lines and also results in very high monospecific antibody
 
levels in the ascites and serum of the tumor-bearing mice.
 
To accelerate and increase the production of ascites, mice are
 
injected intraperitoneally with pristine several hours prior
 
to the intraperitoneal injection of the cloned cells. The
 
clones have also been frozen in liquid nitrogen as assurance
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against possible loss of their capacity to produce antibody.

Some of the monoclonal antibodies have been purified from
 
the ascitic fluid by ammonium sulfate precipitation followed
 
by anion exchange chromatography and filtration through a
 
Sephadex G-200 column.
 

We are planning to perform additional fusions to obtain
 
more monoclonal antibodies to further characterize sporozoite

surface antigenicity of P. knowlesi and to determine the extent
 
of shared surface epitopes between sporozoites of P. knowlesi
 
and other primate malarias, in particular human malarias.
 

b) To determine the protective role of the monospecific
 
antibodies and to define the relationship between their sporozoite

neutralizing activity and their capacity to induce the 
CSP
 
reaction
 

This specific aim is based on the findings that sera of
 
sporozoite-immunized and protected mioe or rhesus specifically

abolish the parasite's infectivity. This is antibody mediated,
 
as has been clearly documented by the fact that the incuba­
tion of sporozoites of P. berghei with small amounts of the
 
purified monoclonal anti-Pb44 antibody, or its Fab fragments,
 
results in the loss of infectivity of the parasites (7).
 

In both sporozoite-immunized rodents and rhesus monkeys,

protection against challenge corresponds closely to the
 
presence of sporozoite neutralizing activity in the sera of
 
these animals. The monoclonal anti-P. knowlesi antibodies
 
will be assayed for SNA and the relaTionship between this
 
activity and CSP reactivity will be determined. In this
 
procedure, infective sporozoites of P. knowlesi will be
 
incubated with the various antibodies, or their Fab fragments,

for one hour at room temperature and will then be injected

intravenously into rhesus monkeys for determination of loss
 
of infectivity. Four of the nine monoclonal antibodies have
 
already been tested in this assay. Preliminary results
 
indicate that a CSP positive hybridoma and two CSP negative

hybridomas possess sporozoite neutralizing activity. A
 
third CSP negative monoclonal failed to abolish sporozoite
 
infectivity.
 

We plan to also determine the protective role of the
 
monoclonal antibodies by the passive transfer of the purified

antibodies to rhesus monkeys prior to sporozoite challenge.
 
In the P. berghei-rodent system, passive transfer of rather
 
small amounts of purified monoclonal antibody completely
 
protects mice against subsequent sporozoite challenge (7).
 

c) To surface and metabolically label sporozoites
 
of P. knowlesj and to identify, by immunopr cipitation and
 
gel electrophoresis, the surface membrane antigens and their
 
precursors
 

As mentioned above, three monoclonals have shown pro­
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tective properties and they react with surface antigen(s) of
sporozoites. Our aim is 
to identify the antigen(s) by
immunoprecipitation of surface or metabolically labeled
 
sporozoites.
 

Initial attempts to label the protective membrane
antigen(s) of P. knowlesi sporozoites, using lactoperoxidase

mediated iodination (12), 
have not yet yielded conclusive
results. Modification 
of this technique is being considered,

as well as 
the use of other iodination procedures, such as

that described by Markwell and Fox (15).
 

With regard to metabolic labeling, 35 S-methionine,

with high specific activity, will be added to P. knowlesi
sporozoites suspended in RPMI-1640, modified by the omission
of L-methionine and the addition of bovine serum albumin.
Kinetics of the 
35 S-methionine incorporation into TCA­precipitable protein will be determined as 
described by

Burgess and Metcalf (14).
 

The sporozoite extracts, obtained by the addition of
0.57 NP40, will then be immunoprecipitated by the monoclonal
antibodies, as well 
as by various control sera, including

anti-P. knowlesi antisera obtained from an 
immunized and
protected rhesus monkey and 
from immunized mice. 
A suspension

of formaldehyde-treated Staphylococcus A, Cowan 
I strain
(Staph A), 
will be used to bind immune complexes (15).
SDS-PAGE will be performed in slabs as described by Laemmli (16).
 

The initial results indicate that the three protective

monoclonals all immunoprecipitate the same three polypeptides

from the extracts of metabolically labeled parasites. 
The
CSP negative, non-protective hybridoma does not immunoprecipitate
 
any 35 S-labeled moiety.
 

These findings have to 
be extended, using other monoclonals,
to determine whether all protective antibodies recognize the
 same three polypeptides. In addition, we plan to determine
which of the three proteins is present 
on the surface of the
parasite, and whether there is 
a precursor-product relation­
ship between them. 

Two approaches can be used to determine if 
one or more
of the polypeptides is 
found on the membrane of P. knowlesi

sporozoites: (1) viable metabolically labeled sporozoites
are incubated with the monoclonals, washed by centrifugation

and extracted with NP40. 
 In this situation the antibody

should bind mainly to external antigen(s)--which should be
the only one detected by immunoprecipitation. 
 In contrast,

when extracts of metabolically labeled parasites 
are in­cubated with the monoclonals, both external a. 
i internal
antigens will be recognized. A comparison of the results
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of immunoprecipitation obtained by SDS-PAGE of both kinds of
 
extracts should indicate which polypeptide is on the membrane;
 
(2) treatment of metabolically labeled sporozoites with low
 
concentrations of proteolytic enzymes to remove or cleave
 
surface proteins. After the treatment, the parasites will
 
be extracted and immunoprecipitated. The gel patterns will
 
then be compared with those obtained using control sporozoites
 
not exposed to the enzyme.
 

In order to determine whether the two larger polypeptides
 
are precursors of the smaller one, we will use the pulse­
chase technique, as was used to study the protein synthesis
 
of P. berghei sporozoites (17).
 

Finally, using the same methodology, that is, metabolic
 
labeling and imunoprecipitation, we will try to determine
 
whether these protective antigens are also present in sporozoites
 
obtained from mosquito midgut oocysts. This may be important

in order to obtain large amounts of m-RNA for the purpose of
 
genetic cloning.
 

d) To determine, using a solid-phase inhibition
 
radioimmunoassay, whether the various monoclonal antibodies
 
recognize different epitopes of the protective antigen.
 

In this study, each monoclonal antibody will be assayed

for its ability to inhibit the binding of a second monoclonal
 
antibody to the sporozoite extract. The methodology to be
 
employed is currently in use in Dr. V. Nussenzweig's laboratory,

and is being applied to the study of P. berghei sporozoites.
 

In this procedure, microtiter wells are first coated
 
with sporozoite extract obtained by repeated freeze-thawing

of the parasites. Each well is washed with PBS containing
 
BSA (1 mg/ml) to prevent non-specific binding of the mono­
clonals to be assayed.
 

Purified monoclonal antibodies will be radiolabeled
 
with 1251, using solid-phase lactoperoxidase-glucose oxidase
 
to mediate the reaction (18, 19) and the amou.'nt of each
 
labeled antibody required to saturate antigen binding sites
 
will be determined. Inhibition of binding of labeled antibody
 
by an excess of cold antibody of a second hybriaoma will
 
indicate competition between the two antibodies for the 
same
 
or a spatially related determinant. No inhibition will indicate
 
that the two antibodies are directed against separate epitopes.
 

These experiments may provide clues regarding the
 
relative importance of the various domains of the antigen
 
molecule in providing protection. For example, if one particu­
lar epitope is involved in entry of the sporozoite into the
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target cell, certain hybridomas may be more effective -­than
others in mediating protection.
 

e) To screen the monoclonal antibodies for cross­reactivity wit 
 rozoites of other malarial species, 
in
particular with sporozoites of humanmalaria.
 

This aim will be investigated by a number of approaches,
including the CSP reaction and immunofluorescence, 
using
both viable and glutaraldehyde-fixed sporozoites 
 Should
shared antigenic determinants be detected, the antiknoWlesi
monclonals will be used for immunoprecipitation 
of labeled
extracts of sporozoites of the various Plasmodial species,
to allow comparison of the entigens being recognized.
reacting monoclonals will also be assayed for their ability
to detect functional surface membrane antigens of the
various sporozoites and to abolish parasite infectivity.
 

Cross
 

Facilities Available
 

The work proposed in this project is mainly performed
in 
a 400 square foot laboratory, shared by two, and frequent­ly more investigators 
 The laboratory is equipped for
hybridoma work, containing our single laminar'flow hood, and
a C0 2 incubator. 

electrophoresis, 

It also contains the equipment for gel­a gamma counter, two refrigerators, and is
undoubtedly very crowded. 

counter is available for 

A Beckman brand scintillation
 
use in 
an 
adjacent corridor, 
A
fluorescent microscope, cold room, insectaries, dissecting
and phase contrast microscopes, etc. 
are all part of our
common shared facilities.
 

This project, as well as our other proposed research in
Projects #1 and #4, would benefit greatly from the availability
of a separate hybridoma laboratory complete with adequate
freezing facilities.
 

- 42 ­



PROJECT #2
 

REFERENCES
 

1. Vanderberg, J., 
Personal communication.
 

2. Gwadz, R.W., Cochrane, A.H., Nussenzweig, V. and
Nussenzweig, R.S. 1979. 
Preliminary studies on vaccination
of rhesus monkeys with irradiated sporozoites of Plasmodium
knowlesi and characterization of surface antigens of these

parasites. Bull. WHO 57 (Suppl. 1): 
165.
 

3. Cochrane, A.H., Aikawa, M., 
Jeng, M. and Nussenzweig,
R.S. 1976. Antibody-induced ultrastructural changes of
malaria sporozoites. J. Immunol. 116: 589.
 

4. Aikawa, M., Cochrane, A.H., Nussenzwieg, R.S. and
Rabbege, J. 1979. Freeze-fracture study of malaria sporo­zoites: antibody-induced changes of the pellicular membrane.

J. Protozool. 26: 273. 
 -

5. Nardin, E.H., Nussenzweig, R.S. and Gwadz, R. 
 1979.
Characterization of sporozoite surface antigens by imnmuno­fluorescence: 
 application of this technique to detect stage
and species specific antimalarial antibodies. 
Bull. WHO 57
 
(Suppl. 1): 211.
 

6. Yoshida, N., Nussenzweig, R.S., Potocnjak, P., Nussen­zweig, V. and Aikawa, M. 1980. Hybridoma produces protective
antibodies directed against the sporozoite stage of malaria
 
parasite. Science 207: 71.
 

7. Potocnjak, P., Yoshida, N., 
Nussenzweig, R.S. and
Nussenzweig, V. 1980. Monovalent fragments (Fab) of mono­clonal antibodies to a sporozoite surface antigen (Pb44)
protect mice against malarial infection. J. Exp. Med. 151:
 
1504.
 

S. Aikawa, M., 
Yoshida, N., Nussenzweig, R,S. and Nussenzweig,
V. 1981. The protective antigen of rodent malarial sporo­zoites (Plasmodium berghei) is a differentiation antigen.

J. Immunol. 126: 2494.
 

9. Cochrane, A., 
Gwadz, R., Nussenzweig, V. and Nussenzweig,
R.S. 1981. Monoclonal antibodies against 
a surface antigen
of sporozoites of 
simian malaria abolish parasite infectivity.

Fed. Proc. (.Abst No. 4429) p. 1011.
 

10. Kohler, G. and Milstein, C, 1975. Continuous cultures

of fused cells secreting antibody of predefined specificity,

Nature (London) 256: 495.
 

-43­



11. Pontecorvo, G. 1975. 
 Production of mammalian somatic
cell hybrids by means of polyethylene glycol treatment.
 
Somatic Cell Genet. 1: 
397.
 

12. Hubbard, A.L. and Cohn, A.Z. 
 1972. The anyzmatic
iodination of the red cell membrane. 
J. Cell Biol. 55: 390.
 

13. Markwell, M.A.K. and Fox, C.F. 
1980. Surface-specific

iodination of membrane proteins of viruses and eucaryotic
cells using 1, 3, 4 6-tetrachloro-3X, 6 X-diphenylglyceuril.

Biochem. 17: 4807.
 

14. Burgess, A.W. and Metcalf, D. 
1977. The effect of
colony stimulating factor on 
the synthesis of ribonucleic
acid by mouse bone marrow cells in vitro. 
J. Cell Physiol.

90: 471.
 

15. Kessler, S.W. 1975. 
 Rapid isolation of antigens from
cells with staphylococcal protein A antibody absorbent:
Parameters of the interaction of antibody antigen complexes
with protein A. J. Immunol. 115: 1617.
 

16. Laemmli, U.K. 1970. 
 Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
 
Nature (London) 227: 680.
 

17. Yoshida, N., 
Nussenzweig, V. and Nussenzweig, R.S. 
 1981.
Biosynthesis of Pb44, the protective antigen of sporozoites

of Plasmodium berghei. 
 J. Exp. Med. (in press).
 

18. Marchalonis, J.J. 1969. 
An enzymic method for the trace
iodination of immunoglobulins and other proteins. 
Biochem.
 
113: 299.
 

19. Morrison, M. and Bayse, G.S. 
 1970. Catalysis of iodina­
tion of lactoperoxidase. Biochem. 9: 2995.
 

-44'
 



COCHRANE, ALAN H. Birthdate:  3
 
Associate Professor 
 Place of Birth:  
 
Division of Parasitology Nationality: Canadian
 

Imunigrant Visa Reg. #A35-413-658
 
Sex: Male
 

Education: 

University of Western Ontario, London, Ontario 
Althouse College of Education, London, Ontario 

B. So. 
Tech. Cert. 

1966 (Zool. Chem.) 

Cornell University, Ithaca, New York 
(Sec. Schl.) 
M. S. 

1967 
1969 

(Zool. Chem.) 
(Med. Entomol. 

Cornell University, Ithaca, New York Ph. f. 1974 
£ Micro.) 
(Obd.Entomol. 

& Micro.) 

Professional Society Membership(s): 

Camma Alpha Scientific Society 
Phi Kappi Phi 
American Mosquito Control Association 
American Society of Tropical Medicine & Hygiene 
American Society of Parasitologists 

Major Research Interest:
 

Imunological Aspects of Malarial Infections
 

REsearch and/or Professional Experience:
 

1930 - present: 
 Associate Professor, Department of Microbiology, Division of
 
Parasitology, New York University School of Medicine.
 

1974 - 1980: 
 Assistant Professor, Department of Microbiology, DivisionoflParasitology,

New York University School of Medicine.
 

1972 - 1974: '
Instructor, Department of Entomology, Cornell'University


1967 - 1972: Teaching Assistant, Department of Entomology, Cornell University
 

Presentations:
 

The American Society of Tropical Medicine and Hygiene, 24th Annual Meeting, New Orleans,

L.. Nov. 10 
- 14, 1975. Paper delivered: Antibody induced ultrastructural changes

malarial sporozoites.
 

- 45 ­



Alan H. Cochrane (cort'd)' 2 -

The International Atomic Energy Agency meeting on Use of Nuclear Techniques in the
Preparation of Vaccines against Parasitic Diseases, Addis Ababa, Ethiopia, Aug. 2 -2

1976. Paper delivered: Vaccination with irradiated malarial parasites.
 

The American Society of Parasitologists, 53rd Annual Meeting, Chicago, Ill., Nov.
6 - 10, 1978. Paper delivered: Enhanced infectivity of Plasmodium cynomolgi in
mosquitoes fed on rhesus with a prior Plasmodium knowlesi infection.
 

The American College of Nuclear Medicine, Ninth Annual Scientific Program, First

International Meeting: 
 Radiation and Public Health, The Myth of Radiation, An
Attempt at Clarification, Montreal, Que. (Can.), May 9 
- 11, 1980. Paper delivered:
Application of nuclear technology to the development of a vaccine against sporozoite­
induced malaria.
 

United States Agency for International Development and the School of Medicine of
the Uniformed Services Univerity of the Health Sciences: 
Malaria Immunity and Vaccine
Development Workshop, Bethesda, Md., Jan. 14 
- 16, 1981. Paper delivered: Monoclonal

antibodies against P. knowlesi sporozoites.
 

Abstracts:
 

Cochrane, A., and DeArruda-Mayr, M. 
1978.' Enhanced infectivity of Plasmodium
cynomolgi in mosquitoes fed on rhesus with a prior Plasmodium knowlesi infection,

"o. 35, pp 47-48, 53rd Annual Meeting of American Society of Parasitologists,
 
Chicago, Ill., Nov. 6 
- 10, 1978.
 

Yoshida, N., Cochrane, A. and Nussenzweig. R. S. 
1980. Species specificity of
p--otective immunity in rodent malaria. 
Its correlation with antibodies to sporozoite
s'rface antigens. Proceedings of the Fourth International Congress of Immunology,

Paris, July 21 - 26, 1980.
 

Cochrane, A. H., Gwadz, R., Nussenzweig, V., and Nussenzweig, R. S. 1981. 
Monoclonal
antibodies against a surface antigen of sporozoites of simian malaria abolish parasite

infectivity. 
No. 4429, p 1011, 65th Annual Meeting of the Federation of American
 
Societies for Experimental Biology, Atlanta, Ga., April 12 
- 17, 1981.
 

Publications:
 

Some contributions to the Biology and Taxonomy of the Culicoides spp. (Diptera:

Ceratopogonidae) of Tompkins County, N. Y. State. 
1974. Dissertation topic. 387 pp.,

Cornell University, Ithaca, N. Y.
 

Corhrane, A. 1971. 
 The pupal stage of Culicoides furensoides Williams (Diptera:

Ceratopogonidae): a first description. Mosquito News 31: 
524-28.
 

Cochrane, A. 1972. Body weight and blood meal weight as 
factors affecting egg
production of the tree hole mosquito. 
A. triseriatus (Say). Proc.. N. J. Mosquito

Exterm. Assn. No. 59: 65-78.
 

Cochrane, A. 1973. A first description of the larval stage of C. furensoides
 
(Diptera: Ceratopogonidae) with further notes on the pupal stage. 
 Mosquito News
 
33; 234-240.
 

- 46 ­

0t 



Alan H. Cochrane (cont'd) -,3 -

Cochrane, A. 1973. Two new Nearctic species of Culicoides,(Diptera: Ceratopogonidae)
 
Fla. Entomol. 56: 311.
 

Vercammen-Grandjean, P. and Cochrane, A. 1974. 
On three new species of larval
 
Trombidiformes parasitizing American midges (Diptera: Ceratopogonidae) from N. America.
 
Fla. Entomol. 57: 127-135.
 

Cochrane, Alan H., Aikawa, M., Jeng, M. and Nussenzweig, R. S. 1976. Antibody-induced

ultrastructural changes of malarial sporozoites. J. Immunol. 116: 859-867.
 

Nussenzweig, R. S., Cochrane, A. H. and Lustig, H. J. 
1978. Immunological response.

to murine malaria. In: Malaria Parasites of Rodents, eds. W. Peters & R. Killick-

Kendric, Academic Press, N.Y. pp. 247-307.
 

A.ikawa, M., Cochrane, A. J. and Nussenzweig, R. S. 1978. Freeze-fracture study of
 
nalarial parasites: antibody-induced changes of the pellicular membrane. 
J. Protozool.
 
26: 273-279.
 

DeArruda-Mayr, M., Cochrane, A. H. and Nussenzweig, R. S. 
1979. Enhancement of a
 
simian malarial infection (Plasmodium cynomolgi) in mosquitoes fed on rhesus (Macaca

mulatta) previously infected with an unrelated malaria Plasmodium knowlesi. Am. J..
 
Tcop. Med. & Hyg. 28: 627-633.
 

Gwadz, R. W., Cochrane, A. H., Nussenzweig, V. and Nussenzweig, R. S. 1979.
 
Preliminary studies on vaccination of rhesus monkeys with irradiated sporozoites of
 
P~asmodium knowlesi and characterization of surface antigens of these parasites.

Billl. W. H. 0. (Suppl. 1) 165-173. 

Denforth, H. D., Aikawa, M., Cochrane, A. and Nussenzweig, R. S. 1980. Sporozoites

of mammalian malaria: attachment, interiorization and intracellular fate within
 
macrophages. J. Protozool. 27, 193-202.
 

Cochrane, A. H., Nussenzweig, R. S. and ?%rdin, E. H. Immunization against sporozoites.

Ir. Malaria in Man and Experimental Animals, Ed. Julius P. Kreier, Academic Press, N. Y.
 
pp. 163-202.
 

Orjih, A. U., Cochrane, A. H. and Nussenzweig, R. S. 1980. Active immunization and
 
pa;sive trdnsfer of resistance against sporozoite-induced malaria in newborn mice.
 
Nature Vol. 29: 331-332.
 

Orjih, A. U., Cochrane, A. H. and Nussenzweig, R. S. 1980. Immunization of mice
 
against Plasmodium berghei infection: a comparison of the immunogenicity of infective 
and attenuated sporc.:oites. Trans. Roy. Soc. Trop. Med. & Hyg. (in press). 

-47­



PROJECT 3., 	 NATURE OF THE.PROTECTIVE.ANTIGENS OF SPOROZOITES
 
OF DIFFERENT PLASMODIAL SPECIES
 

Overall goals and specific aims
 

The long-term goal of this project is to compare the
 
structure of the protective antigens found on the surface of

sporozoites of 	different Plasmodial species. 
Our current
 
working hypothesis, based on observations to be described in

the section entitled "Rationale and Significance," is that a

single protein 	is the major constituent of the surface

membrane of sporozoites and that this protein is involved in
 
the penetration of the parasites into the target cells. 
 If

this were to be true, this molecule must have maintained
 
through evolution certain common structural features essential

for its function, in addition to species-specific characteristics.

In other words, this family of molecules, which cover the

entire surface 	of mature sporozoites of different species,
 
may have common and variable domains.
 

A related goal 	is to determine the nature of the

antigenic determinants (epitopes) recognized by monoclonal.
 
protective antibodies against these surface antigens. Our

hope is that these antigens may contain immuno-dominant
 
regions and that if a smaller immunogenic moiety is identi­
fied, the development of a vaccine against malaria will be
 
facilitated. In the past, when monoclonal antibodies were
 
not available, 	this might have been an impossible task.
 
However, using 	hybridoma products we can now assay simultane­
ously for protection against infection and for the presence

of an epitope on the immunogen.
 

For example, in the case of P. berghei we have iden­
tified a hybridoma (3Dll) with protective properties and

have found that it reacts with a surface antigen of sporo­
zoites, Pb44. In principle, the portion of the molecule of

Pb44 containing the epitope recognized by 3D1l could be used
 
as a vaccine, provided, of course, that it retains its
 
immunogenicity.
 

Another structural feature of Pb44, which may be of
 
direct relevance to vaccine development, is the question of

whether the molecule is glycosilated. If Pb44 is a glycoprotein,

the sugar residues could be part of the protective epitope.

This would be a complicating feature for the production of a
 
vaccine by recombinant DNA technology.
 

Our specific aims, therefore, are twofold:
 

a) 'to purify 	the protective antigen from three species
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of Plasmodium (P. berghei, P. knowlesi and P. cynomolgi), to
compare some of their physio-chemical properties and
 
peptide maps.
 

b) to determine whether Pb44, the protective antigen
of P. berghei, is glycosilated, and to determine the nature
of the epitope of Pb44 which is recognized by the monoclonal
 
antibody 3DII.
 

Rationale andSignificance
 

What is the rationale for the hypothesis that a single.
polypeptide is the major constituent of the surface membrane
of sporozoites and that the surface antigens from sporo­zoites of different species are structurally related?
To date, hybridomas secreting monoclonal antibodies
against surface antigens of several species of malaria
parasites have been obtained in 
our laboratory; that is,
hybridomas against P. berghei, P. yoeli nigeriensis, P.
knowlesi, P. vivax and P. falciparum. In every case, the
assay which was used to obtain the hybridomas aimed at
detecting, by immunofluorescence, antibodies reacting with
any surface antigen of the parasite. A remarkable finding
was that in most instances the monoclonal antibodies bound
to 
antigens with similar characteristics (1,2,3), as 
summarized
 
below:
 

a) 
 The surface antigen uniformly covers the cell
membrane of sporozoites as 
determined by immunofluorescence
 
and by ultrastructural studies.
 

b) With few exceptions all hybridomas give CSP reactions
after incubation with viable parasites. 
This indicates that
the corresponding antigen is cross--linked by the monoclonals,
and more 
importantly, that the cross-linking leads in every case
to capping and shedding of the antigen.

out It should be pointed
that in other systems the surface events which lead to
capping and shedding require energy and appear to involve
the participation of intracellular organelles.
 

c) In three instances (P. berghei, P. knowlesi and P.
y. nigeriensis) hybridomas which 
induce CSP reaction have­protective properties. The hybridomas against the other
species of malaria sporozoites have not 
been tested in
neutralization assays.
 

d) By the two-dimensional O'Farrell. technique the
antigens defined by 
some of the hybridomas (P. berghei, P.
knowlesi, P. 3. nigeriensis) have low isoelectric points and
molecular weights between 40,000 and 60000. Actually, the
positions of the spots in 2D gels, originating from the
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immunoprecipitation of extracts of different parasites, 
are
remarkably similar.
 

e) Finally, in two cases a structural similarity does
indeed exist between these molecules. 
A hybridoma against P.
y. nigeriensis surface antigen reacts with Pb44 from P. ber'hei.
Also, 
a hybridoma against P. knowlesi surface antigen-recognizes
a membrane antigen of P. cynomolgi 
 (4). Very encouraging is the
observation that the cross-reacting hybridoma against P.
nigeriensis protects mice also against challenge with E. ferghei
sporozoites (1).
 

Taken together these observations suggest that we may
be dealing with a family of closely related surface mole­cules, which have an 
important function in the life history
of mature sporozoites. 
However, direct evidence supporting
this view is still missing. 
Some of the experiments.which
are part of this proposal may clarify this issue in a
definitive fashion.
 

If our hypothesis is correct this could be of relevance
to several aspects in the future development of
vaccine. a malaria
As already mentioned elsewhere, our hopes for
obtaining large amounts of the putative protective antigen
from sporozoites rely on 
the usage of recombinant DNA tech­nology. 
 If the experiments proposed in the present plan
show that the protective antigens of all sporozoites are
structurally related, the cloning of the relevant genes would
be simplified. 
 It would be likely that 
a fragment of one
the genes could be used as of
a probe to clone all the others.
Equally important, many practical aspects of development of
a vaccine, such 
as dosages, toxicity, route of immunization
etc. could be studied in animal models, using the product of
the corresponging cloned gene, with greater assurance that
the information obtained might be applicable to humans.
 
The rationale for aiming at the identification of the
structural features of the epitope of Pb44 which reacts with
3D11 
is obvious. 
 If we can identify a small fragment of
Pb44 which retains the immunogenicity of the whole molecule,
this peptide could perhaps be synthesized. 
We are aware that
the antigenic determinants reacting with 3D11 may be associ­ated with 
a three dimensional structure originating from the
folding of the polypeptide chain.
resulti.ng from the digestion of Pb44 may not be recognized
 

In this case, a peptide
 
by 3D11. 
 For this reason, we plan to
several enzymes aiming at 

fragment Pb44 with
limited proteolysis. 
One attractive
feature of this project is that Dr. Pedro Potocnjak has
recently developed a quantitative assay for measuring the
binding of antigen fragments to 3D11, which should render
our task much easier (see following section).
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Work in progress
 

Two recent developments in our laboratories have
 
direct relevance to this project, since they should greatly

facilitate the experiments proposed. First, we found that
 
we can purify, perhaps to homogeneity and with excellent
 
recoveries, the protective antigens from two malarial
 
species, P. berghei and P. knowlesi. The technique used
 
involves:
 

(a) radiolabeling the antigens either metabolically or
 
by surface iodination of the parasites
 

(b) immunoprecipitation of the antigen with the corres­
ponding hybridoma
 

(c) subjecting the immune complexes to SDS-PAGE and
 
radioautography
 

(d) using a modification of the procedure described by

Beemon and Hunter (5), to identify and elute the relevant
 
antigen(s) from the dried slab gel.
 

We found that using this technique we can recover
 
between 50 to 70% of the specific counts loaded on the gels

and that more than 60% of these counts can be immunoprecipi­
tated specifically by the hybridoma; 
 that is, the eluted
 
fragments retain the relevant epitope (6).
 

The second development is the recent isolation by Dr.
 
P. Potocnjak of a hybridoma directed against the combining
 
site of 3D11; that is, a hybridoma against an idiotype of
 
3Dll. The technique for the production of this hybridoma

will be described, in detail, elsewhere (7). In short, it
 
involved first the production, in rabbits, of a polyclonal
 
anti-idiotype of 3D11 by classical methods; then, using this
 
polyclonal antibody to assay for the production of 
a mouse
 
anti-idiotype monoclonal antibody. 
 It should be pointed out
 
that this is an unique reagent, since both 3DII and the new
 
hybridoma, which we call 1D12, were produced in Balb/c mice.
 
The evidence that 1D12 (IgG2a, K) reacts with or close to the
 
combining site of 3Dll, 
is given in Fig. 1, which demonstrates
 
that the binding of 3DII to 1D12 is specifically inhibited
 
by extracts of P. berghei.
 

The sensitivity of this reaction seems high, since
 
extracts from 2-5 x I0& sporozoites inhibit the interaction
 
between 3Dll and 1D12. This radioimmunoassay appears

particularly well suited to the identification of an epitope

of Pb44, which reacts with 3D11. We expect that fragments

of Pb44 containing the relevant epiLope will also effectively

inhibit the reaction between the two monoclona.s.
 

Methods and Procedures
 

a) Purification of protective antigens from P. berghei',
 

-51­



P. cynomolgi and P. knowlesi, and comparison of physico­
chemical and peptide map characteristics
 

Partially purified sporozoites of different species

will be metabolically labeled with different amino acids, as
 
recently described (6). In addition to 35 S L-methionine, the
 
use of H-phenylalanine may also be convenient. This amino
 
acid can be otained with very high specific activity (more
 
than 100 Ci/mM) and in many instances it is more common than
 
tyrosine in proteins.
 

When P. berghei is metabolically labeled by incubation
 
with 35 S-methionine for two hours at room temperature, three
 
labeled polypeptides react with 3D11, the monoclonal anti­
body against Pb44. One of these polypeptides is the membrane­
associated Pb44. The second polypeptide has a molecular
 
weight of 52,000 and by pulse-chase experiments seems to be
 
a precursor of Pb44. The third polypeptide, Pb54, shares
 
some properties with Pb52, but its function is unknown (6).

Preliminary experiments show that very similar results are
 
obtained when P. knowlesi and P. cynomolgi are metabolically
 
labeled (4).
 

The peptide mapping of the three polypeptides originat­
ing from the different species of parasites should provide
 
answers to two important questions:
 

a) the structural relationships between Pb54, Pb52 and
 
Pb44. This may confirm the precursor-product relationship
 
between Pb52 and Pb44, and clarify the nature of Pb54.
 

b) the possible homolgy between the corresponding
 
polypeptides in sporozoites of different species. The
 
general methodology to be followed is already in use in our
 
laboratory and is summarized below.
 

The radiolabeled parasites will be solubilized with
 
non-ionic detergents in the presence of protease inhibitors.
 
This material will be immunoprecipitated using monoclonal
 
antibodies and Staphylococcus aureus, Cowan I. Immune
 
complexes will be eluted from the bacteria with denaturing
 
sample buffer and subjected to SDS-PAGE, under reducing

conditions. Different concentration gradients of acrylamide
 
will be used to get the best resolution of the specific
 
bands. The electrophoretic run, processing of the gel,
 
elution and tryptic digestion of the relevant protein bands
 
will be done essentially as described by Beemon and Hunter
 
(5). As already mentioned, we have eluted tht: ;urified
 
polypeptides from SDS-PAGE slab gels, and the recoveries
 
have been between 50-70% of the total specific counts loaded.
 
After tryptic digestion of the denatured proteins, the
 
method of choice for peptide analysis will be high performance
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liquid chromatography (HPLC). Among the advantages of this
 
method are the extreme reproducibility of the chromatograms
 
obtained, the short time required for separation (between 10
 
to 90 minutes per injection), the excellent resolution
 
capacity and the possibility of recovering fractions (peptides)
 
with a high degree of purity.
 

If our hypothesis is correct we should find similarities
 
in the HPLC profiles of antigens originating from different
 
species of parasite. Although the HPLC-generated peptide
 
maps are extremely reproducible, we will verify the identity
 
of peaks by analyzing tryptic digests of mixtures of 35 S­
methionine and 3H-phenylalanine-labeled polypeptides from
 
different species of Plasmodium.
 

b) To determine whether Pb44, the protective afitigen

of P. berghei, is glycosilated and the nature of the epitope
 
of Pb44 recognized by 3Dll.
 

To date we have no evidence that Pb44 is a glycoprotein.

The intact parasite does not bind to lectin columns (8), nor 
is it stained by various fluorescein-labeled lectins (E . Nardin,
unpublished observations), Also of some relevance is 
the observation that neuraminidase treatment of Pb44, Pb52
 
or Pb54 does not affect its isoelectric point. However, it
 
could be argued that the sugar moiety of Pb44 is not accessible
 
on the cell membrane, as occurs, for example, in the case of the
 
glycoprotein which covers the surface membrane of African
 
trypanosomes. Since the presence of carbohydrate in Pb44 can
 
have practical importance in the development of a vaccine,
 
some experiments will be performed in an attempt to clarify
 
this issue.
 

Different experimental approaches will be used:
 

1. With regard to the question of whether Pb44 is
 
glycosilated, two types of experiments will be performed
 
First, we will label membrane-associated Pb44 with 1"'I and
 
after immunoprecipitation we will isolate the purified
 
polypeptide from slab gels as explained in the previous
 
section. According to ogr preliminary results, we can
 
recover more than 4 x 10 specific counts of purified

material from a single preparation of about 4 x 106 sporo­
zoites. The isolated labeled Pb44 will then be passed

through columns bearing various lectins such as Con A,
 
lentil lectin, wheat germ agglutinin, etc. If oinding of
 
Pb44 occurs, we will try to elute this antigen with specific
 
sugars.
 

Second, we will study the incorporation of labeled
 
galactose, fucose and glucosamine into Pb44 and related
 
polypeptides (Pb54 and Pb52). Partially purified parasites
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from salivary glands will be incubated with the labeled
 
sugars, extracted with NP40, immunoprecipitated with the

monoclonal 3Dll; 
 then the immune complexes will be sub­jected to SDS-PAGE and radioautography. A positive result

will constitute strong evidence fo:r 
glycosilation of the
 
polypeptides. 
This material could be eluted, digested and

chromatographed in the HPLC system for identification of
 
carbohydrate-carrying peptides.
 

2. The other experimental approach aims at verifying
whether carbohydrates 
are part of the Pb44 epitope recog­
nized by the monoclonal antibody 3D11. To evaluate the
 
dependence of serological reactivity on the polypeptide

structure we will digest denatured Pb44 into smaller pep­
tides with high concentrations of trypsin. The extent of

digestion can be followed by SDS-PAGE in 
20% gels and
 
radioautography. These experiments will be performed with
labeled Pb44, purified from slab gels. 
After denaturation
 
and enzyme treatment, 
the digests will be immunoprecipitated

with 3D11. If the antigenicity of Pb44 is resistant to
the enzymatic treatment, this would imply that tne epitope
may be a carbohydrate or less likely, that it is part of a

polypeptide chain resistant to proteolysis. Additional
 
information will be gained by treating either purified Pb44
 
or the parasites with periodate, which oxidizes 1, 2 di­
hydroxyethyl linkages of glycosyl residues. 
 If this treatment
abolishes or inhibits the antigenicity it will indicate that

the epitope is a carbohydrate. Further experiments can be

done treating the parasites or purified Pb44 with exo­glycosylhydrolases, such as 8-glucoronidase and 5-galactosidase,

which remove a terminal glycosyl residue from the non­
reducing end of carbohydrate chains. 
 If after these treatments
 
the antigenicity is still preserved, the participation of

carbohydrates in the reactivity of Pb44 with 3DII should be

considered unlikely. 
 If this is found to be the
 case, our next aim will be to 
identify and isolate fragments

of the Pb44 polypeptide chain which retain the epitope. 
For
this purpose we will digest isolated radiolabeled Pb44 with
proteolytic enzymes under conditions of limited reactivity,

to produce large peptides. For exampTe, we will subject

Pb44 to trypsin for short periods of time at 
250C hoping

that Pb44 may have 
a few unusually sensitive lysil or argynil

peptide bonds. Since there is 
no standard set of conditions

for limited Proteolysis, we will also have to use various

concentrations of other enzymes such as papain, subtilisin,

Staphylococcal protease, pepsin, etc. 
 Alternatively, large

fragments of proteins can be obtained by selec4.ve 
 chemical
 
cleavage. For e-ample, methionyl peptide bonds can be

broken under reiatively mild conditions using cyanogen

bromide.
 

The reactivity of the mixture of resulting Pb44 pep­
tides with 3DII can be monitored in two ways: by immuno­
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precipitation, or preferably by a radioimmunoassay in which
 
we will estimate the inhibitory activity of the digest on
 
the 3Dll idiotype/anti-idiotype reaction. In our experience,
 
this reaction, which involves the inhibition of interaction
 
between two monoclonal antibodies, is quite sensitive,
 
specific and reproducible. If the relevant epitoDe of Pb44
 
resists limited proteolysi.s, we will try to isolate the
 
reactive polypeptide by using reverse phase and/or size
 
exclusion HPLC.
 

Facilities Available
 

This research will be carried out in 1,500 square feet
 
of laboratory space in the Department of Pathology, New York
 
University Medical Center, and in the Division of Parasitology,
 
Department of Microbiology. All basic equipment to perform
 
this work is already available in either laboratory, including
 
an HPLC apparatus.
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INHIBITION OF IDIOTYPE -ANTI.- IDIOTYPE INTERACTION 
BY EXTRACTS OF P.BERGHEI 
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Figure .1. 
Extracts from purified sporozoites of P. berghei

and P. cynomolgi were 
obtained by disrupting the
parasites in 
a French pressure cell. 25 il of
the dilutions of extract were added to wells of

flexible plastic plates, which had been previously

coated with the monoclonal antibody 3D11. 
 After

2 hrs of incubation at 
room temperature, 1.5 x 104
 cpm of 12 5 1-anti-idlotype (specific activity,

2 x 107 cpm/lg) were added to the weils and the

incub;ition proceeded overnight at The]()C. plateswere washed 3x with PBS containing 1% BSA and
counted. 
 The symbol 3 represents controls in
which only PBS-BSA was added to the 3D11-coated well.
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PROJECT'4. 	 CHARACTERIZATION OT THE PROTECTIVE ANTIGEN(S)

OF P. vivax SPOROZOITES
 

Overall goals and specific aims:
 

The overall aim of this project is to identify ,the

protective antigen(s) of P. vivax sporozoites, for,their'
 
future use in a malaria vaccine.
 

The specific aims of this project are:
 

a) to develop a series of monoclonal antibodies
 
against the surface antigens of P. vivax sporozoites and to
 
test the ability of these hybrid5mas to react with sporo­
zoites of different geographic isolates of P. vivax and to
 
cross-react with sporozoites of different species of simian
 
and rodent malaria.
 

b) to test the functional activity of the hybridomas

by determining 	if, after in vitro incubation of the P. vivax
 
sporozoites with the monocl-onal antibodies, sporozoite in­
fectivity for a susceptible primate host is abolished.
 

c) to examine Saimiri sciureus (squirrel monkey) as
 
an experimental host for the study of P. vivax malaria in
 
order to:
 

1. 
utilize these animals to test the functional
 
activity of the monoclonal antibodies (SNA).
 

2. ascertain the value of Saimiri as gametocyte

donors to provide P. vivax sporozoites for the investigation
 
of parasite antigens.
 

- 3. test the immunogenicity of purified antigen(s)
of P. vivax sporozoites and define the conditions of immuni­
zation which will result in protection of squirrel monkeys 
against sporozoite challenge.

d) 
 to use the monoclonal antibodies to characterize
 
the surface antigens of P. vivax sporozoites and to compare

these findings 	with the pattern of antigens detected by

using polyvalent serum from sporozoite-immunized primates

and serum of naturally infected individuals living in a P.
 
vivax endemic area.
 

Rationale and significance
 

Studies on the immunity induced in man by the sporozoite
 
stage of P. vivax and P. falciparum have shown that total
 
protection can 	be obtained by exposure to the repeated bite
 
of infected irradiated mosquitoes (1-4). Man, as well as
 
rodents, immunized with sporozoites of P. vivax produce.

antibodies that react with the surface membrane of these
 
parasites, as demonstrated by the (circumsporozoite precipi­
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tation reaction). CSP reaction (.4-6) and byindirect immunoa
 
fluorescence (IFA) C7).
 

In rodent malaria, it has recently been demonstrated
 
that passive transfer of monoclonal antibodies to a sporozoite
 
surface antigen (Pb44) confers protection against sporozoite
 
challenge (8). Based on these findings, and the recent
 
identification of protective antigens of P. knowlesi sporozoites
 
(9), we feel that using basically the same approach should
 
lead to the identification of the protective antigen(s) of
 
P. vivax sporozoites which is an essential step for mass
 
producing antigens for use in a vaccine.
 

Standardization of P. vivax sporozoite-induced infections
 
in a reliable non-human primate host will be necessary in
 
order to assay sporozoite infectivity and determine the
 
functional activity of the monoclonal antibodies. Earlier
 
data on the susceptibility of splenectomized chimpanzees and
 
squirrel monkeys to sporozoite-induced P. vivax infection
 
indicate that these animals might provide promising experi­
mental models (10-12). Vaccination of these animals with
 
irradiated P. vivax sporozoites will also provide information
 
on the antisporozoite response in an experimental non-human
 
primate.
 

The prospect of vaccination.with a purified protective
 
antigen of P. vivax is based on the identification and
 
characterization of this antigen which will then have to be
 
mass-produced, possibly through the cloning of the gene
 
coding for the protective antigen. For this purpose, viable
 
P. vivax sporozoites must be obtained for immunizing mice as
 
a source of immune spleen cells for hybridoma production, as
 
well as for metabolic and surface labeling of the sporozoites
 
with radioisotopes. The Saimiri/P. vivax model will hopefully
 
provid,3 a source of infective gametocytes for mosquito
 
feeding and sporozoite production, in addition to those
 
sporozoites which will be obtained in the course of the
 
collaborative studies with Dr. Savanat and others (see
 
Project 15).
 

Background and work in progress
 

The identification of a protective antigen of sporozoites
 
of rodent malarias, P. berghei (8) and P. y. nigeriensis
 
(13), and of a simian malaria, P. knowlesi (14), provides the
 
basis for the work on the human malaria parasite P. vivax. Using
 
the hybridoma technique of Kohler and Milstein (15),we have
 
obtained a monoclonal antibody against P. vivax sporozoites
 
(16). Viable sporozoites, obtained from Anopheles mosquitoes
 
fed on a P. vivax-infected Aotus monkey, were used to immunize
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Balb/c mice. Fusion of spleen cells of these immunized mice
 
with NS-1 myeloma cells resulted in the formation of hybrid
 
cells producing antibodies to P. vivax sporozoites. These
 
hybrid cells were subsequently cloned and injected into mice.
 
Serum from the hybridoma-bearing mice had high titers of CSP
 
and IFA reactions with P. vivax sporozoites. These sera
 
also reacted with sporozoites of P. vivax of different geo­
graphic isolates.
 

For the development of a malaria vaccine, it is important
 
that protection would function against a broad range of para­
site strains or isolates. Cross protection against different
 
strains of P. vivax has been demonstrated, in vivo, in a
 
sporozoite Immunized volunteer (3). This cross-resistance
 
was reflected in the humoral response of the sporozoite immunized
 
host which gave positive CSP (3) and IFA (7) reactions with
 
both homologous and heterologous isolates of P. vivax
 
sporozoites.
 

The presence of serological cross-reactions between
 
sporozoites of different P. vivax strains, detectable by both
 
the serum of a sporozoite immunized individual and the anti-

P. vivax monoclonal antibody, suggests the presence of shared
 
antigens among sporozoites of different isolates of P. vivax.
 
Preliminary findings using an extract of labeled P. Vivax
 
sporozoites indicate that-both the polyvalent serum and the
 
monoclonal antibodies immunoprecipitate the same set of
 
P. vivax sporozoite antigens.
 

In contrast to the cross-reactivity between strains of
 
P. vivax, protection and serological activity in the sporo­
zoite immunized host is species specific (3, 4). Consistent
 
with this species specificity, the polyvalent serum from the
 
P. vivax sporozoite immunized host and the anti-P. vivax
 
monoclonal antibody failed to react with P. falciparum
 
sporozoites.
 

In some cases, however, monoclonal antibodies have de­
tected cross-reactions between different species of malaria
 
sporozoites which were not detectable using polyvalent serum
 
from sporozoite immunized hosts. In the rodent system, one
 
out of three monoclonal antibodies directed against sporozoites
 
of P. y. nigeriensis cross reacted with P. berghei sporozoites
 
(13). This monoclonal antibody was found to give a positive
 
CSP reaction and to neutralize the infectivity of P. berghei,
 
as well as the homologous P. y. nigeriensis sprrozoites. In
 
contrast, no cross-reactions were detected whet the polyvalent
 
serum from the porozoite immunized mice was tested, nor was
 
any cross-resistance to challenge with P. berghei sporozoites
 
noted in the P. Z. nigeriensis immunized mice.
 

A similar species cross-reactivity has also been detected
 
using monoclonal antibodies; directed against P. know]esi 
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sporozoites which were found to cross-react with sporozoites
 
of another simian malaria, P. cynomolgi (14). The polyvalent
 
serum from the P. knowlesi sporozoite immunized rodents or
 
rhesus did not show this cross-reactivity. The cross-reacting
 
hybridomas did not react with sporozoites of P. berghei
 
or P. coatneyi, another simian malaria.
 

Therefore, based on the findings in the rodent and simian 
system, we feel that by testing numerous hybridomas Of P. vivax, 
it may be possible to detect monoclonal antibodies which cross­
react with sporozoites of other primate nalarias. The cross­
reacting hybridoma could then be used to characterize-the common 
antigenic determinants shared by sporozoites of different species 
of roIlaaria. 

In order to test whether the cross-reacting or homologous
 
monoclonal anti-P. vivax antibodies are recognizing a'protective
 
surface antigen, it will be necessary to determine if the
 
monoclonal antibodies abolish sporozoite infectivity. Neutrali­
zation of sporozoite infectivity in vitro (SNA) by monoclonal
 
antibodies has been demonstrated in both the rodent and the
 
simian systems (8, 13, 14). In the case of P. vivax, an
 
experimental primate host model must be used to assess mono­
clonal antibody SNA activity. Chimpanzees have been shown to
 
be susceptible to P. vivax infections initiated by the i.v.
 
injection of salivary glands of heavily infected Anopheles,
 
containing an unspecified number of sporozoites (10, 17).
 
Splenectomy of the apes was required in order to allow the
 
erythrocytic forms of vivax malaria to become detectable in
 
blood smears. The splenectomized apes, injected i.v. with
 
sporozoites, had a prepatent period similar to humans exposed
 
to the bite of vivax-infected mosquitoes (10).
 

However, although the splenectomized chimpanzee appears
 
to be a good model for functional assays of the activity of
 
the monoclonal antibodies, the cost, handling and maintenance
 
of the apes present a problem for more extensive studies of
 
the host/parasite relationship. In view of the difficulties
 
in using relatively large numbers of chimpanzees in experi­
mental studies, it is important to attempt to establish a
 
more practical simian model. Squirrel monkeys (Saimiri
 
sciureus) have proven to be good candidates as experimental
 
hosts for blood-induced infection with the human malarias
 
(12, 18, 19). These monkeys have also been shown to be
 
susceptible to sporozoites of P. vivax introduced by i.v..
 
injection or the bite of infected Anopheles (i, 12). All
 
stages of the p:'rasite are detectable in the mo:nkey and
 
gametocytes infective to Anopheles mosquitoes have been ob­
tained (11). Early studies, however, did not quantitate the
 
number of viable P. vivax sporozoites required to initiate a­
sporozoite-induced infection. Therefore, it will be necessary
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to define the susceptibility of the squirrel monkeys prior
 
to their use in testing the sporozoite neutralizing activity
 
of the monocl.onal antibodies.
 

Squirrel monkeys will also provide a readily available
 
host for the study of the antigenicity of P. vivax antigens
 
isolated by using the protective monoclonal antibodies. The
 
parameters of the Saimiri response to intact sporozoites will
 
be assayed initially by immunizing the monkeys with irradiated
 
P.vivax sporozoites. Squirrel monkeys have been found to
 
develop antisporozoite antibodies to a simian malaria, P.
 
brasilianum, under natural conditions and can be immunized with
 
irradiated sporozoites of this species (20). In addition,
 
Saimiri monkeys can be readily karyotyped (21) and the anti­
sporozoite response to P. vivax can therefore be studied in
 
a defined host. It has been shown in the rhesus-P. knowlesi
 
system that some monkeys are "good responders" to sporozoite
 
antigens and make high levels of antisporozoite antibodies,
 
which are associated with immune resistance to sporozoite
 
challenge (22). The ability to karyotype the squirrel monkeys
 
may allow future studies on the in vivo role of humoral versus
 
cell-mediated immunity in sporozoite immunized animals.
 

Methods and procedures
 

a) To obtain hybridomas and test for cross-reactivity:
 

The methods for obtaining monoclonal antibodies against
 
antigenic surface determinants of P. vivax sporozoites are
 
essentially the same as those described for rodent and simian
 
malaria (see Project #2). Balb/c mice will be hyperimmunized
 
with viable sporozoites of P. vivax and their spleen cells fused
 
with myeloma cells. Screening for positive hybridomas will
 
be carried out using the IFA assay, with glutaraldehyde-fixed
 
P. vivax sporozoites as antigen. After cloning and expansion

in mice, the pooled sera and ascites of the hybridoma-bearing
 
mice will be purified by ammonium sulfate precipitation and
 
passage on a Sephadex G-200 column. Fab fragments of the
 
monoclonal antibodies will be obtained by papain digestion of
 
the purified monoclonal antibody using the method of
 
Nisonoff (23).
 

Strain cross-reactivity and species specificity of the
 
anti-P. vivax monoclonal antibodies will be assayed using the
 
CSP and IFA reactions. Viable sporozoites of P. falciparum
 
and P. vivax of Thailand origin will be obtained through
 
collaboration with Drs. Harinasuta and Savanat and their
 
colleagues, as described in Project #5. Sporozoites will be
 
brought back to New York University, or purified monoclonal
 
antibodies will be sent to Thailand, for CSP and IFA assays
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and testing using radiolabeled sporozoite extracts. Sporo­
zoites of P. vivax of South American and other origins will.
 
hopefully also be obtained from infected squirrel monkeys.
 

b,c) To test the functional activity of the hybridomas:
 

Functional assays of sporozoite neutralizing activity (SNA)

will be carried out using Fab fragments of the monoclonal anti-

P. vivax antibodies. These fragments have been shown to be
 
more effective than intact IgG molecules in mediating sp.oro­
zoite neutralization (14). As control, P. vivax sporozoites

will be incubated in Fab fragments of non-cross-reacting mono­
clonal antibodies. Following incubation with the Fab fragments

for 45 minutes at room temperature, the P. vivax sporozoites

will be injected intravenously into splenectomized chimpanzees

and/or squirrel monkeys. Blood smears will be examined daily

to determine if the sporozoite infectivity was effectively

neutralized by the anti-P. vivax Fab fragments.
 

Splenectomized chimpanzees can be obtained through 
our
 
ongoing collaboration with Dr. Moor-Jankowski of LEMSIP (Labora­
tory of Experimental Medicine and Surgery in Primates) at New
 
York University. Squirrel monkeys of knowl'n karyotype and of
 
specific geographic origin will be provided through collaboration
 
with the Pasteur Institute (Guyana). For the infection of squirrel

monkeys, we will use a monkey-adapted strain of P. vivax ob­
tained by Dr. J. Gysin. Infections of mosquitoes by direct
 
feeding on vivax-infected monkeys will be attempted using

A. stephensi from our mosquito colony and other Anopheles

species, if necessary. Immunization of squirrel monkeys will be
 
done through multiple exposure to the bite of irradiated P. vivax
 
infected mosquitoes and/or by the intravenous injection of ir­
radiated P. vivax sporozoites using the techniques described
 
for the rhesus-P. knowlesi model (22).
 

d) To characterize the surface antigens of P. vivax
 
sporozoites:
 

The characterization of P. vivax sporozoite antigens will
 
be carried out using the techniques described for P. knowlesi
 
(Project #2). The viable P. vivax sporozoites will be surface
 
labeled with 1251 or biosynthetically labeled with 35 S-methionine
 
(24). Immunoprecipitation of the radiolabeled extract will be
 
carried out using the monoclonal antibodies, polyvalent serum
 
from sporozoite-immunized primate hosts and se:-um of individuals
 
living in endemic areas of malaria. After immurioprecipitation,

the antigen/antibody complexes will be bound to Stanh A (25),

washed, eluted and processed by SDS-PAGE (26). The dried gels will
 
be exposed to films and the pattern of the radioautbgraphs compared.
 

Facilities Available
 

This research will be carried out in approximately 300 squre

feet of laboratory space. All basic equipment to perform this work
 
is available or being requested.
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PROJECT1 5. 	 SERO-EPIDEMIOLOGICAL.INVESTIGATION OF SPOROZOITE-

INDUCED IMMUNITY INTHAILAND
 

Overall Goals and specific aims
 

The overall goal of this project is twofold: a) to
 
establish the patterns of the antibody response to sporozoites

of P. falciparum and P. vivax of individuals who live in
 
areas of high malaria endemicity in Thailand; and b) to obtain
 
sporozoites of 	these two Plasmodial species as well as selected
 
antisera from individuals with high antisporozoite antibody

titers, for the purpose of identifying, in collaboration with
 
the New York University Medical Center group, the protective

antigen(s) of P. falciparum and P. vivax.
 

Data on antibodies to P. falciparum sporozoites, to be
 
obtained in various regions of Thailand, will be compared

with earlier results obtained in the Gambia (1, 2). This
 
will be of considerable interest, in view of the profound

differences in 	the patterns of malaria transmission, as well
 
as in the use of chemotherapy in these two countries.
 

No prior information is available on the immune response
 
to P. vivax sporozoites, except on a small number of immunized
 
volunteers (3, 	4). The planned study will therefore provide

the first sero-epidemiological data on the antisporozoite

antibody levels of individuals exposed repeatedly under
 
natural conditions to the bites of P. vivax-infected mosquitoes.
 

The proposed research will focus on the following
 
specific aims:
 

a) To determine the incidence and titers of antisporozoite

antibodies in individuals of different age groups, repeatedly
 
exposed to malarial infection
 

All sera will be tested for their interaction with
 
sporozoites of P. falciparum and P. vivax using both the
 
indirect immunofluorescent antibody test and the circumsporozoite

precipitation reaction. In the future, these results might

be compared with those to be obtained by using a radioimmunoassay

to detect antisporozoite antibodies. Such an assay, based
 
on the use of monoclonal antibodies and identification of
 
the respective immunodominant sp'rozoite surface antigen, is
 
presently being developed for the P. berghei system. (See

Projects #1 and #3). Additional monoclonal antibodies and
 
further information on the antigens of sporozoites of human
 
malaria to be obtained in the course of Project#4 and Drs.
 
R.S. Nussenzweig and E.H. Nardin's ongoing NIH-sponsored

study on P. falciparum sporozoites, should, in the future,

make it feasible to adapt this radioimmunoassay to the human
 
malaria system.
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b) To investigate the persistence of antisporozoite
 
antibodies
 

The sera of individuals who left an endemic area for
 
long periods of time will be analyzed with regard to anti­
sporozoite antibody levels. These findings will be compared

with the corresponding data obtained from individuals of the
 
same age group, who have remained in the endemic area.
 

c) To ascertain the occurrence of common antigens

shared by sporozoites of different geographic isolates of
 
the same malarial species
 

Sera which react with sporozoites of various Thai
 
isolates of P. falciparum and/or P. vivax will also be
 
tested with African and South American isolates of these
 
parasites, using both the CSP and IFA reactions. If avail­
able in sufficient amounts, these parasites will be radio­
labeled and immunoprecipitated with moftoclonal antibodies for
 
comparison of their antigenic make-up.
 

d) To compare the patterns of immunoprecipitation
 
produced by the interactions of P. falciparum and P. vivax
 
sporozoite extracts with individual immune sera
 

These patterns will define the immunodominant sporozoite
 
antigens, i.e., 
those antigens which in most individuals
 
induce antibody formation.
 

This work will be performed in close collaboration with
 
Drs.. E. Nardin and R.S. Nussenzweig at New York University.

Such an approach, in addition to allowing for corroboration
 
of experimental findings, will enable us at 
the same time to
 
work with sera of individuals with high antisporozoite antibodies
 
selected in the course of the sero-epidemiological study.
 

e) To characterize the protective antigen(s) of
 
sporozoites of,P. vivax and P. falciparum
 

This objective will be approached by testing monoclonal
 
antibodies, directed against defined sporozoite antigens,

for their sporozoite neutralizing activity. This research
 
objective will be undertaken in collaboration with the
 
investigators working on Project #4 in New York, namely,

Drs. E. Nardin, R.S. Nussenzweig and J. Gysin.
 

Rationale and significance
 

Data to be obtained on the incidence of antibodies ,to
 
P. falciparum and P. vivax sporozoites in the sera of
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individuals living in 
an endemic area will provide baseline
 
information on the level of the antisporozoite immunity of
 
this population. 
Such baseline data will be invaluable for
 
monitoring the effects of a sporozoite vaccine as soon as such
 
a vaccine becomes available for pilot studies. Furthermore,
 
these sero-epidemiological data will provide a means for
 
monitoring the effects on malaria transmission of control
 
measures such as drug treatment and/or insecticide application.
 

Determination of baseline data on antisporozoite antibody

levels in individuals of different age grolps is also a
 
prerequisite for investigating a number of related questions,

namely, the seasonal variation of antibody titers, and the
 
persistence of antisporozoite antibodies.
 

The sero-epidemiological study using blood samples

obtained from individuals living in an endemic area will
 
also provide a source of positive sera. for determining the
 
species specificity of the IFA and CSP reactions, and the
 
sharing of sporozote antigen(s) among different geographic

isolates of the same Plasmodial species. It is necessary
 
to further explore and corroborate earlier data on the sharing

of surface antigens of sporozoites of P. falciparum of different
 
geographic isolates, particularly in light of the recent
 
findings of extensive strain heterogeneity detected in blood
 
stages of P. falciparum (5). Variation in blood-stage

parasite proteins, detectable by two dimensional gel electro­
phoresis, has been observed not only among isolates from
 
different geographic areas, i.e., 
The Gambia and Thailand,

but also amongst isolates from the same Thai area.
 

The availability of positive sera will also permit us
 
to establish the repertoire of sporozoite antigens recognized
 
by antibodies present in individual sera and detected by

immunoprecipitation of a labeled sporozoite extract. 
 Those
 
antisera, having high levels of antisporozoite antibodies
 
based on their CSP and IFA reactivity, will be .selected
 
for immunoprecipitation. The corresponding patterns, detected
 
by autoradiography, will be compared with those obtained
 
using the sera of volunteers immunized and protected against

challenge with either P. falciparum or P. vivax sporozoites.

They will also be compared with the patterns of immunopre­
cipitation resulting from the interaction of labeled sporozoite

extract with the respective monoclonal antibodies recently

obtained by Dr. E. H. Nardin 
at New York University. These
 
findings should clarify whether sporozoites of human malaria
 
have a single or a small number of immunodominant antigens,
 
as seems to be the case for P. berghei and P. knowlesi
 
sporozoites.
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At a later stage, when the protective antigens of P.
 
vivax and/or P. falciparum sporozoites will have been
 
identified, it will become feasible using immunoprecipitation
 
and radiolabeling techniques to determine if individuals
 
living in malaria endemic areas produce antibodies directed
 
against these functional antigens. In the future, it will
 
be particularly important to determine whether these "protective"
 
antibodies are present prior to and/or upon vaccination, and to
 
measure their serum levels.
 

Furthermore, the age distribution of antisporozoite

antibodies in the sera of individuals from an endemic area
 
will be an important factor in determining the optimal age
 
at which vaccination should be initiated.
 

Background
 

Sporozoites, in spite of being short-lived, are highly

immunogenic, so that the repeated exposure to the bite of
 
infected mosquitoes induces a detectable antibody response
 
and a sterile immunity (3,4,6,7).
 

The occurrence of antisporozoite antibodies in the sera
 
of individuals living in an area of high malaria endemicity
 
has recently been demonstrated in serological studies,
 
performed in The Gambia, West Africa (1). Sera of villagers

living in an area in which P. falciparum is endemic, were
 
found to have significant levels of antibodies against the
 
sporozoite stage of this parasite. The level of antisporozoite
 
activity was shown to increase gradually with age. Positive
 
CSP reactions and high IFA titers (1:512) against P. falciparum
 
sporozoites were observed in a large percentage of adults.
 

In contrast, little or no CSP activity and low (1:8)
 
IFA titers were noted in the majority of children in the 10
 
to 15 year old age group. In several of the adult Gambians
 
studied, high titers of anti-P. falciparum sporozoite anti­
bodies were detected in the absence of both parasitemia and
 
a significant antibody response to P. falciparum-infected
 
red blood cells.
 

The species specificity of the serological reactivity
 
was demonstrated by the failure of glutaraldehyde-fixed or
 
viable P. falciparum sporozoites to react with antisera
 
raised against sporozoites of P. vivax and P. knowlesi. The
 
falciparum sporozoites also failed to react with normal sera
 
obtained from individuals living in a non-endemic area.
 

Immunosuppression has for years been recognized as one
 
of the serious side effects of malaria. It has been found
 
to occur as a selective suppression of the antibody response
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to some, but not all antigens, and has been reported to
 
lower the immune response to measle vaccine and tetanus
 
toxoid (8.).. In rodents we have found that this malaria­
induced immunosuppression also markedly affects the host
 
response to plasmodial sporozoite antigens. Mice inoculated
 
with blood forms of P. berghei fail to develop antisporozoite

antibodies and protection upon subsequent immunization with
 
irradiated sporozoites (9, 10). If the blood phase of the
 
infection is curtailed by drug treatment, antisporozoite

antibodies appear or increase in titer, and the immunized
 
animals deve)op resistance to sporozoite challenge.
 

These findings raise the question whether the acute
 
phase of malaria infection in man also interfers with his
 
immune response to certain plasmodial antigens. If so, the
 
clinical course of the disease would modulate, and in'the
 
absence of treatment, delay the development of antisporozoite

antibodies and protective immunity. We suspect that this
 
might in fact be occurring in The Gambia, where until recently,

only the 
severe cases of malaria were treated upon hospitalization.

If this interpretation of the role of immunosuppression is
 
correct, early intervention with chemotherapy in the course
 
of a malaria infection would result in a more rapid occurrence
 
of antisporozoite antibodies, i.e., their presence in younger
 
age groups. This question may be clarified bydetermining

antisporozoite antibody levels in the sera of individuals living

in areas of Thailand where chemotherapy is routinely administered.
 

Work in progress
 

The determination of ar'tisporozoite antibody levels in
 
the sera of individuals living in an endemic area, namely,

Khao Kan-Riang, Kanchanaburi in Thailand, has in fact been
 
initiated late last year. A total of 54 
serum samples have
 
been screened for CSP reactivity, and the positive sera have
 
been titrated. The overall percentage of CSP reactivity
 
seems to be relatively low.
 

These and additional sera from individuals of different
 
age groups will subsequently be tested by immunofluorescence,

using glutaraldehyde-fixed sporozoites of both P. falciparum

and P. vivax. A research microscope, equipped for both
 
phase contrast and fluorescence, will be used for this
 
purpose. This microscope, provided by a WHO Director's
 
Initiative Fund, has very recently been received at the
 
Department of Microbiology and Immunology, Mahidol University.
 

A few months ago, a batch of P. vivax spoxozoites was
 
obtained by feeding mosquitoes through a nembrane on infected
 
blood drawn from a hospitalized patient.
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These have been metabolically labeled with 35 S-methionine,
 
and have been taken to New York University for antigenic

analysis, using monoclonal antibodies produced against P.
 
vivax sporozoites of South American origin.
 

A number of preparations of P. falciparum sporozoites

have also been labeled with 35 S-methionine and sent to the
 
Division of Parasitology of New York University. One of
 
these labeled P. falciparum sporozoite preparations has
 
been extracted and subsequently been immunoprecipitated with
 
a monoclonal antibody produced against P. falciparum sporozoites.

Another monoclonal antibody, reacting with P. vivax sporozoites,
 
was used as control. This was followed by SDS-gel electrophoresis

of the immunoprecipitates and autoradiography. Under these
 
conditions, the anti-P. falciparum hybridoma detected one
 
major labeled antigen. The anti-P. vivax hybridoma failed
 
to re'act with the labeled P. falciparum extract.
 

Viable P. falciparum sporozoites,- of Thai origin, are
 
being used in an ongoing neutralization experiment at the
 
Laboratory for Experimental Medicine and Surgery in Primates
 
(LEMSIP) at New York University. In this study, sporozoites

incubated with monoclonal antibodies to falciparum sporozoites
 
were subsequently inoculated into splenectomized chimpanzees

for determination of loss of infectivity.
 

Methods and procedures
 

a) Preparation of sporozoites
 

Anopheles balabacensis mosquitoes will be reared in the
 
Department of Medical Entomology, Faculty of Tropical Medicine,
 
Mahidol University, and infected with blood of malaria
 
patients with either P. falciparum or P. vivax, according to
 
the technique of Chomcharn (11). Infected salivary glands

containing mature sporozoites will be dissected in either
 
M199 or methionine-free RPMI-1640 medium, pooled, triturated,*
 
and then centrifuged at 800 rpm for 5 min. 
at 40C to remove
 
major mosquito tissue contaminants. The supernatant will
 
then be centrifuged at 8000 rpm for 20 min. 
at 40C. Sporozoites,

contained in the sediment, will be used in 
the CSP and IFA
 
tests and for metabolic labeling purposes.
 

b) Preparation of hyperimmune sera in laboratory animals
 

Mice will be immunized against sporozoites of either P.
 
falciparum or P. vivax by intravenous injections of approximately
 
lOb partially purified parasites given at weekly intervals.
 
The antisporozoite response of the mice will be monitored by

the CSP reaction and the IFAT. One week following the last
 
booster, when antisporozoite antibody titers are high (CSP

1:20; IFA 1:4,000) the animals will be bled for 
sera to be
 
used as positive controls for the CSP and IFA tests.
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c) Antisporozoite antibodies occurring in individuals
 

repeatedly exposed to malarial infection
 

Sera to be used in this study will be recovered both
 

from patients hospitalized with malaria and from individuals
 
living in malaria-endemic areas.
 

With regard to hospitalized patients, we plan to use
 

one hundred individuals of different age groups, with either
 

falciparum or vivax malaria, who have been admitted to the
 

Bangkok Hospital for Tropical Diseases. Upon verification
 
of infection by blood film examination, patients will be
 

immediately treated with appropriate antimalarials, and kept
 

in the hospital for a period of observation. Control subjects
 

will include individuals who have not been in a malaria
 
endemic area. They will be recruited from the Faculty
 
members of Mahidol University and/or blood donors of the
 
Thai Red Cross.
 

For determination of antisporozoite antibody levels of
 
the hospitalized patients, we will use sera collected on
 

days 0, 30 and 60 of patient observation as part of a separately
 

funded sero-epidemiological and ongoing study on antibodies
 
o 


to blood-stage parasites. All sera will be stored at-2a0 C
 
aliquots to be used for a variety of purposes. Whenever
 
there is a recrudescence or reinfection, bood samples will
 

be taken and the follow up period extended accordingly.
 
Clinical and epidemiological data to be obtained by question­
ing the patients, their relatives or government agencies
 
will include: 1) determination of the endemic area(s)
 
frequented by the patient (2) duration of stay (3) chronology
 
of the first, subsequent and last malarial attacks (4)
 
chemotherapy, i.e., drugs used, schedule and duration of
 
treatment and (5) the malariometric index and intensity of
 
transmission in each endemic area.
 

The occurrence of antisporozoite antibodies in the sera
 

of individuals living in malaria endemia areas will also be
 
determined. The areas envisaged for study include (1) Khao
 
KanRiang, Kanchanaburi, West Thailand (2) Nong Rhee, Kanchanaburi,
 
West Thailand and (3) a village in Chanthaburi, East Thailand.
 

At least 100 finger-pricked samples will be taken approximately
 
every four months from individuals in each study area in
 
Nateson capillary tubes (270 4l), and the plasma obtained
 
will be stored at -70o C until use. Samples collected in
 
this manner will allow us to determine the seasonal vari­
ation in levels of antisporozoite antibodies.
 

The presence of antibodies to sporozoites of P. falciparum
 
and P. vivax will be detected by CSP (12) and by indirect
 
immunofluorescence (13). For both of these tests, undiluted
 
sera will initially be used. When positive reactions occur,
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titers will be determined. Serological tests to detect
 

antibodies to blood stage parasites of P. vivax and P.
 

falciparum will include the IFAT, using the Druilhe modification
 

of the Ambroise-Thomas (1974) technique (14) currently being
 

our laboratory, and the indirect hemagglutination
standardized in 

This latter procedure
antibody test of Farshey and Kagan (15). 


is routinely used in our laboratory.
 

d) Persistence of antisporozoite antibodies
 

Antisporozoite antibody levels occurring in the sera of
 

individuals living in malaria endemic areas will be compared
 

with those found in the sera of individuals of the same age
 

group who, at earlier time points, had left endemic areas.
 

For this study, we plan to use one or more of the endemic
 

areas previously proposed. The collection of plasma samples
 

and determination of antisporozoite antibodies will be as
 

described above.
 

e) The sharing of common antigens by geographic isolates
 

of sporozoites
 

Sera, having positive CSP and IFA reactions against
 

Thai isolates of P. falciparum and P. vivax sporozoites,
 

will be selected from serum samples obtained both from
 

people living in endemic areas and from hospitalized patients.
 

Subsequently they will be tested, using the IFAT, against
 

sporozoites of Gambian and South American isolates of P.
 

falciparum and P. vivax. If feasible, the study will be
 

extended t sporozoites isolated from North Thailand through
 

collaboration with Dr. Barbara Jacobs, a Peace Corps *Volunte-er
 

in The Malaria Division, Ministry of Public Health, and to
 

sporozoites of African origin to be provided by Dr. P.
 

Druilhe, Paris.
 

f) Immunoprecipitation Patterns of P. falciparum and P. vivax
 

sporozoite extracts obtained by interaction with individual
 

immune sera
 

Serum samples obtained from a number of patients with
 

high levels of antisporozoite antibodies against vivax or
 

falciparum sporozoites will allow us to determine the repertoire
 

of sporozoite antigens recognized by these antibodies.
 
Extracts of sporozoites of either P. falciparum or P. vivax,
 

35 S-methionine, will be immunoprecipi­metabolically labeled with 

as with sera of volunteers
tated with the various sera as well 


immunized and protected against challenge with either falciparum
 

or vivax sporozoites. The immunoprecipitated antigens will
 

be subjected to SDS-PAGE, The autoradiographs obtained by
 

sera will be. compared with the
immunoprecipitation using endemic 

patterns ob-tained using the respective monoclonal antibodies.
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g) 	 Characterization of protective antigen(s) of P. vivax
 
dnd P. falciparum sporozoites using monoclonal antibodies
 

This study will be done in collaboration with Drs. E.H.
 
Nardin. and R.S. Nussenzweig at New York University Medical
 
Center. Our laboratories at Mahidol University will provide

sporozoites to be used in parasite neutralization experi­
ments. In these studies, sporozoites of P. vivax and P.
 
falciparum will be incubated with the respective monoclonal
 
antibodies, recently obtained by Dr. Nardin, and then
 
injected into chimpanzees for determination of loss of
 
infectivity. Gel electrophoresis, using radiolabeled parasite
 
extracts precipitated by the protective monoclonal antibodies,
 
will 	allow identification of the protective antigens of
 
these parasites.
 

Facilities available
 

1. 	 Department of Clinical Tropical Medicine and the
 
Hospital for Tropical Diseases
 

The Hospital for Tropical Diseases has a total of 150
 
beds. The number of patients hospitalized with malaria at
 
any given time is approximately fifty. Most patients have
 
falciparum malaria. A number of these patients also have a
 
concomitant infection with P. vivax. As soon as infections
 
are diagnosed the appropriaTe antimalarials are immediately
 
administered. The Hospital for Tropical Diseases will
 
provide the sera for serological studies and the gametocyte­
containing blood (+ 1 ml) for membrane feeding of mosquitoes
 
for sporozoite production.
 

2. 	 Department of Microbiology and Immunology
 

0
The existing facilities include two -7.Q C freezers for
 
serum storage, one cold room, two refrigerated centrifuges,
 
one Zeiss fluorescent microscope, an Eppendorf microcentrifuge,
 
chromatography and electrophoresis kits for purification of
 
antigen, ultracentrifuges and a set up for maintaining
 
erythrocytic stages of P. falciparum in culture.
 

3. 	 Department of Medical Entomology
 

This Department has an insectorium for the rearing and
 
housing of mosquitoes. A small colony of Anopheles.-balabacensis
 
together with several other Anopheles species, -re presently
 
being maintained in the facility. The mosquito-rearing
 
facilities, Upon modification, will be able to accommodate
 
the larger number of A. balabacensis necessary for the
 
proposed project. Facilities are also available for the
 
membrane feeding of mosquitoes for sporozoite production.
 
In addition, there are well trained personnel for the
 
dissection of salivary glands from infected mosquitoes for
 
sporozoite recovery,
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stronglyliasis in Eastern Asia and Australia'!, ed. J. Cross, NAMRU-2-SP-A4.
 

Phorncharoen, D., Tharvanijk, S., Vanasin, B. and Srivatanakul, P. 1980. Radio­
active counterimmunoelectrophoresis test for carcinoembryonic antigen. J. Med.
 
Ass. Thailand 63: 250.
 

Tantivanich, S., Tharvanij, S., Vongsthongsri, U. and Manesuwan, P. 1980. Sero­
logical studies on possible causes of Intrauterine infections in Thai infants.
 
Southeast Asian J. Trop. Med. Pub. Hlth. 11: 387.
 

Vongsthongsri, U., Tharavanij, S. 1980. Susceptibility of Salmonella ty2hi to
 
chloramphenicol, ampicillin and co-trimoxazole. Southeast Asian J. Trop. Med.
 
Pub. Hlth. 11: 256.
 

Janechaiwat. J., Tharavanij, S., Vajrasthira, S. and Chaicumpa, W. 1980. The
 
immunological diagnosis of human opisthorchiasis and the humoral immune response
 
to Opisthorchis infection in the hamster. J. Med. Ass. Thailand 63: 439.
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HARINASUTA, Khunying Tranakchit Birthdate:  
Professor, Tropical Medicine Place of Birth:  
Department of Clinical Tropical Nationality: Thai 
Medicine Sex: Female 

Education:
 

University of Medical Sciences, Bangkok M.D. 1944 (Medicine)
 
School of Tropical Medicine, Liverpool, G.B. D.T.M&H 1953,
 

Professional Society Membership(s):
 

National
 
President, 1975-77; 1977-79), Parasitology and Tropical Medicine of Thailand
 
Vice President (1975-77; 1977-79), The Thai Medical Women Association
 
Chairman, FUND Raising Committee (1972-74), The Thai Medical Women Association
 
Adviser, Family Planning, The Thai Medical Women Association
 
Vice President (1974-76), Medical Association of Thailand
 
President (1969-71, 1971-73; 1973-75), The Thai Medical Women Association
 
Member, Committee on Medical Ethics, Medical Council of Thailand
 
Member of 3 sub-committees of Medical Council of Thailand
 

International
 
Member, Scientific Working Group (Malaria).(1967, 1972, 1976, 1978)
 
Member, Scientific Working Group of WHO, SEARO (1976, 1977, 1978)
 
Temporary Adviser of WHO, SEARO, November, 1976
 
Member, WHO Expert Panel of Malaria (1975-present)
 
Member, WHO TDR Evaluation Advisory Committee, 1978
 
Editor-in-Chief, "The Southeast Asian Journal of Tropical Medicine and Public
 
Health" since 1973.
 
Advisor, Roche Far East Research Foundation.
 
Editorial Board Member, "Journal of Medical Progress."
 
Advisor, Journal of Medical Association of Thailand
 

Major Research Interest (Field of Specialty):
 

General Medicine and Tropical Medicine
 

Research and/or Professional Experience:
 

Present: Professor of Tropical Medicine, Department of Clinical Tropical Medicine
 
and Hospital for Tropical Diseases, Faculty of Tropical Medicine, Mahidol University,
 
Bangkok.
 

Consultant on Academic Affairs, Mahidol University
 
Chairman, Academic Rank Promotion Commitee, Mahidol University
 
Project Director, Studies for Proof of Wholesomeness of Irradiated Foodf
 

Research on Malaria and other Tropical Diseases.
 
Consultant, Ethical Committee, Ministry of Public Health, Thailand
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Xhunying Tranakchit Harinasuta -. 2 -


Special lecturer, TROPMED Postgraduate Courses in SEAMEO member
 
countries.
 

Past: 
 Vice Rector on Academic Affairs, Mahidol University (1976-78)
 
Deputy Dean, Faculty of Tropical Medicine, Mahidol University (1968-78)

Director, Bangkok School of Tropical Medicine
 
Professor, Tropical Medicine, Head, Department of Clinical Tropical


Medicine and Hospital for Tropical Diseases, Faculty of Tropical Medicine (1965-78)
 
Director, Hospital for Tropical Diseases (1965-78)

Lecturer, Department of Medicine and Pediatrics, Faculty of Medicine
 

University of Medical Sciences (Mahidol University)
 
House Physician, Department of Medicine (including Department of
 

Pediatrics), Faculty of Medicine and Siriraj Hospital (1944-46)

Consultant in Medicine, Nakhon Ratchasima Hospital; Somdej Na Sriraj;


Hospital; Rajvithi Hospital; etc.
 

Publications:
 

Hand Book (in Thai) of Tropical Medicine.
 

Chemotherapy in Tropical Medicine, Editor.
 

Papers in Medical Journals: Malaria, Amoebiasis, Chemotherapy of Helthminthic
 
Infections, etc. (over 100 in total)
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TAPCHAISRI, Pramuan 
 Birthdate:  
 
Instructor 
 Nationality: Thai
 
Department of Microbiology Sex: Male
 

and Immunology
 

Education:
 

Mahidol University, Bangkok B.,Sc. 1970 (Medical ,Technology)
Mahidol University, Bangkok M.S.i 1972 (Microbio i !y)
Mahidol University, Bangkok Ph.D. 1976
 

Major Research Interest:
 

Immunity to malaria sporozoites
 

Research and/or Professional Experience:
 

1976 - present: Instructor, Department of Microbiology and Immunology,

Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand
 

1978 - 1980 International Research Fellow, Department of Immunology,

Walter Reed Army Institute of Research, Washington, D.C.
 

1976 - 1972 Instructor, Department of Basic Science, Faculty of Gradu ,
-

ate Studies, Mahidol University, Bangkok, Thailand
 

Publications:
 

Sawyer, W.D., Thongthai, C., and Tapchaisri, P. 1973. Gonococci and
 
Gonorrhea. J. Med. Ass. Thailand 56: 
404.
 

Tapchaisri, P. and Sawyer, W.D. 1973. 
 Studies on the virulence of Neisseria

gonorrhoeae II. Relation of susceptibility toantibiotics and resistance to
 
phagocytosis by polymorphonuclear leukocytes. 
J. Med. Ass. Thailand 56: 519.
 

Tapchaisri, P. and Sirisinha, S. 
1976. Serum and secretary antibody res­
ponses to Neisseria gonorhaeae in patients with gonococcal infections. Brit.
 
J. Vener. Dis. 52: 374.
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CHOMCHARN (Chandavimol), YAOVAMARN.- Birthdate: 
 
Assistant Professor Nationality: Thai
 
Department of Medical Entomology
 

Education: 

Chulalongkorn University, Thailand 
Chulalongkorn University, Thailand 
Mahidol University, Bangkok, Thailand 

B.Sc. 
M.Sc. 
Ph.D. 

1970 
1972 
1979 (TropicalMedicine) 

Research and/or Professional Experience:
 

1972 Staff Member, Department of Medical Entomology, Faculty of:.Tropical
 
Medicine, Mahidol University, Bangkok
 

1973 Lecturer, Department of Medical Entomology, Faculty of Tropical
 
Medicine, Mahidol University, Bangkok
 

1979- Assistant Professor, Department of Medical Entomology, Faculty' f
 
Tropical Medicine, Mahidol University, Bangkok
 

Publications:
 

Chandavimol, Y. 1973. A simple method fo. rearing of the red stripe palm

weevil (Rhynchophorus vulneratus) [Panser.]. Thai. J. Agri. Sci. 6: 
253.
 

Chandaviinol, Y. and Areekul, S. 1973. Sex attractiveness in the red stripe

palm weevil, Rhynchophorus vulneratus (Panzer). 
Thai. J. Agxi. Sci. 6: 277.
 

Chandavimol, Y., Sucharit, S., Viraboonchai, S. and Tumrasvin, W. 1975.
 
Biology of the snail-killing fly, sepedon spangleri Beaver (Diptera: Sciomy­
zidae). I. Life history. Southeast Asian J. Trop. Med. Publ. Hlth. 6: 395.
 

Sucharit, S., Chandavimol, Y. and Sornmani, S. 1976. Biology of the snail­
killing fly, Sepedon spangleri Beaver (Diptera: Sciomyzidae). II. Ability
 
of the larvae to kill snails of medical importance in Thailand. Southeast
 
Asian J. Trop. Med. Pub. Hlth. 7: 581.
 

Chomcharn, Y., Surathin, K., Bunnag, D., 
Sucharit, S. and Harinasuta, T.
 
1980. Effect of a single dose of primaquine on a Thai strain of Plasmodium
 
falciparum. Southeast Asian J. Trop. Med. Pub. Hlth. 11: 408.
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ASAVANICH, Achara Prompichai 'Date of Birth:  . 
Research Assistant Nationality: Thai 

Sex: Female
 

Education: 

Chulalongkorn University. Thailand B.Sc. 1969 (Biology) 
Chulalongkorn University, Thailand Graduate Diploma 1972 (Biology) 
Purdue University, Lafayette, Ind. M. Sc. 1974 (Entomology) 
Purdue University, Lafayette, Ind. Ph.D. 1977 (Entomology 

Professional Society Membership(s):
 

Gamma Sigma Delta, The Honor Society of Agriculturei(USA)
 
Entomological Society of America
 

Major Research Interest:
 

Characterization of the antibody response to Plasmodium falciparum sporozoites in
 
Thailand, and identification of the protective antigen(s).
 

Research and/or Professional Experience:
 

1981 - present: Research Assistant, Faculty of TropicalMedicine, Mahidol.
 
University, Bangkok, Thailand
 

1978-1979: Instructor, Department of Biology iFaculty of Science", Prince 
of Songkla University, Thailand
 

1975-1977: Research Assistant, Department of Entomology, Purdup University,
 
West Lafayette, Indiana (USA)
 
1969-1972: Instructor, Department of :Biology', Faculty of Science Prince
 

of Songkla University, Thailand
 

Publications:
 

Asavanich, A.P. and Gallun, R.L. 1979.D,'Dation of feedingby 'ilarvae 'ofthe
 
Hessian fly and growth of susceptible'wheat seedlings. ,S
Ann. Entomol. c. Am.
 
72: 218-221.
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LIMSUWAN, SUPATRA Birthdate:  
Research Assistant Nationality:. Thai 
Department of Medical Sex: Male 

Entomology 

Education:
 

Mahidol University, Bangkok, Thailand B.Sc. (X-ray Technology) 1977 
Mahidol University, Bangkok, Thailand M.Sc. (Tropical Medicine) 1979 

Research and/or Professional Experience:
 

1980 - present: Research Assistant, Department of Medical Entomology, Facult:jz
 
of Tropical Medicine, Mahidol University.
 

Publications:
 

Areekul, S., Subcharoen, A., Cheeramakara, C., 'Srisrakawot, K. and Limsuwan, S.
 
1980. Studies on the effect of folic acid supplement on folate and vitamin B12
 
status in children. Southeast Asian J. Trop. Med. Pub. Hlth. 11:81.
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SUMMARY
 
OF CORE BUDCET
 

RESEARCH PROJECTS #1-5 OF PROGRAM PROJECT
 

Proposal AdImin. 
& Core: Project 01 Project #2 Project #3 

Principal
Investigator Nussenzweig Nussenzweig Cochrane Ferreira 

PERSONNEL 82,100. 42,015. 37,550. 34,183. 


FRINGE BENEFITS 18,472. 9,455. 8,450..7,691. 


CONSULTANTS 1,750. 

EQUIPMENT 72,695. 5800, 4,050. 7,700. 


SUPPLIES 23,520. 7,775,. 15,.00. 


TRAVEL 14,990. 2,000. 650. 1,300. 


OTHER EXPENSES 60,540. 8,054. 15,573. 7,925. 


,1st'12.Months 274,067. '75,099. ;-74,548. 73,799. 


Year Total 765,292. .238.149. 235.584. 239 711' 


:iAdditional equipmentfor Project 1/5
A1 is inclUded in• year-one of• the Core Budget.
 

Project #4 


Nardin 


30,564. 


-5
 

3,000. 


8,250. 


1,300. 


25 9,956. 


75,'947. 


Project #5 

SaVanat 

Total 

-12,860 

1,000.1 

239,272. 

:6877 

1,'750. 
94,245 

12,274. 

5,000. 

4,000. 

75,094 

25,240. 

122,048. 

:35,134. 608,594. 
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CORE BUDGET
 
First Year
 

January 1, 1982-December 31, 1982
 

Personnel 

R.S. Nussenzweig, Professor 
Project Director 

40% 

Victor Nussenzweig, Professor 
Project Co-Director 

R. Altszuler 

Laboratory Supervisor 

-

100% 

A. Warner, Laboratory Aide 50% 

S. Hecht-Ponger 
Administrative Assistant 

90 

Secretary (to be appointed) 50% 

Fringe Benefits (22.5%) 

Refurbishment of existing laboratory space 
converted to Hybridoma Facility (preparative work) 


Equipment (Hybridoma Facility)
 

Inverted Phase Microscope with accessories 

Binocular Microscope with accessories 

Baker Laminar Flow Hood 

C02 Double Chamber Incubator 

-20?Refrigerator (double door) 

Tabletop Refrigerated Centrifuge with accessories 


Equipment (General)
 

Air conditioner replacement 

Darkroom equipment (i.e., Omega enlarger,,copier;
 
grain focuser, easel, etc.) 


Miscellaneous equipment (i.e., conductivity meter;
 
pump(s); oven, columns, etc.) 


Equipment (to be purchased on behalf of Mahidol University).
 

Department of Medical Entomology
 

Humidifier 

Balance, digital 

Circulating Bath 

Stereo Dissecting Microscope w/access. 


Department of Microbiology & Immunology
 

Blower for Hood 

Binocular Microscope with accessories
 

(Olympus BH-A) 
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25,056. 

-

21,950. 

9,389 

17,1870. 

7,835. 

31,000., 

$ 82,100. 

18,472. 

31,000. 

2,000. 
3,415. 
5,200. 
5,130 
1,050 
6,000. 22,795. 

650. 

2,500. 

6,500. 9,650. 

1,000. 
2,000. 

750. 
2,000. 5,750. 

1,500. 

2,000. 3,500. 



(First Year continued) CORE BUDGET.
 

Maintenance (of)
 

Animals
 
Mice (500 animals x 365 days @ .053 per day) 

Hamsters (150 animals x 365 days @ .148 per day) 

Rats (50 animals x 365 days @ .148 per day) 

Rabbits (6 animals x 365 days @ .69 per day) 

Primates (28 animals x 365 days @ .995 per day) 

Veterinary and Medical Consultants . 

Insectary (includes Insectary Personnel, light 

traps, Culligan H20 system, cages, etc.) 

Maintenance and Service Contracts (Equipment)
 

Typewriter and IBM Memory 100 


Compact Picker Gamma Counter (100%) 

Beckman Ultracentrifuge (33.3%) 

Scintillation Counter (33.3%) 

Spectrophotometer & Recorder (66.6%) 

Cost of emergency repairs to equipment, exclusive
 
of above service contracts 


Supplies
 

Radioisotopes, labeled amino acids, fluorescein,-­

conjugated antibodies 

Plastics, glassware, chemicals, etc. 

General supplies for Mahidol University (unavailbie
 

in Bangkok, Thailand) 


Office, including photocopy paper, books, journals,
 

charts, etc. 

Freight charges for shipment of goods and services
 
to Mahidol University, Bangkok, Thailand 


Travel
 

Domestic
 

Approx. (18) trips to Washington, D.C.
 

as part of collaboration with B. Gwadz, NIH. 

Approx. (2) trips to collaborative
 

research centers (i.e., Texas, Georgia) 


Foreign
 
Trip for Project Director to Bangkok,
 

Thailand (including accommodations) 

Trip for Principal Investigator of one of
 

Projects to Bangkok, Thailand (including accommo­
dations) 


Airfare (only) for Thai investigator
 

to visit New York University 


Subtotal 
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9,675
 
8,103
 
2,701 , 
1,511
 

10,170. 32,160.
 
11750, 1,750.
 

.
 

20,435. 20,435.
 

400.
 
2,135.
 

410.
 
550.
 
9500
 

3,500. 7,945.
 

10000.­
7,270'.
 

3,500.
 

1,250.
 

1500. 23,520.
 

2,800.
 

2,000 4,800.
 

3,670.'
 

3,670.
 

2,850, 10,190.
 

$274,067.
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CORE BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983
 

Personnel
 

LS. Nussenzweig, Professor 40% 25,056.
 
Project Director
 

V. Nussenzweig, Professor
 
Co-Project Director
 

R. Altszuler, Laboratory Supervisor, 100% 23,706.
 

A. Warner, Laboratory Aide 50% 10,140.
 

S. Hecht-Ponger, Admin., Assistant' :90%. 19,300.,
 

Secretary 50% 8,462. 86,664.
 

Fringe Benefits (22.5%) 19,499,
 

Equipment
 

Refrigerated Chamber Unit (Kelvinator) .2,100.
 
° -70 Freezer 5,980.
 

Air conditioner replacement 750.
 
Ice maker 2,200.
6,550.
 
Densitometer DCD-16, Computing (Gelman) 


Fluorescent Microscope with accessories 12,500.
 
Miscellaneous equipment (refrigerator, columns, etc) 7.450, 37r530.
 

Maintenance (of)
 

Animals
 
Mice (500 animals x 365 days @ .056). 10,220..
 
Hamsters (150 animals x 365 days @ .163) 8,925.
 
Rats (50 animals X 365 days @ .163) 2v915.
 
Rabbits (6 animals x 365 days @ .72) 1,580..
 
Primates (28 animals x 365 days @ 1.04) 10,630.
 
Veterinary and Medical Consultants 10750.x 36,080.
 
Insectary (includes Insectary Personnel, light
 
traps, Culligan H2G system, cages, etc.) 21,457. 21,457.
 

Maintenance and Service Contracts (Equipment)'
 

Typewriter and IBM Memory 100 420.
 
Compact Picker Gamma Counter (100%) 2,242.
 
Beckman Ultracentrifuge (33.3%) 430.
 

Scintillation Counter (33.3%) 578.
 
Spectrophotometer & Recorder (.66.6) 998.
 
Cost of emergency repairs to equipment, exclusive
 
of above service contracts 3,500. 8,168.
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(Second Year continued) .,COREBUDGET 

Supplies 

Radioisotopes, labeled amino acids, fluorescein­
conjugated antibodies 

Plastics, glassware, chemicals, etc. 
General supplies for Mahidol University (unavailable 
in Bangkok, Thailand) 

Office, including photocopy paper, books, journals 
charts, etc. 

Freight charges for shipment of goods and services 
to Mahidol University, Bangkok, Thailand 

11,500. 
8,360. 

4,025. 

1,440., 

1,575. 26,9000 

Travel 

Domestic 
Approx. (18) trips to Washington, D.C. 

as part of collaboration with B. Gwadz, NIH 
Approx. (2)trips to collaborative 

research centers (i.e., Texas, Georgia) 

2,940. 

2,100. 5,040. 

Foreign 
Trip for Project Director to Bangkok. 

Thailand (including accommodations) 
Airfare (only) for Thai investigator 

to visit New York University 

3,855* 

2,995. 6,850. 

Subtotal $248,188. 
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CORE BUDGET
 
Third Year
 

January 1, 1984-December 31, 1984
 

Personnel 

R.S. Nussenzweig, Professor 

Project Director 
40% 

V. Nussenzweig, Professor 
Co-Project Director 

R. Altszuler, Laboratory Supervisor 100% 

A. Warner, Laboratory.Aide 50% 

S. Hecht-Ponger, Admin. Assistant 90% 

Secretary 50% 

Fringe Benefits (22.5%) 

Equipment 

Bausch Lomb Spectrophotometer 
Mouse rack with accessories 
LKB Fraction Collector with accessories 

Miscellaneous equipment (i.e., minigel, autoclave,
 
dishwashing machine, etc.) 


Maintenance (of)
 

Mice (500 animals x 365 days @ .059) 

Hamsters (150 x 365 days @ .179) 

Rats (50 animals X 365 days @ .179) 

Rabbits (6 animals x 365 days @ .76) 

Primates (28 animals x 365 days @ 1.10). 

Veterinary and Medical Consultants 

Insectary (includes Insectary Personnel, light
 
traps, Culligan H 20 sytem, cages, etc.) 


Maintenance and Service Contracts (Equipment)..
 

Typewriter and IBM Memory 100 

Compact Picker Gamma Counter (100%) 

Beckman Ultracentrifuge (33.3%) 

Scintillation Counter (33.3%) 

Spectrophotometer & Recorder (66.6%) 

Cost of emergency repairs to equipment, exclusive.
 
of above service contracts 
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25.056. 

25,602. 

10,950. 

20,844. 

9,140. 91,592. 

20,608. 

4,300. 
2,400. 
6,000. 

8,600. 21,300. 

10,770. 
9,800. 
3,270. 
1,655. 

11,245. 
1,75. 

22,530. 

38,490. 

22.530. 

440. 
2,3544 
450. 
606. 

1,047. 

3,500. 89397. 



(Third Year continued) CORE BUDGET 

Supplies 

Radioisotopes, labeled amino acids, fluorescein­
conjugated antibodies 

Plastics, glassware, chemicals, etc. 
General supplies for Mahidol University (unavailable 
to Mahidol University, Bangkok, Thailand) 

Office, including photocopy paper, books, journals, 
charts, etc. 

Freight charges for shipment of"goods and services 
to Mahidol University, Bangkok, Thailand 

13,225, 
9,615, 

4,630. 

1,655. 

1,655. "30,780. 

Travel 

Domestic 
Approx. (18) trips to Washington, D.C. 

as part of collaboration with B. Gwadz, NIH 
Approx. (2)trips to collaborative 

research centers (i.e., Texas, Georgia) 

3,090. 

2,205. 5,295. 

Foreign 
Trip for Project Director to Bangkok, 

Thailand (including accommodations) 4,045. 4,045. 

Subtotal $243037 

" 107r ­



Budget Justification
 

Core
 

First Year
 

Personnel 	 The Program Director, R.S. Nussenzweig's salary, is requested in
 
accordance with maximal salary guidelines of the AID's regulations.
 

All other salary increments in years 2 and 3 are based on estimated 
percentages including merit and inflationary factors. Percentages 
applied vary dependent upon job description, time and grade, etc. 
for each employee. Actual salaries to be paid in future years 
must be in compliance with official wage and salary programs 
consistently applied at New York University Medical Center. 

Refurbishment
 
and Equipment 	 The ongoing research involving a lare number of monoclonal anti­

bodies makes it necessary to refurbish existing space.into a
 
Hybridoma Facility. The space to be converted for this purpose
 
is presently a conference room, without any laboratory facilities
 
or equipment. We hope to remodel the space and acquire the nec­
essary equipment so that it can serve adequately the various
 
investigators of Projects #1, #2 and #4.
 

Our general equipment requirements for the first year are to re­
place an air conditioner over 10 years old; purchase much needed
 
darkroom equipment in order to more easily process our auto­
radiographies and other general photographic needs.
 

Several pieces of major equipment are being requested on the
 
Core Budget, for Mahidol University. Our purpose in doing so
 
is to facilitate the purchase so that the needed equipment is made
 
available more promptly to our collaborators in Project #5.
 
The Department of Entomology's equipment request is basically
 
derived from the need to upgrade the Insectorium for the rearing
 
of A. balabacensis. While the needs for the Department of
 
Microbiology and Immunology are related to the preparation of
 
monoclonal antibodies reacting with P. falciparum and P. vivax "
 
as well as labeling of parasite preparations.
 

Maintenance 	 Animals and Insectary: Since 1979, we established a Parasitology
 
Animal and Insectary Service fund. All salaries of the animal
 
facility and insectary personnel, as well as all goods, services,
 
food, bedding, repairs, etc. are prorated for each species of
 
animal and/or insectary use, based on usage by each investigator.
 
The per diem rates are given in the Core Budget for the estimated
 
number of animals and insectary needs to be used in the overall
 
Program Project for the course of each year.
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Budget Justification
 

Core
 

Maintenance (continued) 

Maintenance contracts and service agreements are for the general 
shared equipment used by the various investigators in Projects #1-4. 

Supplies The supplies listed in the Core are essential for our hybridoma 
work, and will be dispersed over the entire Program Project. 

Travel Domestic trips are related to collaborative work with other 
laboratories. 
Foreign travel requested is one trip for the Program Director, 
Dr. R.S. Nussenzweig, and one Principal Investigator (of 
Projects #1-4) in order to be in a position to collaborate 
effectively with Drs. Harinasuta, Savanat and others. 

A trip for Dr. Pramuan (transportation)is included herein 
(1st year). The remainder of his expenses will be absorbed from 
other funds. The investigator will spend approximately 2-3 weeks 
at the Division of Parasitology and Department of Pathology, in 
order to learn various methods and procedures. This training is 
invaluable for the overall scope of the collaborative project. 

Second Year 

Personnel See explanatory note in first year. 

Equipment Equipment requested for this year includes items that will either 
replace overutilized pieces, and/or help in the growing Division's 
scope of research. Our Cold room, for example, shared by all the 
Division's faculty, is overcrowded, and as we cannot foresee having 
the space for another, we wish to utilize the alternative of a 
Cold Chamber; the need for a -707C freezer in the second year is 
due to the overcrowding of the existing freezer in the Division. 
A second fluorescent microscope is much needed because the single 
available Zeiss microscope is insufficient for all the investi­
gators and research; consequently overextending the one available. 
More than 7 investigators are using it presently, and with the 
increased workload, the availability of another microscope is 
essential. 

Travel, A trip for Dr. Chomcharn is included for the second year. As 
explained above, Dr. Chomcharn's other expenses will be absorbed. 
from other funds. 
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Budget Justification
 

Core
 

Third Year
 

Personnel See explanatory note in first year.
 

Equipment A Spectrophotometer is necessary for the general use of the
 
Program Project investigators in Projects #1, #2 and #4. The
 
spectrophotometer presently available in the Division is shared
 
with several members of the Division faculty, and will not serve
 
our expanding needs. A fraction collector is imperative in view
 
of purification of antibodies and F(ab) fragments required for
 
all Projects conducted in the Division of Parasitology.
 

Travel See explanatory note in first year.
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PROJECT #1 BUDGET
 

First Year
 
January 1, 1982-December 31, 1982
 

Personnel
 

R,:S. Nussenzweig, Professor 15%
 
Principal'Investigator.
 

E. Ojo-Amaize, Ph.D. 100% 

Postdoctoral Fellow.
 

F. Zavala, 	M.D., Postdoctoral Fellow 20% 


L. Shozo Ozaki, Ph.D.
 
Postdoctoral Fellow 100% 


M. Maracic, M.S., Sr.. Res.Tech. 40%1 


Res. Tech. 	I (to be appointed) 50%. 


Fringe Benefits (22.5%) 


Equipment
 

Isoelectric Focusing Power Supply 

Mettler Precision Balance 

Sonicator 


Animals (Purchase)
 

A/J mice (1,200 animals @ $3.29 each) 

Hamsters (175 animals @ $3.75 each) 

Rabbits (20 animals @ $27.50). 


Supplies (glassware, plastics, chemicals, radioisotopes,
 
etc.) 


Travel
 
Attendance at scientific meetings of professional
 
personnel 


Other
 
Photocopying, chart preparation, etc. 

Publication costs 

Cost of emergency repairs to equipment, exclusive
 
of maintenance agreements 

Books and Journals 


Subtotal 


1,800.
 

3,500.
 

20,500..
 

7,910.
 

8,305. 42,015.
 

%:455.
 

1,500.
 
2,000.,
 
2,300., 5,800."
 

3,948.

1,406.1
 
550. 5,904.
 

7,7750 7,775.
 

2,000. 2,000.
 

300.
 
600.
 

1,000.
 
250. 	 2,150.
 

$75 ,99.
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PROJECT #1 BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983
 

Personnel
 

RS.Nussenzweig, Professor 
Principal Investigator 

E. Ojo-Amaize, Ph.D. 

Postdoctoral Fellow 

15% 

100% 

F.' Zavala, M.D., Postdoctoral Fellow 20%; 

L. Shozo-Ozaki, Ph.D. 
Postdoctoral Fellow 

100% 

M. Maracic, M.S., Sr. Res. Tech. 40% 

Res. Tech. I (to be appointed) 50%" 

Fringe Benefits (22.5%) 

Equipment 

Refrigerated Circulator 
Microfuge I (Beckman) 

Animals (Purchases) 

A/J mice (1,200 animals @ $3.62) 
Hamsters (375 animals @ $4.13) 
Rabbits (20 animals @ $30.25) 

Supplies (glassware, plastics, chemicals, radioisotopes,
 
etc.) 


Travel
 
Attendance at scientific meetings of professional:
 
personnel 


Other
 
Photocopying, chart preparation, etc. 

Publication costs 

Cost of emergency repairs to equipment, exclusive:
 
of maintenance agreements 


Books and Journals 


Subtotal 


1,950, 

3,780. 

22,140. 

8,545. 

,8,970. 45,385. 

10,212. 

1,850. 
1,950 3,800. 

4,344. 
1,548. 
605. 6,497. 

8,940. 8,940. 

2,100. 2,100. 

300. 
600. 

11000, 
250. 2,150. 

$19.,084. 
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PROJECT #1 BUDGET
 
Third Year
 

January 1, 1984-December 31, 1984
 

Personnel 

R.S. Nussenzweig, Professor 
Principal Investigator 

15%-

E. Ojo-Amaize, Ph.D. 
Postdoctoral Fellow 

100% 

F. Zavala, M.D, Postdoctoral Fellow 20% 

L. Shozo Ozaki, Ph.D. 
Postdoctoral Fellow 

100% 

M. Maracic, M.S., Sr. Tech. Tech.. 40% 

Res. Tech. I (to be appointed) 50% 

Fringe Benefits (22.5%) 

Equipment 

Savant Concentrator-Evaporatoi 

Animals (Purchases) 

A/J mice (1,200 animals @ $3.98) 
Hamsters (375 animals @ $4.53) 
Rabbits (20 animals @ $33.25) 

Supplies (glassware, plastics, chemicals, radio­
isotopes, etc.) 


Travel
 
Attendance at scientific meetings of professional
 
personnel 


Other
 
Photocopying, chart preparation, etc. 

Publication costs 

Cost of emergency repairs to equipment, exclusive
 
of maintenance agreements 


Books and Journals 


Subtotal 


2,100. 

4,085. 

23,912. 

9,226. 

9,687. 49,010 L 

11,027. 

2,000. 2,000. 

4,776, 
1,698. 
665. 7,139. 

10,285 10,285.' 

2,205 2,205. 

•325. 
650. 

1,050. 
275. 2,300. 

$83,966. 
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,Budget Justification
 

Project #1
 

First Year .
 

Personnel 	 Dr. R.S. Nussenzweig, Program Director, andPrincipalcInvestigator
 

of Project #1, will have her salary coveredin the Core Budget.
 

E. Ojo-Amaize and F. Zavala will have partial'support from this
 

Project. The balance of their salaries is derived from other
 

sources.
 

All other personnel, please see explanatory note in Core Budget
 

Justification.
 

The sonicator will be used to disperse the gel containing purified
Equipment 

antigen for immunization purposes. The power supply for electro­

phoresis needs to be added to the existing electrophoresis
 

apparatus. The precision balance is for general laboratory use.
 

Travel 	 In this Project, the travel will be used for the 3 postdoctoral
 
fellows, namely, Drs. Ojo-Amaize, F. Zavala and L.S. Ozaki.
 

Second Year
 

Personnel 	 See explanation first year.,i
 

Equipment 	 The cooling device is necessary for some electrophoresis pro-

Microfuge will be for 8enerallaboratory use.
 cedures; 


Travel See explanation first year.
 

Third Year
 

Personnel See explanation first year.
 

Equipment The concentrator/evaporator will "concentrate'tlserum smples
 
as well as antigen eluates.
 

Travel See explanation first year.
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PROJECT #2 BUDGET
 
First Year
 

January 1, 1982-December 31, 1982
 

Personnel 

A.H. Cochrane, Ph.D. 
Associate:Professor 
Principal Investigator 

70% 

V. Nussenzweig, M.D, Ph.D. 
Professor, Co-Investigator 

M. Maracic, M.S. 
Senior Research Technician 60% 

Fringe Benefits (22.5%) 
Equipment 

Electrophoresis Chamber and Power Supply 

ph meter 

Beckman Microfuge I 

Air conditioner replacement 


Animals (Purchase)
 

Macaca mulatta (10 animals @ $900. each) 

Freight charges for the shipment of M. mulatta) 

SW mice (150 animals @ $.87) 

Balb/c mice (150 animals @ 4.55 each) 

CD2FI mice (600 animals @ $3.42) 


Supplies (glassware, plastics, chemicals, general materials,
 
isotopes, amino acids, tissue culture medium, etc.1 


Travel
 

Attendance at scientific meetings of professional
 
personnel 


Other
 

Photocopying, chart preparation, slides, etc. 

Publication costs 

Cost of emergency repairs to equipment, exclusive
 
of maintenance agreements 


Books and Journals 


Subtotal 


25,680.
 

11,870.. 37,550.
 

8,450.
 

1,050.
 
650q
 

1,700.
 
650. .4,050.
 

9.,000.: 
1,500..
 

130. 
683.
 

2,060 13,373.
 

8,2.5. 8,275.
 

650.. 650.
 

350.
 
.500
 

1,000.
 
1350.
2200..
 

$74,548,
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PROJECT #2 BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983
 

Personnel
 

A.H. Cochrane, Ph.D. 70% 27,735.
 
Associate Professor
 
Principal Investigator
 

V. Nussenzweig, M.D., Ph.D.
 
Professor; Co-Investigator
 

M. Maracic, M.S. 60% 12,815.- 401550.
 

Senior Research Technician
 

Fringe Benefits (22.5) 9,124.
 

Equipment
 

Entomologic microscope with accessories 1i00: "1,100.-


Animals (Purchases)
 

Macaca mulatta (10 animals @ $900. each) 9,000.

Freight charges for the shipment of M. mulatta 1,600.
 

SW mice (150 animals @ $.96 each) 147.
 
Balb/c mice (150 animals @ $5.00 each) 750;
 
CD2F1 mice (600 animals @ $3.76 each) 2,256. 13,753.
 

Supplies (glassware, plastics, chemicals, general materials,
 
isotopes, animo acids, tissue culture medium, etc.) 9,520. 9,520.
 

Travel
 

Attendance at scientific meetings of professional
 
685- 685.
personnel 


Other
 

Photocopying, chart preparation, slides,4etc. 350.
 
500.
Publication costs 


Cost of emergency repairs to equipment, exclusive
 
of maintenance agreements L0000.
 

Books and Journals 350. '2,200.
 

Subtotal $76,932. 
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PROJECT #2 BUDGET 
Third Year 

January i, 1984-December 31, 1964 

Personnel
 
29,954.
70%
A.H. Cochrane, Ph.D. 


Associate Professor
 
Principal Investigator
 

-V. Nussenzweig, M.D, Ph.D. 

Professor; Co-investigator
 

M. Maracic, M.S. 
0%1
 

Senior Research Technician
 

9,854, 
Fringe Benefits (22.5%) 


Equipment
 

2,300
Inverted Phase Microscope with accessories 


Animals (Purchases)
 

9,000.

Macaca mulatta (10 animals @ $900. each) 
 1l700.
 
Freight charges for the shipment of M. mulatta 
 157.
 
SW mice (150 animals @ $1.05 each) 

825.
 
Balb/c mice (150 animals @ 5.50 each) 
 2,484. 14,166.
 
CD2Fj mice (600 animals @ $4.14 each) 


Supplies (glassware, plastics, chemicals, general materials,
 10,940. -10,940.
 
isotopes, amino acids, tissue culture medium, 

etc.) 


Travel..
 

725.
Attendance at scientific meetings of professional 7
 
personnel" 


Other
 

Photocopying, chart preparation, slides, etc. 
375.
 
5250
 

Publication costs 

Cost of emergency repairs to equipment, exclusive,
 

1,050.
of maintenance agreements 
 375. 2,25.

Books and Journals 


1$84,104.
 
Subtotal 
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Budget Justification 

Project #2 

First Year 

Personnel Dr. A.H. Cochrane, Principal Investigator of Project #2 receives 
partial support from another source; and is also a Co-Investigator 
on Project #3 for partial support. 

All other personnel, see explanation in Core Budget Justification. 

Equipment The requested equipment is needed for the efficent-performance' 
of this project. 

Second Year 

Personnel See explanation first year. 

.Equipment See explanation first year. 

Third Year 

Personnel See explanation first year. 

Equipment See explanation first-year. 
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PROJECT #3 BUDGET
 
First Year
 

January 1, 1982-December 31, 1982, 

Personnel 

A. Ferreira, Ph.D. 
Assistant Professor 
Principal Investigator 

20% 

V. Nussenzweig, M.D., Ph.D. 
Professor; Co-investigator 

A. Cochrane, Ph.D. 
Asnociate Professor; 
Co-investigator 10% 

F. Santoro, Ph.D. 
Postdoctoral Fellow 

50% 

Research Technician I 

(to be appointed) 50% 

P. Altszuler, asst. Res. Tech. 40% 

J. Josephs, Secretary 10%! 

Fringe Benefits (22.5%) 

Equipment 

HPLC Pump 
Radial Compressor for HPLC. Pump-, 

Animals (Purchase) 

Hamsters (375 animals @$3.75 each) 

Supplies (radioactive amino acids, 1125; scintillation
 
fluids and vials, solvents for HPLC columns and filters
 
for HPLC; material for SDS-PAGE AND RIA) 


Travel
 

Attendance at scientific meetings of professional
 
personnel 


Other
 
Maintenance and Service Contract for HPLC and
 
Scintillation Counter 


Publication costs (including graphs, charts) 

General supplies (i.e.,duplicating, laundry,
 
books and journals, etc. 


Subtotal 


7.3Qfl 

-

3,670. 

5,950. 

9,400. 

5,975. 

1,798. 34,183; 

7,691. 

6,500. 

1,200. 7,7000 

1,425. 1i,425. 

15,000. 15,000. 

1,300. 1,300. 

5000. 
1,000. 

500. 6,500. 

$73,799.. 

- 119­



PROJECT #3 BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983
 

Personnel
 

A. Ferreira, Ph.D. 20% 7,982.
 
Assistant Professor
 
Principal Investigator
 

V.,Nussenzweig, M.D., Ph.D.
 
Professor; Co-Investigator
 

A.H. Cochrane, Ph.D. 10%i: 3,965.
 
Associate Professor
 
Co-Investigator
 

F. Santoro, Ph.D.
 
Postdoctoral Fellow 50% 6,425.
 

Research Technician I
 

(to be appointed) 50% 10.152.
 

,
P. Altzszuler, Asst. Res. Tech, 40% 6,453.
 

J. Josephs, Secretary '10% 36,919.
1,942. 


Fringe Benefits (22.5%) 8,307.
 

Equipment
 

Gamma counter (tabletop) 10,000. 1 0,000.
 

Animals (Purchases)
 

Hamsters (375 animals @ $4.13) 1,548. 1,548.
 

Supplies (radioactive amino acids, 1125; scintillation
 
fluids & vials, solvents for HPLC coluons and filters
 
for HPLC; material for SDS-PAGE and RIA 17,250. 1 ,250.
 

Travel
 

Attendance at scientific meetings of professional
 
personnel 1,375. 1,375.
 

Other
 

Maintenance and Service Contract for HPLC and
 
Scintillation Counter 5p250.
 

Publication costs (including graphs, charts) 1,000..
 
General supplies (i.e., duplicating, laundry,
 
books and journals, etc.) 575. 6,825.
 

,Subtotal $82,224.
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PROJECT #3 BUDGET
 
Third Year
 

January 1, 1984-December 31, 1984,
 

Personnel 

A. Ferreira,Ph.D. 
Assistant Professor 
Principal Investigator 

20% 

V. Nussenzweig, M.D., Ph.D. 
Professor; Co-Investigator -

A.H. Cochrane, Ph.D. 
Associate Professor; 
Co-Investigator 

10% 

F. Santoro, Ph.D. 
Postdoctoral Fellow 

50% 

Research Technician I 

(to be appointed) 50% 

P. Altszuler, Asst. Res. Tech. 40% 

J. Josephs, Secretary 10% 

Fringe Benefits (22.5%) 

Equipment (miscellaneous pumps, columns, oven, etc.) 


Animals (Purchases)
 

Hamsters (375 animals @ $4.53) 


Supplies (radioactive amino acids, 1125; scintillation
 
fluids & vials, solvents for HPLC columns and filters
 
for HPLC; material for SDS-PAGE and RIA 


Travel
 

Attendance at scientific meetings for professional
 
personnel 


Other
 

Maintenance and Service Contract for HPLC and
 
Scintillation Counter 


Publication costs (including graphs, charts) 

General supplies (i.e., duplcating, laundry6
 
books and journals, etc.) 


Subtotal 


8,620.
 

4.2800 

6,940. 

10,965. 

6p670. 

2,098. 

5P000. 

39P573. 

8,904. 

5,000. 

1,6980 1,698. 

19,840t 19,840. 

1,445. 1,445. 

5,515. 
1,050. 

665. 7P230. 

$83,69D. 
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Budget Justification
 

Project #3
 

First Year
 

Personnel 	 A. Ferreira, Principal Investigator for Project #3, will'recelve
 
partial support for his time effort. Thebalance of his salary
 
is derived from other sources.
 

A.H. Cochrane, Principal Investigator of Project P2,lis a Co-

Investigator on Project #3, and will receive partial support
 
for his time effort.
 

F. Santoro, will be receiving partial support for his time
 
effort. Support for the balance of his salary is derivrd.from
 
his home-leave salary.
 

Equipment 
 The HPLC apparatus is presently shared with another investigator
 
in the Department of Pathology. This investigator, Dr. M. Lamm,
 
is leaving New York University to become chairman of the Depart­
ment of Pathology at Case Western Reserve University and he will
 
take with him some of the parts of the HPLC, including a pump,

Model 600A and a variable length UV detector. We have funds from
 
other sources to buy the UV detector.
 

Second Year
 

Personnel 	 See explanation above. Also see explanation in Core for personnel
 
practice policies applicable to all Projects.
 

Equipment 	 During the second year of the contract, we expect to perform a
 
large number of radioimmunoassays. We have only one old gamma
 
counter in the laboratory, and it is not only overutilized, but
 
is frequently broken down. It is, therefore, essential to buy
 
an additional counter, which should cost about $20,000. 
We
 
are asking that this contract contributes 50% of its cost.
 

Third Year
 

Personnel 	 See explanation above in first year.
 

Equipment 	 We anticipate several miscellaneous pieces of equipment, such as.
 
additionA~ pumps, minigels, and other general needs for this third
 
year.
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PROJECT #4 BUDGET
 
First Year
 

January 1, 1982-December 31, 1981
 

Personnel 

E.H. Nardin, Ph.D. 
Instructor 
Principal Investigator 

50% 

R.S. Nussenzweig, M.D., Ph.D. 
Professor; Co-Investigator" 

J. Gysin, M.D. 
Postdoctoral Fellow 

80% 

L. Caiati, Res. Tech. I 50% 

Res. Tech I (to be appoilnted) 50% 

Fringe Benefits (22.5%) 

Equipment 

Cages for squirrel monkeys (each holds 14 animals)' 


Animals (Purchases)
 

Squirrel monkeys (20 animals @ $250. each) 

Freight charges for delivery of squirrel monkeys
 
from French Guyana (via Miami, Fla.) 


SW mice (150 animals @ $.87 each) 

Balb/c mice (150 animals @ $4.55 each) 

CD2F1 mice (600 animals @ $3.42 each) 

Rats (50 animals @ $2.86) 


Chimpanzee Project (2 experiments, 6 animals each)
 

Per diem rate (6 animals x 45 days x $7.20) x 2 expers. 3,888.
 
Splenectomy (6 animals x $500 each) x 2 experiments 6,000.
 
Anesthesia, blood smears (+ 15 withdrawals per animal
 
x $17. each) x 2 experiments 3,060.
 

Drug administration (6 animals x 3 x $15. each) x
 
2 experiments 540.
 

Express Mail of samples (15 samples x $30) x two
 
experiments )00. 


Supplies (Filters for culture, glassware, plastics,
 
radioisotopes, reagents, chemicals, columns, tissue
 
culture medium, serum and blood materials) 8,250. 


-continued­

10,500.
 

3,500.
 

8,304.
 

8,260. 


3,000. 


5,000.
 

1,400.
 
130.
 
683.
 

2,060
 
145. 


30,564.
 

6,877.
 

3,000.
 

9,418.'
 

14,388.
 

8,250.
 



(First Year 'continued) PROJECT #4 BUDGET 

Travel 

Attendance at scientific meetings of professional, 
personnel 1,300.. ,300. 

Other 

Photocopying, chart preparation, etc. 
Publication costs 

Cost of emergency repairs to equipment, exclusive.. 
of maintenance agreements 

Books and Journals 

-250. 
650. 

1,00. 
.250. 2150.. 

Subtotal $759470 
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PROJECT #4 BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983;
 

Ppe.sonnel
 

E.H. Nardin, Ph.D. 50%
 
Instructor
 
Principal Investigator
 

R.S. Nussenzweig, M.D., Ph.D.
 
Professor; Co-Investigator
 

J. Gysin, M.D. 80% 


Postdoctoral Feliow
 

L. Caiati, Res. Tech. I, 50% 


Res. Tech. I (to be appointed) 50% 


Fringe Benefits (22.5%) 


Equipment
 

Binocular Microscope with accessories 

Squirrel monkey cages, 


Animals
 

Squirrel monkeys (20 anlmais L §Z50. each) 

Freight charges for delivery of squirrel m.
 
from French Guyana (via Miami, Fla.)


SW mice (150 animals @ $.96 each) 

Balb/c mice (150 animals @ $5.00 each)

CD2F1 mice (600 animals @ $3.76).

Fats (50 animals @ $3.15 each) 


Chimpanzee Project (2 experiments, 6 animal
 

Per diem rate (6 animals x 45 days x 7.92) 

Splenectomy (6 animals x $550. each) x 2 e) 

Anesthesia, blood smears (+ 15 withdrawals
 
x $18..70 ea.)x 2 experiments 


Drug administration (6 animals X 3 x $16.5C
 
x 2 experiments 


Express Mail of Samples (15 samples x 31.5C
 
x 2 experiments 


Supplies (Filters for culture, glassware, plasti
 
radioisotopes, reagents, chemicals, columns, ti
 
culture medium, serum and blood sample material 


-continued­
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3,780. 

8,967. 

8,832. 32 919. 

7407. 

3,400. 
3,500. :6,900. 

5,000. 

1,470. 
147. 
750. 

2,256, 
158. 9,781. 

4,277. 
6,600. 

3,366. 

595. 

950. 15,788. 

9,485. 9,485. 



(Second,Year continued) PROJECT #4:BUDGET
 

Travel 

Attendance at. scientific meetingsof'professional 
personnel 1 375'. 1.375. 

Other. 

Photocopying, chart preparation, etc. 
Publication costs 
Cost of emergency repair to equipment, exclusive 
of maintenance agreements 

Books and Journals 

Z O. 
650. 

19000., 
250., 2,150. 

Subtotal $85,805. 
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PROJECT #4 BUDGET
 
Third Year
 

January 1, 1984-December 31, 1984,
 

Personnel
 

E.H. Nardin, Ph.D. 50% 
 12,247.,
 
Instructor
 
Principal Investigator
 

R'S. Nussenzweig, M.D., Ph.D.
 
Professor; Co-Investigator
 

J. Gysin, M.D. 
 80M '4085:
 

Postdoctoral Fellow
 

L. Caiati, Res. Tech. I. 
 50% 9,685.
 

Res. Tech. I (to be appointed) 50% 
 9,540. 35,557.
 

Fringe Benefits (22.5%) 
 -8,000.
 

Animals (Purchases)
 

Squirrel monkeys (20 animals @ $250. each) 
 5,000.

Freight charges for delivery of squirrel monkeys

from French Guyana (via Miami, Fla.) 
 1,545.


SW mice (150 animals @ $1.05 each) 
 157.
 
Balb/c mice (150 animals @ $5.50 each) 
 825.'
 
CD2F ] mice (600 animals @ $4.14 each) 2,484.

Rats (50 animals @ $3.47) 
 175. 10,186.
 

Chimpanzee Project (2 experiments, 6 animals)
 

Per diem rate (6 animals x 45 days x $8.71) x 2 expers. 4,705.
 
Splenectomy (6 animals x $605. each) x 2 experiments 7,260.
 
Anesthesia, blood smears (+ 15 withdrawals per animal)
 
x 2 $20.57 each) x 2 experiments 3,705.

Drug administration (6animals x 3 x $18.15 each)
 
x 2 experiments 
 655.


Express Mail of Samples (15 samples x $33.50)
 
x 2 experiments 
 995. 17,320.
 

Supplies..(Filters for culture, glassware, plastics,
 
radioisotopes, reagents, chemicals, columns, tissue
 
culture medium, serum and blood sample materials) 10,910.1 10,910.
 

-continued­
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(Third Year continued) PROJECT #4 BUDGET 

Travel, 

"Attendance at scientific meetings of 'professional 
personnel 

. . 
.445 1,445. 

Other 

Photocopying, chart preparation, etc. 275'. 
Publication costs .700L. 
Cost of emergency repair of equipments, exclusive 
of maintenance agreements 

Books and Journals 
e050. 

275. 2,300. 

Subtotal 85,718. 
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Budget Justification
 

Project #4
 

First Y"lear
 

Personnel 	 Dr.-R.S. Nussenzweig, Program Director, and Co-Investigator,
 
will have her salary covered in the Core Budget.
 

Dr. E.H. Nardin, Principal Investigator, will receive 50% of her
 
salary support for her time effort in this project; the balance
 
of her salary is derived from other funds.
 

Dr. J. Gysin, will receive partial support for his time effort.
 
The balance of his salary is derived from his home-leave salary.
 

Equipment 	 The requested equipment is needed for the efficient performance
 
of this Project.
 

Chimpanzee
 
Project 	 Our prior experience using the Aotus monkey model for sporozoite
 

induced infection in neutralization experiments has shown that
 
these animals are poorly susceptible to P. vivax sporozoites.
 
These experiments result in very long prepatent periods (greater
 
than 30 days) and erratic results. We therefore feel it is
 
essential to use 	chimpanzees for these experiments since they are
 
very susceptible 	to human malaria sporozoites. Chimpanzees are
 
at present the only reliable model for sporozoite induced
 
infection, i.e. 	for the evaluation of the functional activity of
 
monoclonal antibodies.
 
Squirrel monkeys, on the other hand, may or may not in the future
 
replace chimpanzees for this purpose, but too little is known
 
about these animals to date. The squirrel monkeys might also be
 
used as a source 	of infected gametocytes fo, mosquito feedings.
 

Second Year
 

Personnel 	 See explanation first year.
 

Equipment 	 See explanation first year.
 
See explanation first year.
 

Third Year
 

Personnel 	 See explanation first year.
 

Equipment 	 See explanation first year.
 

Chimpanzee
 
Project See explanation first -year.
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..PROJECT #5 BUDGET
 
First Year
 

January 1, 1982-December 31, 1982
 

Personnel 
Savanat Tharavanij, M.D. 

Professor, Principal Investigator 
100% 

K. Tranakchit Harinasuta, M.D. 100% 
Professor, Principal Co-Investigator 

Pramuan Tapchaisri, M.D. 
Co-Investigator 

100% 

Y. Chomcharn, Co-Investigator 100%, 

A. Asavanich, Co-Investigator 100% 

S. Limsuan, Co-Investigator 100% 

Karnchana, Technical Staff 100% 

Overtime (for investigative staff) 

4,200. 

3,000. 

2,160. 

3,500. 12,860. 

Equipment 

Air conditioner, 24,000 BTUs, 220 volts 1,000. 1,000. 

p,.pplies (Department of Medical Entomology) 

Slides, cover slips, beakers, pasteur pipettes, etc. 

Insectary supplies: membranes for feeding, diet, 

cages, trays, shelving for trays, mosquito rearing 

materials 

1,000. 

5,400, 6,400. 

Supplies (Department of Microbiolo' &lImmunology) 

Slides, cover slips, fluorescence free vials for 

serum storage, plastic centrifuge tubes, screw 

capped centrifuge tubes, serological pipettes 

Oxford pipettes (triple range),pipette tips, ph 

meter electrodes, beakers 
FITC-labeled anti-immunoglohulin sera, reagents 

production of monoclonal antibody against 

P. falciparum and P. vivax 
Radioisotopes (I 12 5anWf--S ethionine) 
Miscellaneous chemical reagents 

1,724. 

-650.' 

2,000. 
10 . 
500. 5874. 

-continued-, 
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(First Year continued)" PROJECT. #5 BUDGET." 

Travel 

Three Visits per annum to two different endemic sites in 
order to collect blood samples from patients 
(Khao KanRiang, Kanchanaburi, West Thailand; Nong Rhee, 
Kanchanaburi, West Thailand, and/or Chanthaburi, East 
Thailand 5,000. 5,000. 

Other 

Fixed per annum charge for patient-use at the 
Hospital for Tropical Diseases, incurred by the 
Department of Microbiology & Immunology 3,000., 3,000. 

Freight charges for materials to be shipped 
between Bangkok, and New York; telephone and 
postal communication between Bangkok and New York 1,000. 1,000. 

Subtotal $35,134, 
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PROJECT #5 BUDGET
 
Second Year
 

January 1, 1983-December 31, 1983
 

Personnel
 

Savanat Tharavanij, M.D. 
Professor 
Principal Investigator 

100% 

K. Tranakchit Harinsasuta, M.D. 
Professor and Principal Co-
Investigator 

Pramuan Tapchaisri, M.D. 

100Z 

100% 

Co-Investigator 

Y. Chomcharn, Co-Investigator jLuz 

A. Asavanich, Co-Investigator 100% 

S. Limsuwan, Co-Investigator 100% 

Karnchana, Technical Staff 100% 

Overtime (for investigative staff) 


Supplies (Department of Entomology)
 

Slides, cover slips, beakers, pasteur pipettes, etc. 

Insectary supplies: membrane feeders, diet, cages,

trays, shelving for trays, mosquito rearing, etc. 


Supplies .(Department of Microbiology & Immunology)
 

Slides, cover slips, fluorescence free vials for
 
serum storage, plastic centrifuge tubes, etc. 


Oxford pipettes, pipette tips, ph meter electrodes 

FITC labeled anti-immunoglobulin sera, reagents for
 
production of monoclonal antibody against

P. falciparum a P. vivivax 


Radioisotopes (I an-- -methionne)

Miscellaneous chemical reagents 


Travel
 

Three visits per annum to two different endemic sites
 
to collect blood samples from patients

(Khao KanRiang, Kanchanaburi, West Thailand; Nong

Rhee, Kanchanaburi, West Thailand; and/or

Chanthahuri, East Thailand). 


-continued­
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4,830. 

3,450. 

2,480. 

4,025. 

1,150. 

6,210. 

14,785. 

7,360. 

1,985. 
780. 

2,300. 
1,150. 
575. 6,7901 

ioo5,0 
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(Second'Year continued), 'PROJECT #5 BUDGET 

Other? 

Fixed per annum charge for patient-use at the 
Hospital for Tropical Diseases, incurred by 
the Department of Microbiology & Immunology 39900 

Freight charges for materials to be shipped 
between Bangkok, Thailand and New York; 
telephone and postal communication between 
Bangkok, Thailand, and New York :1300. 

Maintenance and Service Agreements of Equipment 1,00. .6200., 

Subotal $40,635. 
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PROJECT #5 BUDGET
 
Third Year
 

January 1, 1984-December 31, 1984
 

Personnel 

Savanat Tharavanij, M.D. 
Professor 
Principal Investigator 

100% 

K. Tranakchit Harinasuta, M.D. 
Professor 
Principal Co-Investigator 
Pramuan Tapchaisri., M.D. 

100% 

100% 

Co-Investigator 

Y. Chomcharn, Co-Invgstigator 100% 

A. Asavanich, Co-Investigator 100% 

S. Limsuan, Co-Investigator 100% 

Karnchana, Technical Staff 100% 

Overtime (for investigative staff) 


Supplies (Department of Entomology)
 

Slides, cover slips, beakers, pasteur pipettes, etc. 

Insectary supplies: membrane feeders, diet,
 
cages, trays, shelving for trays, mosquito

rearing materials 


Supplies (Department of Microbiology & Immunology)
 

Slides, cover slips, fluorescence free vials for
 
serum storage, plastic centrifuge tubes, screw
 
capped centrifuge tubes, serological pipettes


Oxford pipettes, pipette tips, Ph meter
 
electrodes 


FITC-labeled anti-immunoglobulin serap reagents

for production of monoclonal antibody against

P. falciparum and P. vivax 


Radioisotopes (I'2S-anW --nmethionine) 

Miscellaneous chemical reagents 


Travel
 

Three visits per annum to two different endemic sites
 
to collect blood samples from patients

(Khao KanRiange, Kanchanaburi, West Thailand; Nong

Rhee, Kanchanaburi, West Thailand; and/or

Chanthaburi, East Thailand) 


-continued­
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5,554. 

3,967. 

2,852. 

4,628. 17,001. 

1,325. 

7,145.. 8,470. 

2,285. 

897. 

2,645. 
1,325 0 

665. 7 817. 

6,000. 6,000. 



(Third Year continued) PROJECT #5 BUDGET 

Other 

Fixed per annum charge for patient-use at the 
Hspital for Tropical Diseases, incurred by 
the Department of Microbiology & Immunology 4,485., 

Freight charges for materials to be shipped 
between Bangkok, Thailand and New York; 
telephone and postal communication between 
Bangkok, Thailand and York 1,645. 

Maintenance and Service Agreements for Equipment 1,000. 7,130. 

Subtotal $46,"418. 
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Budget Justification
 

Project #5
 

We believe that all categories are self-explanator, in, this
 
Project.,
 

The budget was essentially prepared by'Dr. Savanat in Bangkok,
and submitted for inclusion in our overall Program Project. 
The salaries of
the co-investigators, Dr. Savanat, Harinasuta, Pramuan and Chomcharn are provided

by other sources.
 

Most of the equipment will be purchased in the United States and
aircargoed to Bangkok, Thailand for expeditious purposes.
 

Travel within the interior of Thailand will be bi-annual and is
necessary for sample collection and constitutes an essential component of our
collaborative work in P. falciparum and/or P. vivax malaria. 
Reports of progress

will be included in our future Progress Reports.
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NEW YORK UNIVERSITY PROJECTREVIEW
 

Substantive Review
 

A. Project Description and Background
 

The original specific research goals of this project were:
 

1) 	 determination of optional conditions for immunization of
 
rhesus monkeys with Plasmodium knowlesi sporozoites;
 

2) 	 imnunization with sporozoites of P. knowlesi of its natural
 
host; i.e. Macaca fascicularis.
 

3) 	 characterization of surface antigen(s) of sporozoites; and
 

4) 	 study of sporozoite-host cell interaction.
 

In addition, because of rapid progress in the area of hybridoma
 
methodology, and not foreseen in the original application, a
 
supplement was recently granted to identify the protective antigens
 
of rodent malaria sporozoites.
 

B. Progress to date
 

1. 	 Evaluation of past performance against the specific project
 
objectives:
 

a) 	 immunization of monkeys;
 

(i) an initial objective was to exami.e the variables
 
involved in the induction of immunity in Rhesus
 
monkeys to P. knowlesi by inoculation of irradicated
 
sporozoites. While three animals showed complete
 
protection after intravenous innoculation of
 
sporozoites, nine other other animals were
 
non-reactive or only partially protected. A high
 
level of circumsporoziote precipitating antibody
 
correlated with the presence of protection. These
 
irregular results suggested that the Rhesus monkey was
 
a poor simian model, and the original plan to explore
 
the essential variables was not pursued.
 

(ii) 	It was planned to examine the response of a natural
 
host of P. knowlesi to immunization with irradiated
 
sporozoites. To be done in collaboration with
 
Dr. R. Gwadz at the National Irsitutes of Health, this
 
phase of the work with M. fascicularis is only now
 

C1
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getting underway. The delay has caused the'been by 

dual 	constraints of lack of po'rozoites".!and .of space 
to house monkeys.
 

b) 	 The second major objecitve was to characterize the surface
 
antigens of sporozoites.
 

This objective has been approached broadly, with ingenuity,

and with success. A monoclonal antibody which neutralizes
 
P. berghei sporozoites in vitro and which in minute amounts
 
T10 pg) passively protects mice has been shown to react
 
with a surface protein having a molecular weight of
 
44,000. In collaboration with M. Aikawa, this monclonal
 
antibody locates the protective antigen (Ag) on the surface
 
of mature sporozoites; the same material is present only in
 
limited amounts in oocyst sporozoites. One surface Ag can
 
be labeled with 35S- methionine, and yields comparably
 
immunoprecipitation patterns. This work, originally done
 
with P. berghei sporozoites has been extended in ongoing
 
studies to P. knowlesi, P. falciparium, P. cynomolgi and P.
 
vivax with comparable preliminary results.
 

c) 	 The third major objective was to investigate sporozite-host
 
cell interactions.
 

Several technical approaches have been used successfully, to
 
study the interaction between sporozoites of P. berghei and
 
of P. knowlesi respectively with mouse and monkey
 
macrophages. The presence of non-immune serum is essential
 
for the sporozoite to penetrate into a macrophage. In
 
contrast, in the presence of immune serum, sporozoites

dre phagocytized anddestroyed by macrophages. These
 
phenomena were species specific, in that the serum and
 
macrophages had to derive from a susceptible host.
 
Currently, collaborative studies with a malaria network
-

participant, Dr. M. Hollingdale at the Rockville
 
Laboratory, indicate that 
the presence of the protective

monoclonal antibody (mentioned above) blocks penetration

and/or development of sporozoites within host cells
 
in-vitro.
 

d) 	 Supplemental contract objective
 

In mid-1980, a request was approved for a supplement in the
 
amount of $156,000. to expedite the breakthrough achieved
 
by the preparation of a protective monoclonal antibody
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against P. berghei. As outlined above, this objective has
 
been achieved. Several new monoclonal antibodies of
 
differing activities have been prepared against
 

P. knowlesi, E. vivax, and P. faciparum.
 

2. 	 Evaluation of results, interpretation of data, significance of
 
findings.
 

The research that has been accomplished under the present
 
contract has answered and/or met many of the expected objectives
 
in varying degrees. Foremost among the significant results are:
 

a) 	 Rhesus monkeys can be completely protected from infection
 
with knowlesi malaria by vaccination with irradiated
 
sporozoites.
 

b) 	 There is a positive correlation between circumsporozoite
 
precipitation test titer and complete protection on
 
challenge.
 

c) 	 Sera from completely protected vaccinated monkeys
 
neutralize sporozoite infectivity suggesting the
 
vaccination procedures indeed stimulated total protective
 
immunity.
 

d) 	 Duration of complete protective immunity was 3 months.
 

The current contract research activities have shown the feasibility
 
of immunization against a malaria of lower primates using irradiated
 
sporozoites just as had been shown for rodent malaria. This
 
demonstration should permit the generalization that the same should
 
obtain with the human falciparum parasite.
 

Progress under the objectives of characterization of surface antigens
 
of sporozoites has been rapid especially with the advent of hybridoma
 
technology.
 

The group has:
 

a) 	 Identified the protective antigen of P. berghei which is
 

uniformly distributed over the surface of the sporozoite.
 
It has a molecular weight of 44,000. The monoclonal
 
antibody which has been developed against this Pb-44
 
surface antigen has been shown to be protective since it
 

neutralizes sporozoite infectivity in-vitro and protects
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mice upon passive transfer of as little as 10 pg of
 
purified antibody. Biosynthesis studies indicate
 
intracellular precursor(s) of the protective surface
 
antigen.
 

b) -Applying monoclonal antibody technology to P. knowlesi, 2
 
surface antigens have been identified. The surface antigen
 
with a M.W. of 42,000 has been identified as the protective
 
antigen. Antibodies to Ph 42 neutralize sporozoites and
 
produce a CSP reaction.
 

c) 	 One surface antigen has been identified for human
 
falciparum sporozoites with a M.W. of 72,000. Antibodies
 
to this antigen neutralize sporozoites and produce CSP
 
reaction.
 

The significant findings produced under this contract indicate
 
that continued support at an equal or greater level is
 
appropriate for attaining the primary USAID goal of a protective
 
malarial vaccine.
 

3, 	 Use of results
 

The significant findings generated through this catract have
 
been published in national and international journals. See
 
attached list (taken from Project Progress Report 1/79 - 9/80
 
and Site Visit Report). Dissemination was obtained by seminars,
 
site visits, presentation of papers at scientific national and
 
international meetings.
 

4. 	 Evaluation of research methodology, and overall quality of
 
experimental design.
 

Using extracts of 35S-methionine labelled sporozoites and SDS
 
polyacrylamide gel electrophoresis, those surface antigens of
 
sporozoites of P. berghei (Pb-44) P. knowlesi and P. falciparum
 
which are associated with protection, were Ldentified using sera
 
from immunized animals and monoclonal antibodies. The research
 
methodologies appear to be well suited to the characterization
 
of these surface antigens. The methodologies used for the
 
production of monoclonal antibodies to sporozoite antigens and
 
the demonstration of their sporozoite-neutralization activity
 
are significant findings towards the development of a sporozoite
 
vaccine againit malaria.
 

I 
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A major problem appears to be the lack of an abundant supply of
 
sporozoites of the different species of Plasmodium. This
 
problem is being approached by the signicantly increased
 
insectary capacity and gametocyte culture studies with
 
falciparum malaria. The immunization trials in primates have
 
shown that protective immunity can be induced in at least some
 
individuals and, is significanly directly associated with CSP
 
reactivity
 

This 	finding that the potential effectiveness of a vaccine can
 
be predicted without challenge has significant potential.
 
Analytical research design in the primate model will be hampered
 
by the lack of adequate numbers of primates. However, the
 
direct correlation of the CSP titer to protection suggests that
 
other test animals, primates or non-primates, may be used to
 
assess the effectiveness of manipulative procedures, adjuvants,
 
dose requirements, etc. and that only those procedures
 
associated with maximum CSP reaction need then be tested in
 
monkeys. At preaent, the nature of the data is such that they
 
do not lend themselves readily to statistical analysis.
 
However, the newer analytic tests, such as, the RIA test for the
 
idiotype and anti-idiotype reaction may be open to statistical
 
analysis.
 

5. 	Evaluation of the competence of the research personnel and the
 
institutional environment.
 

The research staff, a strong mixture of parasitologists and
 
immunologist with visiting fellows and graduate students appears
 
to be highly qualified to perform and complete the project. The
 
academic environment appears excellent for support of the
 
project.
 

6. 	Evaluation of the physical facilities.
 

The current and proposed laboratory and library facilities are
 
adequate to complete the present project. Many of the rooms are
 
small and crowded and therefore do not allow for expansion of
 
the effort. However, unused space is available in the building
 
and could be upgraded and equipped for expansion. The
 
insectaries and animal quarters are clean, modern and appear
 
adequate.
 

7. 	The project is unique in that post graduate participants from
 
LDC institutions (Thailand, Chile, Brazil, China, etc.) and'
 
additional collaborative studies with LDC contribute to the
 
scientific insitutions on a worldwide basis.
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C. Significance to A.I.D. Objective
 

The objectives of this project are considered high priority within
 
the research guidelines developed in January 1981 at the Malaria
 
Immunology Workshop held in Bethesda, Maryland.
 

D. Relation to existing knowledge
 

The project has contributed significant new knowledge, notably inthe
 
identification of sporozoite antigens associated with protections.
 

E. Relation to other research
 

This project appears to be unique among the USAID malaria vaccine.'
 
networks projects. 
 The new procedures however are in part-directly

applicable to other projects using merozoites vaccine.
 

II. Fiscal and Administrative Review
 

A. Evaluation of past and current work plan budget. 
Monthly payment

vouchers indicate that the project is essentially on target with
 
actual and estimated operational costs.
 

B. Property Accountability
 

An updated equipment inventory was presented to this review team and
 
is on file with A.I.D. project managers.
 

C. Examination of Equipment
 

A.I.D. purchased equipment was inspected and found to be in fully

operational order and under rather heavy demand by the scientific
 
staff. Hybridoma facilities were generally small for for the types

of research being conducted in this area.
 

D. Staffing Pattern
 

Dr. Nussenzweig has succeeded in bringing together an excellent mix

of dedicated young investigators from both developed and developing

countries. The mix of professionals and technical support staff
 



appears to be fully adequate for the conduct of'the proposed research.
 

E. Travel
 

Travel funds have been expended to maximally capitalize on research
 

progress in other laboratories. Both senior and junior professional
 

staff have the opportunity to present findings at professional
 

meetings as well as visit other laboratories working the field.
 

F. Reports
 

Progress reports are generally well prepared, indepth and provide an
 

excellent overview of research progress. They are, however,,
 

sometimes submitted later than is required by the contract.
 

This site visit of New York University was conducted SeptembernZ - 22, 1981, 

in New York City. Team members included: 

William Collins, Ph.D.
 

Peter Contacos, Ph.D., M.D.
 

Thomas Weller, M.D.
 

S
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sporozoite-Induced Immunity in Simian 
Malaria-

New. 	York University Medical Canter 

The report of Dr. Weller, chairman of the subcominitt6ee omprised of 

Drr.,. Carter,. Schweigert and. Wishik is. summarized below: 

r. SUBCOMMITT'EE REPORT 

An on-site review of the project had Seen carried out a few+weeks
 

prior to. the RAC meeting. Dr. Weller simarized the -findingsof the
 

review. team..
 

Dr. Nusenzweig h-as, been 
one 	 of the more productive, researchers in 

the- malarit, network. Her work is funded from several sources.. However, 

funding, has not beew ava.lable.: for an inseccary and a few. additional lab­

ortory supplies and equipment which the principal investigator feels are 

important. Several of these items were considered when the project was
 

last reviewed, b.y RAC but the requel.t for support of was
this type set 

aside until the- on.-sce review. wast completed.. The- present proposal 

requested the addiciorra.l support so ch-ar work on several lines of re­

search. could- be started early to take advantage of the development of 

a: 	new research' technique. 

Dr.. We~ller described, the new. technique developed by Dr.. Nussenzweig 

to produce an unlimiced supply of antigens for laboratory experiments. 

The-techaique, the hybridoma technique,. is. 
an important contribution to 

malaria, research that .til 1 allow. Dr.hNusienweig to proceed with her re­

search much more. rapidly.than was planned.. 



During the on-site' visit, the review team went over Dr, NussnzI eig 

needs very carefully and concluded that total support of about $55,000 

exclusive of overhead wan required. Dr.-ssenzweig's present proposal 

was- considerably greater than what was discussed during the site visit. 

The,original amount should. be quite an adequate level of AID support 

for her work. Dr. Weller felt the researchers request for the addition 

of a senior resource person to the project and a concigency budget item 

should. not be supported by AID. 

U'.. SUBCOMITTEE QMMENTS 

Or. Carter recommended that the additional support be provided since 

the amount was small and the researcher's record of achievement was excellent. 

Dr-.. Schweigert noted. that the researcher'! work had high scientific 

value but agreed with Dr. Weller's suggestion to limit the level of sup­

port: to about. $55,000. 

]2r-. Vishik pointed. out. thac AID had. been supporting the researcher 

for several years. She often changed directionsin her work, usually 

for good. reasons. Dr.RNussenzweig is the only researcher working on 

the sporomite stage of malaria. Many of' her developments will be 

applicable to other types of mlaria research. He also recommended pro-: 

viding all the financial support requested in the proposal.
 

Dr..Connell. asked why NTH funding was dropped. The total money al­

located to malaria is large. Uf $40,000 can be saved it may be possible 

to support an additional researcher in other areas of work on malaria. 



Dr. Weller suggested that RAC could recomend support for the ad­
ditional staff membert for Dr. Nussenrveig but that the $19,000
 
budget item that is essentially a contingency item could be dropped.
 

Dr.. Erickson remarked that N.IH support was dropped because of the 
general feeling that AID is sponsoring malaria research. 
He described
 
the total for work on the malaria vaccine and pointed out that extra
 
money that became available at. the end of the fiscal year for the two 
previous years would not be available this fiscal year. PFnding for 
the vaccine, research was. expected. to be. tight.. 

I=. ACTION 

Motion: That the request for supplementation of current support
 

for sporozoite vaccine research be approved to permit
 

exploitation :of new dicoveries stemming from application
 

o'f the- hybridoma technique. Specifically, it is recom­

mended that the additional funding at an annual level of
 
$83,945 plus overhead, be provided. 
This deletes the $15,000
 
requested for replacement of NIH insec-tary services - a 
contingency that may not materialize.
 

Vote.: Unanimous approval.
 



Minutes of the Oct. 31 -
Nov. 1, 1978 RAC Meeting
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Sporozoite-Induced Immunity in Simian 
Malaria - New York University. 

Dr. Wishik, Chairman of the RAC subcommittee,F intro-'
 

duced this project by indicating that past funding of this
 

unit in the malaria research network has totalled $700,000.. 

Support is now proposed for a three-year period to the
 

amount of almost another million.
 

As will be recalled, the overall strategy for at­

tacking the problem of a malaria vaccine gave lower
 

priority to the sporozoite line of attack. Nevertheless,
 

it was generally agreed that it was too early to be 
sure
 

that this line should not be kept open. Recent dramatic
 

progress with merozoite work increases, rather than
 

decreases the importance of maintaining parallel investi-­

gations. The possibility exists that eventually a dual
 

type vaccine may be needed. 
The NYU work is now almost
 

unique in its focus on sporozoites. 

In the earlier NYU work on rodent malaria, a search
 

was included for some acceptable adjuvant that would 

enhance the weak response, requiring immunizing injections 

of tremendous numbers of sporozoites. Those efforts were 

not successful. Work by others showing successful im­

,unizatiin "i.-.cu- 1dj'l-ants and 7r-:" rcnt..ort 
3f "ase tf an -id-uvant leve ione4 in :aman u -" 

courages emphasis on .an adjuvant search at present'. 

A
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With past AID support, Dr. Nussenzweig has made a
 

number of accomplishments:...
 

1) In harvesting sporozoites from mosquitoes, al greater
 

yield in purer form has been achieved. Part of this
 

results from the interesting finding by other investigators
 

that a prior injection with a different species of malaria 

parasite intensifies growth in the test animal...of the 

second type of parasite introduced, 2) She has demono­

strated that immunity can be conferred with sporozoites 

in the model used (rodent malaria), 3) Information has 

been gathered concerning the degree of antigenic specificity 

of plasmodium species and strains, 4) With the recent 

shift from rodent to monkey work (Rhesus), previous 

knowledge concerning the lack of cross-immunizing re­

lationship between erythrocytic stages and sporozoites
 

has been further refined to indicate that rather exact 

stages of maturation of sporozoites modify the immunity 

conferred, 5) More detailed information is being collected 

concerning immunizing procedures - dosage, number of in­

jections, routes, etc., 6) Presence of an antibody type 

mechanism has been demonstrated, 7) With electron microscopy, 

antigen has been,located on the membrane wall of the 

parasite, 9) The parasites have two types of antigens 

duringqthe sporozoi-e szage etc.; one seemS to be present 

throughout the sporozoite maturation; another develops
 

during that maturation. Only the latter seems to confer
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immunity, 9) With gel electropnoresis, beginnings have 

been made in :the effort to, characterize the antigen. This 

aims toward further chemical definition of the antigen 

and its possible fraction and concentration. Of 

course, ultimate synthesis is the hope of all investi­

gators in order to obiate complete dependency on mass
 

tissue cultureand 10) Work has been done with live
 

cells and macrophages.
 

In the present proposal, some of the same and other 

lines of investigation would be followed, including: 

1) Moving from past parasite-animal models to use of a 

monkey which is naturally injected by a particular malaria 

parasite. This is the Macaca fascicularis and P. knowlesi, 

2) More precise determination of most effective immuni­

zation procedure - dosage, etc.,. 3) Further efforts to 

characterize antigens and antibodies and to determine 

ultra- structural localization, 4) Studies of the sporozoite 

behavior in relation to liver and other host cells/and 5) 

Development of in-vitro tests and assays to correlate 

with animal work. The one most advanced up to now is an 

immuno-fluorescence test for a P. falciparum antibody. 

It is planned 	 to do a field study to learn the diagnostic 

tess -.n ... ._ .ndemi. areaa 1=4 
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The other members of the subcommittee have submitted
 

statements and may wish to comment, especially Dr. Weller
 

who participated iin the site visit in November, 1977.
 

Drs. Carter, Connell, Heady, and Schweigert fully
 

concurred with the chairman's report. Dr. Connell in­

dicated that several clinical issues may come up in a
 

year or so. Dr. Schweigert felt the budget was rather
 

generous and should be carefully examined by AID staff.
 

Dr. Weller was concerned with the budget, especially
 

because of three NIH grants along similar lines to the
 

principal investigator. He was also concerned with the
 

proposed work in The Gambia. The epidemiological study
 

is not really part of our malaria immunity and vaccination
 

program at this time.
 

Mr. Smith suggested that when the Agency first
 

funded this investigator, she was receiving funds from
 

five agencies. The present NIH grants are focused on
 

rodent malaria and ultra-structure, both of which do not
 

overlap to any degree with our contract as we fund re­

search on simian malaria. She also has a WHO grant,
 

but it is primarily for training LDC students. The
 

budget is relatively high but facilities at NYU require 

updating. The Gambia trip is a very small component of 

the roject and L3 to zonfirm laboratory results in the 

f.ield. 

(0 
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Dr. Wishik read the motion to the RAC as follows: 

Motion: That AID staff give careful attention to the 

appropriateness of a moderate reduction of, the 

budget, especially with respect to equipment 

costs; and that, otherwise, the proposal be 

approved as submitted. 

The RAC unanimously approved the subcommittee motion.
 



Minutes of the March 22-23, 1976 RAC Meeting
 

Sporozoite-Thduced immunity in Simian 
Malaria - New York University 

Dr., Wishik, Chairman of the Subcommittee composed of Drs. Carter,
 

Merrill, andSchweigert, reported as follows:
 

There have been tremendous progress and accomplishments in the
 

malaria program. Commendation was given to Ed Smith, TA/H, 
 Manager of the 

program. The November 5-6, 1975 meeting of the RAC endorsed the malaria
 

program with a request for shift in emphasis of the work at New York
 

University. 
The subject proposal is fully responsive to the RAC request.
 

The proposal is a solid document which covers both of the aspects
 

requested. It is regarded as ourstanding. subcommitteeThe will 

recommend approval of the staff request for two years and $259,836.
 

Dr. 
 Carter stated that Dr. Ruth Nussenzweig is highly respected
 

in the field and that he believed this to be an excellent proposal.
 

Drs. Merrill and Schweigert concurred. 

Motion: 
 That the proposal be approved as requested to include both
 

sporozoite work and adjuvant research with a shift in emphasis 

to the former. 

Moved by Wishik, seconded by Schweigert. 

Vote: Unanimous approval. 

Dr. Wishik stated his belief in the importance of parallel lines,
 

of research. The advance made now supports parallel work on sporo­

zoite immunity.
 

Dr. Wishik introduced a request from the University of Hawaii, by
 

Dr. Siddiqui, for approval of additional funds to cover biochemical 



services in the approved project on in vitro production of antigens. 

This request is consistent with the SuWeomnittee's recoendations. 

Drs. Carter and Merrill concurred. 

to include 'a biochemicaI componentMotion: 	That the project' be expanded 

as requested. 

Moved by Wishik, seconded by Schweigert. 

Vote: Unanimous approVal. 



AGENCY FOR INTERNATIONAL DEVELOPMENT
 
RESEARCH ADVISORY COMMITTEE
 

Minutes of the Fifty-first Meeting
 
November 5-6, 1975
 

Dr. Ralph Smuckler, Chairman opened the meeting and asked for
 
comments on minutes of the 50th meeting held on June 27-28, 1975. Dr.
 
Whitney moved and Dr. Schweigert seconded acceptance; approved unani­
mously. Dr. Erven J. Long extended greetings and introduced Dr. James
 
Sentz who recently joined the Research Office staff of TAB.
 

Project Review
 

Health
 

Malaria Immunity and Vaccination
 
Parke, Davis and Company, University of
 
New Mexico, New York State University,
 
Pan American Health Organization and Other
 
Contractors to be selected
 

Subcommittee: Dr. Samuel Wishik, chairman, Dr. James Carter,
 
Dr. Malcolm Merrill and Dr. B.S. Schweigert.
 

This proposal is for expansion of present research, but as a
 
collaborating network, with a funding level of $2,915,000 for a
 
three-year period.
 

Dr. Wishik reporting for the subcommittee, complimented AID
 
for having supported and kept the project alive at a time when
 
results were not very promising but the necessity for continuation
 
was critical. With the use of the following diagram of animal and
 
human system models, he reviewed the philosophy and rationale for
 
the proposed research network. Within this diagram the encircled
 
numbers refer to research, either proposed or approved, by insti­
tution as listed in the table showing proposed network associations.
 

Animal: 

Models In Vitro 
Nature of 

Sporozoite Erth-ocyoite Erythocyte Antigen Adjuvants 

Human: 11L d I IA 
Nature of 

Sporazoite Erythrocyte Sporozoite Erythrocy Cell Antigen AdJuvants. 

1 1.;
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The essence of the mosquito's life cycle in malaria transmission
 
was clarified and Dr. Wishik indicated that, though immunization could
 
be effected by controlling one phase of this cycle, present efforts
 
are being directed toward sporozoite and erythrocyte control. Because
 
there are two major and two auxiliary components for control in animal
 
systems, parallel lines of investigation are justified with highest
 
priority on the erythrocyte stage indicated by a heavy arrow. The in
 
vitro work represents an attempt to grow malaria parasites and the
 
antigen in the laboratory; the nature of the antigen needs to be
 
better understood; and adjuvants are important because reactions to
 
date are not sufficiently strong and need to be amplified.
 

D-.. Wishik summarized project studies to date as a basis for
 
evaluatin? the overall proposal:
 

Item 1 - The University of New Mexico project under Dr. Silverman
 
is in its last year and is to be continued through Dr. Reickmann's
 
proposal.
 

Item 2a - New York University project under Dr. Nussenzweig
 
approved by previous RAC for funding at $60,000 per year for three
 
years is now authorized for $275,000 per three years including adjuvant
 
work.
 

Item 2b - A five months extension at $44,000 is proposed for Dr.
 
Nussenzweig to carry on biological materials for support of future
 
sporozoite stage work; otherwise termination of project in February
 
1976 will result in loss of valuable material. The subcommittee
 
proposes that Dr. Nussenzweig submit in early 1976 a revised proposal
 
with emphasis on sporozoitic stage control.
 

The general recommendation of advisory groups is that adjuvants
 
are a less important approach to immunity at present.
 

Item 3 - Parke, Davis and Company thrust is to evaluate different 
materials for in vitro propagation of the malaria parasite for antigen 
production. Malignant cells appear to have promise for this purpose 
but it is not known if the vaccine produced by the method will be safe 
for human use. 

Items 5-7 - A previous RAC meeting recommended contracts in the
 
amount of $200,000 be developed for critical research and several
 
such projects have been negotiated. Rockefeller University is working
 
on in vitro methodology for antigen production; University of Hawaii
 
is engaged in in vitro cultivation of erythrocytic stage using red
 
blood cells, however the primary problem is that these have not been
 
replicated; New York University is also working on in vitro antigen
 
production and is attempting sporozoite stage growth on mosquito
 
cells and liver cells.
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Item 8 - Because availability of the Aotus monkey is decreasing 
-with increasing cost, the PAKO contract will (a) transfer work to 

Latin America where the monkeys are available, (b) develop institu­

tional cooperation in Latin America where malaria is prevalent, and 
(c) thereby establish a base for evaluation of vaccine.
 

In sutmary Dr. Wishik indicated some advisors believe the in vitro 

approach in colum 2 by University of New Mexico is too aabitious with 

too many things in one place at one time. To more realistically pursue 

his objectives, Dr. Wishik suggested that Dr. Riec.mann add a highly 

qualified immunologist to his staff. The subcommittee reasoned that 
Parke, Davis and Company has had experience with tissue culture 'ork 
but never with parasites and therefore suggested they obtain consultation 
in this area. Concern was expressed about the overhead included in the 

proposal. For the Rockefeller University the subco ittee suggested
 

that either a cell biologist or tissue culture specialist be added to 
the project. Favorable comment was made on the value of introducing 
and training new workers in the field and it was indicated that Dr. 

Traeger would do this at Rockefeller University. Dr. Wishik noted that 

Dr. Siddiqui at the University of Hawaii who has worked in the field 

for 15 years will concentrate on antigen studies and also train new 
workers. 

The philosophy of the Pan American Health Organization (PAHO) to 
ove the monkey model work to Colombia to be near the source of Aotus 

momkies was discussed briefly and concern expressed that the Govern­
7ent of Colombia be formally involved. In addition RAC expressed 

overconcern that Dr. Reickmann's involvement with this project would 
comit his time and it was later confirmed that these services would 
be on a very short term consultant basis. 

The subcommittee further suggested that workers on the various 

projects in the network should meet with advisory groups regularly 
and as often as possible so that AID will have advantage of being 

kept up to date on information.
 

Dr. Rechcigl noted the Parke, Davis and Company proposal is for 
Dr. Carter
$200,000 per year and will need to be acted upon by RAC. 


date and stzarized several
indicated he was pleased with progress to 

recommendations made at the September 3-4 review meeting in Washington.
 

(1) Principal investigators should personally present projects
 

to peer groups, 

(2) Reconfirmation should be made of new findings through repli­

cation of work if possible,
 

(3) Peer group evaluation of work for funding,
 

(4) AID should include funding to train new workers (graduate
 
students),
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(5) The impact of the shortage of Aotus monkey exports from
 
Colombia was noted. 
Dr. Carter was favorable to Dr. Reickmann's
 
proposal taking over the Silverman work at University of New Mexico
 
and suggested that the focus of his objectives be sharpened by presen­
tation before a peer group, also that he add an immunologist to his
 
group for this work.
 

He noted that Dr. Nussenzweig's work was concentrated on adju­
vants and agreed emphasis should be redirected to sporozoite immunity.
 
Dr. Carter acknowledged the difficulty in locating organizations to
 
conduct the screening type of effort Parke, Davis and Company would
 
assume and supported their adding an immunologist for this work. He
 
further suggested that the use of cancer cells be set aside as the FDA
 
could not be expected to approve their use.
 

Dr. Carter also supported PAHO's need for a cell biologist rather
 
than a parasitologist. He expressed concern that this project did
 
not define the work that would be done and agreed that the Government
 
of Colombia should be actively involved rather than for the U.S.
 
contractor to drift back into an imperialistic form of exploitation.
 
Dr. Carter requested AID followup on these items for later approval.
 

Dr. Merrill emphasized two points in support of Dr. Wishik's
 
report. (1) Dr. Reickmann's involvement with the Colombian project
 
would be advantageous but the dilution of his time is a matter of
 
concern; (2) he would prefer to consider the principal investigator's
 
defense before a peer group as consultation in order to preserve the
 
scientific independence of investigators and avoid dilution of initiative.
 

Dr. Schweigert commended the quantum jump forward in network
 
planning following the New Mexico visit.
 

Dr. Anderson noted work is entirely in the western hemisphere
 
and asked if there was merit in extending the network.
 

Dr. Montgomery noted an important element in this work is a
 
standing group of advisors and asked who is or will be the network
 
center, AID or some other?
 

Dr. Howard made two general points. First he noted that young
 
people were not being trained in this area in the U.S. since loss of
 
emphasis on malaria after World War II and only four institutions
 
were now growing malaria parasites in the U.S. Consequently AID was
 
spearheading this effort by default. He noted the best advice
 
available on this work was to support the best investigators and to
 
have them consult with peer groups. Secondly he noted the University
 
of New Mexico project activities are unique and not being repeated
 
elsewhere, hence the application to primates is important in the
 
network.
 

Mr. Edgar Smith, TA/H, spoke for the project in support of the
 
four proposals. He specifically noted that in supporting Dr. Nussenzweig,
 



-5-


AID was taking advantage of some work previously supported by others.
 
He reported that AID did have an official request from PAHO for support

of this work and there was official involvement and approval of Colombia.
 
Dr. Espinal, who had trained at New York University, would be the
 
Colombian worker. He noted the PAHO work plan is in the proposal and
 
Dr. Reickmann would assist only in planning activities. Mr. Smith
 
pointed out that in addition to the Aotus, a monkey available in the
 
Philippines is also usable. He noted that the necessary expertise is
 
concentrated in the U.S.; the only other location of importance is Guy's
 
Hospital in London.
 

Dr. Wishik moved that RAC recommend the following:
 

Motion: (a) That RAC endorse the authorizations of funds for the
 
following projects:
 

Dr. Trager at Rockefeller University for $231,i000 over 
3 years; 

Dr. Siddiqui at University of Hawaii for $102,000 over
 
2 years;
 

Dr. Jahiel at New York University for $82,000 over
 
2 years.
 

(b) That RAC approve support for the work of Dr. Nussenzweig 
at New York University as follows and for the purposes
 
indicated:
 

(1)An additional amount of $44,000 for the current fiscal
 
year;
 

(2)continued use during the current fiscal year of
 
funds from the $275,000 already authorized;
 

(3)merger of the two areas of activity-sporozoite
 
immunization and adjuvant development, with a shift.
 
in emphasis to the former;
 

(4)submission of a new proposal for a revised program

of work that would be done after this fiscal year.
 

(c) That RAC recommend awarding the contract for in vitro
 
antigen development by Dr. Brackett at Parke-Davis to
 
the amount of $426,000 over a two-year period.
 

(d) That RAC recommend awarding the contract for work under
 
Dr. Reickmann at the University of New Mexico for the
 
amount of $1,402,000 over a three-year period starting
 
about April, 1976 and that the work be subjected to
 
frequent periodic review by consultant experts concerning
 
scope and direction.
 



Ce) 	 That RAC recommend the development of research work on 
malaria vaccine in Latin America by arrangement with 
PAHO to the amount of $313,000 over a three-year period 
and that A.I.D. Staff and PAHO participate together in 
closely coordinating such work in collaboration with 
respective governments. 

(f) 	That RAC recommend that A.I.D. seek additional investi­
gators on in vitro antigen development and related studies
 
to the amount of $774,000 over a three-year period and
 
that expert consultants and the RAC subcommittee on
 
malaria be involved as appropriate in such developments.
 

Considerable discussion developed around the approval of open
 
contracts proposed in the amount of $774,000 and how they would be
 
developed in relation to RAC. Dr. Wishik questioned that they should
 
come back to RAC for approval. Dr. Schweigert noted it would be unusual
 
to approve a blank 3/4 million check. Dr. Carter suggested inclusion
 
of a RAC subcommittee member in peer review. Dr. Merrill questioned
 
AID staff if it would interfere with administrative procedure to bring
 
the proposals before RAC for final approval with only a short delay.
 
Dr. Montgomery suggested two options (a) present to RAC if it is timely
 
for approval but (b) refer to subcommittee if need to move ahead quickly.
 

Mr. Farrar noted that open flexibility has appeal, but formal RAC
 

review is somewhat like an iceberg requiring extensive review within
 
AID, however this would be expedited if follow present precedents.
 

Dr. Wishik moved RAC resolution on AID policy as follows:
 

Whereas the goal is to combine tracks of research etc., be it
 
resolved that: (1) RAC endorse AID's continuing a major effort toward
 

securing effective means for immunization against malaria; (2) RAC
 
praise the work AID staff has done toward developing a network of
 
institutions to work into new directions and terminate when either the
 
goal has been reached or the payoff declines; (3) personal contact
 
between investigators and advisors with involvement of RAC be continued;
 
(4) AID continue interagency involvement.
 

Dr. Anderson questioned the appropriateness for RAC to make a
 

commitment on first clause. Dr. Peterson suggested this had been
 
covered in June RAC and Dr. Smuckler acknowledged that malaria is
 
critical in the area of world health.
 

Dr. Montgomery asked if AID was a sponsor of last resort and what
 

was the implication if AID should continue work which Army has dropped?
 

Dr. Long queried if there were ways to increase the priority of this
 

work to the Army and other agencies. Dr. Howard indicated that in
 

effect AID was funding on a last resort basis, but noted that AID was
 

not permitted to provide funds in areas where other funds persist.
 

Dr. Long noted that since RAC is not a programming body these resolutions
 

would be appropriate as advisory. Dr. Merrill asked for RAC concurrence
 

on this resolution. There was no disagreement.
 



DRAY
 

ON-SITE REVIEW OF ROCKEFELLER UNIVERSITY PROJECT
 

Substantive Review
 

A. 	Introduction and Background:
 

This is the third contract at Rockefeller University for
 
work on malaria vaccines under the leadership'of
 
Dr. William Trager. Previous work by Dr. Trager resulted
 
in the first cultivation of malaria parasites in vitro, a
 
breakthrough that revolutionized approaches to ach-eving a
 
successful vaccine. Achievement of the objectives of the
 
third contract has been adversely influenced by
 
administrative actions at Rockefeller University. For a
 
period, the impression was widespread that malaria
 
research at Rockefeller would be phased-out. As a
 
consequence, the four senior members of the research team
 
sought jobs elsewhere and left prior to the termination of
 
the contract. It is a credit to A.I.D., and to
 
Dr. Trager, that each of the four moved to a senior staff
 
position elsewhere, where each has already initiated an
 
active program of research related to malaria vaccine
 
development. Concurrent with the departure of Drs. Reese,
 
Scheibel, Jensen and Langreth, the junior scientists and
 
post doctoral fellows also departed. Currently, the
 
climate for malaria research at the Rockefeller University
 
appears more favorable. As the climate for malaria
 
research has waxed and waned at Rockefeller University, it
 
is to Dr. Trager's credit that he continues to personally
 
pursue the objectives of the current contract with skill,
 
perservance, and a high degree of personal involvement.
 
However, circumstances beyond the control of the principal.
 
investigator, resulted in the first phase of the contract
 
reflecting the combined efforts of a highly productive
 
team, whereas the current situation reflects the work of
 
Dr. Trager with a small supporting staff.
 

B. 	Progress to date
 

1. 	Evaluation of results, interpretation of data,
 
significance of findings.
 

The project has not achieved targeted objectives for a
 
multiplicity of reasons. In part this has been due to
 
exploitation of a new marker on infected red blood
 
cells, i.e. the presence of "knobs" and the
 

$U
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culturation of knobby and of knobless lines. A major
 
factor for the project not being on target is the fact
 
that 	the research scientific staff departed during the
 
second year of the contract - resulting in a logical
 
end for the project.
 

The contract lists a series of objectives, deserving
 
of comment:
 

1) 	 Additional immunization experiments with
 
merozoite vaccines in Aotus monkeys were
 
proposed, with emphasis on different antigenic
 
materials and adjuvants:
 

a) One experiment was completed in which 6
 
Aotus monkeys were employed; the results
 
showed little protection. This work was
 
then postponed at the suggestion of the
 
Network Advisory Committee and in view of
 
the shortage of Aotus monkeys. Regardless,
 
the materials and protocols have been
 
developed for a second experiment employing
 
nine monkeys scheduled to start in two weeks.
 

b) 	 Separation and identification of parasite
 
antigens possessing protective activity:
 

This work was carried out by Dr. Reese; a
 
paper is in press describing the results.
 
In brief, Aotus and human immune sera were
 
used that inhibited parasite growth
 
in vitro. Using these sera in different
 
immunoelectrophoretic procedures, a parasite.
 
component was identified that has a
 
molecular weight of 47,000.
 

c) 	 Cultivation of large numbers of parasites
 
and their separation by stages and from
 
uninfected red cells. Many of the methods
 
previously used have been discontinued.
 
Parasite production methods have not much
 
been 	improved. We are probably at maximum
 
in vitro production levels with the methods
 
currently being used within the network.
 

d) 	 Determination of factors in the medium
 
affecting growth in vitro. No significant
 
findings have resulted from studies on
 
medium constituent substitutions.
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e) 	 Biochemical studies of normal and infected
 
erythrocytes and of free parasites.
 

While studying the carbohydrate/energy
 
metobolism of P. falciparum and the roles of
 
02 and of cytochrome oxidase using
 
chelators, it was observed that some of the
 
chelators had good antimalarial activity.
 
This 	is an example of unexpected "spin-off"
 
which relates to broad USAID interests in
 
malaria control. Nothing was done with
 
proposed ATP biochemical studies.
 
Dr. Scheibel left Rockefeller Univeristy
 
toward the end of the second year.
 

f) Syncronization of cultures -

None of the proposed studies on
 
synchronization were attempted.
 

g) Extracellular development of P. falciparum
 
in vitro -


Nothing was done on this objective.
 

h) Electron microscopy of P. falciparum -

Much 	of the proposed studies under this
 
objective were transferred to the USUHS
 
project with Dr. Susan Langreth who had
 
been 	associated with this project.

Dr. 	Langreth collaborates with this
 
project in determining the composition
 
and 	quality of parasite preparations
 
used 	in the vaccination trials
 
mentioned above.
 

This project has always effected a high
 
degree of collaboration and cooperation with
 
other network laboratories.
 

2. 	Evaluation of results, interpretation of data,
 
significance of findings
 

Some 	of the objectives of the project have been
 
approached, others modified by the findings of other
 
workers and others ignored. Overall, the
 
productivity, given the administrative and personnel
 
difficulties, has been significant. However, the
 
productivity does not reflect the level of expected
 
productivity of this research group.
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The research was not able to attain "large scale"
 
production of the merozoites for use in the conduct of
 
immunization trials. Methods were developed, however,
 
which expanded the production to approxim.ately 4 X
 
109 merozoites per day - a significant improvement,
 
but not large enough for expanded studies.
 
Immunization trials using culture derived parasites
 
were minimal and the results inconclusive.
 

One of the major findings was the identification of a
 
protective antigen using antigen derived from cultures
 
of P. falciparum and immune sera. Using SDS
 
polyacrylamide gel electrophoresis, an antigen, shared
 
by parasites from different geographic areas was
 
identified (MW - 47,000 Daltons). Sera were shown to
 
inhibit in vitro cultures and inhibition was directly

related to the presence of this particular antigen.
 

A number of findings were madc which, although not
 
directly related to the contract, were signigicant to
 
an understanding of the biology of the malaria
 
parasite. The identification of parasites without
 
"knobs" and the cloning of lines of parasites (K+ and
 
K-) which provided new, previously undescribed markers
 
for P. falciparum. The studies with chloroquine
 
sensitivity of P. falciparum cultured parasites led to
 
the development of improved field culture techniques
 
to monitor drug resistance. Studies of the effects of
 
aromatic chelators on cultures led to investigations
 
of possible new antimalarials. Significantly, the
 
senior staff, under Dr. Trager, has been trained and
 
stimulated so that they are pursuing important aspects.
 
of the network effort in their new locations.
 

In general, the studies approach a number of different
 
broad-range programs; this makes generalizations
 
difficult. As a whole, the contract resulted in a
 
number of significant findings even though certain
 
aspects of the contract were neither completed or even
 
attempted.
 

3. Use of the results
 

The results of the research on the objective listed in
 
the contract have been published in a variety of
 
journals - see attached bibliography. Research
 
results have also been disseminated through progress
 
reports, presentations at scientific meetings,
 
seminars, WHO and other workshops, etc.
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4. 
Evaluation of research methodology, including analytic

research design and the overall quality of
 
experimental work.
 

There have been some improvements in the application

of newer methodologies available to the field of

malarial immunology such as the addition of red blood

cell extract for maintaining optional merozoite
 
integrity. Generally speaking, the methods and
 
experimental procedures are currently effective in
 
terms of the goals of the study.
 

5. 	Evaluation of the competence of the research personnel

and the instiutional environment.
 

There can be no questions as to the competence of
Dr. William Trager (Principal Investigator and the
 
majority of the research staff). Unfortunately,

because of the general understanding that malaria
 
research at Rockefeller University would basically

terminate with the termination of the current
 
U.S.A.I.D. contract, 4 of the key scientists left
 
Rockefeller University for positions at other
 
universities or foundations 1 to 2 years before
 
termination of the contract. 
 Presently, only one
 
junior research scientist and Dr. Trager are working
 
on this project.
 

6. 	Evaluation of the physical facilities
 

The physical facilities remain generally unchanged

from the previous 2 contracts. The laboratory space

and equipment is adequate indeed above average. 
Use

of equipment in other departments is available as
 
required. Library facilities at the University are

excellent. There were no experinental field sites
 
specifically required for this project although trips

have been made to the field for collection of new
 
strains and/or serum samples for project studies.
 

C. 	Significance to A.I.D. objectives
 

The project as originally stated related directly to key
problems in the U.S.A.I.D. malaria vaccine research
 
network. Even though the priorities of the research
 
network have changed since the present contract was
 
negotiated, the project still is concerned with some
 
priority needs of the research network.
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D. Relation to existing knowledge
 

The project adequately uses and takes advantage of
 
previous research results and knowledge. The project has
 
minimally contributed new knowledge of significant value
 
specifically in comparison to the monumental contribution
 
which obtained during their first U.S.A.I.D. contract.
 
Regardless, scme of the new knowledge will certainly have
 
useful application in eventually attaining the USAID. goal

of a protective malarial vaccine. Moreover, some of the
 
ptuject studies have resulted in potentially valuable

"spin-offs" to the field of malaria chemotherapy (work of
 
Scheibel on chelating agents).
 

E. Relation to other research
 

There is a minimal overlap of primary objectives between
 
other projects within or outside the network. When
 
duplication does exist, it is considered "desirable
 
replication" rather than "classical duplication."

Coordination between projects is primarily through

USAID/Washington but is also voluntary through one or more
 
principal investigators.
 

II Fiscal and Administrative Review
 

A. Evaluation of past and current work plan budget
 

Approximately one year ago the University requested a
 
supplemental grant of approximately $100,000 to cover a
 
cost overrun of about 25% of the projects third year

requirements. An audit, conducted in New York by the
 
Department of Health and Human Services, uncovered several
 
budget areas where funds were misused and indicated
 
deficiencies in contract fiscal management by the
 
University's Financial Office Staff and the Principal

Investigator.
 

The monies were supplemented upon the stipulation that a
 
much more detailed accounting system be adopted by the
 
parties involved.
 

B. Property Accountiability
 

The university has not yet provided a detailed equipment
 
list to A.I.D. for this project as well as the two
 
previous contracts of Dr. Trager. Mr. Lyons, University
 
Comptroller, has assured A.I.D. staff that a detailed list
 

L) 



-7­

of all equipment pu;rchased under Dr. Trager's three
 
contracts will be forthcoming before November 1981.
 

C. 	Examination of Equipment
 

.The laboratory is very well equipped and is generally-in

good operating condition. All equipment is however,

generally underutilized because of the lack of
 
professional staff.
 

D. 	Staffing Pattern
 

For reasons already covered in this report, the project

presently has only one junior scientist to support

Dr. Trager's program.
 

E. 	Reporting requirements have not been generally within the
 
timing requirements of the contract language, nor have the
 
progress reports provided an in depth analysis of current
 
results.
 

III. Analysis of future work plans
 

A. 	The expected output of the project will not be met
 
primarily because of the changing policy in regard to the
 
termination vs. renewal of the project. This in turn
 
resulted in the significant loss of the senior scientific
 
research staff as early as 1 year and as 
late as 2 years

into the project.
 

B. 	Recommendations of future work plans
 

Due to the reduced scientific personnel and the
 
University's vacillating support and/or interest,
 
contracts of this scope or magnitude should not be
 
considered. Rather, proposals with a limited number of
 
highly defined objectives within a small budget could be
 
considered.
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E. RESEARCH PLAN
 

I, Background
 

The continuous culture of P. falciparum in vitro, first obtained
 

in 1976 (1), opened the way to a multipronged attack on the problems
 

of identifying and obtaining antigens of this parasite that mighV
 

serve as a protective vaccine. 
It was soon shown (2)that crude para­

site material rich in merozoites, obtained from culture, would induce
 

some immunity in Aotus trivirgatus monkeys when injected with an
 

appropriate adjuvant. 
Two lines were then open for further work:
 

1) purification of a whole organism preparation, preferably of mero­

zoites; 2) identification of individual immunogenic parasite consti­

tuents. Much progress has been made along both of these lines in this
 

laboratory and elsewhere 
(see (3)and attached Progress Report)
 

There is now basis for hoping that once the immunogenic constituents
 

have been identified, it might be possible to prepare them by application
 

of the techniques of recombinant DNA. 
On the other hand, these methods
 

might not work, and it may well be too difficult to separate parasite
 

material completely from host cell material when cultures grown in their
 

host erythrocytes are used. 
If the parasites could be grown, even for
 

a limited time, extracellularly and hence under axenic conditions, their
 

separation from host cell material would be facilitated. Furthermore,
 

such axenic cultures would provide information on the nutritional require­

ments of the parasites and their biochemical relationships with their
 

host erythrocytes not otherwise obtainable. 
We propose, therefore, to
 

attempt the axenic cultivation of P. falciparum.
 

Secondly, we propose work on the cultivation of P. vivax. This
 

species is now the principal form of malaria in India and parts of
 



South MAerica. It is.a'cause',of great economic disruption and-it has
 

not been adequatelycontrolled. Successful cultivation would bring,
 

this parasite into the laboratory (as has been the case with P.
 

falciparum), where biochemical and physiologlical studies would provide
 

new approaches to its control.
 

I. Specific Proposals
 

1. Axenic cultivation of P. falciparum
 

The only obligate intracellular protozoan parasite with which
 

limited extracellular development in vitro has been obtained is the
 

bird malaria P. lophurae (4). Young trophozoites of this species
 

removed from their host erythrocytes will develop into schizonts
 

extracellularly in a medium that must include duck erythrocyte
 

extract, adenosine triphosphate, coenzyme A, glutathione, nicotinic
 

acid amide in addition to gelatin and a complete nutrient mixture.
 

Preliminary experiments with P. falciparum, done before in vitro
 

cultures had been obtained using ring stages from infected Aotus
 

monkeys, showed that some extracellular development of this species
 

would occur (5).
 

We are now in an infinitely better position to attempt this
 

problem. This is so not only for purely technical reasons, as the
 

much greater ease of obtaining parasite material of desired stage
 

from cultures than from monkeys, but also because so much has already
 

been learned in the last 5 years about the parasite-host cell complex.
 

This last, combined with the fact that more is known about the human
 

erythrocyte than any other kind of cell, provides a basis for the
 

possibility that we may have greater success with axenic culture of
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P. falciparum than we could achieve with'P. lophurae.
 

The experiments will be done in the following way. 
Two different
 

isolates of P. falciparum will be maintained as stock cultures in
 

continuous flow vessels 
(6). These will be synchronized every 4
 

weeks. Synchronized parasites at each desired stage will be freed
 

from their host cells by lysis with a potent immune serum with com­

plement or by agglutination with a lectin and subsequent fragmentation,
 

as developed recently by Heidrich (7), 
 The freed parasites will be
 

suspended directly in culture media under test, ranging from modified
 

RPMI 1640 to various kinds of red cell extracts as used previously
 

with P. lophurae. They will be incubated in an atmosphere of 3% CO2 ,
 

2% 02' 95% N2 under a variety of physical conditions. Survival and
 

development will be assessed on the basis of light and electron micro­

scopic morphology and on the extent of incorporation of labeled sub­

strates added to the cultures during the last four hours of an 18 hr
 

or longer incubation period.
 

In the early work with P, lophurae (8), it was noted that living
 

parasites in good condition could be recognized by their bright appear­

ance under phase contrast microscopy. The condition of parasites can
 

also be recognized by their appearance after fixation and staining.
 

These criteria will be equally applicable to P. falciparum. Much
 

additional information was provided by electron microscopy (9,10).
 

This is indispensable for recognition of the condition of the membranes
 

and for demonstration that the parasite is indeed free from the red cell
 

plasma membrane. Finally, the extent of incorporation of labeled
 

precursors provides an additional objective criterion of parasite
 

activity. It is important to use several amino acid tracers since
 



they are incorporated to a different degree into different parasite
 

proteins. We would probably use at least methionine, isoleucine,
 

proline and histidine as the amino acids and hypoxanthine as nucleic
 

acid precursor. The information already available from the work with
 

P. lophurae will of course be applied, but not to the exclusion of,
 

entirely new approaches. Of special interest would be experiments
 

begun with merozoites rather than young trophozoites. Whereas the
 

trophozoite, when removed from its host cell is surrounded by the
 

parasitophorous membrane derived originally from the red cell but
 

quickly modified by the parasite, the merozoite is naked except for
 

its surface coat, We know that the merozoite must interact with
 

receptors on the host erythrocyte and that this interaction initiates
 

its change into a ring, Since work now under way in several labora­

tories is likely to tell us the nature of the receptors involved,
 

this substance could be supplied in the medium to initiate extracellu­

lar 'development,
 

I, 2. Cultivation of P. vivax
 

Although we have not seriously attempted the cultivation of this
 

organism, it would seem from personal reports from others that the
 

methods used for P. falciparum which have worked also for P. knowlesi
 

(11), P. fragile (12), P. inui (13), possibly for P. malariae (14),
 

and most recently for P. cynomolgi (15), will not do for P. vivax.
 

The cultivation of the vivax-like parasite of rhesus monkeys P.
 

cynomolgi in particular has made it difficult to understand why P.
 

vivax has not been grown.
 

Very recently, however, French workers have reported (16) culti­

vation of one strain of P. vivax essentially by the same methods used
 

-" 



for P. falciparum except for an increase in glucose concentration,
 

3 x daily change of medium and provision of fresh red cells every 2nd
 

day. It is of interest that the human blood used to start the culture
 

had the relatively high parasitemia of 2.5%. 
At the end of the 43-day
 

culture period, parasitemia was only 0.25%. 
 We know that others have
 

used the same small modification in culture method without success.
 

Hence this report is at thq same time encouraging and indicative of
 

the need for a more systematic approach using a dependably available
 

source of parasites.
 

We plan to have such a source in Aotus trivirgatus monkeys.
 

Monkeys recovered from and immune to P. falciparum, as well as newly
 

acquired unused monkeys, would be infected one at a time with a strain
 

of P. vivax that gives infections with 3 to 4% parasitemia. 
Dr. W.E.
 

Collins has agreed to provide us with starting material of this strain
 

(se attached letter).
 

A 3-4% parasitemia in Aotus would permit cultures to be set up
 

with human erythrocytes at 10 x the number of monkey erythrocytes and
 

still provide a readily detectable initial parasitemia of about 0.3%.
 

Experiments will however also be done with Aotus blood since this
 

contains a relatively high proportion of young cells. 
Human blood will
 

be tested for Duffy factor to exclude Duffy negative ones (17)'. 
 After
 

the removal of white cells the proportion of young red cells will be
 

enhanced by centrifugation in a density gradient (as Percoll) and use
 

of the upper layers of cells. 
 In addition, through the hematology
 

departments of several of the New York hospitals 
we hope to obtain
 

small samples of blood from individuals in remission from anemia and
 

hence rich in reticulocytes and young erythrocytes. Comparative
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experiments with such cells and normal mature red cells should tell
 

us just how important for cultures of P. vivax it is to have young
 

red cells.
 

A number of tissuelculture media and combinations of them will
 

be tried. It maylbe of special interest to try media succ'essfully
 

used for long-term propagation of human bone marrow cells (18). All
 

will be obtained as powderd 'or mixed in the laboratory since we found
 

in early work with P. falciparum that the stated storage life of media
 

purchased in solution is not reliable, Cultures will be tried with
 

different gas mixtures and with continuous or intermittent gentle
 

mixing of the cells, Medium will be changed manually or by the con­

tinuous flow method,
 

It 	will be of-special interest to try the new gas-permeable tissue
 

culture dishes which would permit direct access of the gas mixture to
 

the 	settled layer of infected red cells.
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F. 	 Available Facilities and Major Items of Eouivment 

The 	laboratory has the facilities for the proposed work, including
 

access to a scintillation counter.
 

G. Personnel (Faculty)
 

Principal Investigator William Trager (Professor Emeritus) will devote
 

50% of his time to the specific purpopes of the project. He will have
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working with him Dr. Norbert Lanners, Assistant Professor (see attached
 

C.V.). Dr. Lanners has a strong background'in protozoology, cell biology
 

and-experimental physiology, as well as in parasitology, 
He will partici­

pate in all phases of the work# axenic culture of P. falciparum as well as 

the experiments with P. vivax, He will also be responsible for electron 

microscopy to be done in connection with extra-cellular cultivation of P.. 

.falciparum, 



Budget JUstficatif 
 on
 

The Aotus monkeys are required as hosts for P. viva. 
 Since one
 

infection will remain at a sufficiently high level to permit only 2 or 3
 

uses for experiment, it is necessary to have a number of monkeys in which
 

the parasites can be sequentially passed. 
In between experiments, it should
 

be possible to store infected blood frozen in liquid nitrogen. We will have
 

on hand a sufficient number of monkeys for this purpose from the work with
 

P, falciparum, but we will need board for them,
 

The estimated amounts of blood and culture media are needed for
 
maintenance of P. falciparum stock cultures and for preparation of experimen­

tal media for both axenic culture of P. faLciparum and for cultivation of P. vivax.
 

The budget includes salaries for 2 technicians and 1 helper. 
This is
 

a minimal technical staff. The Rockefeller University will provide salary
 

for a secretary who will devote about half of his time to the work of this
 

project.
 

The proposal is for a 3-year period. 
In the light of present knowledge
 

the axenic culture of P. falciparum has to be regarded as a relatively long
 

term proposition. 
Results with P. vivax should however be definitive within
 

2 years. Accordingly, the budget for the 3rd year does not include funds for
 

monkey board, since these are needed only for the work with P. vivax.
 

I 



J. 	Budget for1st Year: January'l, 1982- December 31,;1982
 

1. 	Salaries
 

Faculty 
 %Efforl Salary
 

William Trager,-Professor Emeritus 
 50 22,200
 

Norbert'Lanners, Assistant Professor 
 100
I 25,000
 

Non-Faculty
 

2 Assistants for Research at 21,000'' 
 100 -42,0000'
 

Helper at 1,300 
 100, 13,300
 

102,500'
 

Fring 	Benefits 22% 22,550
 

125,050
 

2. 	Consultant Fees 
 None,
 

3. 	Equipment
 

Glassblowing 1,000,
 

Instrument.Shop 2,000
 

'3,000
 

4. 	 Expendable 

Animal Board, 12 monkeys
 
at $1.826/Day 8,000
 

Blood, 100 Units at 50/Unit 5,000
 

Glassware, Wrapping &
 
Sterilization 600/mo. 7,200
 

Culture Media, Chemicals,
 
Syringes 25,000
 

Misc. Operating Costs 2,500
 

47, 	700 

5. 	Service Contract for Phillips

E.M. 	'j of 5,600 
 2,800
 

6. 	Travel for 2 at 700 each 
 1,400
 

7. 	Publication Costs 
 2,000
 
181,950


53.8% 	MTDC DHHS negotiated rate, March '31. 1981 
 96,275
 

278,225
 



Note:
 

Implementation of Circular A-21 requires the University to incorporate
 

indirect costs into animal board rates. This change in the rate struc­

ture will be accomplished over a three-year period beginning 7/1/81.
 

Animal board rates for the second year of this proposal have been in­

creased by 29A% -- 20% to implement A-21 and 9 % for an annual cost'
 

increase. This represents the final increment to accomplish fully
 

burdened rates. For subsequent years. the increase is calculated at
 

BUDGET FOR ALL 3 YEARS 

lst, 2nd 3rd 

Personnel 125,050 136,930 149,938 

Consultant 0 0 0 

Equipment 3,000 0 0 

Expendables 

Animal Board , 10,360 0 

Other 39,700 43,472 47,602 

Service Contract 2,800 3,066 3,357 

Travel 1,400 1,533 1 678 

Publication 2,000 2,190 2,398 

Total Direct Costs 181,950 197,551 204,973 

53.8% MTDC 96,275 106,282 110,275 

Total Cost 278,225 303,833 315,248 

TOTAL $897,306 
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New York, N.Y. 10021 

1480 York Ave. (Apt. 3-I) 
New York, N.Y. 10021 

(212) 360-1658 (212) 794-9253 

Dr. rer. nat. (PhD) in Zoology (magna cum laude). 
 Experience in Biological/

Biomedical Research with Emphasis on Developmental Call Biology of Protozoa.

Experience in all aspects of Light Microscopy, UV Microbeam Irradiation and Micro­
manipulation of cell nuclei, and in Microinjection of drugs into cells (protozoa).
 
Experience in Electron Microscopy.
 

PROFESSIONAL EXPERIENCE
 

September 1980 to Present: Rockefeller University, New York, N.Y.
 

Assistant Professor - Department of Parasitology.

Research on antigenicity of gametocytes and infected erythrocytes in Plasmodium
 
falciparum malaria.
 
Cooperative research in cultivation of human malaria parasites and their use
 
in developing a protective vaccine. Cultivation of P. falciparum gametocytes.
 

September 1976 to August 1980: Cornell University Medical College, New York, N.Y.
 

Research Associate - Labor&tory of Dr. Bernice Grafstein, Dept. of Physiology.

Foundation supported work was concerned with Axonal Regeneration in the goldfish

optic system. Methods include Transmission Electron Microscopy and Light Micro­
scopy in conjunction with HRP Tracing techniques.
 

Participated in TEACHING of Neuroanatomy to Medical Students, Neurosurgery
 
Residents, and Surgeon's Assistants.
 

May 1976 to May 1979: Rockefeller University, New York, N.Y.
 
Adjunct Research Associate -
Laboratory of Dr. William Trager, Dept. of.Parasitoloq,
 

May 1976 to August 1976: University of Puerto Rico, Rio Piedlas, P.R;
 

Visiting Scientist - Agricultural Experiment Station.
 
Invited to set up an Electron Microscopy Laboratory for investigation of virus
 
infected plant material. Trained Professional and Technical Staff in techniques

for Transmission Electron Microscopy and in the operation and maintenance of a
 
Siemens Elmiskop Ia electron microscope.
 

September 1973 to April 1976: Rockefeller University, New York, N.Y.
 

Postdoctoral Fellow -
Laboratory of Dr. Maria A. Rudzinska, Dept. ofParasitology

Research on suctorian protozoa (Heliophrya erhardi), with emphasis on the
 
mechanism of nuclear migration during sexual reproduction, and on sexuaidifferen •
 

tiation of gametic nuclei.
 

November 1972 to August 1973: University of Thibingen, Germany.
 

Scientific Assistant -
Laboratory of Dr. Karl G. Grell, Zoologisches Institut.
 
1rimarily responsible for TEACHING of Protozoology and Comparative Invertebrate
 
Zoology (Grosspraktikum) to biology majors and graduate students.
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EDUCATION
 

Dr. rer. nat. (PhD) in Zoology (magna cum laude), University of Thbingen, 2/73
 
Germany. Thesis: Nuclear differentiation in Heliophrya erhardi.
 
Advisor: Dr. Karl G. Grell 

University of Ttbingen (Germany)l Zoology, Botany, Organic Chemistry 9/66 - 11/72 

University of Heidelberg (Germany); Biology, Chemistry, Physics .9/53',- 8/66 

Extracurricular Studies in Theology and Philosophy
 
Universities of Wuppertal, Heidelberg and Thbingen
 

HONORS AND AWARDS
 

June 1977 	 Co-Chairman, Fifth International Congress of'Protozoology,

New Yorkl during session: "Cytology and Cytochemistryof
 
Free-Living Protozoa".
 

1977 - 1978 	 Fellowship Award for Research in the Neurosciences by-the
 
National Paraplegia Foundation.
 

198- 1979 	 Research Grant Award by the Technology and Research Foundation
 
of the Paralyzed Veterans of America.
 

May 1979 	 Invited participant, Fifth Biennial Conference on Regeneration
 
in the Central Nervous System: Cellular Mechanism for Recovery
 
from Nervous System Injury (Fort Lauderdale, Florida).
 

January,1980 	Invited speaker and panelist, First International Symposium on
 
Spinal Cord Reconstruction (Las Vegas, Nevada).
 

SOCIETIES
 

Society of Protozoologists
 

,European CellBiology Organization
 

Electron Microscopv Society of America
 

PERSONAL
 

Married, excellent Health;
 
Fluent in German (native language), English, %reading knowledge of French.
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Large Scale Cultures of Human Malaria
 
(Plasmodium falciparum) and Their Use
 
for Immunization and for Antigenic
 
Analysis of the Parasites - The Rocke­
feller University
 

Dr. Carter, Chairman of the RAC subcommittee, intro­

duced this proposal by indicating that it would add over
 

one million dollars over a three year Oeriod to the
 

present budget. The research plan presented would extend
 

current efforts to improve culture methods in such a way
 

that large scale production of malaria parasites was
 

feasible. In addition, Dr. Trager would focus on the
 

identification, charaterization and purification of the
 

antigen. A team, which included Dr. Weller, made a site
 

visit to Rockefeller (August 1978). The several recom­

mendations of that team review have been provided to RAC,
 

and the subcommittee concurs with them.
 

The subcommittee in general notes the remarkable pro-;
 

gress of Dr. Trager and his staff and recommends approval
 

of the project. Dr. Carter noted that Dr. Trager is
 

scheduled to retire in two years. He suggested that the
 

Agency contact Rockefeller University to indicate to them
 

the very key nature of this project and the importance
 

of Dr. Trager.
 

Drs. Balck and Schweigert agreed with Dr. Carter's
 

report. Dr. Black suggested that, from his contacts,
 

a vaccine may be ten years off. He was interested in the
 

karyotype studies with the Aotus monkeys.
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Dr. Weller felt he had little to add in support of
 

the project. He did wish to share some of the highlights 

of the site visit. Dr. Tnager has accumulated an ex­

cellent group of assistant professors and their future,
 

after Dr. Trager retires, is somewhat in doubt. Dr. Weller
 

felt AID should convey the importance of the team to the
 

President of Rockefeller University and indicate the
 

desirability of keeping the research team as an intact
 

unit. Rdsearch objectives are being rapidly achieved,
 

yet Dr. Weller wondered why some of the biochemical studies
 

were included in the project, considering their academic
 

nature.
 

Dr. Wishik concurred with the subcommittee, comments. 

He also wanted to mention the recent site visit. He 

noticed scientific personnel involved with routine lab­

oratory work which could be done by support staff. Lastly, 

Dr. Wishik felt project investigators should be given 

some latitude to pursue peripheral subjects since many 

times it is such activities that lead to malor break­

throughs.
 

Mr. Smith indicated that Dr. Trager has anotherl
 

year on the old proposal but has come in with a new 

proposal because of his progress. Dr. Trager is hesitant 

to ask for liberal amounts of money and as you recall 

was under-budgeted last year.
 



Dr. Carter presented the following motion: 

Motion; That the Rockefeller University project be ap­

proved at the level of funding requested, with
 

the proviso that additional monies can be pro­

vided if the principal investigator deems this
 

necessary.
 

Prior to the vote, Dr. Weller indicated that there 

was an implied commitment from the University that Dr. Trager 

could stay for the entire three year period. Dr. Weller 

and Mr. Simpson discussed the most effective route to
 

convey RAC's commendation to Rockefeller University.
 

More consideration of this would be explored in the
 

future. Drs. Montgomery and Schweigert cautioned RAC
 

on advising the University on internal matters.
 

The RAC voted their unanimous approval of the motion.
 

(f 1; 
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Minutes of the March 30-31, 1978 RAC Meeting
 

Cultivation of Human Malaria Parasites
 
Rockefeller University; Additional Funds
 
Requested $60,582
 

Dr. Carter presented, for RAC consideration, a request
 

from Dr. Trager at Rockefeller University for supple­

mental funds in the aount of approximately $61,000.
 

The possibility of this request was mentioned at the
 

last RAC meeting.
 

Dr. Weller indicated that Dr. Trager was not the type
 

of individual who would ask for additional funds unless
 

they were critically needed. A number of activities in
 

his lab have supposedly progressed more rapidly than
 

anticipated. He would recommend the increased funding
 

but that this be a funding plateau until the whole RAC
 

conmittee sees a report on the status of all activities
 

in Dr. Trager's lab. The.procedure is important here,
 

but the project manager, Mr. Smith (DS/HEA), indicated 

that delays would occur if we waited until the July RAC 

meeting to consider this request. 

Dr. Schweigert said that as policy RAC should have a 

project paper in hand to review before considering funding 

recommendations. 

Mr. Smith indicated that Dr. Trager !has proceeded 

:ut back on severalmuch 'aster than anticipated and must 

important experiments if he doesn't receive additional
 

funds. The last time RAC reviewed the project area,
 

seven areas for additional work were suggested and
 

Dr. Trager is making significant progress in four of these.
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An intensive review of this project is now scheduled for
 

August 1978.
 

Dr..Black suggested that if one has breakthroughs one
 

should concentrate their resources in the area to best
 

captilize on the breakthroughs. Dr. Anderson wondered if
 

the review date would be altered if RAC did not recommend
 

this funding supplement?
 

Dr. Carter suggested a motion.
 

Motion:
 

That supplementary funds in the amount of $60,582 bel
 

provided as requested.
 

Dr. Weller offered a second.
 

The motion was approved*by the Cormittee with a ,single:: 

negative vote.
 

Dr. Carter suggested ihat AID hold annual meetings
 

with other interestdd parties such as WHO in this very
 

important research area. Mr. Smith indicated that AID
 

has in the past supported such activities and will, in
 

October of this year, sponsor a meeting on the immunology
 

of malaria in Washington to include representatives of
 

various interested organizations.
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Cultivation of jiuman Malaria 
(Plasmodium
 

falciparum) and the Use of 
the Culture for
 

Experimental lIuunization 
of Monkeys -


Rockefeller University
 

Dr. wishik, Chairman of 
the Subconmmittee composed 

of Drs. Carter,
 

There is unanimous
 

schweigert, and Weller, 
reported as follows. 


The RAC has
 

approval of this project 
bY the subcommittee members. 


focne
 
participated in lengthy discussions 

on malaria immunization over
 

insleiee
patiipte 


Some of this history 
was reviewed for new
 

the past several Years@ 


members.
 

More than 10 years ago, 
the WHO launched an effort 

to eradicate
 

malaria. After a promising 
start, the situation has worsened 

because
 

of malaria parasite resistance 
to medications and mosquito resistance
 

The situation is
 the increase.
Malaria today is on 
to pesticides. 


not comparable to that 
of smallpox, whose eradication 

depends ex­

clusively on eliminating 
human infectious cases 

by iumunization.
 

The other approaches 
to control of widespread 

vector diseases
 

besides drugs and pesticides 
include environmental 

change and
 

The latter seemed almost 
out of the question for
 

immunization. 


malaria since parasitic vaccines, 
in con'trast to bacterial and 

viral,
 

On the basis of some epidemiologic
 
vaccines, had not been developed. 


and laboratory findings, 
AID decided to take the gamble 

and make a
 

significant investment 
in the possibility of 

achieving a vaccine 
for
 

immunization of humans 
against malaria.
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Under the leadership of the Health Division under-Dr. Lee Howard
 

and steered skillfully and diligently by hr. Edgar Smith, a.lso with
 

the on-going strong-interest and active participation of RAC,, a
 

world strategy was developed. In this, AID encouraged involvement
 

of academic institutions, country governments, international agencies,
 

and others; supported and participated in prompt exchange of informa­

tion on new developments; and set up its own multi-pronged research
 

support program. The scheme established priorities and favored 

avenues,of .attackwith.respect to mosquito vector, parasite speci.es, 

and animal host; stages of the plasmodium life cycle; in vitro culture 

cells from mosquito, blood, and other tissues; adjuvants for strength­

ening imnune response; among other investigations. Separate contracts
 

were sought to encourage tissue culture work which could move toward
 

mass production if a parasite could be grcw n . successfull1y. A world
 

network of authorities in the field was called upon for advice and
 

participation.
 

A breakthrough has occurred sooner than expected. Dr. Trager of 

Rockefeller University, the Principal Investigator of this proposal 

is now growing a human malaria parasite in the laboratory in vitro. 

Mr. Smith will explain what is proposed and how the Trager achievements 

modify the emphasis and timing of the other components of the master 

strategy of AID: 'on malaria i'iiunization. 

http:speci.es
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Mr. Smith, TA/H, reviewed the AID role in advertising for interested
 

responses 4 were relevant and led to 4 contracts.
 
contractors; of the 7 

The 6 month effort of Dr. Trager has now 
maintained the living parasite 

A WHO meeting in Geneva in 
for over 120 days on a laboratory scaIe. 

july 1976 referred to this as posing "new horizons" 
for antigen produc-

The work has been replicated in several laboratories. 
The 

tion. 


the conditions for optimal
 purpose of the revised project is to detail 

o..
 
..... ..........
 

°........
..
production. The University of New Mexico and Guys Hosital 
in London
 

are collaborating in vaccine testing; a 3 month 
study report is due by
 

Earlier estimates had indicated this achievement as
 January 1, 1977. 


There is now agreement on the
 
requiring possibly more than 25 years. 


possibilities of early practical application.
 

Dr. Carter endorsed the continuation and 
expansion of Dr. Trager's
 

work. (He pointed out that there had been 
somewhat of an adversary
 

role in the formulation of the program, 
inevitable but productive.
 

Dr. Schweigert was in full support of the 
project. 

Dr. Weller commented that this finding indicates 
that there may be 

He knows that Dr. Trager has 
a vaccine for other parasitic.diseases. 


Dr. Weller has been trying

worked on this problem for over 25 years. 


to grow schistosomes, but use of the Trager 
method has been unsuccessful.
 

Dr. D. Peterson asked.if the need for human blood posed a problem.
 

He was advised by Mr. Smith that the method 
utilizes discarded human
 

blood which has become overage in the blood 
bank, and it is readily
 

Future use of the Aotus monkey will pose a problem;,
available. 
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being given to of a laboratorythe establishment
consideration is 


under PAH}O grant in Colombia.
 

use.
 
Dr. Anderson asked about vaccine 

availability for early 


Smith comented that the WHO estimate 
in July was overoptimi tic,
 

Mr. 

Dr. Trager
 

and that from 3-5 years will be 
required for human testing. 


estimates that 3 years will be 
required for the specification 

of optimVal
 

Human testing requires adjuvant
 
conditions of vaccine production. 


As in the present
 
The monkey model does not fit humans. 
development. 


Dr. Wishik stated
 
discovery, accurate prediction 

is not possible. 


that there are many steps in purification 
of a safe and efficient
 

vaccine. Other supportive projects are now ongoing. 

Motion: That the proposal be approved. 

Moved by Dr. Wishik; seconded by Dr. Schweigert 

Unanimous approval.,
Vote. 




MEMORANDUM 	 October 2.,1981
 

TO: 	 RAC Malari ubcoi tee 

FROM: 	 S&T/HEA,
 

SUBJECT:. 	Reorientat Ioject 931-0453.12-

Biomedical Research Institute
 

In February 1981, researchers at the Biomedical Research Institute submitted
 

an expanded proposal to begin conducting research on the culture of the
 

exoerythrocytic stages of P. vivax and P. falciparum. The RAC subcommittee
 

meeting with AID staff on March 2, 1981, felt the request for reorientation
 
was premature and that such work should be deferred until the rodent model is
 
more thoroughly studied.
 

As pointed out in the letter of March 31, 1981, from the 	Biomedical Research
 

Institute, the main objective of their present contract was to develop methods
 

for the in vitro cultivation of the EE stages of P. berghei. Determination of
 

the vaccine potential was a lower priority and was proposed for years 2 and
 

3. 	The revised budget provided by the contractors would allow both the
 
to pursue the vaccine
in vitro cultivation studies on human malaria as well as 


potential 	in the rodent model.
 

In addition, the researchers have some excellent studies 	on the mechanism of
 

entry of P. ber hei sporozoites into cultured cells (incollaboration with
 
Dr. Nussenzweig).
 

The original RAC recommendation predicated 3rd year funding for the project on
 

satisfactory progress made on contract objectives. Since significant progress
 
has been made against the major primary contract objectives we would request
 
that the RAC subcommittee recommend that the 3rd year funding be approved and
 

that the project should be reoriented to include initial 	research activities
 
on the in vitro cultivation of studies to determine the vaccine potential in
 
the P. berghei model.
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1BIOMEDOICAL RESEARCH' INSTITUTE
 

Telephone: 881-3300 12111 Parklawn Drive 
Area Code: 301 Rockvllle, Maryland 20852 

28Sept mber 1981 

Dr. James Erickson 
Senior Research Officer 
Vector Born Diseases 
Office of Health 
DS/HEA 
USA1D 
Washington, D. C. 20523 

Dear Dr. Erickson: 

Please find enclosed copies of our original proposal to A.I.D. regarding tissue culture of 
exoerythrocytic stages of malarial organisms. Also included is the amended proposal follow­
ing the suggestions of the RAC committee followed by the proposal submitted by us in 
May of 1981 along with pertinent correspondance. 

Sincerely ,
 

r James L. Le Ph.D. 

Head, Malia Department 

JLL/rmh 

Enclosures 



Original Pr6posa.l. 



ORIGINAL
 

Research Coi'tractProposal ­

entitled 

IN VITRO CELL CULTURE OF THE EXO-ERYTIIROCYTIC'STAGE' OF 

MALARIAL PARASITES,,, 

Submitted to 

Office of Health (DS/HEA)
 
Room 307 RPE
 

Development Support Bureau
 
United States Agency for
 

International Development 
Washington, D. C. 20523 

Submitted by 

Biomedical Research Institute 
,12111 Parklawn Drive 

Rockville, Maryland 20852 

Principal Investigator 	 LVn -. /1y 
Vernon P1.Perry 
Dircctor • /D 

ProJicctI!cn:LlII 3 Years 



A. i.|televwnce of Proposed Work to AID 
Malaria continues to be one of the most widespread and devastating diseases of man In 

tropical and sultropic:l :are'as of the world. 
Despite early successes in the global effort mounted by USAID and WHO to eradicate 

this disease during the past 25 years, more than a billion people remain a' risk (1). This 
campaign was based initially on a time limited approach with interruption of transmission 
by selective destruction of vectors, the primary weapon. Later, the campaign was given 
an added dimension through mass prophylactic drug administration by distribution of 
chloroquinized table salt and .through intensive programs of case detection and treatment. 

Although these efforts produced spectacular successes, malaria continued unabated in 
many areas of the world and there has been a rapid resurgence of the disease during the 
last decade in geographic areas where malaria had ceased to be considered a major problem. 

A few examples suffice to make the point. During the 1950's when the eradication cam­
paign began, there were approximately 75 million cases of malaria each year reported from 
India alone. One decade later, in 1963, this number had dwindled to about 150,000. How­
ever, by 1977, the attack rate had climbed once more to,6.8 million diagnosed cases and 
present estimates are between 10 and 40 million cases for 1978. This trend has been repeated 

in many other areas where malaia was thought to be eradicated or under control. Sri Lanka 
once considered to have been in the surveillance phase of eradication recently reported over a 
million cases, and Haiti reported a record high 70,000 cases in 1978, an increase of 40% over 
the previous year. Likewise in the Magdalena Valley of Colombia where malaria control 
measures had been operating effectively for more than 20 years, epidemics of faciparum and 

vivax malaria once again took a major toll. The same experience is being repeated in Turkey 
where a full scale epidemic of vivax malaria is in progress. In Africa south of the Sahara, 
malaria has never relinquished its top priority as the most prevalent and important disease of 
man. 

In short, the malaria eradication campaigns have effectively collapsed especially in tropical 
areas of the underdc 'loped world. As prevalence of the disease abated because of the success 
achieved by these campaigns, malaria lost its tol)prioflty and workers and funds were 
diverted to other programs. While responsibility for the collapse cannot be assigned to any one 
single factor, this loss of priority certainly played a dominant role. 

By (he time the diversion of funds anld personnel from malaria eradication campaignis to 
other social programs was well underway in many countries, the gravity of this mist:ake was 
beginning to be recognized and two additional complications became apparent. One of these 
was insecticide resistance in the anopheline vectors and the other was drug resistance in the 

parasites. These two major difficulties combined to increasc the urgency of developing new 

approaches to mamal1emlent of the disease. 



"Recognizing this ncc(::ity as early a-. 19G5, USAI) launched a research program into the 
feasibility of devVloping a vaccine against malaria. Tihe Agency hins expanded this effort into a 

collaborative network of at least ten laboratories -working on various aspects of malaria im­

munity. Noteworthy among the accomplishments of this network has been the continous 

culture of the parasite responsible for pcrricious tertiqn malaria, Plasmodium falcip.anim (2). 

This breakthrough provided the technology for in vitro production of antigens in quantities 

sufficient to support a research program imed at devclopment of a vaccine against this species 

based on the erythrocytic cycle of the parasite. This, in turn, has enabled several laboratories 

to successfully immunize monkbys against P. falciparum. On the other hand, questions have 

been raised relative to whether the amount of antigen produced would be sufficient to actually 

produce the quantities of vaccine which would be required. (WIIO/SWG/Immal. Rep'rnt of 

December 1979.) Furthermore, although several attbmpts have been made this technology has 

not been successfully applied to the second important humani species of malaria parasite 

Plasmodiurn vivax, which causes benign tertian malaria (Palmer - Pers. Comm). 

The most likely alternative to cultivation of the P. vivax erythrocytic cycle would be the 
cultivation of the exo-crythrocytic stage. Although the first continuous culture system of 

malaria parasites was achieved with the exo-crythrocytic stages of avian plasmodia, it was not 

*.until recently that the cxo-erythrocytic stage of a mammalian parasite was successfully estab­

lished in cultured cells (3). This success was particularly encouraging because it demonstrated 

that sporozoites were capable of developing in a wide variety of cells, although development 

did not proceed to completion of the cycle. The objective of this proposal is to complete 

development to exo.erythro'cytic merozoites using the rodent malaria parasite P. berhei and 

to extend the system to culture the exo-crythrocytic stages of the human parasites P. vivax and 

P. falcipamru. This would provide a system for producig antigens to be used for vaccine 

development against P. vivnx as well as an additional system for producing antigens of P. 

falciparum. 
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D. 	 Scientific Aspects of Proposed Vor 

1. 	 S ecific Obiectives 

The ultimate objective of this project is to achicve the full Ln Mytj.cycle of development of 

the exo-crythrocytic stage of Plasmodium bernhc, in a suitable cell culture system and to apply 

this to culture of the exo-erythrocytic stages of Plasmodiurn vivax and Plasmod:,am falciparum. 

a. 	 To attempt the culture of the exo-crythrocytic stages of P. vivax and P._falciarum, 

using techniques already successful withP. berghoi. 

b. 	 To determine the vaccine potential of the antigens produced in cultures of EE forms of 

P berahei. 

c. 	 To evaluate sporozoite purification techniques in order to standardize the methods of 

establishing the exo-erythrocytic stage of P. berghei in cultured rat embryonic brain 

cells. 

d. 	 To evaluate selected cell lines and culture media combinations in order to achieve full 

maturation of the P.berghe exo-erythrocytic stage. 

e. 	 To study sporozoite - host cell interactions by scanning and transmission electron 

microscopy. 

L 	 To characterize the developing exo-erythrocytic stages of P. berghei by immuno­

fluorescence, electron microscopy and animal infectivity studies. 

2. 	 Rationale and Literature Review 

Tle USAID initiated a program 15 years ago to develop an effective vaccine which would 

protect man against malaina. Noteworthy among the accomplishments of research laboratories 

in the USAID malaria vaccine network was the continuous culture of the parasite responsible 

for pernicious tertian malaria, Plasmodium fal eiparuin (2). This breakthrough provided the 

technology for in vitro production of antigen in quantities sufficient to support development 

of a vaccine based on the erythrocytic cycle of this parasite. In addition, USAID supports vac­

cine development based on an alternative stage of the parasite life cycle, the sporozoite (4). In 

the latter case the antigen is obtained from an infected mosquito. Both antigens, although 

available in relatively large quantities, must be prepared in purified form before they can be ad­
ministered safely to humans (5). 

The third alternative uitigen source for vaccine development the exo.erythrocytic (EE) 
stage grown in fixed cell culture has thus far been neglected. The advantages of the EE ap­

proach over other methods of producing antigen have been recently reviewed by Beaudoin. 

1977 (6). Briefly, these advantages include adequate amounts of immunogenic parasites as free 

as possible from microbial mad host-cell contamination, capability of subculture and indefinite 

maintenance with changes of nutrient media, and yield of parasites with little disturbance to 

the cultures themselves. The continuous Jn vitro cultivation of several species of avain malaria 
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was achieved as early as 19 (7). Although I-li EE cycle in the liver of muny mammalian 

malaria parasitcs appears to be self limiting in vivo (8), adaptation of these stages to tissue 

culture conditions similar to thowe used for aivian" parmLitcs could result in their continuous 

culture in vitro, especially in the case of P. vivax. This parasite is a relapsing species and may 

well experience multiple schizogonic generations in the liver. To date, attempts to cultivatd 

this important parasite of man have been unsuccessful using the P. falciparum- continuous 

cultivation methods of Traocr and Jansen. 

The principal investigator .ofthe present proposal (C. V. attached) joined the laboratory of 

Professor William Tragcr at the Rockefeller LUniversity early in 1973. There, he established the 

EE stage of Plasmodiumn lophurac in embryonic turkey.brain cell culture and developdd a 

method of hr-vesting large numbers of purified E] merozoites almost completely free of con­

taminating material using ion exchange columns (9). The availability of purified merozoite 

preparations made possible biochemical and immunological characterization of surface and in­

ternal antigens of EE merozoitcs and nermittcd a comparison of these forms with erythrocytic 

merozoites isolated from infected duck blood (Kilejian and Hollingdale, in preparation). This 

culture system was easily adapted for electron*microscopy investigations and resulted in the 
only detailed study to date on the mechanism of entry of BE merozoites into turkey brain 

cells. This likewise made possible a comparison of penetration of EE irerozoites with that 

erythrocy tic merozoites (10). 

Little is known regarding the antigenicity of EE forms. Prior studies using avain malaria 

have suggested that vaccination of birds with EE stages will produce protective immunity 

against challenge and that tiis can be obtained without use of adjuvants (11, 12). 

Until recently, the culture of mammalian EE stages has received little attention although 

its study 'as recommended as long ago as 1975 by the VHIO Scientific Working Group on 

malaria (13). A necessary prerequisite for such wyork is a continuous supply of infected mos­

quitoes. The ]Biomedical Research Institute (BRI), wthere experiments outlined in this proposal 

will be performed,.possCssCs three large insectaries and animal quarters where the entire life 

cycle of 'lasmodium ho'r lici is maintained. This continuous availability of P. berdhci.infected 

Anopheles stephensi mosquitoes has allowed an initial study of the in vitro culture of P. 

berglici El stages. The first successful infections of rat. embryonic liver and brain cells with 

salivary gland spurozoiws was achievcd in 1979 using, techniques derived from the avian system 

(3). l.E stages were observed that had developed to a large multimncleate schizont, although 

production and relemsc of merozoitcs has not yet been achieved. Unfortunately the levels of in­

fectivity were low (maximum of .1 l stag.es/culture) and erratic (3.of liver and 1.1.' of brain' 

cultures became infected). was also foundIt. that centrifuga ion of the sporozoites onto the 

cells at 1,600 x ,was a prerecquisi(e to initiate infection. This suggestecd the possibility that the 



inechaism of sporozoite entry into calls in this system may have been different than the in 

vivo mechansim. Once inuide the cell, however, th6 vporozoite was still able to initiate the E, 
cycle. This study also ,howed that cell; other than hetpatocytes from the rat would support BE 

growth. This suggests that growth requirements of the EB forms in culture are not as specific 

as originally believed. 

Since joiing the malaria research group at BRI in July 1979, the principal investigator has 
continued the work on in vitro culture of P. bergli. A system based on an established line of 
cultured human embryonic lung (%VI38) cells, grown in RPMI 1640 and supplemented witlh 
10% fetal bovine serum, has been successfully infected with salivary gland sporozoites of P. 
bergli. This has yielded a 10 fold increase in the numbers of parasites per culttlre, with 60% 
of the cultures infected. Centrifugation is not required *forsporozoite penetration i.i this 

system, and therefore the infection may more closely,resemble an in vivo infection. 

In the proposed study, completion of the BE cycle of Plasniodium berghei in vitro will be 
attempted. The 'technology established for this mammalian parasite will be adapted to culture 
of EE stages of the human parasit-es, P. viax and P. fciparum. The availability of EE parasites, 
produced in vitro, will make detailed studies of mammaliau forms possible for the first time. 
These would include biochemical, behavioral and immunological investigations. 

3. 	 Experimental Design 

The proposed research will be in the following areas: 

a. Purification of Plasmodium bergli sporozoites, freed from mosquito cell and tissue 
debris and microbial contaminants, while retaining high infectivity in vivo to mice and 
in vitro to rat embryonic cells. This will permit cell cultures to be reproducibly in­
fecled with sporozoitcs and will allow quantitative comparison between different cul­

ture conditions. 

b. Examination of fuxiher selected cell lines, derived from rodent and other species, for 
increased susceptibility to sporozoite infectivity. Emphasis will be on those cell lines 
for which infcctivity does not require centrifugation of sporozoites with cell mono­

layers. The advantage %vouidbe to more closc .ly approximatolte nonal mechanism 

of cell entry in the in yivo system. 

c. Suitable cell lines w\'ill be tsted in combination with various culture media to optimize 
the system permitting the full maturation of the 1P.lwjr: i 1El' stage with subsequent. 

releaw of mcrozoites. The ultimate goal would be achievement of tile continuous 

culture of the I "E' stage. 
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d. 	 Examiniation of the interaction between sporozoltes and suceptible ceils to determine 
imechanism of attachment and penetration. 

o. 	 Characterization of the developing exo.crythrocytic stages by 1) immunofluorscence 
using anti-sporozoite and nti.red blood cell stage sera- and 2) electron microscopy. 

f. 	 Determination of the infectivity of exo-erythrocytic stages during cultivation as 
measured by the appearance of a subsequent red blood cell infection. 

g. 	 Preparation and testing of candidate vaccines prepared from products of EE cultures. 
h. 	Application of the culture procedures to P. vivax and P. falciparum. 

4. 	 Procedures and Methods 
The complte cycle of Plasmodimm borghei will be maintained in vivo in mice and 

Anopheles stelnsi mosquitoes. 
a. 	 Purification techniquesof sporozoites infective for cell monolayers. 

The present system utilizes infected salivary glands which arc obtained by dissection. 
The glands are pooled and ruptured to release sporozoites. The complete mixture is 
then added to a cell monolayer, centrifuged at 1,600 xg foi 30 min,and incubated in 
5% CO2 in air (3). The major disadvantages of this approach are that an unknown 
number of sporozoites are added to the culture, and large amounts of mosquito tissue 
and microbial contaminants are present. This has resulted in low numbers of EE stages 
.per culture (a maximum of 4). Attempts to increase numbers by using more salivary 
glands results in destruction of the cell monolayers and/or an overwhelming microbial 
contamination. Published methods of purifying sporozoites using discontinuous 
density gradients (14) and ion exchange columns (15, 16) will be evaluated for their 
ability to remove mo:;quito debris and microbial contaminaits and will be monitored 
by phase microscopy and confirmed by clectron microscopy and serology. The number 
of sporozoites in the inoculum and their infectivity can also be ascertained. Success of 
a procedure will be cletermined by sporozoite infectivity in cell cultures. Sporozoites 
purified from whole mosquito bodies, separated thoraces and abdomens, and salivary 
glands will be examined. A dose response curve describing the relationship between the 
number of sporozoites added and numbers of developing EE stages observed will be 
constructed. Reproducibility with high numbers of developing EE stages will allow 
quantitative experiments to be designed to compare differ, t culture procedures and' 

conditions. 
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tHIM infetionb. 	 Extmination ofselected.eLline. for inereased r.u!,;c . ! to so/.it(, 

The original publication all sttcc(r,!ful developintnt of E1, aages in culture by Strome 

L., (1979) suggested that rat embryonic brain cells were the most susceptible to 

sporozoite infection. Cell lines of rat embryonic liver and turkey embryonic brain and 

liver were also infected, though success was less than that obtained with rat embryonic 

brain cells. These results showed that cell lines other than those from raL could support, 

EE growth of P. b±erghi. This agrees with the demonstration that EE stages of the 

avian Plasmodium lophurae. will grow in embryonic mouse liver cells as well as 

embryonic turkey brain cells (17). Therefore, it is proposed to examie other cell lines 

for infectivity with purified sporozoites. The success in using both human embryonic 

liver and human embryonic lung (W138) cells suggists that emphasis should be given to 

other cultures of human embryonic lines. These would be of particular relevance in the 

attempt to culture P. vivax and P. falcinarum. Rodent and other mammalian cell lines, 

particularly those from monkey, will also be examined. Cell monolayers will be moni­

tored to enumerate numbers of developing EE stages and to determine their matura­

tion and release of merozoites. 

Different culture media will also be examined in an attempt to identify those 

growth factors important in initial development and, subsequent maturation of the EE 

stages. The close association of the EE stage with the host cell nucleus and its oc­

casional development within the nucleus suggests that co-factors involved in nucleic 

acid metabolism may be required. The requirement of P, lonhurae for folinic acid (7) 

supports such an hypothcsis. All culture systems currently in use have been sup­

plemented with heat inactivated fetal bovine serum. It is proposed that sera from other 

species also be evaluated. 

c. 	 Sporozoite host cell interaction and penetration. 

Centrifugation of sporozoitcs onto monolayers of human embryonic lung (W1I38) cells 

is not required to initiate EE stage development. This indicates that this cell system 

may be a suitable in vitro model to study the initial interaction and attachment of a 

sporozoite to a susceptible cell aid its penetration into the cell. While penetration of 

host cells by EE (10) and erythrocytic (18) merozoites has been reported, little is 

known of the mechanism of sporozoite entry. It is proposed to use electron microscopy 

to study sporozoite penetration of WI3S and other cell types. Sporozoites will be 

added to cell monolayers which will be fixed in gluteraldehyde periodically during the 

48 hr cycle. With the large number of developing EE stages we have achieved in this 

system, phasce microscopy can be used to localize EE stages for further examination 
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by electron microscopy following the procedures of Beaudoin and Strome (19). It 
would also be of great interest to compare these results to those in the rat embryonic 
brain system to determine whether the penetration mechanisms do indeed differ in 

these two cell systems. 
Factors influencing attachment and penetration of sporozoites will also be examined. 

Cytochalasin B has been reported to inhibit penetration of Plasmodium falciparui 
erythrocytic merozoites into red blood cells although attachment of the merozoites to 
the red blood cell does still occur (20). It is proposed that similar experiments be 
performed using P herchei sporozoites and WI138 cells. Centrifugation is required to 
initiate infection in rat embryonic cells but sporozoite attachment may still occur. The 
role of centrifugation will also be further examined both in rat embryonic brain cells 
and W138 cells: (1) Cell monolayers will be centrifuged at 1,600 x g. for 30 min and 
then purified sporozoites added, (2) cell monolayers and sporozoites will be centri­
fuged together at 1,600 x r, for 30 rin; (3) sporozoites will be added to cell mono. 
layers without centrifugation. Glutcraldchyde-fixed inonolayers will be examined 
by phase and electron microscopy and developing EE stages will be couated. Finally, 
the ability of sporozoites from irradiated mosquitoes to attach and penetrate sus­
ceptible cell lines will be examined. 

d. Characterization of the developing EE stages by 1mmunofluorescence and animal 

Infectivity. 

To date, all observations of developing EE stages have been by light microscopy of 
Ciemsa-stained cell monolayers. We propose to use immunofluorescent antibody (IFA) 
techniques to positively identify bodies seen in stained monolayers as EE stages of 
Plasmnodiuni ber,,hei. Recent work (21) has suggested that during in vivo development 
of P, beiej in rat liver, the EB stages show maximal fluorescence with anti-sporozoite 
serum during the first 24 hrs of infection, and this then declines. By 48 hrs, maximal 
fluorescence is given with anti-red blood cell stage serum. It is proposed that this cycle 
of reactivity be studied using our in vitro model. Anti-sporozoite and anti-RBC stage 
sera will be produced in mice and rabbits. Infected monolayers will be tested from the 
time of sporozoite infection to the maxinmum EE itage development at 48 hr. Cor­
relation with in vivo results would suggest at which stage during the EE cycle further 
development halts and whether the in vitro stage at 48 hr has acquired RBC stage 
antigens. This would also be of considerable aid in examining other cell lines in an 
attempt to achieve full maturation of the EE stage with subsequent release of mero­
zoites. A cell line with EE stages showing increased ItBC stage reactivity would be 
a likely candidate for further examiination. It is proposed that se!!cted cell lines, both 
human embryonic and other lines, be examined for EE development, first by Giemsa­
staining then by IFA techniques. Development with or without centrifugation would 
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be studied. 'Thoselines showing either high infectivity or fuller maturatio) would then 
be further examined ii seleut Led culture media. It is thoulght that this alpproach will load 

to the establishment of the full E cycle in Vitro. 

In addition, the functional viability of infected cell monolaycrs will be tested, 

Largo numbers of monolayers will be infected with purified sporozoit. 5. Monolayers 
will be removed periodically from coverslips, pooled and infected into mice, and the 
appe,umco of RI3C infections monitored. Thus, infectivity to mice of Infected cell 

monolayers would be a further criterion for the study of suitable culture conditions re. 

quired to nchieve full cycle development. This criterion wa.€ used to measure successful 

maintenance of P. berghei in vitro. In this case rats were infected with sporozoitcs and 

their livers removed after varying periods of time, and placed in org,' culture. Infec. 

tions then resulted when pieces of these orgihs were reinjected into rats (22). 

e. Antigenicity and protective immunity of EE stages. 

If development of P. berL!hei EE stages can be completed in culture, it will be pos­

sible to collect merozoites for immmunnoloigical and biochemical studies. Thus P-.-leruh.i 

would be unique of all mnalariNt in that 'the infectious units of adl stages would be avail. 
able for comparative study including sporozoites, exo-erythrocytic merozoites and 
erythrocytic merozoites. Selected mouse strains will be injected with exo.erythrocytic 

merozoites attenuated by irradiation, freezing, formalin or other agents, with and with­
out adjuvants. Such mice will be challenged with sporozoites, exo-erythrocytic mero­

zoites or blood stages, and protective immunity measured. Also, using rabbit anti­
sera to each of these three st-ges, antigenic cross-reactivity can be determined using, 

for example, immunfluorescence or ferritin labelling of surface coats. It should also be 
possible to label merozoites with isotopes and to compare each stage by polyacryla­

mide gel electrophoresis techniques. 

f. Cultivation of the ER stagcs of P. vivax and P. falciparum. 

Following the avian experience which was directly aplplicable to cultivation of EE 
stages of 1'. 1)c'.l.i, tclumiiques successful with 1'. bc,:rhei will be applied to the 

cultivation of human malaia BE sitags. A regnilar supply of l. vivax and P1.falelium 

sporozoiles in Anopheles freeholij1 ,. _macuhmtus and A. halahacenis has been offered 

by Dr. W. Collins, CDC, Atlanta, Georgia. These mo,squitoe. are infected from I'. vivax 

or P. falcipanmn infections in monkeys, and wrill be used to initiate I-I, studies of these 

species in tissue culture. Dr. Collins has indicated that he is willing to supply BI with 
these mosquitoes routinely on an as available Iasis. Other stdics in prolr'ss lit ilt0 
involve the feeding of mosquitoes on 1P.falciparum. infected red blood cell cultures 
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contining ";alitocynti:s. At the nueting 6f 'h Wi 10 ,vientifith Worlknit Group on thC 

Immunology of Malaria, h,,d in (Ackneva in DeceImbcr 3979, it w;uL. reported that mos. 

quitocs have bcen suc:c:;sfully ilft-:(c(d with gaincLocyi'; of I'. fclcipruin produced 

in vitro. These ii)feCtions developed into sl'orozoitcs. (Mcuwissen, 1979, unpublished). 

This report has led to an intensification of efforts at JIM1 and when succes.ful, such 

moscquitoes will provide a continual and adequate source of P. falcipm'um sporozoites 

for initiating cultures of E1tages of this parasite. 

Regular shipment of infccted mosquitoes by CDC will be sent to BR by air. The 

facility at BRI already has a high security insectary and laboratory, designed to contain 

human malaria infected mosquitoes, and trained laboratory personnel to run the 

fa;iity. No additional insectary facilities would be required. BRI has convened a 

human pathogen committee to set safety guidelines and monitor the use of humari 

malaria. The experimental procedure for P. \,ivax and P. falciparum infected mos­

quitoes will parallel procedures used for the P. bergh.ei W138 cell system, but may be 

modified later. Essentially, sets of salivary glands from five mosquitoes will be isolated 

in human group A serum or sera from other appropriate species. Each pool of salivary 
glands will be ruptured and added to I cm coverslip cultures of W138 cells grown in 

1IPMI 1640 + 10% fetal bovine or other appropriale sera. After a 24 hr incubation, 

the medium will be replaced with f'esh medium cbntaining 1% serum which causes 

the monolayer to remain in a stationary, non-dividing phase. Cultures will be incubated 

for periods corresponding to the in vivo prepatent period between sporozoite inocul:,­

fion and the appearance of blood stage infections. This would be 8 days for P. vivax 

and 6-9 days for P. falciparum (8). Cultures wvill be stained periodically and examined 

b , light microscopy for the presence of developing EEtrophozoites or schizonts. Avail­

ability of developing schizonts will enable for the first time direct detailed study of this' 

stage of a human malaria parasite. Evaluation of cultures of human madaria will follow 

the approaches developed for EE cultures of 1P.Ieglvi. Immunofluorescent antibody 

techniques similar to those used on P. bore will be adopted to confirm light micros­

copy observations. For this, anti-scrum to P. VivLx'or 11.falciparum sporozoites will be, 

produced in rabbits. 
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She has been actively engaged in improving methods of in­

creasing our output of infected mosquitoes and increasing
 

the number per mosquito. This involves improvements in
 

rearing the mosquitoes and methods of infecting them in­

cluding such parameters as optimizing the gametocytemia
 

of the donors and developing methods of handling the
 

nfected mosquitoes to mininize losses due to premature
 

death of these infected molnquitoes. 
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 Ile attended Montgomery College
 

and majored in Biological Sciences. He has all
 

the skills necessary for maintenance of the entire P.
 

berghei life cycle. His particular area of expertise
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biology and is capable of performing complex experiments
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been attending night class in computer programming, a skill
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iomedlical Rosearch Institute:
 

The malarial unit at 13RI is 6ingular1y s'u tod 'for 'this
 

study. It contains the Insectary, where the entire life cycle 

of P. berghei is maintained, and the high security Insectary and 

Laboratory where mo.squitoes infected with human parasites will 

be housed. The Institute also possesses a fully operational 

tissue culture laboratory including a CO2 incubator, vertical 

flow hood, inverted phases microscope and centrifuges. There 

is also an electron microscope facility with a RCA-3E microscope 

and fully equipped dark room. The animal quarters house rat, 

mice and guinea pigs, and will be moving to a larger facility
 

in 1980. All general laboratory equipment for thi's study'iS
 

available including microscope and centrifuges. Trained Lab­

6ratory and tissue culture personnel are already present and
 

completely familiar with the P. berghei EE system.
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Supplies •
 

(1) 	 The expenses antipatcd for the culture supplies 

are for media, antibiotics, buffers and other nor­

mal reagents necessary for carrying on work of this 

nature for a period of one year. These costs were
 

estimatcd from past experience. 

(2) The amount neeled for plasticware and other dis­

posable supplies was estimated"as above.
 

(3) Animals - The number of mice, rats and rabbats along 

with the cost of their food and bedding was estimated 

as projected cost. of the nramber of animals needed. 

Equipment ­

!) I Incubator, CO2 (single chamber); This is a 

.necessary piece of equipment required for incubating 

our cultures since our present capacity must be 

enlarged to accomodate more cultured material. The 

price given was for that of Napco Automatic CO2 

Incubator, Model 7341. We obtained several 

quotations and found this to be the least expensive 

incubator which would fit our needs. 

(2) 	 Epifluor Attachment for existing' AO nicroscope in 

our laboratory. This is a necessary facility to add 

to allow fluorescent staining as part of the IFA 

work 	we plan to do. 

Publication
 

The 	amount stated was based on our past experience. 

Travel -

Part, of our study involves the use of 'Mosquitoes 1.n­
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fected witlh human malaria. Such mosquitoes cannot 

be sent via air freight so one of our personnel as 

a courier will need to make trips to CDC in Atlanta 
to hand carry the insects. We feel that about 15 

such trips ($200 round trip) will benecessary 

during. the course of one year. 

overhead-

The overhead at this institution is currently 

equal to 100% of the total cost of the personnel 

salaries. 
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Projected 3 Year IBudg{:t 

.st .2nd, 3rd 
Year Year Year 

Personnel 62.1, 68.3 -75.1 

Overiead 2 8.3. 

Equipment 8.5 5.0 5.0 

Supplies 10.0 12.0 14.0 

T.avel 4.0 4.0 4.0 

Public::filon Costs 11.5 2.0 

Total Cost/Year 147.7 159.1 175.2 

Grahd Total.• 482.0 



AID 1 'i-;SUN CUjjfJ'IJLi' O)F EE STAGES 

PERSONNEL 

Microbiologist (Tissue Culturc) P. 1 

M1fiariolohist 

Insectary technician 

Tissue culLure technician 

Lab technician 

%triME 

100 

60 

50 

100 

25 

SALARY 

22.0 

15.6 

7.0­

14.0 

3.5 

Solaries 62.1 62.1 

OVERHEAD 

Billed at BRI. s 100% of salaries 62.1 

EQUIPIENT 

Incubator 5,000 

Analyticad balaince 1,000 

Epifluor attachment 2,500 

8.5 

SUPPLIES 

Will include media, plasticware, chemicals, serologic 

reagents and E/M supplies. The estimate also includes 

cost of animals and bord. 

10.0 

TRAVEL 

Transporlation Atlrian return to obtain infected 

piosquitoes (see justificalion attached). Attendance 

ntoe national meeting for professionals. 

4.0, 

PUBLICATION COSTS 1.0 

TOTA , COST 147.7 
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A. J.lIuvfln3,!(otlroptneq_ orkAJl1 

Malaria continues to be one of the most widespread and devastating diseases of man in 

tropical and subtropical areas of the world. 

Despite early successes in the global effort mounted by USAID and WHO to eradicate 

this disease during the past 25 years, more than a billion people remain at risk (1). This 

campaign was based initially on a time limited approach with interruption of transmission 

by selective destruction of vectors, the primary weapon. Later, the campaign was given 

an added dimension through mass prophylactic drug administration by distribution of 

chloroquinized table salt and through intensive programs of case detection and treatment. 

Although these efforts produced spectacular successes, malaria continued unabated in 
many areas of the world and there has been a rapid resurgence of the disease during the 

last decade in geographic areas where malaria had ceased to be considered a major problem. 

A few examples suffice to make the point. During the 1950's when the eradication cam­
paign began, there were approximately 75 million cases of malaria each year reported from 
India alone. One decade later, in 1963, this number had dwindled to about 150,000. How­

ever, by 1977, the attack rate. had climbed once more to 6.8 million diagnosed cases and 
present estimates are between 10 and 40 million cases for 1978. This trend has been repeated 

In many other areas where malaria was thought to be eradicated or under control. Sri Lanka 
once considered to have been in the surveillance phase of eradication recently reported over a 
million cases, and Haiti reported a record high 70,000 cases in 1978, an increase of 40% over 

the previous year. Likewise in the Magdalena Valley of Colombia where malaria control 

measures had been operating effectively for more than 20 years, epidemics of faciparum and 
vivax malaria once again took a major toll. The same experience is being repeated in Turkey 

where a full scale epidemic of vivax malaria is in progress. In Africa south of the Sahara, 
malaria has never relinquished its top priority as the most prevalent and important disease of 

man. 

In short, the malaria eradication campaigns have effectively collapsed especially in tropical 
areas of the underdeveloped world. As prevalence of the disease abated because of the success 

achieved by these campaigns, malaria lost its top priority and workers and funds were 

diverted to other programs. While responsibility for the collapse cannot be assigned to any one 
single factor, this loss of priority certainly played a dominant role. 

By the time the diversion of funds and personnel from malaria eradication campaigns to 
other social programs was well underway in many countries, the gra'vity of this mistake was 

beginning to be recogized and two additional complications became apparent. One of these 

was insecticide resistance in the anopheline vectors and the other was drug resistance in the 
parasites. These two major difficulties combined to increase the urgency of developing new 

approaches to management of the disease. 



Recognizing this necessity as early as 1965, USAID launched a research program into thc 

feasibility of developing a vaccine against malaria. The Agency has expanded this effort into a 

collaborative network of at least ten laboratories workig on various aspects of malaria im­

munity. Noteworthy among the accomplishments of this network has been the continous 

culture of the parasite responsible for pernicious tertian malaria, Plasmodium falcinarum (2). 

This breakthrough provided the technology for in vitro production of antigens in quantities 

sufficient to support a research program aimed at development of a vaccine against this species 

based on the erythrocytic cycle of the parasite. This, in turn, has enabled several laboratories 

to successfully immunize monkeys against P., falciparum. On the other hand, questions have 

been raised relative to whether the amount of antigen produced would be sufficient to actually 

produce the quantities of vaccine which would be required. (WIiO/SWG/Immal. Report of 

December 1979.) Furthermore, although several attempts have been made this technology has 

not been successfully applied to the second important human species of malaria parasite 

PElmodiuiM vivax, which causes benign tertian malaria. 

The most likely alternative to cultivation of the P yivjx erythrocytic cycle would he the 

cultivation of the exo.crythrocytic stage. Although the first continuous culture system of 

malaria parasites was achieved with the cxo.crythrocytic stages of avian plasmodia, it was not 

until recently that the exo-crythrocytic stage of a mammalian parasite was successfully estab­

lished in cultured cells (3). This success was particularly encouraging because it demonstrated 

that sporozoites were capable of developing in a wide variety of cells, although development 

did not proceed to completion of the cycle. The objective of this proposal is to complete 

development to exo-erythrocytic merozoites using the rodent malaria parasite P berei. 

This may provide an alternative system for producing antigens to be used for vaccine 

development against 1P.berghei and potentially allow full biochemical and immunological 

evaluation and comparison of all stages of the . eCvrzziU cycle. 
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B. cie.ntLific Asnpeckq of PrLollosd Wof!i 

The ultimate objective of this project is to achieve the full in vitro cycle of development of, 

the exo-crythrocytic stage of PLin._j.undi bergh in a suitable cell culture system. 

a. 	 To evaluate sporozoite purification techniques in order te standardize the methods of 

establishing the exo.crythrocytic stage of P, berghei in cultured rat embrvonic brain 

cells. 

b. 	 To evaluate selected cell lines and culture media combinations in order to achieve full 

maturation of the.p_. brghe exo-erythrocytic stage. 

c. 	 To characterize the developing exo-erythrocytic stages of P. ber6ci by immuno­

fluorscence. 

d. 	 To determine the vaccine potential of the antigens produced in cultures of EE forms of 

L. berehei. 

2. 	 Rationale rnd LiteratLUre Review 

The USAID initiated a program 15 years ago to develop an effective vaccine which would 

protect man against malaria. Noteworthy among the accomplishments of research laboratories 

in the USAID malaria vaccine network was the continuous culture of the parasite responsible 

for pernicious tertian malaria, Plasmodium fn.]cipL.'uKLnt (2). This breakthrough provided the 

technology for in viiro production of antigvin in quavititics sufficient to support development 

of a vaccine based on the erythrocytic cycle of this parasite. In addition, USAID supports vac­

cine development based on an alternative stage of the parasite life cycle, the sporozoite (4). In 

the latter case the antigen is obtained from an infected mosquito. Both antigens, although 

available in relatively large quantities, must be prepared in purified form before they can be ad­

ministeed safely to humans (5). 

The third alternative antigen source for vaccine development, the exo-erythrocytic (BE) 

stage grown in fixed cell culture has thus far been neglected. The advantages of the EE ap­

proach over other methods of producing antigen have been recently reviewed by Beaudoin, 

1977 (G). Briefly, these advantages include adequate amounts of imnmnogenic parasites as free 

as possible from microbial and host-cell contaminntion, capability of subculture and indefinite 

maintenance requiring only replenishment of nutrient media, and routine harvesting of para­

sites with little disturbance to the cultures themselves. The continuous in vitro cultivation of 

several species of avian malaria was achieved as early as 1966 (7). Although the EE cycle in 

the liver of many mammalian malaria parasites appears to be self limiting i vivo (8), adapta­

tion of these stages to tissue culture conditions similar to those used for avian parasites could 

result in their continuous culture in Itr-especially in the case of P via. This parasite is a 
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relapsing species and may well experience multiple schizogonic generations In the liver. As 

alrnly pubited out, ittinmt:i to date to cultivate this Important parasite of aniu have been 
unsucccssful using the . /jklcinarum continuous cultivation methods of Tragor and Jensen. 

The principal investigator of the present proposal (C. V. attached) joined the laboratory of 
Professor Williwn Tragcr at the Rockefel!or University early in 1078. There, he established the 

EE stage of Plasmoditim jolohurae in embryonic turkey brain cell culture and developed a 
method of harvesting largo numbers of purified EE merozoites almost completely free of con­
taminating material using ion exchwige columns (9). The availability of purified merozoite 
preparations made possible biochemical and immunological characterization of surface and in­
ternal antigens of EE merozoites and permitted a comparison of these forms with erythrocytic 
merozoites isolated from infected duck blood (Kilejian and Hollingdale, in preparation). This 
culture system was easily adapted for electron microscopy investigations and resulted in the 

only detailed study to date on the mechanism of entry of EE merozoites into turkey brain 
cells. This likewise made possible a comparison of penetration of EE merozoites with that 
erythrocytic merozoites (10). 

Little is known regarding the antigenicity of BE forms. Prior studies using avian malaria 
have suggested that vaccination of birds with ED stages will produce protective immunity 
against challenge and that this can be obtained without use of adjuvants (11, 12). 

Until recently, the culture of mammalian EE stages has received little attention although 
its study was recommended as long ago as 1975 by the WHO Scientific Working Group on 
maldiia (13). A necessary prerequisite for such work is a continuous supply of infected mos­
quitoes. The Biomedical Research Institute (BRI), where experiments outlined in this proposal 

will be performed, possesses three large insectaries and adequate mimal quarters where the 
entire life cycle of Plasmoditun berghei is maintained. This continuous availability of P. 
berghei infected Anoheles stephensi mosquitoes has allowed an initial study of the in vitro 

culture of P.hbr i EE stages. The first successful infections of rat embryonic liver and brain 
cells with salivary gland sporozoites was achieved in 1979 using techniques derived from the 
avian system (3). EE stages were observed that had developed to a large multinucleate 

schizont, although production and release of merozoites has not yet been achieved. Un­
fortunately the levels of infectivity were low (maximum of 4 EE stages/culture) and erratic 
(3% of liver and 14% of b~rain cultures becwtnie infected). It was also found that centrifugation 

of the sporozoites onto the cells at 1,600 x g.was a prerequisite to initiate infection. This 
suggested the possibility that the mechanism of sporozoite entry into cells in this system may 
have been different thmn the in viva mechanism. Once inside the cell, however, the sporozoite 
was still able to initiant the I,;,,'cycle. This study also showed that cells other than hepatocytes 

from the lut would support EE growth, suggesting that growth requirements of the EE forms 

In culture arc not as specific as originally believ :d. 
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Since joining the malaria research group at BiU in July 1979, the principal investigator has 
continued the work on jt yii.r culture of !f,.,j ij. A system lbicd oi aui established line of 
cultured hunian embryonic lure: (W138) cells, grown In IWMI 1640 iad supplemented with 
10% fetal bovine serum, has been successfully infected with salivary gland sporozoites of P. 
berghei. This has yielded a 10 fold incroase in the numbers of parasites per culture, with 60% 
of the cultures infected. Centrifugation is not required for sporozoite penetration in this 
system, and therefore the infection inay more closely resemble the in vivo situation. 

In the proposed study, completion of the EE cycle of P. berghei in vitro will be attempted. 
If successful, it is proposed that preliminary studies be initiated to see if the technology 
established for this mammalian parasite can be adapted to culture of EE stages of the human 

parasites, P, vivax and P. falipaqrumm.. The availability of EE parasites, produced in vito, will 
make detailed studies of amnalian EE forms possible for the first time. These would include 

biochemical, and immunological investigations. 

3. E.x,.'_rime.ntal.De:ijj; 

The proposed research will be in the following areas: 
a. Purification of Plasmodium berghei sporozoites, freed from mosquito cell and tissue 

debris and microbial contaminants, while retaining high infectivity in viva to mice and 
n vitro to rat embryonic cells. This will permit cell cultures to be reproducibly in­

fected with sporozoites and will allow quantitative comparison between different cul­

ture conditions. 

b. Examination of further selected cell lines, derived from rodent and other species, for 
increased susceptibility to sporozoite infectivity. Emphasis will be on those cell lines 
for which infectivity does not require 'Centrifugation of sporozoites with cell mono­
layers. The advantage would be to more closely approximate the normal mechanism 

of cell entry in tihe in vivo system. 
c. Suitable cell lines will be tested in combination with various culture media to optimize 

the system permitting the full maturation of the P.beuhvi EE stage with subsequent 

release of merozoites. The ultimate goal would be achievement of the continuous 

culture of the EE stage. 

d. Characterization of the developing exo-erythrocytic stages by iinmunofluorescence 

using anti-sporozoite mid anti-red blood cell stage sera. 

e. Determination of the infectivity of exo-erythrocytic stages during cultivation as 
measured by the appearance of a subsequent red blood cell infe,,don. 

f. Preparation and testing of candidate vaccines prepared from products of EE cultures. 



4. 	 Procedure.sand Methods 

The complete cycle of ljasmdiuLn IOKglei will be main ined in vivo in mice and 
Anopheles stephensi mosquitoes. 

a. 	 Purification techniciu.s of sporozoites infective for cell monolavers. 
The present system utilizes infc'.d salivary glands which are obtained by dissection. 
The glands are pooled and ruptured to release sporozoites. The complete mixture is 
then added to a cell monolayer, centrifuged at 1,G00 x g. for 30 min, and incubated in 
5% CO 2 in air (3). The major disadva.ntages of this approach arc that an unlown 
number of sporozoites are added to the culture, and large amounts of mosquito tissue 
and 	microbial contaminants are present. This has resulted in low numbers of EE stages 
per culture (a maximum of 4). Attempts to increase numbers by using more salivary 
glands results in destruction of the cell monolayers und/or an overwhelming microbial 
contamination. Published methods of purifying sporozoites using disconthnuous 
density gradients (14) and 	ion exchange columns (15, 16) will be evaluated for their 
ability to remove mosquito debris and microbial contaminants and will be monitored 
by phase microscopy and confirmed by electron microscopy and serology. The number 
of sporozoites in the inoculum and their infectivity can also be ascertained. Success of 
a procedure will be determined by sporozoite infectivity in cell cultures. Sporozoites 
purified from whole mosquito bodies, scpaated thoraces and abdomens, and salivary 
glands will be examined. A dose response curve describing the relationship between the 
number of sporozoites added and numbers of developing EE stages observed will be 
constructed. Furthermore, the infectivity of sporozoites isolated after different times 
during the sporogonic cycle will be examined. Similar studies have demonstrated that 
infectivity of L_ l.(er-bhei. sporozoites to mice increases to a constant level from day 17 
throuLgh day 24 of th sporogonic cycle mLil tlhen declines (Snmrlcovsky, unpublished 
data). Ieproducibility with high numbers of dvvelopingI stagesE, will also allow 
quantitative experiments to be designed to compare different ci 'ture procedures and 

conditions. 
b. Eqinn.ijon of SplectellLines a.ndCulture Media 	 tofor Increased Susceptibility 

Sporozoite Infection 

The original publication on successful development of EE stages in culture by 
Strome et al (1979) suggested that rat embryonic brain cells grown in MLM Medium 
(medium 199 + Basal medium, Eagle + 10,%fetal bovine serum + 10"5M folinic acid, 
Grand Island Biological Company, (IICO, Grand Island, N. Y. 1.1072) were 
susceil)ible to sporozoito infection. tat cmhryunic liver and turkey enmhryonic brain 
cell lines were also infected, though success was less 	than III the rat embryonic brain 
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cells. llowever, these results showed that cell lines other than those derived for rat 

tissue would support EE growth of l. hereighv. This agrees with the demonstration that 

EE stagps of the avian ptrasite, P, Lo .ik, grows in mouse embryonic liver cells as 

well as in turkey embryonic brain cells (17). Therefore it is proposed to examine other 

cell lines for greater infectivity with purified sporozoitcs. The succcs:. in using both 

human embryonic liver and human embryonic lung (W138) cells suggest that emphasis 

should be given to cultures of human embryonic lines. Rodent and other mammalian 

cell lines, particularly those from monkey will also be examined. Cell monolayers will 

be monitored to enumerate numbers of developing EE stages and to determine their 

maturation and release of merozoites. 

Different culture media will also be examined in an attempt to identify those 

growth factors important in initial development and subsequent maturation of the EE 

stages. Preliminary studies using rat embryonic brain cells grown in different culture 

media have suggested that the culture medium itself also influences infectivity. For 

example, infectivity was highest in MLM medium, and in NCTC 135 medium but rare 

in RPMI 1640 medium (both from GIBCO). However, W138 cclls grown in RPMI 1640 

gave the higher levels of infectivity than rat embryonic brain cells in MLM. Thus 

infectivity may be critically related to both cell type and culture medium md evalua­

tion of both together will be required to give optimal infectivity. 

The close association of the EE stage with thw host cell nucleus (3) suggests that 

co-factors involved in nucleic acid metabolism may be required. Indeed, occasional 

intranuclear development of EE stages has been observed on rat embryonic brain cells 

grown in MLM and NCTC 135, and only intranuclear and not cytophasmic EE stages 

were observed in such cells grown in L-15 (Liebovitz) medium (GIBCO). Analysis of 

constituents of each medium may suggest a relationship between intranuclear 

development and the presence or absence of certain factors. For example, L-15 is 

deficient in most nucleic acid derivatives found in MLM or NCTC 135 media. The 

requirement of P. lophurac for folinic acid (7) also supports such an hypothesis. 

Thus supplementation of growth media with such individual components may lead to 

either increased in fcivity or completion of the BE cycle. All culture systems 

currently in use have been supplemented with 10% heat inactivated bovine serum. It is 

proposed to test higher concentrations of this and sera from other species. Finally, all 

cultures have so far been ineubatcd at 370C. Because in vivo rodent temperature is 

higherjp itro incubation at higher temperatures will also be examined. 
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C. Mrinrifiza!ti of thdey(lIj3JL|,jl,,nj !pj..Jj..uf. fluortns !f.qieand animal 

in fectivity. 

To datA,, all observations of developing E stages have been by light microscopy of 

Giensa-st'limud cell monolhyers. We propl ;w to use( inmmnofltoresenl antibody (IPA) 

tachniques to positively identify and antigenicaly charactoerize bodies ;;can ii stained 

monolayers infected with EE stages of 1. bergheJi.ltecent work (18) has suggested that 

during in vivo devclopment of 1'. berhei in rat liver, the EE stages show maximal 

fluorescence with anti-sporozoite serum during the first 24 hrs of infection, and this 

then declines. By 48 hrs, maximal fluorescence of EE stages is produced with anti-red 

blood cell stage serum. It is proposed that this cycle of reactivity be studied using our 

jit ro model. Anti-sporozoite and anti-RBC stage sera will be produced in mice and 

rabbirs. Infected monolayers will be tested from the time of sporozoite infection to the 

maximum E stage development at 48 hr. Correlation with j.n vivo results would 

suggest at which stage during ti EE cycle further development halts and whether the 

n vitro stage at 48 hr has acquired RBC stage antigens. This would also be of con­

siderable aid in examining other cell lines in an attempt to achieve full maturation of 

the EE stage with subsequent release of nerozoites. A cell line with EH stages showing 

increased RHC stage reactivity would be a likely candidate for further examination. 

It is proposed that selected cell lines, both human embryonic and other lines, be 

examined for EE development first by Giemsa-staining then by IFA techniques. 

Development with or without centrifugation would be studied. Those lines showing 

either high infectivity or fuller maturation would then be further examined in selected 

culture media. It is thought that this approach will facilitate the establishment of the 

full EE cycle in vitro by providing an assay which would measure development at the 

immunochomical level. 

In addition, the functional viability of infected cell monolayers will be tested. 

Large numbers of monolayers will be infected with purified sporozoites. Monolayers 

will be removed periodically from coverslips, pooled and introduced into mice, and the 

appearance of IJ1C infections monitored. Thus, infectivity to mice of infected cell 
monolayers would be a further criterion for the study of suitable culture conditions re­

quired to achieve full cycle development. This criterion was used to measure successful 

maintunance of L beriwhi in vitro. In this case rats were infected with sporozoites and 

their livers removed after varying periods of time, and placed in organ culture. Infec­

tions then resulted when pieces of these organs were reinjected into rats (19). 
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If developme t of P,L .ab~i ]l! cll be conl)let(e(l in culture, it will be pos­t. stilagi.es 

sible to collect inrozoites for immunological and biochemical studies. ThusP.bcrghei 

would be unique of all malarias"in that the infectious units of all stages would be avail­

able for comparative study including sporoyoites, exo-orythrocytic mirozoites and 

crythrocytic merozoitcs. Selected mouse strains will be injected with exo-erythrocytic 

morozoites attenuatcd by irradiation, freezing, formalin or other agents, with and with­

out adjuvants. Such mice will be chaUllenged with sporozoics, cxo-crythrocytic mero. 

zoites or blood stages, and protective immunity measured. Also, using rabbit anti­

sera to each of these three stagcs, wntigcnic cross-reactivity can be determined using, 

for example, immimofluorescence or ferrtin labelling of surface coats. It should also 

be possible to lnbcl merozoites with isotopes and to compare each stage by polyacryla­

mido gel clectrophorsis and antoradiography techniques. 

-9­

-.u 

http:stilagi.es


1.' 	 Noguor, A. 1978. W. li. 0. Chronicle 32: 9.17. 

2. 	 Trager, W. and J. Jcnsen, 1976. Science 1.9_3_: G73-675. 

3. 	 Strome, C. P. A. etal. 1979. In Vitro 15: 531-536. 

4. 	 Nussenzweig, R. Sporozoite Vaccine Against Malaria. Conference on Babesiosis and 

Malaria, May 1979, Mexico City, In Press. 

5. 	 Diggs, C. Prospects for Development of Vaccines AgainstlasmodiuiV falciarum 

Infections. Conference on Babesiosis and Malaria, May 1979, Mexico City, In Press. 

6. 	 Beaudoin, R. L. 1977, Bull. W.1I. 0. 55: 373-376. 

7. 	 Davies, A. C. oat .. 3966. Exp. Parasitol..j1_: 1-8. 

8. 	 Garnharn, P. C. C., 1966. Malaria Parasites and other Ilaemosporidia. Backwell 

Scientific l'ublications, Oxford. 

9. 	 Hollingdale, M. It., and A. Kilejian. 1979. J. Protozool. 2.6: 016-019. 

10. 	 Kilejian, A., and M. It. Hollingdale. Exp. Parasitol. Submitted. 

11. 	 Grahamn, H. A. et Al. 1973. Exp. Parasitol. _£: 372-381. 

12. 	 Holbrook, T. W. et al. 1974. J. Parasitol. 60: 348-354. 

13. 	 Developments in Malaria Immunology, World Ilealth Organization, Geneva, 1975. 

14. 	 Pacheco, N.et aL. 1979. J. Parasit. &5:414-417. 

15. 	 Moser, G. t q., 1978. J. l'Protozool. 25: 414-417. 

16. 	 Mack, S. R. t al. J. Parasit. QL4: 106-168. 

17. 	 Beaudoin, R. L. e..t al. 1974. Exp. Parasit. 6. 355-359. 

18. 	 Danforth, I. D. and A. U. Orjih, 1978. J. Parasit. 6.4: 1123-1125. 

19. 	 Foley, D. A. t aOL 1978. Exp. Pnrasit. 1.: 166.178, 



JUSTIFICATION FOL 3UDGI T ITEMS OThIER TIIAN PERSONNEL: 

(1) ,The expenses anticipate.1 for the culture supplies are for medin, antibiotics, 
buffers and other normal reagents necessary for carrying on work of this nature
for a period of one year. These costs were 	estimated from past experience. 

(2) 	 The amount needed for plastlicware and other disposable supplies was estimated 
as above. 

(3) 	 Animals: The number of mice, rats and rabbits along with the cost of their food 
and bedding was estimated as projected cost of the number of animals needed. 

Ecuinment 

(1) 	 Incubator, CO2 (single chamber): This is a necessary piece of equipment
required for incubating our cultures since our present capacity must be enlarged 
to accommodate more cultured material. The price given was for that of Napco
Automatic C02 Incubator, Model 7341. We obtained several quotations and 
found this to be the least expensive incubator which would fit our needs. 

(2) Epifluor Attachment for existing AO microscope in our laboratory. This is a 
necessary attachment to allow nluorescent evaluation as part of the IFA work 
we plan to do. 

Publication 

The amount stated was based on our past experience. 

TraveI 

Amount sufficient for attenda ce at scientific meetings. 

veac. 

The 	overhead at this Institution is currently equal to 100% of tle total cost 'of the 
personnel salaries. 

-29­



All) 1 ISStJ1 CtIJLTURBE Ol,el'STAGES 

PEITRSONNEL % TIMER SALARY; 
MicrobioloiistL TJisotz o clful.-Lac) 1'. 1. 100 22.0 
Malariologist 60 15.8 
Insectary technician 50 7.0 
Tissue culture technician 100 14.0 
Lab technician 25 3.5 

Sali'es 62.1 62.1 

OVERHEAD
 
Billed at BRI ax 100%of salaries 62.1 

EQUIPMENT 6.0
 

Incubator 3,500 
Epifluor attachment 2,500 

,SUPPLIES 7.5 

Vill incinde media, plasticware, chemicals and serologic
 
reagents. The estimate also includes cost of animals
 
and board.
 

TRAVEL 
 1.0 

Attendance at one national meeting for professionals, 

'PUBLICATION COSTS 1.0 

TO AL COST 139.7 
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75.1 

Projected 3 Year Budget 

1st- 2d 
Year. Year 

Personnel 62.1 68.3 

Overhead 62.1 68.3 

Equipment 6.0:-

Supplies 7.5 10.0 

Travel 1.0 1.5i 

Publication Costs 1. 1.5 

Total Cost/Year 139.7 149.6 

3rd 
Year 

75.1 

12.0 

2.0 

2.0 

166.2 

Grand Total 455.5 
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A. ProIress p.chigved on} ilj]|lcontract 

The principal objective of the present contract (September 1, 1980 to May 31, 1983) 
was to establish the full in vitro development cycle of the exoerythrocytic (EE) stage of 
Plastnodium bcrghei in a suitable cell culture system. This was to be achieved by research in 
six proposed areas:, purification of sporozoites, evaluation of selected cell lines, evaluation 
of different culture media, characterization of. the developing EE stages by immunofluores­
cence, determination of the infectivity of cultured EE stages to mice, and preparation and 
testing of EE antigens as potential vaccines. 

It can now be reported that the principal objective of this contract "ias been achieved. 
That is, the full in vitro development cycle of the EE stage of P berghei has successfully
been established in culture. Sporozoites of P. berghel enter a human embryonic cell line, 
W138, undergo full EE development ending in segmentation and release of merozoites. In 
addition, during the experiments to complete the cycle, five of the six proposed areas of 
research have been fulfilled, namely a method of purification of sporozoites has been 
determined, evaluation of different cell lines cultured in various media allowed for the 
selection of W138 cells as a uniquely susceptible host cell, the immunofluorescent antibody 
(IFA) reactivity of developing EE parasites was shown to be similar to that reported in vivo, 
and in vitro cultured EE parasites were infective to mice upon subculture giving rise to a 
patent blood infection. The last area of research, vaccine potential, has not been determined 
because of the complexities of producing EE antigens in sufficient quantity for immuni­
zation. Furthermore, it is felt that such a project would be more relevent if done using EE 
antigens from human malarias when available and is, therefore, of less immediate priority 
than establishing human malarias in culture. 

Because of progress in achieving these objectives, this proposal refocuses the experi­
mental goals to apply the experience gained in the cultivation of P berghei to the culti­
vation of the human malarias, P vivac and P falciparum. What is next described is a de­
tailed summary of results from current research. The primary oLjectives of this new propo­
sal are listed on page 7, and the detailed application of methods used for)? berghei to the 
experimental design for P vivar and 1? falciparurnis described on pages 8 to 12. 

Summary of results 

1. Sporozoite purification. 
Successful purification of sporozoites used to initiate EE cultures in vitro must fulfill 

three criteria. The sporozoites should be free of microbial contaminants, be as free as 
possible of mosquito tissue, and be infectious to cultured cells. The procedure adopted 
meets these criteria. Anopheles stephensi moquitoes aze infected by feeding on P. berghel 



Infected mice, and used 21 days later after sporozoite migration to the salivary glands. 

Either salivary ghuics or whole thoraces are dissected in Medium 199 + 7% Bovine Serum 

triturated in a pestle and mortar, and applied to a discontinuous densityAlbumin (BSA), 


gradient (1) containing Medium 199. 7% BSA and hypaque (S.G. = 1.115 upper layer,.
 

S.G. = 1.147 lower layer). After centrifugation at 16,000 g for 12 min., the semi-purified 

sporozoites are collected from the interface and applied to a DEAE-cellulose ion exchange 
= 

column (DE-52, Whatman) equilibrated with Dulbecco's PBS, I 0.161, pH 8.0 (2) contain­

ing 1% glucose and 3% BSA. Purified sporozoites are collected in normal mouse serum and 

enumerated. Such a procedure yields a sporozoite suspension with much reduced mosquito 

tissue, and they are usually*free of microbial contaminants. The sporozjites retain infect­

ivity in vivo to mice, and in vitro to W138 cells A dose response curve of thoracic derived 

sporozoites (Fig. 1) indicates about 1 in 5,000 produces 1 EE parasite, however, the infect­

ivity of salivary gland sporozoites is much higher where approximately 1 in 100 produce 1 

EE parasite. Sporozoites from the abdomen fail to produce EE parasites. Thus, the in vitro 

reactivity of sporozoites in producing EE parasites is similar to that in vivo, that is, salivary 

gland sporozoites are much more infectious than those from the thoraces, whereas abdo­

minal sporozoites largely lack infectivity. 

2. Examination of selected cell lines and culture media. 

The original culture system (3) used rat embryonic brain (REB) cells grown in MLM 

Medium (Medium 199 + BME supplemented with 10% fetal bovine serum + 10"5 M folinic 

acid + 0.1 U/ml insulin + 10-3 M sodium pyruvate). Our initial results indicated that human 

embryonic lung cells, W138, grown in RPMI 1640, supplemented as MLM, were more 

susceptible to infection than REB cells. Subsequently additional cell types were tested in 

several culture media (Fig. 2). However, none were as susceptible as WI38 cells. From these 

experiments, two culture systems were the most successful in terms of range of EE stages 

per culture, and the average numbers of EE stages that could be reproducibly produced 

(Table 1). All these experiments were done using direct salivary gland isolations rather than 

using the purification technique described earlier. It was found that insulin, sodium pyru­

vate and folinic acid could be omitted from culture media, which were only supplemented 

with 10% fetal bovine serum, penicillin (50 U/ml) and streptomycin (50 Pg/ml). REB cells 

were most reproducibly susceptible when cultured in NCTC-135, though average numbers 

of parasites per culture remained at about 8. In one experiment with MEM- and one 

experiment with \aymouth's medium, 400 and 211 parasites were produced respectively. 

However, in each case parasites were small and did not develope to large schizonts. Infect­

ions in W138 cells were usually much higher and currently an average of 100.500 parasites 
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per culture are produced, or 0.25 - 1.25% of all cells are infected. As many as 2000 para­

sites, representing an infection of 5% of all cells, have been produced. Growth curves of P 

and showed that EEberghcihave bece studied in each system (for example see Fig. 3), 

than in REB cells (20p).parasites of P berghci arLc larger in W138 cells (30,) 

During the course of these experiments, a second rodent malaria, R yoelii became avail­

able, and like P? berghei, EE parasites of P yoelii developed in both REB and W138 cells, 

but the maximum schizont size of P yoelii was larger than 1 berghei (2 9. in REB and up to 

40p in WI38 cells) reflecting in vivo differences. (Table 2). Also as in vivo, R yoelii schizonts 

reached maxhnum size earlier, 42-45 hr., than R berghei, 48 hr. (Table 2). 

Modifying the culture conditions resulted in complete segmenta':cn of P berghei 

EE parasites with the release of merozoites. Modifications were: the cell monolayer was 

than 18-24 hr., before the addition of sporozoites,cultured two to three days, rather 

furthermore, the culture medium was not changed during EE development, folinic acid and 

fungizone which*were thought to be inhibitors of nucleic acid metabolismwere omitted, and 

the time of culture was extended beyond the 48-55 hr. previously used. Under these con­

ditions, segmentation started at 60 hr., further nuclear division had occured and the cyto­

plasm appeared clumped with deep clefts from the periphery. By 68 hr., segmentation was 

completed, and free merozoites were seen within the parasitophorous vacuole (Fig. 4). By 

phase microscopy, segnenters have been observed to rupture, initially by a small openhig in 

the.W138 cell membrane which allowed a slow stream of merozoites to escape, followed by 

an explosive release of incrozoites. Because EE parasites mature over an extended period of 

time, 65 to 90 hr. culture, it has not been possible to isolate free merozoites and conse­

quently to determine their vaccine potential. In order to do this, techniques will need to be 

found to induce greater synchrony of development. Furthermore, free merozoites are 

extremely fragile and have never been observed outside the parasitophorous vacuole by 

Giemsa staining. The only observations made have been by phase microscopy of unfixed 

cells. 

Factors infuencing the entry of sporozoites to REB and WI38 cells have also been 

studied. It was known that centrifugation of the sporozoite suspension on to the cell mono­

layer at 1600 g for 30 min. was required to initiate infection in REB cells grown in MLM 

medium (3). Further experiments (Table 3) have shown that centrifugation is not absolutely 

required when REB cells are cultured in NCTC-135 as a few EE parasites develope when 

it is omitted, but more develope when it is used. In fact, REB cells which have been centri­

fuged at 100 g for 30 rin. prior to the addition of sporozoites develope as many EE para­

sites as when sporozoites are centrifuged on to the cells. Thus it is suggested that centri­

fugatioh alone alters the REB membrane surface' allowing sporozoite entry, rather than 

mechanically forcing the sporozoite into the cell. In contrast P yoclii sporozoites will infect 

REIB cells grown in NCTC-135 to the same deghqe with or without centrifugation, suggesting 



that even though these two malaria species are closely related, subtle differences in their in 
vitro method of entry of cells does occur. For both species, centrifugation of W138 cells was 
not required, and may, in fact, inhibit entry. 

As with erythrocytic merozoite entry into red blood cells, sporozoite entry of W138 
ceils is inhibited by incubation with cytocholasin B (10ug/ml). Preliminary experiments 
(Table 4) have shown that incubation of both WI38 cells and sporozoites with cytocho­
lasin B completely inhibits subsequent EE development. Experiments are underway to 
determine if the inhibitory effect of cytocholasin B is on the W138 cells, the sporozoites, 

or both. 

3. Characterization of developing EE stLtges by a) immunofluorescence and b) animal 

infectivity. 

a) Immunofluorescence antibody (IFA) tests. 
It was originally proposed to study the IFA reactivity of P berghci EE stages at 24 hr. 

and 48 hr. post-infection, with anti-sporozoite and anti-red blood cell (RBC) sera. With the 
culture of P yoclii in W138 cells it has also been possible to study cross-reactivity between 
these two species (Table 5). P berghel EE stages were easily identified by IFA, and this be­
came the first positive demonstration that the parasite-like bodies produced in this system 
are indeed R. bergici.Anti-red blood stage serum, known to react with sporozoites, demon­
strated strong fluorescence at 24 and 48 hr. The psrasitophorous vacuole membrane strong­
ly fluoresced, and in many cells appeared to be continuous with deposits of immunofluor­
escence on the host W138 cell nuclear membrane including a mass of reactive material 
next to the nucleus on the opposite side with respect to the EE parasite. EE parasites 
typically develop close to the VI38 nucleus, which suggests that the EE parasite interacts 
with the nuclear membrane possibly to satisfy its biosynthetic requirements. Similar nuclear 
membrane fluorescence was also seen with anti-sporozoite serum (known to react only with 
sporozoites, not R13C stages) indicating its specific sporozoite antigenicity. The parasito­
phorous vacuole membrane fluoresced with anti-sporozoite antibody and the significance of 
this is discussed below. The peripheral parasite membrane also fluoresced with anti-sporo­
zoite antibody, but internal fluorescence was almost absent. A similar pattern of immuno. 
fluorescence was shown by P yoclii EE parasites reacted with P oelii anti-RBC and anti­
sporozoite sera. Finally, P berghei EE parasites strongly reacted with P )'oelii RBC serum, 
and P yoeii EE parasites strongly reacted with P berghci RBC serum, but no cross-react. 
ivity was seen using anti-sporozoite sera. These results do show that EE parasites grown in 
vitro can be detected by IPA by methods previously applied to EE parasites grown in vivo 

(4), and that the EE stage in vitro has common antigens with both erythrocytic and sporo­
zoite antigens, as previously demonstrated in vivo (5). 
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The success in applying IPA techniques to cultured EE parasites allowed two further 

sets of experiments, firstly the determination of the reactivity of hybridoma produced 

to explain the interaction ofmonoclond antibodies, and secondly, experiments designed 

sporozoites with W138 cells. These r.-ults have led to a hypothesis of the mechanism of 

entry of P berghei sporozoitcs to W138 cells. Table 6 summarizes the reactivity of two 

hybridoma antibodies. Both hybridomas BG and F9 were produced by fusion of spleen cells 

of mice immunized with irradiated P bcrghci sporozoites and mouse mycloma cells, and 

subsequently cloned (Danforth and Campbell in preparation). Iytridomas BG and F9 

both reacted in IFA with thu surface of the sporozoites, but only B6 and not F9 produced 

a circumsporozoite precipitation (CS2') reaction, and neutralized sporozoites in viva in mice. 

The B6 antibody reacted with EE stages after 24 and 48 hr. of culture; the reaction was 

periphery thought to be the parasitophorousstrongest with an antigen on the parasite 

vacuole membrane, and weak with the internal cytoplasm. In contrast, F9 antibody reacted 

with the EE stages only after 24 hr. of culture and not after 48 hr. of culture. Thus, a 

protective antigen located on the surface of the sporozoite is also present on the periphery 

of the developing EE parasite. 

Further experiments have been done to detect very young EE parasites, and from these 

the whole sequence of attachment and entry of sporozoites to IVI38 cells has been studied. 

The infectivity of irradiated sporozoites to WI38 cells was compared to non-irradiated 

sporozoites. Irradiated sporozoitos are the antigcn used successfully to immunize mice 

and induce protective immunity (6) and it was of great interest to determine whether irra­

diated sporozoites would develop into EE stages. Earlier in viva work (7) had suggested 

that irradiated sporozoites may develop into small EE parasites, but subsequent develop­

ment into mature segmenters does not occur. This was confirmed in vitro. A stcphensi 

mosquitoes were irradiated at 8000 - 15000 rads in a 6 0 Cobalt source. Salivary gland 

sporozoites were added and cultures were fixed at 6, 8, 10, 12, 22 and 48 hr. later and 

examined by IFA and phase contrast microscopy, and after Giemsa staining. Both non­

irradiated and irradiated sporozoites entered W138 cells, were transformed and subsequently 

developed to trophozoitos located next to the nucleus. However even at 22 hr., the tropho­

zoites originating from irradiated sporozoites were smaller than those originating from 

non-irradiated sporozoites, rarely grew larger and never produced morozoites. By examining 

cultures between 6 and 12 hours after the addition of sporozoitos, an apparent method of 

entry of sporozoites could be hypothesized. By IFA, using sporozoite specific antiserum, 

the sporozoites appeared to lie on the surface of the AV138 cell membrane, and developed a 

rounded "bulb" midway along its length. Sporozoite-specific antigen(s) were later detected 

on the W138 membrane adjacent to the "bulb", and this area appeared to develope an 

invagination, into which the sporozoite entered, "bulb" first. Finally the W138 membrane 
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Invagination with sporozoite.specific fluorescence scaled behind the rounding up sporozoite 

forming a parasitophorous vacuole. It is hypothesized that sporozoite antigen(s) are secreted 

from the sporozoite and cause the W138 membrane to invaginate and that this process can 

be inhibited by cytocholasin 13 (Section A.2), the antigen(s) persist during Ohw&development 

of the EE parasite on the parasitophu.'ous vacuole membrane as described using anti-sporo-. 

zoite serum with EE parasites after 24 and 48 hr. of culture, and such antigen(s) may be 

related to the protective sporozoite antigen located by the B6 hybridoma on the parasito­

phorous vacuole membrane. Experiments are in progress to test this hypothesis by studying 

entry using BO hybridoma antibodies. 

b) Animal infectivity. 

In vitro cultured EE parasites have been shown to be infective when injected into mice. 

Groups of cultures of W138 cells were inoculatedu with salivary gland P berghai sporozoites. 

After 24 and 48 hr. culture, the cells were trypsinized, pooled and injected intraperitoneally 

into' a limited number of mice. In one experiment, an aliquot of the trypsinized cells from 

24 hr. cultures was allowed to re-adhere to coverslips. These cultures subsequently devel­

oped mature schizcnts indicating that EHH parasites withstood trypsinization. The number 

of schizonts injected was calcblatod, and it was found that each mouse received approxi­

mately 600 schizonts. Each momi.v developed a patent RBC infection 7 or 8 days after 

injection. Sporozoites held for 24 or 48 hr. in culture medium without W138 cells, with 

and or without trypsinization were not infective to mice. Similarly, sporozoites added to a 

nofi-susceptible cell line (VERO cells), and ijected after 24 and 48 hr. into mice were 

non-infective. Mice injected with cultured EE stages also developed garnetocytes and experi­

ments are in progress to determine if such gametocytes are infective to mosquitoes. 

4. AntijenicitA'rnlprotctciQve imlmity.f EE sJars. 

The IFA data has shown that EE stages in vitro develop serologically similarly to those 

growing in vivo. It was proposed to collect mrozoites for further antigenic and biochemical 

studies. Our results to date have shown that merozoites are liberated over an extended 

period of time and arc extremely fragile. The sucessful establishment of techniques for the 

in vitro cycle of development of P? bcrghci described above strongly suggests the applica­

bility of these techniques to human malarias. It is felt that at this time, further experiments 

in this area be subordinated to human malaria cultivation. 
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A. Scientific Aspects of Proposed Work 

The primary goal of this ne'w pro'ect is to achieve the full In vitro cycle of develop­
flprum in, a suitable, cell culture, 

and P falcipar.ment of the exoerthrocytic stage of P vIva 

system. 

a) to apply sporozoite purification techniques successful forP.borghi toP,ivc and 

P.falciparum. 
b) to test selected cell lines, particulary human embryoni lung cells, and different 

falciparum sporozoites, their 
culture media, to support enlry of P bivwc and P 


-.nd release of merozoites.

subsequent exoerythrocytic development, 

diuac or P falciparuin have been established in a culture system, the scope of 
Once P 


the work can be increased to include:
 
uivoc or P.falciparuin by 

C) the characterization of the developing EE stages of P 


as was done for P berglhcf.
immunofluorescence, 

Further experinents are proposed using the P bcrglheil culture system already in exist'­

once: 

d) to study sporozoite-host cell interactions by IPA, scanning and trasmission electron 

microscopy-berglei. 

e) to determine whether frozen (cryopreserved) P.berghei sporozoites will initiate in 

vitro HE development and whether fresh or cryopreserved sporozoites can be used 

for the development of an in vtro assay of immunity. 

2. 	 Experimeital Desin 

The proposed research will use many of the techniques successfully applied to R. erghei 

as summarized in Section A.The work will be in the following areas: 

a) The method used to purify P berghei sporozoites will be applied to sporozoites 

falciparmn. This will permit all cultures to be quantitatively in­
of P Oivav and I 

different
and will allow quantitative comnparison between 

fected with sporozoites 

culture conditions. 

b) Human embryonic hng cells, uniquely susceptible to P berghci sporozoites, will be 

and P falciparum. If necessary, 
tested for susceptibility to sporozoites of P uiva 

other cell lines will be tested. 

on the basis that P.berghci grew significantly
c) Different culture media will be tested 

media than in others. The primary goal would 
somebetter in a given cell line in 


be the complete development cycle of the EE stage of P.vivwc and P falciparum.
 



d) 1hnmunofluorem;ent antibody (IFA) te(chniques proved useful in the R', berghei 

system to study the initial :;porozoite interaction with (,ulLured cells and the sub. 

sequent development of the EI, stages. These methods will be applied to P iiuer and 

. falciparum to determine if sporozoites of these species attach and enter cultured 

cells, and who:ther they transf'rm into developing EE stages. In vitro EE develop­

ment would allow the first comprehensive serological analysis of the EE stage of 

human malarias. 

e) The high infections achieved in the R. bergheI system has made possible for the first 

time the feasibility of studying sporozoite-host cell interaction and EE development 

by electron microscopy. Initially scanning and transmission electron microscopy 

will be used to study the P bc. ghci system. 

f) Examination of the hifectivity of frozen :'?borghei sporozoites to cultured cells to 

determine whether sporozoites may realistically be stored and standardized for 

future experiments. A standardized batch of sporozoits will be used to determine 

whether protective antibody can be measured in vitro by inhibition of sporozoite 

infectivity of cultured cells. 

.3. Procedures and Methods 

The complete cycle of Plasmodiurn bcrghel will be maintained in vivo in mice and 

Anopheles stephcnsi mosquitoes, at the Biomedical Research Institute. P. bivoc and R? 

falcjparumn will be maintained in Aotus trivirgatus monkeys and A freeborni and A 'bala­

bacensis mosquitoes in the laboratory of Dr. W. E. Collins, Center for Disease Control, 

Public Health Service, Atlanta, Georgia 30333. 

a. Purification tech_1i jqpLQ.s_ io_.q.igo infective for cjJ monolayers, 

The dissection of salivary glands from A otcphnsi mosquitoes has been improved 

sufficiently in the P berghci system to allow for more cultures to be. inoculated free of 

microbial contaminants, and this technique will be applied to P viv c and P falciparum. 

Purification of P? bcrithei sporozoites from mosquito thoraces free of mosquito tissue and 

microbial contamninants has been successful in that they retain infectivity in vitro for cult­

ured cells, although dose response curves have indicated that infectivity is lower than 

salivary gland sporozoites. However, purification has the advantage of allowing uncontam­

inated cultures, thus conserving sporozoites, important where the supply of human ma­

laria is more limited. Therefore, the purification procedure will be applied to P vivac 

and I? falciparum. Earlier work (2) showed that 1? knowelsi and R. dynonolgi could be 

purified by ion exchange chromatography, indicating that modification of the technique 

used for P. berghei to other malarial sporozoites should be relatively easy. 
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b. Examination of cell lines for susC Jbi!)i t ro0oite infection, 

The W138 line of human embryonic lung cells has proven more susceptible to infection 
with P berghei sporozoites than any other line, including rodent cells. Another line of 

human embryonic lung cells, MRC-5 has recently been found to be as susceptible to P 

berghci as W138, and has the advantage of better growth for more subcultures. Production 
of P bergheimerozoites occurred in both WI38 and MRC-5 cells. It is proposed, therefore, 

that initially W138 and MRC-5 cells be tested for susceptibility to P viva-c and P falciparum 
sporozoites. Should W138 or MRC-5 prove not to be susceptible to R uivaX or P falciparon, 
otaer lines -will be tested. P.-eliminary data (Section A2) has shown that the entry of sporo­

zoites involves an active invaginatio by the host W138 cell, which may resemble phago­

cytosis. Therefore, cell lines known to be phagt .:ytic will be examined. The availability of 

cell lines from the American Type Culture Collection, also in Rockville, Maryland, will 

greatly assist this investigation. Cell monolayers will be monitored by Giemsa staining and 

IFA to detect developing EE stages, and to determine their maturation and release of 

merozoites. 

c. Examination for culture media for EE vrowth. 

Complete maturation and release of merozoites was achieved in W138 cells grown in 

NCTC-135 medium. EE stages did not undergo segnentation in IVI38 cells grown in RPMI­

1640. Thus, composition of the culture medium is critical in the in vitro growth of EE 

stages. Initial experiments will be in WI138 cells grown in NCTC-135 medium. However, 

other culture media will be tested if necessary, to increase infections or induce maturation. 

With the complete cycle of P bergheiavailable, it should be possible to determine the basic 

matabolic requirements for EE pmasites. It is already known that folinic acid, necessary for 

the in vitro cultivation of avian EE stages, is not required for P berghci. Moreover, NCTC­

135 contains nucleic acid derivatives absent in RPMI-1640. Thus, essential co-factors for the 

culture of EE stages can be investigated using the in vitro system. All culture media used for 

P bcrhiwere supplemented with fetal bovine serum. It is proposed that if no growth of 

P iva and 1 falciparum is achieved with fetal bovine serum, sera from other species will 

be evaluated. 

d. Characterization of dewvlop iz s'ily immunofluoresence 

As described in Section A. 3a, the immunofluorescent antibody (IPA) technique was 

used to demonstrate the method of entry of P berghi sporozoites into WI38 cells, and their 

EE development. It is proposed that this technique be applied to P vivai and P falciparum. 

As with P bergwci, R. Oivav or P falciparumn sporozoites will be added to cultured cells, 

fixed with cold methanol after different times, and examined by IFA and phase microscopy. 
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It would be of intervst to determine whether I eiutg and P falciparum enter a susceptible 

cell by the same mechanism us P berlghi. Moreover, should W138 or MRC-5 cells prove not 

to be suseptible to EE development of P vivar or P falciparmn, it would be possible, by 

IFA, to examine whether the sporozites do or do not attach, or if they attach fail to enter 

to dvvelop to HE stages. Little is known of the serological
the cell, or if they enter but fail 

reactivity of developing EE stages of malarial species other than those of P berghei. With an 

would be possible for the first time to determine the immunologi­
in vitro culture systcm it 

EE stages and RBC stages of human malarias as has 
cal relationship between sporozoites, 

bergiwci (Section A. 3a). The proposed sporozoite vaccine is based upon
been done for P 

(Section A 3a.) that irradiated sporozoites
irradiated sporozoites. It lia:, 	 been determined 

mechaiiLsm as non-irradiated sporuzoites, but do not develop
enter W138 cells by the same 

to mature EE schizonts. It is proposed that the :nfectivity of irradiated P diva and P fal­

ciparurn sporozoites also be examined for their entry and development in a susceptible cell 

line. 

interaction and penetration by electron micro­e. Examination of sporozoite - host cell in 

copy. 

bergwci culture system has allowed an in vitro investigationThe development of the P 

of the mechanism of attachment and entry of sporozoites to a susceptible cell. To date, all 

data is from IFA and phase contrast microscopy (Section A. 3a), and has shown that irra­

diated and non-irradiated sporozoitcs enter by the samine mechanism. Since irradiated sporo­

protective immunity, elucidation of their mechanism of entry and fate
zoites induce 

once 

inside the cell is of importance. Only by electron microscopy will it be possible to extend 

and confirm the data obtained from light microscopy. It is proposed that the interaction of 

berg/wi be studied by scanning and trans­
irradiated and non-irradiated sporozoites of P 

electron microscopy. This vill be done in collaboration with Dr. Susan Langreth,mission 

Uniformed Scrviccs University of the lHealth Sciences, Bethesda, Maryland 20014, (letter 

enclosed). Sporozoites will be added to cell monolayers and fixed during the cycle of EE 

development. With the large numbers of developing EE stages we have achieved in this 

system, phase microscopy can be used to localize sporozoites and developing EE stages for 

influencing infectivity' of
further examination by electron microscopy. In addition factors 

by electron micro­
sporozoites, such as cytocholasin B (Section A. 2), will be examined 

scopy. Thus, for the first time a comprehensive investigation by electron microscopy of the 

cycle of development of the EE stage of mammalian malarias will be possible. 
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._rp d develhapp!ntf hnfft, ivi, fo . s o . o an in vitro ansa or pro­

tection 

berghei varies from batch to batch of mosquitoes.The infectivity of sporozoites of P 

There is also a considerable variation in the numbers of sporozoites found in the salivary 

glands, even though oocyst production may remain relatively constant. The P berghei 

data has suggested that slivary gland sporozoites are the most infectious to cultured cells 

P falcipar n experiments, it would(Section A. 1). Thus, for the proposed P oivac and 

be of considerable advantage to be able to freeze and store sporozoites when they are avail­

able in quantity, and use a standardized batch for a series of experiments. It is proposed to 

freeze P berg/wi sporozoites under conditions most favorable for re:-tion of in vivo 

infectivity (8), and then test their in vitro infecti.ity to W138 or MRC-5 cells. Once a system 

for the development of E stages of P viua¢ and R. falciparmn has been established, freezing 

methods for these sporozoites will be investigated. The in vitro culture system would 

become a valuable assay of measuring the effects of freezing upon sporozoites on human 

malarias, removing the need to use an in vivo assay in "ionkeys. It would also have the addi­

tional benefit of being able to accumulate viable sporozoites at the Institute for a prolonged 

series of experiments. 

In the development of an vaccine against malaria using sporozoites, an effective measure 

of protective immunity must be established. Currently, all methods require the use of an in 

vivo infection. However, establishment of an in vitro EE culture system permits the develop­

ment of an in vitro assay of protection. Antibody raised to potential protective antigens 

could be assayed in vitro by the inhibition of entry of sporozoites into cultured cells. It is 

proposed that, initially using the P berghei - W138 system, sera from immunized mice or 

rabbits be used to inhibit sporozoite infectivity. With the availability of hybridoma derived 

monoclon;l antibodies (see Section A. 3a), an in vitro test for protection would be of 

considerable assistance in identification and characterization of antigens eliciting protection. 

g. Vaccine potential of EE anligens. 

This is to be attempted only in the long term when 1? vivc aid P falciparun have been 

established in culture. Serological data has suggested that segmenting P berghciEE parasites 

more closely resemble RBC. stages than sporozoites (Section A. 3a). This confirms other 

."'work (9) which has shown that rat liver sections, infected with HE stages of P bcrghei in 

vivo, when subcultured into rats immunized against sporozoites, develop a patent RBC 

infection. That is sporozoite immunity does not extend to the EB stage. To date it has not 

been possible to iniun it., with mnmalian EE slalies. 'The in toit culture system of P 

berghi does offer the possibility of immunization; lowever, with one cycle of develop. 

ment, the nilumbers of available merozoites are too small to consider immunization at this 

-11-­



stage. It is proposed, that improvements to the culture system allowing greater synchrony oi 

infection, with release of merozoites over a short time period, be investigated. Then it would 

be possible to consider active immunization. Once available in in vitro culture, the anti­

genicity of merozoites of P O)ivrc and P falciparum would be of considerable importance. 

In this respect, the ini vitro assay as proposed above (Section B. 2f) would be of considerable 

advantage. The inhibitory activity of sera from mice or rabbits immunized with EE mero­

zoitcs could be assayed by the in vitro inhilbition of entry of sporozoites into cultured 

cells. This would substantially reduce the number of merozoites required, and avoid the use 

of expensive monkeys in these initial expcrhnents. If successful, immunization of Aottis 

trivir'gatus monheys could be attempted at a latvr date. 

-12­
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Figuro 2. 

P. lierglhi: CELL TYPES AND CULTURE MEDIA TESTED 

CELL TYPE i 4DJIM 
MLM NCTC-135 MEM.OC RI'MI-16,O WAYMOUTiiS 

RAT embryonic BRAIN [ ."+ " , 
LIVER + + 

LUNG + 

MOUSE embryonic WHOLE 

LIVEIR 
HEART + 

MOUSE adult LIVER 

HAMSTE'R embryonic BRAIN -

LUNG - -

TURKEY embryonic BRAIN + 

HUMAN einbryonic LIVER - - -

LUNG + 

W138 LUNG [ WT 
Significult infectivity + Low infectivity -No inhfectivity 
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Fig. 3.Growth Curves of P. berghei and P. voclii in Rat Embryonic Brain Cells, 
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.Tabe 1.l 

n vitro development of P. berghei-andP. yoelii E staqes 

Species Cell type, Medium No.- EE staqes
 

Range, Current average
 

Berghci 

REB MLM '-0; 

NCTC-135 

MEM-

1-36 

4-400 

8 

8 

WAYMOUTII'S 5-2111 

HEL RPMI-1640 1-49 

NCTC-135 1-2000 100-500 

MEM-9 

WAYMOUTH'S 

3-94 

1-33 

50 

REB 1-40 10 

1-13 6 

YoClii HEL 1-6 

3-22 10 

-- 158 

-18-(Q(
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Table 2. 

in vitro development of P. berghei and P. yoelii EE stages:,,
 

Species Cell type 

REB 

Berghei 

FEL 

*REB 

Yoelii HEL 

Medium 


MLM 


NCTC-135 


MEM- q 


WAYMOUTH'S 


RPMI-1640 


NCTC-135 


MEM-qc 


WAYMOUTH'S 


NCTC-135 


MEM-4 

RPMI-1 640 


NCTC-135 


MEM-


Time max. size 


development Hr. 


48 


48 


48 


48 


48 


48 

48_ 


48 


42 


'42 


45 

45 

45 

19-

Max. schizont 

size p 

19.1 + 4.3 

19.2 + 5.7 

20.8 + 3.2
 

17.2 + 3.8
 

15.0+ 3.0
 

30.5 + 3.8 

29.4.+ 5.5 

19.21+ 4.6 

29.0+ 5.5 

27.5 + 4.2
 

25.0 ' 3.1 

40.5 + 5.3 

25.8 +4.9
 



Table 3.
 

In vitro development of P. berqhei and P. yoelii EE stages
 

Role of centrifugation
 

Species Cell type M~edium _ _ 

REB MLM 

HCTC-135 

.Berghei I.EM- A 

WAYMOUTH'S 

HEL RPMI-1640 

NCTC-135 

MEM-4' 

WAYMOUTH'S 

REB NCTC-135 

tMEt,-q 

Yoelii " _HEL RPMI-1640 

NCTC-135 

MEM-c' 

-20--

Centrifugation requirement

C en-riou 
 i -um 
 , 


required
 

enhances infection
 

enhances infection
 

required
 

not required, may linhibit
 

not required
 

not required
 

not required
 

.not required­

enhances infection*
 

not required
 

not required
 

not required­



Table 4. 

Cytocholasin B inhibition of P. berchei_
 

sporozoite infectivity to IIEL cells
 

Cells incubated 24 hr. with 10 mg cytocholasin B in 0.1% DMSO in 

NCTC-135 medium 

Salivary gland sporozoites; isolated in cytocholasin B medium and
 

added.to cultures
 

Cells incubated 24 hr. further in cytocholasin Bimedium, then 

switched to NCTC-135 medium without cytocholasin B
 

Slides positive No. EE stages No./slide
 

Cyt6ciolasin B+ 10/li 880 88
 

Cytocholasin B- 0/14 0 0
 

Controls = Zymosan, 'latex 

...... ..... ..... - 21-:.. . .. . . . .. 

http:added.to


Table 5. 

Immunofluorescent reactivity of P jhoEi and Py.da EE stages 

Antiserumin to",Atigen, E.Derglii, 

Species Stage 
SPZ IU3C SPZ RBO 

+ +
 

Jberahei *EE + + + +
 

RBC - + +
 

SPZ +. - +
 

PyoeiiE- + +
 

RBC - + - +
 

-22-
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Table 6. 

Reactivity oi hybridoma antibody to i,. Iberlme sporozoites 

with .r,kgrghoj EE stages 

Reactivity in 

CSP JDL. vLM IFA 

Antisrum Reaction Protection SI'Z EE 24 hr. EE 48 hr. 

Anti-SPZ + NT + + 

+Anti-RBC - NT + + 

+ + + + +Hybridoma B6 

F9_23+ 

-23­



Publications from initial lto.earch Proposal 

1lollingdale, M. R., McCullough, M., Leef, J. L and Beaudoin, Rt. L. In vitro cultivation of 

exoerythrocytic stages of Plasinodium berghwi and P. .oelii from sporozoites. Pro­

ceedhigs Tenth Intl. Mtg. Trop. Med. Malaria, Manila, Philippines, In Press. 1981. 

Leef, J. Hollingdale, M. R. and Beaudoin, It. L. Principles of cryopreservation of Proto­

zoan parasites and erythrocytes. Bull. W. H. 0. In Press. 1981. 

Hollingdale, M. R., Leef, J. L., McCullough, M., Beaudoin, R. L.,In vitro culture of the 
full developmcnt cycle of the exoerythrocytic stage of Plasmodium berghwi. Science, 

submitted. 

Hollingdale, M. R. and McCullough, M. In vitro intranuclear development of the exoery­

throcytic stage of Plasmodimn bergici.submitted. 

Hollingdle, M. R. and Danforth, H. D. The use of density gradient centrifugation and' 

an ion exchange column to purify Plasmodittn bcrghei sporozoites for in vitro 

culture of the exoerythrocytic stage. In preparation. 

Hollingdale, M. R., Leef, M. F. and McCullough, M. Immunofluorescent staining of Exo­

erythrocytic stages of Plasmodium berghei and P yoelii grown in vitro from sporo­

zoites. In preparation. 

Ramsey, J. M., Beaudoin, It. L. and lrollingdale, M. It. Observations on the attachment 

and entry of 1! bergheisporozoitcs to tissue culture cells. In preparation. 
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Abstracts 

Hlollingdale, M. R., Danforib, 1H. D., Loaf, J. L. and leaudoin, I. L. In vitro culture of 
the exoerythrocytic stage of Plas,,odium beigheil. Ann Mtg. Soc. Protozool. 86, 
1980. 

Hollingdale, M. R., McCullough, M., Leef, J. L. and Beaudoin, R. L. In vitro cultivation 
of exoerythrocytic stages of 1'lasmodium berlhei aid .? yoelii from sporozoites. 
Tenth Intl. Congress Trop. Med. Malaria, 290, Manila, Philippines, 1980. 

Leef, J. L., Ilollingdale, M. R. and Deaudobi, R. L. Principles of cryopreservation of 
Protozoan parasites and erythrocytes. Consultation on malaria strain characterization, 
.ryopreservation and banking. W. II. 0. Geneva, Switzerland. 1980. 

Ramsey, J. M., Hollingdale, M. R. and Beaudoin, Rt; L. The Infection of tissue culture 
cells with 6 0 Cobalt irradiac~d malaria sporzoites. International Synposium on the use 
of nuclkar techniques in the study of Parasitic Diseases of ran and animals. IAEA. 
Vieidna, Austria. 1981. Abstract accepted, manuscript in preparation. 

Ramnsey, J. M., Beaudoin, It. L and Ilollingdale, M. It. Observations on the attachment 
and entry of 1. berghei sporozoiles to Tissue Culture cells. VI Intl. Cong. Protozool. 
Warsaw, Poland, 1981. Submitted. 

Ilollingdale, M. R., Leef, J. L., and Beaudoin, R. L. Infectivity of in vitro cultured exo­
erythrocytic schizonts and mnrozoites of Plasmodiun? berghei. VI Intl. Cong. Pro­
tozool. Varsaw, Polaid, 1981. Submitted. 
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JUSTIFICATION FOR BUDGET ITEMS PERtSONNEL, 

Senior Tissue Culture 'rlchnij.nn 

This person must be proficient in many aspects of tissue culture methodology. In addi­
or aticn, lie she must have well rounded background in malariology, parasitology, and 

biochemistry. Specific requirements are: at least five years of experience in the tissue cult­
ure of various stages of malarial organuisms; in addition, he or she must have a history of suc­

cessful research efforts as judged by published manuscripts and/or previous job descriptions 
demonstrating semi independent research capabilities. 

Insectar' Supervisor 

This position must be filled by a person well acquainted with the life cycle of various 
Anophelese mosquitoes. The responsibility includes knowledge of insectary protocols for 
handling mosquitoes infected with strains of malaria transmissable to man. The insectary 

supervisor must have 3-5 years of experience in the. insectary and have a past record of 

training personnel to rear, infect and maintai mosquitoes. 

Insectary Technician 

This person must develope proficiency in the insectary with respect to rearing mos­
quitoes. The job requires long working periods in the insectary where mosquito larvae are 
fed and monitored as they develope to pupae and must then be caged prior to their emer­

gence as adults. Animal handling is a prerequisite since mice are used for maintaining the 

complete life cycle. 

.Laborat.ory Aice 

This position requires an ability to learn and perform fundamental laboratory duties 
such as simple media preparation, record keeping, proper glassware washing and other rou­

tine laboratory duties. 

Animal Handler 

The animal handler must have lhad experience in a rodent facility and developed the 

ability to handle animals ina orderly fashion. 

-3-86
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JUSTIFICATION FOR I3UDGET ITEMS - NON PERSONNEL
 

Sup)s 

1. The expenses anticipated for the culture supplies arc for media, antibiotics, buffers and 

other normal reagents necessary for carrying on work of this nature for a period of one year. 

These costs were estimated from past experience. 

2. The amount needcd for plasticvare and other disposable supplies was estimated as 

above. 

3. Animals - The number of mice, rats and rabbits along with the cost of their food and 

bedding was estimated as projected :o,;t of the number of animals needed. 

Equinment 

1. Incubator, CO 2 (single chamber); This is a necessary piece of equipment required for 

incubating our cultures since our present capacity must be enlarged to accomudate more 

cultured material. The price given was for that of Napco Automatic CO2 Incubator, Model 

7341. We obtained several quotations and found this to be the least expensive incubator 

which vould fit our needs. 

2. Insectary Completion - Our existing high security insectary and associated laboratory 

requires two modifications to be considered high security in the strict sense. The first is a 

backup system for temperature control and secondly, moving all controls and machinery to 

a remote location from the work areas. This latter allows service by maintenance personnel. 

3. Maintenance of Equipment - The maintenance is for normal laboratory operation of 

centrifuges, microscopes, electronic gear in our cryobiology facility and the compressors and 

associated refrigeration systems in our three insectories. It is an estimate based on past 

experience. 

Travel 

Part of our study involves the use of mosquitoes infected with human malaria. Such 

mosquitoes cannot be sent. via air freight so one of our personnel as a courier will need to 

make trips to CDC in Atlanta to hand carry the insects. This cost. also includes attendence 

at one national meethg per year for each investigator. 

Pubiica(ion 

The amount stated was based o our past experience.: 
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Budgc: Year 1 

Salary 

Principal Investigator 100 30.0 

Co-Investigator 50 16.0 

Senior Tissue Culture Technician 100 22.0, 

Insectary Supervisor 100 15.4 

Insectary Technician 100 10.0 

Laboratory Aide (Ptrt.time) 100 7.0 

Animal Handler (Part-time) 100 6.0 

106.4 

Ovcrhead at 119.53% 127.2 

Equipment: CO 2 Incubator 4.0 

Insectary Completion 6.0 

Maintenance 2.0 

Supplies 15.0 

Travel 5.0 

Publications 2.0 

GRAND TOTAL 267..6 

*The proposed budget will supercede the budget approved for Year 2 of existing contract; 



Year1 

Personnel 106.4 

Overhead 127.2 

Equipment 12.0 

Supplies 15.0 

Travel 5.0 

Public 2.0 

267.6 

3 Year Budget 

Year 2 	 Year 3 

117.0 	 128.7 

139.9 	 153.9 

2.0 	 2.0 

17.5 	 20.0 

50 6..,, 

2.5 	 2.6 

283.9 	 313.1: 

GRAND TOTAL= 864.6 



UNIFORMED SERVICES UNIVERSITY
 
OF THE
 

HEALTH SCIENCES
 
SCHOOL OF MEDICINE 

4301 JONES BRIDGE ROAD 
BETHESDA, MARYLAND 20014 

MICRIOBIOLOGY 4 February 1981 TEACHING IIOSPIALSFWALR ERO ARMY MEDICAL CEN7ER 
NATIONAL NJAVAL M611|CAL CENIER 

MALCOLM GROW AIR fORCE MEDICAL crNTER 
WILrORD HALL AIR FORCE MEDICAL CENTER 

Dr. Michael R. I1ollingdale 
Biomedical Research Institute 
12111 Parklawn Drive 
Rockville, MD 20852 

Dear Michael :
 

As a member of the AID Malaria Immunity and Vaccine Research Collaborative
 
Network, I would be pleased to collaborate with you on electron microscopic

aspects of your work on invasion of sporozoites and exoerythrocytic develop­
ment in culture. I understand that the species involved will be Plasmodium 
falcjipun, vivax and berghei. 

Sincerely,
 

/ 
SUSAN G. LANGRETH, Ph.D.
 
Associate Professor
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Dr VELOPMEI ' COOPERATION "GENCY 
UNITED STATtS INTERNATIONAL 

AGENCY FOR INTERNATIONAL DEVELOPMENT 

WASIIINOION. I) C 20112.4 

MarChf16,. l981 

Dr. Michael Hollingdale
 
Biomedical Research Institute
 
1211 Parklawn Drive
 
Rockville, Maryland 20852
 

Dear Dr. Hollingdale:
 

the Research Advisory Committee received your request to
 On March 2, 1981, 

expand and redirect your current malaria research project 

on the
 
The subcommittee concluded that more
 exo-erythrocytic stage of this parasite. 


work was necessary on the P. berqhei system before you should start on
 

I have enclosed the committee comments that were
 P. falciparu, and P. vivax. 


read into the record on March 4, 1981.
 

When you feel you can address the
 Please review the subcommittee comments. 


contained comments with supporting data, we will be most happy to resubmit',
 

your request for funding consideration.
 

Sincerely yours,
 

/ 

ames M. Ericklon, Ph. D. 

enior Mal aJa Office 
ff ice of HeaTth 

enclosure:, a/s 



81,March I981 

Jamos M. Erickson, Ph.D.
 
Senior Malaria Office
 
Office of Hezdti
 
United States International
 
Development Cooperation Akency
 

Agency For Inernat4onal Development
 
Washington, D. C. 20523
 

Dear Dr. Ericluaon: 

The current contract hold by the Biomedical Research Institute entitled "In vitro cell 
culture of the oxoorythrocytic stage of malurial parasites" awarded in May 1980. Itwas 
is a modification of Vic origiuil proposd (same title) submitted to AID in MArch 1080. 
'lho RAC rcommendcd that the goLs wid areas of reCarch of the ori hnal prop)oBal be re­
duced hi scope, and the app'tiovd contracL has as its ultimato oLjective the acldevcment of 
the full in ultro cycle of development of the exorythrocytic stage of PIsmodium berjhel in 
a 'uitablo cell systom. As we reported at the AD meeting in January 13.81, this ultimate 
goal has be.2n rcldoved; P. berghel sporozoitcs inoculated into cultures oi human embryonic 
lung colls go through the complete cycle of exerythrocytc devolop:1ent with release of 
merozof W3. 

The RAC allso specifically modified the areas of research of the ori jjral proposal, and 
mentioned six areas where they felt meanhigful reuilts could be obthdned. The majority of 
the research goals have been accomplished and are discussed below. 

a. Testing of suituble cell lines in various culture media to permit full maturation of the 
exoorythrocytic stage with releas of infective morozoltes. Completed. Of all culture 
modht tvted, only t !edlum NCTC-135 supplemented with 10% fetal calf serum 
sUcceCIttlly supportd the complete cycle. Other media increased susceptibility of 
cultured cells to fiporozoltes without maturation, %md differences in media composi­
tion may suggcst the ou-ential cofactors for exoorytlrocytic dovolopment. 

b. 	 Examinatlon of coll lines for Increased suscelptibility to iporozoltes. Completed. The 
human embryonic lung line W138 was found to be tho most tensitive of a total of 
10 lies tested, and was the only line in which the development of the complete 
exoerytlirocytic cycle occured. 

c. 	 Purification of sporozoites retaining Infectivity to cultured cells. Completed. A 
technique using density 1;radient centrifugation followed by elution from an ion ex­
change column produces sporozoltes infectious to cultured human embryonic lung 
cells. It Is reproducible and allows qiiantitatlvo experiments. 



d, 	 Characterization of the doveloping exoorytlrocytic sAge by immunofluorescenco.
 
Completed. As the Exocry-throcytic r.tage develope:, anti-sporozojite activity bI In­
creasinglly restdlck.1 to the pariwito periphery and the parasite cytoplasm giving rise
 
to mierozoih,' which hucom n excluhivoly cronss reactivo with tho 1111C cta-go. The 
reaullla show that inatttire iorozoittos sorologically oree closely 'ehoinblo the ROC 
stage tain the aporuzolto stwao. 

e. 	 Detrmnitation of Uto infectivity of cxocrytLirocytic stage to mice. Completed.
 
Cultured exoerytirocytic stages were subinoculated into mice at intervals through
 
the development cycle. Such mice developed a red blood cell infection accompanied
 
with gametocytes. Anopheles stephenl8i mosquitoes fed on these mice developed 
a 
normal sporozoite nfection in their salivary ghnds, which upon inoculation into cell 
cultures initiate the cycle of exoerytlirocytic development. 

f. 	 Preparation and test--g of candilate vccines from exoerythrocytic ctages. Pro­
posed. Thin area of reser-ch was ujgest-l in the orig,inal contract proposal and
 
was retained in tiso current approved contract. lowever, it was our understandin-,
 
that In vitro cultivatiun of the ETI stage of P. bcrhe1 was our primary objectivo, 
and determinatin of vaccine potential war.one of six areas to be pursued as second­
ary goals. If the RAC are suggesting that we now occumulate sufficient quantities of 
EE anti;gens to conduct it tJiorouih evlduation of their immunizing potential, the pri­
mary focus of the contract his been chan-ed from cultivation to vaccine testing. 
Our whole syst !m has been on a small scale suitible for comparing large numbers of 
media - cell combinations. To produce enou;h in~i-ozuites to use in an immunizing 
antigen will require a t;uhtalntial increase both in equipment and supplies and .lso 
technical mM.wce, iad this would have to be reflected in an increased L-uQ.t;ct. 
We are quite prelpared to do this, and indeed In our nev' proposal, vaccine testing is 
listed wi an area of rer.earch. With the proposed primay focus to cultivate the hunmiw 
mularian, we calculated tiawt the increflmed bid-et and expanlded facility would al:o 
allow a proper evaluation of vaccine potential of P. bcrghei, while also allowing us to 
begin studies on cultivatlon of P. vivax and A falciarurn. 

The serological data, section d, suggests that exoerythrocytic merozoites closely 
resemble red blood cell stage merozoites. Cther investigators have shown that red 
blood cell stago inerozoite. will induce protective Immutity in rodents and primates. 
This close si, ilarity is of imporace in the human system as merozoites from blood 
culture are contaminated with red blood cell components, and an altenate source of 
morozoites from tissue culture cells would be of considerable advantago. We feel 
it is an approprtto time to include hwui malaras, particularly P. vivax, because it 
Is the most important relapsing malaria species mad for which no culture system is 
available. 

Sincerely, 

Michael It. 1lollngdalo, Ph.D. 

James L. Leef, Ph.D. 
Head Malaria Department 

MRII/JLL/rmnh 
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Contract No. .)$SPE-C-0079, In viiro Cultivation of the Exoerythrocytic Stag6 of Malarial Parasites 

by M. R. Hollingdale 

Progress Report No. 1 for May 15, 1980 - May 14, 1981 

The principal object of this contract was to establish the full in vitro development cycle
 
of the exoerythrocyte (EE) stage of Plasmodiurm berghei in a suitable cell culture system. It,
 
can be reported that this principal objective has been achieved. 

Sporozoites of P. berghei enter a human embryonic lung cell line, W138, undergo EE
 
development ending in segmentation and release of merozoites.
 

In addition, during experiments to complete the cycle, five of the six proposed areas of
 
research have been fulfilled, and progress is summarized below.
 

1. Sporozoite purification 

Purified sporozoites used to initiate EE cultures must be free of microbial contaminants, 
as free as possible of mosquito tissue, and be infectious to cultured cells. The procedure 
developed meets these requirements. The method utilizes isolated Anopheles stephensi 
salivary glands disrupted to release sporozoites, which are then semi-purified on a discon­
tinuous density gradient and finally purified by passage through a DEAE-cellulose ion 
exchange column. Approximately 1 in 100 sporozoites produce I EE parasite, while sporo­
zoites isolated from whole thoraces are less infective, and those from abdomens non-infect­

ous. 

2. Evaluation of selected cell lines. 

Cell cultures from embryonic or adult mice, rats, hamsters, turkeys, monkeys and 
humans have been tested to support EE development. All, except hamster, showed some 
infectivity, but infectivity was highest in monkey and human tissues, and the complete cycle 
was found to develope in these tissues. 

3. Evaluation of selected culture media. 

Contrary to expectations, the type of culture medium was of less importance in estab­
lishing EE cultures than the cell type. Using cultured humnm lung (W138 cells) the complete 
cycle occured with NCTC-135, MEM-aipha, Waymouth's, and BME media supplemented 
with 10% fetal bovine serum. Unlike the avian EE cycle, folinic acid was not required. 

Additionally, the stage been established inEE of P. yoclii has conditions identical 



to that of P. berghei, but release of merozoites has not been demonstrated. 

1.( h1i:hLl d vi.ht~iii; it, 1y im liffI,('I'(' antilody (II1,A)t)riil-iIl (r l' 	 fill 

In collaboration with Dr. R. Beaudoin and Ms. J. Ramsey of the Naval Medical Research 

Center, Bethesda, MD, IFA tests have been used to study the entry and serological develop­

ment of P. berghei EE parasites in cultured W138 cells. Briefly, sporozoites appear to devel­

midway along its length, and secrete sporozoite-specific antigen(s) 
ope a rounded "bulb" 

appears to invaginate at this 
onto the membrane 	of the W138 cell. The W138 membrane 

point enveloping the sporoz.oite in a parasitophorous vacuole bounded by a membrane thus 

at 24 hr strongly fluoresce with anti-sporozoiteW138 cell. Trophuzoitesderived from the 

and anti-red blood cell (RBC) stage sera, but by 48 hr reactivity is strongest with anti-RBC 

two hybridoma clones secreting monoclonal antibodies to two distinct 
sera. In addition, 

of the P. berghei sporozoite were available from Dr. H. Danforth 
surface components 


of this institute; B6 eiicited a circumsporozoite reaction and neutralization in vivo in mice,
 

but F9 did not. In IFA, B6 antibody reacted with. both 24 and 48 hr cultures, whereas F9
 

only reacted at 24 hr. 
found to infect W138 cells by the same mech­

Gamma-irradiated sporozoites also were 

developed trophozoites. However, nuclear 
anism as non-irradiated sporozoites and into 

division did not occure and persisting parasites at 48 hr were generally abnormal in appear­

an ce. 

Finally, in collaboration with Dr. Ruth Nussenzweig at New York University Medical 

School, purified hybridoma monoclonal antibody, and its Fab moiety, produced against a 

and able to elicit the circumsporozoite reaction and in 
sporozoite surface antigen (Pb44) 

to the B6 hybridoma, were tested for in vitro neu­
vivo neutralization, and thus analagous 


tralization of P. berghei sporozoites. Both the complete antibody and Fab were as active in.
 

blocking infection; at 401g/ml blocking was absolute, and inhibition occured even as low as
 

2jig/ml.
 

5. 	 Infectivity of cultured EE stages to mice. 

EE stages grown for 48 hr in culture were removed by trypsin and 
Cells containing 

approximately 600 EE schizonLs were injected intraperitoneally into mice. Each developed a 

later. Controls never developed an RBC infection. The 
patent RIWC infection 7 or 8 days 

mice developed normal ganietocytes, and A. stephensi mosquitoes fed on these mice de­

to 
veloped heavy salivary gland infections of sporozoites, which were used successfully 

again establish in vitro EE cultures. 



6. 	 Antigenicity and protective immunity of 'E stuges. 

Tihe IFA tests have demonstrated that cultured EE stages have an antigonic development 

similar to that reported in viVo. llowevtr, to date no exli(-riments have lben performed to 

elicit antisera to EE schizonts or mcrozoites. It is anticipated that such work will be done 

during year two of the contract. 

In addition to these six areas of research, additional experiments have been done to de­

termine the potential of using in vitro cultured EE parasites as a test for tissue schizonti­

cides. Preliminary data has shown that primaquine is effective at physiological levels. How­

ever, unexpectedly, chloroquine was also directly effective at similar concentrations. Work 

is in progress to evaluate further this system. 



BIOMEDICAL RESEARCH INSTITUTE
 

WIlphoie: 8I4-3300 1211 1 Parkhawn Drive , 

Ara Codhe: 101 Rockville, Maryland 20852 

28 September 1981 

To whom it may concern: 

In a recent letter to Dr. Erickson (28 August 1981), Dr. Hollingdale confidentially 
disclosed some developments regarding the work going on here at BRI.I'll paraphase the 

content because it represents an up-date on progress report No. 1. 

The mechanism of entry of Plasmodium berghei sporozoites has continued to be studied 

in cultured W138 cells since W138 cells support the complete exoerythrocytic (EE) develop­

lnent of P. berghei, as just published in Science 213:1021. P. berghei sporozoites carry on 

their surface a protective antigen (Pb44), and monoclonal antibodies to Pb44 neutralize 
sporozoite infectivity when incubated together in vitro and injected into mice, or when 

the antibodies are passively transferred into mice. Recently, in a joint project with Drs. 

Ruth and Victor Nussenzweig, at New York University, we have shown that monoclonal 

antibody, and its Fab fragment to Pb4.', also neutralizes sporozoite infectivity to W138 cells. 

This data has generated a hypothesis for the entry mechanism of sporozoites and the 

role played by the Pb44. The hypothesis may be general in nature since preliminary data 

have shown that similar events may be occuring with P. knowelsi. Thus it should be possible 

to use inhibition of attachment as an assay for the protective antibody to P. knowelsi, as 

is now used in the murine system. This would be a considerable improvement over using 

primates or human volunteers. 

Sincerely, 

James L . Leef, i.D. 

Head, Malari, Department 

JLL/rmh 



Minutes of the June 17-18, 198DRAC Meeti.,g
 

In-vitro Cell Culture of the Exoerythrocytic Stage of Malaria
Parasites - Biomedical Research Institute
 

I. SUBCOMMITTEE REPORT
 

Dr. Weller, Chairman of the- subcommittee that also included
 
Drs. 
Black, Carter and Schweigert reported on the project.
 

The project was first reviewed by RAC on March 4, 1980 when
 
it was decided that a more sharply focused proposal was needed
 
ard a site visit to the research facility was recommended.
 

The site visit by Dr. Weller, of RAC, consultants Contacos
 
and Boudoin, and AID staff Smith 
(DS/BEA) and Rechcigl (DS/PO/
 
RES), wan carried out in April. 
 The team concluded that the
 
revised proposal was responsive to RAC's previous recommenda­
tion. Dr. lle.
r thought the project had potential but is a
 
high 'risk endvol•. 
 Zt is a new area of research that is
 
concerned with a diffqeent st4ge of the parasite thanltherest
 

of the malari4 netwo;k.
 

II. SUBCOMMITTEE COMMENTS
 
.... ...... .. . . . .. ._ 

Dr. Black questioned why the revised proposal which was
 
reduced in scope from the original showed only a small drop in
 
the budget. i 
was also interested in what activities would be
 
4ssigned to some of the rqsearch team. 
 Dr. Black asked for a
 
clarification of the $77,000 which had already been provided to
 
the researchers. 
Would it be A part of the overall budget or
 
supplemental to it? 
 Hp found the research aspects of the
 

proposal to be satisfactory.
 

Dr. Carter agreed that the research is risky and involves ax
 
new stage of the malacia 'pasit.than other AID research., 
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Dr. 
Schweigert pointed out.that fora-very small.budget
 

reduction-, AID was getting a great deal less research than in
 
the 	original proposal. 
 Also, the overhead charges appeared to
 
be extremely high. 
 He thought these two points nerited careful.
 

review.
 

III. 	 OTHER COMMENTS
 

Dr. 
Heady wondered if the Biomedical Institute is.a profit­
making organization. 
Dr. Weller provided some;written informa'
 
tion about the Institute and replied that it
was 	non-profit.
 

Mr. Smith of AID told of the earlier interest in WHO in
 
concentrating on the merozoite stage of malaria. 
 It was de­
cided then that no approach should be abandoned.,he proposed
 

research was in 
a new area but was justified..
 

Dr. Erickson of AID explained that one of.the technicianrs
 

that Dr. Black had asked about was fro ,,the.laboratory of;
 
Dr. Nussensweig and would be doing essentially .he same acti­
vities as he had in Nussensweig's lab., Dr.. Erickson also.
 
clarified that the $77,000 was part of the total budget and.not
 

a supplement.
 

Dr. Contacos explained that it was difficult to lower the
 
budget very much with a reduction in scope because the budget
 

primarily paid the salaries of the principal investigators,
 
IV. ACTION
 

Motion; 
 That the revised proposal be funded"as,request.
 

ed for 
a period of two years with possibility
 

of extension :o a third year if, 
on review after
18 months, it appears that satisfactory progress
 

was 	being made.
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be reported to the RAC in June,
 

Dr. Carter asked if the three new proposals before the RAC are ap-'
 

proved, will funds be available to implement them?
 

Dr. Erickson stated that funds are available for all of the projects
 

except the one project on vector control.
 

No action by the RAC was necessary at this tie,
 



Minutes of the.'March 3-4, 19801RAC-Meeting,
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In-vitro Cell Culture of the Exo-erythrocytic Stage of Malaria Parasites
 
- Biomedical Research Institute
 

Dr. Weller, subcommittee chairman, reported for himself and Drs. Black,
 

Carter and Schweigert.
 

I. 	 SUBCOMMITTEE REPORT 

RAC is asked to review a propoasl from the Biomedical.Research Institute 

entitled "In-vitro Cell Culture of the Exoerythrocytic Stage of Malaria
 

Sporozoites." The proposal requests a total of $482,000 over a three year
 

period.
 

The project is new and would add a unique and previously unexplored
 

approach to the AID malaria vaccine network. The background is next summarized
 

briefly. Current AID funded efforts to develop a malaria vaccine focus on
 

obtaining immunogenic material from two stages of the parasitic life cycle,
 

i.e. the use of sporozoites obtained from infected mosquitoes, and the use
 

of erythrocytic stages - malaria organisms harvested from parasitized red
 

blood cells. A third approach, the use of immunogens obtained from the
 

exoerythrocytic cycle has for technical reasons not been explored in mammal­

ian models. In man, this is the phase of the cycle that begins with the 

infection of a liver cell on penetration by a sporbzoite, extends through 

the massive intra-cellular replication of the parasite within the hepatocyte, 

and terminates with the release of infectious merozoites that then enter red 

blood cells and initiate the red blood cell - i.e. erythrocytic cycle. 

The exoerythrocytic stages of mammalian parasites were, prior to 1979,
 

uncultureable. In contrast, the same stages of two species of avian
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malaria parasites have been cultured. Continuous cultivatio of the
 

exoerythrocyti stages (EE).was'achieved by .Dr. Huff's group at the U.-S.
 

Under Dr., Beaudoin's
Naval Malaria Research Insititue,, Bethesda, in.1966. 


direction, the Navy research group has continued to pursue the.possibility
 

that: exoerythrocytic stages.of mammalian species can be similarly cultured..
 

In,a.collaborative study,. at.the Biomedical Research.Institute, financed by
 

the.Navy, the first cultivation. of the EE stages of the rodent parasite.,
 

Plasmadium: berghei. was. achieved last year andL the resultsT published by 

Stxmoe, d--Santi and Beaudoin (In-vitro volume 15, pp. 531-536,. 1979). 

Currenty, according. to; Dr. Beaudoin,, the cutback in. funding for malaria 

research by- the Navy will not permit continued. support' of the work at the. 

This is the background.for the-request forBiomedical.Research.Institute. 


funding by AID.,
 

The paper by Strom et al. has.been reviewed. The results are con­

vincing: and indicate- that EK stages of P- berghei can be grown to the, 

late schizont: stage in cultures of embryonic rat brain. and rat liver and
 

in embryonic turkey brain.. Rowever, the percentage of such cultures
 

showin- infection was low, being 9.4% for turkey brain calls, 14% for
 

raz brain cultues,,an 3% for rat liver- cultures.. Development progressed
 

5& hours,, and. then. aborted; no mature segmenters or free merozoitas
for 48 to 

A.basic. probletr involved contamination, of' theasporozoite inoculum;were seen.. 

of all.culture preparations had to be aborted because of contamination,
some 4.3% 


usually wth&.yeasts.
 



The present proposal is'submitted by Dr. Michael Illlindale who 

worked for one year (1978-79) in Dr. Trager's laboratory on growth of EE 

stages of P. lophurae in embryonic turkey brain cell cultures. He 

joined the Biomedical Research Institute in July, 1979, and has since 

focused on growth of EE stages of P. berghei. The undocumented statement 

is made that use of a human embryonic lung cell line (W138), with nutrient 

medium of RPMI 1640 plus 10% fetal calf serum yields a culture infectivity 

rate of 60% and a 10 fold increase in numbers of parasites per culture. 

Inbrief the proposed research will seek to: 

1) Develop methods for purification of sporozoite inocula free of 

mosquito contaminants, that will permit better infections. Cur­

rently, a maximum of four parasitized cells is seen per field. 

2) Screen cell lines to retest culture strains with enhanced sus­

ceptibility to the EE stages. 

3) To study sporozoite - host cell interactions by ultrastructural 

microscopic studies. 

4) To characterize the developing EE stages by immunologic, rmorphologic, 

and animal infectivity studies. 

5) To examine the possibility that the EE stages of P. vivax and 

P. falciparum can be cultured. 

6) To determine the immunogenicity potential of cultured EE stages of 

P. berghei. 



The research potential outlines a tremendous amount of work with 

considerable variation as to procedural detail indifferent sections.
 

In general all of the objectives are desireable. However, the total 

amount of work outlined is not reasonable for this small group of investi­

gators. For example, it is stated that if merozoites that are infective 

can be obtained "retested mouse strains will be inoculated with EE merozoites 

attenuated by irradiation, freezing, formalin or other agents, and with or 

-without adjuvants. Such mice will be challenged with sporozoites, EE 

merozoites, and erythrocytic merozoites and protective immunity measured." 

This section alone would be a full-time endeavor for a team of investigators. 

.In fact, there is only one full-time professional (Dr. Hollingdale, the P.I.) 

and only one full-time technician on the project. 

C. V. 's of two other recent doctoral degree holders, Drs. Leef and 

Danforth, are included, but only one other professional individual - a malariol­

ogist at 60% effort is budgeted. Two part-time techincians complete this small 

team. (No mention is made of Dr. Strome, the senior author on the single 

paper published to date; has he left the Research Institute?). 

In general this proposal embodies a potentially valuable new approach
 

to vaccine production. The objectives appear overly ambitious, although of
 

merit. RAC suggests that the proposal be narrowed in scope and more
 

sharply focused on the rodent malaria system. The primary objective should 

be on the tissue culture system per se; efforts should be made to complete
 

the E cycle in-vitro and to increase yields. A move at this time into
 

studies of ?. vi.vax and P. ialcirarum using infected mosquitoes brought by
 



courier from Atlanta at great expense is not justified. At the same time
 

this initiative, if funded with more limited objectives should be inte­

grated into the ongoing network. The group should not prepare their
 

own P. berghei antisporozoite sera; such can be obtained from
 

Dr. Nussenzweig at N.Y.U. Similarly, the principal investigator should
 

visit Dr. Nussenzweig's lab to learn methods of purifying sporozoites; this
 

work should not proceed independently. Conversely, it is recalled that
 

Dr. Nussenzweig wished to establish a colony of Anopheles balabacensis in
 

New York, to cover the contingency that the colony at the NIH might be lost;
 

there is no reason why the Biomedical Research Institute cannot serve as
 

an alternate source.
 

Reference is made to other unspecified projects on malaria now,
 

funded at the Biomedical Research Institute. A list of such projects,
 

funding sources, and this staffing should be furnished before AID acts
 

on this application. AID and RAC should'have a complete picture of ongoing
 

malarial research at this non-academic operation for the protection bf
 

all concerned.
 

In su-ary, it is recommended that this application be funded at a re­

duced figure with concentration on exploiting an important discovery, namely,
 

that the EE stages of a rodent malaria will develop partially in a mammalian
 

culture system. The emphasis should be on improving and achieving production
 

of EE merozoites in-vitro.
 



1I. 	 SUBCOMMITTEE COMMENTS 

Dr. Black expressed concern about making 
antiserum for human use out
 

He noted that a very positive aspect of the project.,,
of "crude extracts." 


was the number of younger research workers 
who would emerge if the project
 

were funded.
 

Dr. Carter concurred with the suggestion 
that the proposal should be
 

rewritten and suggested that funding be 
set at the same level as present
 

Navy 	support.
 

Dr. Schweigert felt the project should 
be reduced in funding level.
 

He requested that more details about thtUoioedical;Research 
Instituti
 

be provided.
 

III. 	GENERAL COMMENTS
 

Dr. Erickson, project manager, DS/HEA, 
replied first to Dr. Schweigert,
 

stating that funding for the Biomedical 
Research Institute came largely from
 

He expressed

the Nay and that the Institute had a staff 

of about 86. 


confidence in the staff and noted 
that the Institute has "first class"­

'
 

research facilities including insectaries 
secure enough to handle highlyl
 

He noted Navy funding for the project previously',set
infectious species. 


at $700,000 had been reduced to less than $200,000.
 

Dr. Erickson indicated that the data on 
the successful culture*work on
 

the human embryonic lung cell line was unpublished, 
but submitted data of
 

These results were recently corroborated 
by Dr. Robert
 

Dr. Rollingdale. 


the imperial College of London during an 
AID site visit to
 

The successful demonstration that P. berghei
 
Sinder at 


London, England in 1979. 




could be grown in human lung cells would allow the researchers at Biomedical
 

Research Institute to quickly jump to P. falciparum and P. vivax, since
 

these parasites normally grow in human cells.
 

Dr. Erickson further pointed out that Dr. Strom has recently 'retired
 

from the government and is no longer an active scientist. With reference
 

to Dr. Weller's suggestion that the Biomedical Research Institute researchers
 

obtain antisporozoite sera from Dr. Nussensweig, Dr. Erickson indicated
 

that the U.S. Navy was already providing the necessary anti-sera to the
 

project. With reference to the need of Biomedical Research Institute
 

researchers to learn Dr. Nussensweig's purifying techniques, it was pointed
 

out that Dr. Danforth, now of Biomedical Research Institute, developed
 

the column separation techniques while he was a member of Dr. Nussenswegs
 

research team.
 

Lastly, Dr. Erickson indicated that the Biomedical Research Institute
 

has a colony of A. stephensi and could not, therefore, provide A.
 

balabacensis to Dr. Nussensweig. They have facilities to establish such
 

a colony but that is way beyond the scope and budget of the research pro­

gram proposed.
 

Dr. Joseph, DS/DAA, stressed the need to sharpened the focus on all
 

projects, including the malarial research program, given the budget cuts
 

proposed this past weekend by the President.
 

Dr. Weller commented that results achieved to date by the Biomedical
 

Research Institute staff do reflect the $700,000 invested by the Navy.
 

Weller suggested that.AID provide funds in the.range of $150,000 -.$250,000
 

after the project is rewritten.
 



Dr.,Wishik urged that the role of the Navy in.funding the project be
 

better defined before AID makes a commitment. Wishik suggested that a
 

site visit (to Rockville, Md.) would also be useful.
 

Dr. Erickson suggested that the site visit be coordinated with the
 

work of a malaria network committee, recently established so that the
 

,program would not be delayed. In checking on current program funding by
 

the Navy during lunch he found that only $50,000 will be provided by Navy.
 

Dr. Smuckler stated that a delay for the purpose of "sharpening" the
 

,project proposal ought to be tolerable.
 

IV.. ACTION 

Motion.: (1)RAC approves, in principle-, support of a sharply focused 

project to obtain growth ofimammalian exo-erythrocytic stages 

in tissue culture. The project has great potential and AID 

should participate at this stage; (2) however, except for a 

brief preliminary trial to see if P. vivax or P. falciparum 

might grow readily, the project should concentrate on com­

pleting the EE cycle of P. berghei in-vitro. A rewritten 

application should be submitted for consideration with this 

objective as the point of emphasis; (3) a project site visit 

should be made before the project is resubmitted to RAC; and 

(4) the project is now funded by the US Navy, but this sup­

port is precarious. In considering AID funding, a maximum 

*$ 300,000 per year from all sources might be reasonable. 
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At the request of Dr. Erickson, the Committee returned to this project
 

proposal later in the day. 
Dr. Erickson had additional information con­

cerning the funding of the researchers at the Biomedical Institute.
 

Funding by the Department of the Navy would-be exhausted in the next
 

few months. 
The research team may no longer be available to work on A.I.D.
 

research once it is dispersed. He asked if it would be appropriate for
 

the RAC to recommend interim funding until the research ,proposal could be
 

revised and brought back to the Committee. After a brief discussion the
 

Committee accepted Dr. Falcon's recommendation that the malaria subcommittee
 

be delegated the authority to act on behalf of the RAC in an emergency, and
 

within the limits of the previous motion.
 

Dr. Pimentel would participate as a member of the malaria subcommittee.'
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ARTICLE I: STATEMENT OF WORK
 

OBJECTIVES
 

The purpose of this project is to develop improved culture techniques 

for the production and maturation of gametocytes of Plasmodium falciparum 

in vitro. The mature gametocytes will be fed to mosquitoes for the production 

of sporozoites to be used in the development of a sporozoite vaccine against 

malaria. It is proposed to standardize and optimize these production procedures 

so that theltechnology can be readily transferable to other laboratories'(such 

as that of Dr. R. S, Nussenzweig), actually engaged inthe development of. a 

vaccine. It. is also proposed to,develop an in vitro-correlate test to measure 

the status of protective immunity in hosts being immunized -against sporozoites. 

The basis of,this test would be the ability of serum from immunized hosts to 

inhibit invasion of cultured hepatocytes by sporozoi-tes. 

BRIEF BACKGROUND AND RATIONALE
 

In recent years, considerable progress has been made in.the development 

of a sporozoite vaccine against malaria. It should be pointed out that thus 

far, the only humans successfully immunized against malaria were immunized with 

sporozoites. More 'recent progress in immunization, largely reported by 

Nussenzweig, et al., has led the A. I. D. to make the development of a sporozoite 

vaccine a continuing item of priority in.its,program.
 

My laboratory was involved in the initial studies'on sporozoite immuni­

zation of rodents during collaborative studies from 1967 through 1972. We were
 

also involved in the work which led to the first immunization of-human
 

volunteers against sporozoites (Clyde, Most, McCarthy and Vanderberg, 1973).
 

Subsequently, our group movedaway to a series of studies on the basic physiology
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and in vitro culture of sporogonic stages and sporozoites of rodent and human
 

malaria. After several years of divergence between our group and the immuni­

zation studies of Dr. Nussenzweig's group, recent progress and events in both
 

of our laboratories have led us back towards a more direct involvement in
 

immunization studies.
 

a) Important progress has been made by Dr. Nussenzweig and her
 

associates on immunization and on understanding the immune response in rodent
 

and simian malaria. 
The time is now right for a direct assault on falciparum
 

malaria. However, this step continues to be held back by the general un­

availability of P. falciparum sporozoites in sufficient numbers.
 

b) We have recently solved this production problem. During the period 

Jan. 15, 1978 Jan. 14, 1981 I was thePrincipal Investigator for an A. I. D.
 

contract, 
"In Vitro Cultivation of Human Malaria" (AID-ta-C-1486). The chief
 

aim of this contract was to develop methods for in vitro cultivation of game­

tocytes of human malaria, and subsequent infection of mosquitoes with these
 

gametocytes. 
 We made gradual advances in resolving the problem throughout
 

our contract period, and by the end of the contract we were able to show that
 

the addition of hypoxanthine to our culture system permitted the production of
 

mature, infective P. falciparum gametocytes in vitro. When these gametocytes
 

were fed to mosquitoes, we were able to produce large numbers of P. falciparum
 

sporozoites. It was fortunate that this problem could be solved at this time,
 

because now more than ever before (as we will show in the subsequent sections of
 

this proposal) large numbers of P. falciparum sporozoites will be needed on a
 

regular and continuing basis for immunization studies and for genetic engineering.
 

In addition, we have made some interesting recent findings on sporozoite
 

invasion within the intact animal (Shin, Vanderberg, and Terzakis, 1981). 
 We
 

found,(contrary to common belief) that P. berghei sporozoites invade hepatocytes
 

directly, rather than indirectly via Kupffer cells. 
This has given us further
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insight into mechanismsof sporozoite invasiveness'. These insights' can,be
 

applied in follow-up in vitro studies on the.role'of anti-sDorozoite anti'-,
 

bodies in blocking invasion of the liver.
 

SPECIFICIAIMS
 

1. To develop inproved methods for the in vitro cultivation and matura­

tion of P. falciparum gametocytes, and to standardize these procedures so that
 

the improved technology can be readily transferred to laboratories involvbd in
 

sporozoite immunization studies. These studies will be done by:
 

a. Analyzing and assessing our current procedures 

b. Testing different strains and clones of the parasite 

c. Determining the importance of strain "senescene".in continued 

production of gametocytes 

d. Testing substitutes for human serum in gametocyte culture 

e. Testing improved media for more efficient gametocyte maturation 

f. Determining the effects of antibiotics on gametocyte production 

and maturation 

g. Testing automated culture procedures for more efficient gametocyte 

production 

hi Studying the kinetics of gametocyte maturation,. 

i. Developing procedures for gametocyte concentration 

j. Comparing A. freeborni and A. stephensi as vectors for culture ­

produced gametocytes 

2. To develop an in vitro correlate test that measures the state of
 

functional immunity to sporozoites in hosts being immunized against sporozoites.
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WORK PLAN
 

I. InVitro Cultivation of Gametocytes
 

A. Background and Rat'ionale
 

i. Justification: The need for P.'falciparum.Sporozoites
 

As progress continues on the development:of a P. falciparum sporozoite
 

vaccine, there is an ever increasing need for sporozoites to 'conduct these
 

studies with. Some of the requirements are as follows:
 

a) Sporozoites for Genetic Engineering Studies
 

It is becoming increasingly clear that the practical "sporozoite
 

vaccine" will eventually consist of pure, defined protective parasite antigens
 

produced on a large scale by recombinant bacteria. Currently, three types
 

of approaches are in use for genetic engineering studies, and could be applied
 

to the P. falciparum sporozoite: (1)DNA can be isolated from the parasite,
 

and sequences of various lengths can be inserted into bacteria. The object
 

of this so-called "shotgun" approach is to select for cloned colonies of
 

bacteria that synthesize the desired parasite protein from gsnetic information
 

provided by parasite DNA. (2)Messenger RNA can be isolated from the parasite.
 

From this it may be possible to prepare complementary sequences of DNA for
 

insertion into bacteria. (3)Small quantities of the desired antigen can be
 

isolated directly from the parasite in pure form. After determination of the
 

amino acid sequence of this protein, it is possible to synthesize specific
 

nucleotide sequences that code for the desired protein or for antigenic portions
 

of it,and to insert these sequences in bacteria.
 

The details of these various approaches, and a comparative analysis
 

of the advantages and disadvantages of each are beyond the scope of this
 

proposal. The key point to be made is that each of these approaches requires
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large numbers of-spo-ozoites supplied on aregular basis. ,This could best be­

achieved by collaborative efforts,between a sporozoite production facility and
 

a laboratory specializing in genetic engineering studies.
 

b) Sporozoites for Hybridoma Studies
 

A hybridoma that produces monoclonal antibodies against a single
 

surface component of the P. falciparum sporozoite has recently been developed
 

by Dr. R. S. Nussenzweig and her associates (personal communication). It
 

will now be necessary to continue producing new such hybridomas. The mono­

clonal antibodies produced will be needed for continued characterization of'
 

sporozoite surface antigens (to study surface components other than the one
 

previously characterized), for determination of which of these antigens are
 

functionally protective (by sporozoite neutralization studies), for comparing
 

immunity
different geographical isolates of P. falciparum (to test cross 


across different geographical strains), and for testing the antigens produced
 

(By employing these monoclonal
by the recombinant bacteria described above. 


antibodies in a radio-immuno-assay it would be possible to screen the'clones
 

of recombinant bacteria to identify those producing the desired antigen.)
 

For all of these studies, P. falciparum sporozoites must be available for
 

production of these required hybridomas.
 

c) Sporozoites for Neutralization Studies
 

When a new hybridoma is produced, it is necessary to determine whether
 

the monoclonal antibody secreted by it is functionally active against
 

most readily done with a sporozoite neutralization assay.
sporozoites. This is 


incubated with the test monoclonal antibodies,
Viable, infective sporozoites are 


and are then inoculated into susceptible hosts to determine whether the sporo­

zoites have been neutral.ized. A supply-of'sporozoites, is required for this
 

as sporozoites for the positive control inoculation).
(as well 
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d) Sporozoites to Determine lmmune Status of Host 

As experimental hosts (human or.simian) continue to be immunized in the
 

future, itwill be necessary to determine the actual state of their immunity
 

at any given time after immunization. The development of such a test is an
 

important component of this proposal (see section beginning on p. 15).
 

Obviously, a continuing supply of sporozoites will be needed to carry out these
 

correlative tests.
 

This correlate test will be of considerable importance because of
 

three serious potential shortcomings of sporozoite vaccination: (1)In all
 

studies done so far with rodents, simians, or humans, the duration of
 

protective immunity has been shown to last only a few months. Is it possible
 

to develop an immunization procedure that gives long lasting immunity?
 

(2)Thus far, effective protective immunity has been achieved only-with the
 

intact sporozoite. Attempts to immunize by homogen.ization or fractionation
 

of the sporozoite have been unsuccessful. Can an immunization schedule
 

be developed that gives good protective immunity when only pure antigens are
 

used? (3)Individuals in hyperendemic areas may be poor subjects for sporo­

zoite immunization because they often have a high degree of non-specific
 

immunosuppression stemming from infection with other parasites (including
 

malaria). Can a schedule be developed for immunizing such individuals?
 

Inview of these potential problems, it is unlikely that effective 

immunization of humans against sporozoites will prove to be a simple matter, 

even if large quantities of in vitro produced parasite antigen bepomes 

available. Quite clearly, a considerable number of studies with isolated 

purified antigens will have to be done to answer these questions. Dosages, 

routes of immunization, scheduling of dosages, possible use of adjuvants, 

etc. will all have to be. looked into. Rather than challenge all of the 
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experimental hosts being immunized under these protocols, it would be more
 

strategic to periodically collect serum from them, and to assess the changing
 

status of immunity during the trials. All of this will :require much work, and
 

a continuing supply of sporozoites.,
 

e) Sporozoites for Challenge
 

The ultimate test of immunityis refractoriness to challenge. During
 

initial pilot immunizations, ard after eventual large scale trials, it will
 

be necessary to challenge with controlled doses of sporozoites to test whether
 

or not the vaccine actuallyworks. Obviously, a continuing supply of sporo­

zoites will be needed.
 

2. Background of Culture System for Parasitic Production
 

One of the most interesting aspects of the Trager and Jensen (1976)
 

system for cultivation of P. falciparum was that this system was capable of'
 

producing gametocytes as well as asexual parasites! However, studies in
 

our laboratory (Vanderberg et al., 1977) and elsewhere soon showed that these
 

gametocytes did not reach maturity in culture, as judged by their failure
 

to infect susceptible mosquitoes, and the failure of the microgametocytes
 

to exflagellate. We pointed-out in ouroriginal contract proposal (March,
 

1977) that "it seems highly unlikely that P. falciparum gametocytes which
 

develop within a culture system are inherently genetically sterile. It
 

seems more reasonable that these gametocytes, which appear to develop
 

normally for most of their development, fail to reach final maturity because
 

of unfavorable environmental conditions. The problem thus appears to be
 

largely one of culture. For successful culture of asexual parasites,
 

erythrocytes must be kept alive for the 48 hour cycle of the parasite. On
 

the other hand, successful gametocyte culture may require survival of the
 

Thus, culture conditions sufficient
host erythrocyte for close to 2 weeks. 
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for asexual parasites may .be inadequate for gametocytes.
 

The detailed',background and rationale relating to culture-of gameto­

cytes andthe improvement of culture conditions for them'are presented inthe
 

reprints attached as Appendix I of this proposal: "Cultureof the Inverte­

brate Stages of Plasmodia and the Culture of Mosquito Tissues', by I.Schneider
 

and J. Vanderberg (especially pp. 237-244, "Gametocytogenesis,InVitro", and
 

Gametogenesis InVitro); and Appendix I: The Transmission by Mosquitoes of.
 

Plasmodia inthe Laboratory", by J. Vanderberg and R. Gwadz (especially pp.
 

158-172, "Gametocytes inthe Vertebrate Host);
 

During the past 1 - 2 years, a number of laboratories working on this
 

problem have reported slight successes with invitro culture of these gameto­

cytes (Carter and Beach, 1977; Chin et al. at CDC; Verhave et al. inHolland;
 

Smalley et al. inEngland; Hink at Ohio State; and ourselves). Most
 

laboratories began to report the attainment of exflagellation on a regular
 

basis, and insome cases rare infection of mosquitoes. Workers at CDC
 

reported what up to now were the most promising results. By allowing the
 

gametocytes to mature in a "flow vessel" with continuous perfusion of medium,
 

they were able to infect more mosquitoes than had been previously possible
 

(personal communication). This completely bore out my argument that better.
 

-gametocyte maturation was primarily a culture problem. Though the results
 

of CDC were extremely important, their infection rates of mosquitoes were
 

relatively low, and inmany cases were unrepeatable.
 

)ur new finding that hypoxanthine isthe limiting factor inthe culture
 

of these gametocytes now permits any laboratory to grow large quantities of.
 

mature gametocytes both for gamete and sporozoite production. (See details in
 

ny End of Contract Report, covering funded Dortion of Contract Period
 

January 15, 1978 - January 14, 1981).
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B. Proposed Culture,Procedures for Gametocyte.Maturation,:
 

Though the problem of gametocyte culture has been solved 
by our find­

ings that hypoxanthine is required for their maturation, some further 
studies
 

are required in order to optimize this discovery.
 

1. Analysis of Current Gametocyte Production Procedure.
 

Though wehave been able to obtain regular'maturation 
of infective
 

gametocytes in our laboratory,another laboratory (N.I.H.) 
has not been able
 

to duplicate our results by adding hypoxanthine to 
their cultures, and applying
 

seems clear that hypoxanthine is a necessary but 
not
 

their own procedures. It 


That is,we appear.to be.doing

sufficient element in gametocyte maturation. 


It is therefore
 
other essential things which have led to our regular 

success. 


our protocol in
 
important to experimentally analyze all of the procedures in 


order to determine which of these are absolutely 
essential, and should therefore
 

Thq aim of this is to have
 
be part of the protocol of other laboratories. 


that might wantto
 
our technol-ogy readily transferable to other laboratories 


go into gametocyte production.
 

-(1)serum increase (We

Components of our protocol to be tested are: 


serum and maintain them
 
normally initiate new gametocyte cultures at 15% human 


We will
before reduction of the concentration.
for a week at this level 

- (We normally initiate new gameto­(2) hematocrit adjustment
reassess this.) 


This
 
cyte cultures at 12% hematocrit and reduce them 

to 6% after a week. 


We
 
procedure was initiated in order to get larger 

numbers of gametocytes. 


should also assess its effects on gametocyte 
maturation.) (3) addition of,
 

(We normally initiate new gametocyte cultures 
with red
 

fresh erythrocytes ­

blood cells within a day or two of their collection. 
This is an expensive 

We will reassess 
procedure, since it requires frequent purchases 

of blood. 


- (Duri.ng the 
this approach.) (4)temperature control during media changing 


daily changing of medium, we maintain our 
culture dishes on a warming tray
 

-9 ­

http:appear.to


while we withdraw the old medium and add fresh prewamed medium. Some other
 

laboratories do not do this procedure, and we will assess its importance.)
 

(5)gassing - (We standardly use the "Scheibel gas mixture of 3% oxygen, 

2%carbon dioxide, 95% nitrogen, We find that other laboratories use other 

mixtures. We therefore will make a comparative assessment.) (6)stock for 

initiation of new gametocyte cultures - (We standardly initiate our cultures 

with "spent" cultures that have been growing for 12 - 16-days, as we find 

that these give larger numbers of gametocytes. Other laboratories tend to 

initiate new cultures with stock from younger, rapidly growing cultures. We 

will therefore do a comparative assessment of the procedure.)
 

2. Testing Different Strains and Clones of P. falciparum
 

Experience with asexual parasite culture has shown that different
 

strains and geographical isolates vary considerably intheir culture responses.
 

Some are easy to establish inculture; others are difficult. Some are good
 

growers; others.grow slowly Presumably, similar variations exist with P.
 

falciparum gametocytes. We propose to test a range of different geographical
 

isolates to determine how many of these are good gametocyte producers. ,The aim
 

isto choose several especially good gametocyte producers representing differ­

ent geographical regions. These selected isolates could then be used as
 

standards inthe various laboratories engaged inthis research. As previously
 

pointed out (p. 5) different geographical isolates will be required for testing
 

cross immunity of sporozoites from different regions of the world.
 

Ifcertain strains can be identified as "good" gametocyte producers,
 

and ititcan be demonstrated that these strains can be cultured over a long
 

period of time without becoming "senescent", itwould be useful to establish
 

clones of these parasites. The purpose would be to standardize the strains
 

to insure comparability of results indifferent laboratories. The standard
 

dilution procedure for cloning would be used.
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Several laboratories within the A. I. D.Malaria Network (Trager, Green)
 

as well as outside the Network (Wallicker, Carter) have already begun to
 

establish clones of parasites. Itthus might be more expeditious to obtain an
 

already cloned line from one of these workers, and to use this line for our
 

gametocyte production studies.
 

3. 	"Senescence" of Parasite Strains
 

.There issome controversy over how long parasite strains may be
 

cultured invitro before they lose the ability to produce gametocytes that'can
 

go on to mature. Verhave (unpublished) has suggested that only recently isolated
 

strains are useful inthis regard; others have suggested that this isnot so.
 

We have frozen a number-of stabilates of several strains at various intervals
 

after their original isolation. We propose to follow these stabilates inorder
 

to test them: Itwill be important to determine whether a "good" strain, once
 

identified, can continue to be used, or whether itwill be necessary to keep
 

going back to early passages or even to keep establishing new isolates from nature.
 

4. Substitution of Peptones for Human Serum inGametocyte Culture
 

The use of human serum incultures involves several difficulties. It
 

may be difficult to obtain in large quantities on a regular basis; itmay be
 

expensive to purchase, and its efficacy may vary from donor to donor. Ina
 

region endemic for malaria, further problems may result from a high incidence
 

of antimalarial antibodies among blood donors, and a relatively high incidence
 

of Hepatitis B virus, which could pose hazards for experimenters. We were:o
 

successful in resolving these problems for culture of asexual parasites by the
 

development of a procedure for replacing human serum by addition of peptones
 

and calf serum to the media. Our results (Ifediba and Vanderberg, 1980) made
 

itpossible to culture P.falciparum on a regular basis without human serum.
 

The culture of gametocytes can be even more expensive, because higher con­

centrations of human serum may be required for their full maturation. We
 

therefore propose studies inwhich we will attempt to adapt our procedure for
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use with gametocytes. Already established gametocyte-producing strains
 

(Z,FCN-2, and,Honduras) will be gradually adapted by step-wise, progressive
 

reduction of the human serum component, together with a concomitant step-wise
 

increase in peptone concentration (all in the presence of calf serum).
 

Hypoxanthine will be added, and attempts will be made to wean the cultures
 

away from human serum. Our previously adapted peptone strains cannot be used
 

for this, inasmuch as they are not gametocyte producers.
 

5. 	Media Improvement for Gametocytes
 

The most significant deleterious changes inmedia used for culture
 

of P. falciparum asexual stages involve depletion of glucose by the parasite,
 

and depression of the pH (because of lactate production by the parasite).
 

Recent studies have shown that these-problems can be reduced by simple adjust­

ment of the medium, thereby resulting inbetter parasite growth and a less com­

pelling need for frequent changing of the media (Osisanya, Gould, and Warhurst,
 

1980; Butcher, 1979). The glucose component of RPMI-1640 is doubled, and the
 

buffer TES is used in place of HEPES to obtain better buffering capacity. We
 

The
will attempt to duplicate these studieswith gametocyte-producing cultures. 


aim is to see whether we can get better and more dependabld growth.of gametocytes.
 

It is entirely possible that this approach may actually depress gametocyte
 

production, since gametocytes are known to. be produced in cultures that have
 

begun to deteriorate under nutritional stress. Therefore, we will test this
 

modified medium not only on young gametocyte cultures undergoing induction, but
 

also on older ones that have already produced gametocytes.
 

6. 	Antibiotics
 

We currently maintain our cultures without the addition of antibiotics.
 

However, many beginning laboratories tend to have periodic :contamination problems
 

when antibiotics are not used, and this often leads to considerable amounts 
of
 

lost time and resources. The use of antibiotics in culturing gametocytes
 

could be helpful in combating this occasional problem, in the same way that
 

they have been useful in the culture of asexual parasites. We therefore plan
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to assess the effects of penicillin, streptomycin, gentomycin and.5­

fluorocytosine (as a fungicide) inour gametocyte cultures. Normal maturation
 

of gametocytes in the presence of.these.,agents could lead to their routine
 

use in culture media.
 

8. Automated Culture Procedures
 

Maintenance of culture systems is a labor intensive procedure. Cultures,
 

must be fed and manipulated 365 days a year, including weekends and holidays.
 

This strain can be somewhat alleviated by use of an automated feeding device.
 

Two such systems appear especially useful, i.e., the flow vial-(Trager apd
 

Jensen, 1980) and.the orbital incubator'(Butcher,. 1981).
 

Flow vials have limitations, in that they and their accessories are expensive 

to purchase, extremely expensive to maintain, and have a relatively low capacity. 

The flow vial developed by Tragerhas a culture volume capacity of 12 ml, and 

requires 50 - 60 ml of fresh medium per day, in addition to a continuous.flow 

of a custom gas mixture. Our tissue culture dishes are extremely cheap, hold 

20 ml of culture volume apiece and use about 1/5 of the daily amount of fresh
 

medium required for flow vials. As no special equipment is required, the static
 

culture dishes can be used inalmost unlimited numbers in an incubator. Flow
 

vials have been used by the CDC group of researchers, who have succeeded in
 

a partial solution of the gametocyte maturation problem. Perhaps, with the
 

addition of hypoxanthine, the flowvial can be made to be more effective for
 

gametocyte culture, and the flow rate can be significantly reduced. We propose
 

to test this.
 

A simpler automated device has been described by Butcher (1981). Cultures
 

are grown,inflasks and are kept insuspension by means of continuous orbital
 

shakina. Less medium is rpquired than needed for the-flow vial, because
 

medium Is delivered discontinuously (once or twice daily), rather than by
 

continuous perfusion as inthe flow vial. The'apparent advantages of this system
 

over the flow vial ,are that it is cheaper to construct, cheaper to maintain, and
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more 	parasites can be grown per,'unit volume of medium (because the cells are
 

in suspension rather than in a thin layer at the bottom of the flow Vial).
 

We 	propose to test this system for our gametocyte production.
 

8. 	Kinetics of Gametocyte Maturation.
 

We have shown that gametocytes cultured by our procedure are most in­

fective when fed to mosquitoes on days 12-14 of their culture period.
 

Obviously, this could be affected by the.various modifications that we have
 

proposed above. Therefore, we would continue to do timing studies to determine
 

the best days:for recovery of gametocytes for feeding to mosquitoes. In
 

addition, we have relatively limited data on how long infective gametocytes
 

continue in culture beyond this 14 day period. We propose to study this.
 

9. 	Gametocyte Concentration
 

It would be useful to separate developing gametocytes from asexual parasites
 

in order to reduce "competition" for nutrients, and the excessive build-up of
 

toxic waste products. The separated gametocytes could then be returned to
 

culture. Concentration of gametocytes would also be helpful for further
 

studi'es with them (feeding to mosquitoes; gamete production and harvesting;
 

further in vitro development to ookinetes, etc.). Preliminary studies have now
 

shown that centrifugation on a continuous percoll gradient can be used to
 

greatly concentrate P. falciparum gametocytes. We plan to return these
 

gametocytes to culture and see if they retain their infectivity to mosquitoes.
 

10. 	 Use of.Anopheles freeborni
 

As I pointed out in my review article (page 156 and 215-216 of
 

Appendix II), "Many species of anophelines are efficient vectors only for
 

geographically coindigenous strains of P. falciparum." We will therefore test one
 

other species, Anopheles freeborni, to determine if we can improve
 

sporozoite production. A. stephensi is clearly not the most efficient vector
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for falciparum malaria, and.we may be able to.increase our production of
 

sporozoites by turning to another nsquito.
 

II. 
 Development of an In Vitro Correlate Test to'MeasureTAnti-sborozoite
 

Immunity 

1. Previous Studies in.Our Laboratory 

An important element of the A. I.D. network program in malaria immuni­

zation is the development of a vaccine effective against sporozoites, being
 

pursued by Dr. Ruth S. Nussenzweig and her associates. We have considerable
 

previous experience in this area, as our group collaborated on the problem
 

with Dr. Nussenzweig's group during the years 1967 1972 when we jointly
-


initiated this approach with rodent and simian malaria (See publications 23-,26,
 

31, 33-34, 36-41 inmy attached Bibliography, pp. 35-36. Indeed,. our ability even to
 

initiate these studies had been conferred by our earlier studies inwhich we
 

worked out and established the laboratory model system for sporozoite trans­

mission of rodent malaria (See publications 12-17, pp. 34 - 35)1. The procedures 

that we first developed (Vanderberg and.Yoeli, 1966) are still the standard
 

procedures used'todayby virtually all workers inr the field (See review in
 

Vanderberg and Gwadz, 1980).
 

Furthermore, we initiated the procedures for immunizationby whole-body
 

irradiation-of infected mosquitoes (Vanderberg et al., 1970). 
 :The development
 

of this approach allowed us to attempt the same procedure with humans, and led
 

to the first successful vaccination of humans against malaria (Clyde, Most,
 

McCarthy, and Vanderberg, 1973).
 

Inaddition, my group has long been involved in studies on basic biology
 

of the sporozoite. The relevance of this is that a 
number of important findings
 

developed inour laboratory have subsequently been applied for use in
 

practical immunological ways. Two examples of this are as follows:
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(1)1We have done a series of basic studiesbn -the 'development of 

sporozoites from the time that they are in the oocyst, until-the time 

that they reach full maturity in the salivary glands. During this 

differentiation period, the sporozoites undergo a maturation intheir
 

morphology, antigenicity, infectivity, motility, and their response to
 

antibodies (Vanderberg et al., 1967; Vanderberg and Rhodin, 1967;
 

Vanderberg et-al., 1972; Vanderberg, 1973; Sterling et al., 1,973;
 

Vanderberg, 1974; Vanderberg 1975; Vanderberg, 1977). The under­

standing of this concept of sporozoite maturation has been essential
 

in establishing appropriate immunization schedules, and in learning
 

about the importance of different sporozoite antigens in inducing im­

munity to sporozoites.
 

(2) We did some studies on the in vitro maintenance of isolated
 

sporozoites (Vanderberg, 1974) and on the metabolism and biochemistry of­

these in vitro sporozoites (Mack and Vanderberg, 1978). As part of these
 

studies we developed a medium that could keep isolated sporozoites alive
 

for long periods of time, and we found a number of specific inhibitors that
 

acted against sporozoites. These procedures and findings have recently
 

been used by Dr. Nussenzweig and her group to study the in vitro synthesis
 

of Pb44, the functional antigen of the sporozoite.
 

-Many other examples exist, including our studies on column purification 

of sporozoites, surface characteristics of sporozoites, etc. There is now 

a new immunological need, namely, the development of an in vitro correlate 

test for antisporozoite immunity. Many of the basic biological procedures 

that wehave established in recent years lend themselves to application in 

such a test. The time is now ripe to attempt what we'have successfully 
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done before, namely, the application of basic biologicalprocedures'to
 

work out a practical immunological problem. We thus propose to apply 

some of the basic in vitro studies thatwe have been doing to develop
 

such an in vitro correlate.test to measure antisporozoite immunity,
 

2.' The Problem
 

The chief problem is to be able to determine the immune status of
 

a simian or human subject without resorting to a direct challenge. 

Immunization of simians or'humans can be an expensive and time cqnsuming
 

affair. If the immunized subject is challenged too early, before protective
 

immunity has been attained, the entire experiment can be lost. A similar
 

problem relates to determining the duration of protective immunity, once
 

it has been attained. It would be easier and more practical to follow the
 

course of immunity of a subject by taking serum samples, and by assaying
 

these samples in an in vitro test system. This is especially true for
 

sporozoite immunity to P. falciparum. None of the simian models used (Aotus
 

monkeys, gibbons, and chimpanzees) are very susceptible to sporozoites in
 

the first.place. These simians are all difficult to acquire and are ex­

tremely expensive to buy and maintain. It is unlikely that large numbers
 

will ever be available for experimental use with P. falciparum sporozoites.
 

Thus, as much information as possible must be obtained from the few that
 

will be immunized in the future. This requires a dependable in vitro test
 

to determine immune status.
 

3. Present Procedures for Assessing Immunity
 

The most direct procedure for assessing the immune status of an
 

immunized host is direct challenge with sporozoites (subject to the problems
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above). Another variation on this procedure is the sporozoite neutrali­

zation assay (Nussenzweig,'Vandrberg and Most, 1969). Sporozoites are
 

incubated with serum from the immunized host, and then injected into a
 

non-immunized host.to.test whether the serum has inactivated the sporozoites.
 

This can readily be done with rodent malaria. However,.it has limited
 

value with simian or human hosts, because new experimental hosts (including
 

controls) are required. If it is necessary to test many samples.-of.,serum
 

(either from vaccinated animals or from hybridoma sources) this procedure
 

obviously. cannot be used.
 

The first in vitro assay described for mammalian malaria antisporozoite
 

antibodies was the circumsporozoite precipitation (CSP) reaction (Vanderberg,
 

Nussenzweig and Most, 1969). At the time of its description, we
 

had the impression that it gave a good correlation for protective immunity.
 

This impression still remains, although there are cases when this correlation
 

does not hold. For instance, mice immunized with sporozoites broken up by
 

homogenization orrepeated freeze-thawing will develop CSP antibodies, but
 

no protective immunity. Likewise, splenectomized mice may develop
 

protective immunity, but no CSP antibodies after immunization with sporozoites.
 

Another in vitro test, the fluorescent antibody test (FAT) is more sensitive
 

but the results obtained with it cannot always be correlated with protective
 

immunity. What is needed is a sensitive test that can assay the ability of
 

the sporozoite to invade a host liver cell in vitro, and also to assay the
 

ability of immune serum to block this invasion. This hypothetical test
 

will be known as the sporozoite invasion test (SIT).
 

4. The Sporozoite Invasion Test
 

This test aims at a procedure for obtaining regular invasion of normal
 

host liver cells by sporozoltes in vitro. Strome, DeSantis, and Beaudoin (19?
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were able to obtain partial development of Oxoeiythrocytic (EE) forms in vitro 

by inoculating P. berghei sporozoites into cultures of rat embryo cells. More
 

recently, this same group of investigators (Hollingdale et al., 1981) has been
 

able to achieve complete EE form development of P. berghei in vitro in human
 

embryonic lung cells. These important results establish the possibility of
 

repeatable culture systems for EE forms. However, one must be cautious !about
 

interpreting results on the mode of spoiozoite invasion into these highly abnormal,
 

cells. Up until now it was not known whether sporozoites in vivo invade hepato­

cytes directly, or endothelial cells which line the sinusoids of the liver. We
 

have recently demonstrated that hepatocytes are invaded directly (Shin, Vanderberg
 

and Terzakis, 1981). It now becomes possible to concentrate on hepatocytes
 

as the appropriate host target cells. Since hepatocytes are normally invaded'in vivo
 

it should be possible to establish a sporozoite-hepatocyte system that does;this
 

in vitro.
 

I first proposed the concept behind this test at a meeting at A.I.D.
 

between Drs. Erickson, Nussenzweig, and myself. It was agreed that there was a real
 

need for such a test, and I accordingly later submitted it as part of my detailed
 

new proposal of May 1, 1981. Based on this proposal, Dr. Nussenzweig subsequently
 

began some preliminary collaborative studies with Dr. Holliingdale on some of the
 

experiments described. The success of these preliminary experiments proposed in
 

my application (reported to A.I.D. by Dr. Nussenzweig) is encouraging, and supports
 

the feasibility of my overall proposal. However, a number of problems remain to
 

be resolved. Theseinclude quantitation procedures, and the development of a
 

system for primate malaria.
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B. Proposed Studies,
 

1. Sporozoite Sources
 

Plasmodium berghei sporozoites will. be collected by procedures that,
 

have been described in detail (pp. 203 '"206 in Vanderberg and Gwadz, 1980).
 

In brief, gametocytes are raised inyoung hamsters. Three to four days
 

after inoculation of hamsters with infected blood, Anopheles stephensi
 

mosquitoes are fed on the hamsters and maintained for 16'-18 days to permit
 

sporozoite maturation and migration to the salivaryrglands. Sporozoitesare
 

harvested by.dissection of salivary glands (for studies requiring small numbers
 

of sporozoites), or by grinding up isolated mosquito thoraces and separating
 

out the sporozoites by centrifugation on a density gradient (Schulman, Oppenheim
 

and Vanderberg, 1980). Further purification of these sporozoites can be
 

obtained (especially when it isdesirable to remove bacteria and fungi) by
 

passage through a DEAE-cellulose column (Mack, Vanderberg and Nawrot, 1978)
 

or by passage through a lectin-affinity column (Vanderberg,-1979). Both of
 

these column proceduires allow sporozoites to pass through the.column, while
 

contaminan'tt are retained on the column.
 

Newer procedures that we have been working on involve the use of
 

Percoll gradients to separate out sporozoites. Sporozoites so prepared are
 

cleaner/than can be obtained with any other procedure that we have attempted.
 

A major goal of ours will be to carry this procedure further in order to
 

eliminate all or most of the cotaminating micro-organisms. The rationale for
 

this is the need to do the SIT with a suspension of sporozoites introduced
 

into the cell culture. Preliminary studies done thus far (Nussenzweig and
 

Hollingdale', personal communication) used whole infected salivary glands to
 

infect cultures. In control cultures, this results ina great variation in
 

EE forms from culture to culture, and in an uneven distribution of EE forms
 

within each culture. Thus, quantitation of the percentage of sporozoites that
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convert into EE forms is'impossible. Quantitation of'the system Will be
 

necessary for such studies as titration of serum activity during an immuniza­

tion procedure, comparison of differentimmunization procedures, etc.
 

Accordingly, we propose to do.further studies on sporozoite purification
 

by gradient centrifugation procedures. Studies that we have done so far
 

suggest that these sporozoites are contaminated with a relatively small number
 

of different species of bacteria. It therefore may be possible to use specific
 

antibiotics to control the multiplication of these bacteria inculture. We
 

propose to do standard bacteriological assays with our preparations inorder
 

to specifically identify the contaminating micro-organisms and to assess which
 

antibiotics they are sensitive to. Our goal is to find a mixture of anti­

biotics which on the one hand will control contaminating micro-organisms, and
 

on the other hand Will have negligible effects on toe porozoites and their
 

host cells.
 

Plasmodium falciparum sporozoites will be obtained by permitting mos­

quitoes to feed on gametocytes that have been grown in culture (see pp. 9 - 15) 

of this proposal for details. 

Plasmodium vivax sporozoites will be obtained from infected A. stephensi
 

mosquitoes ina collaborative effort with Drs. Richard Baker and Vincent
 

McCarthy of the University of Maryland Medical School. Dr. Baker has made
 

arrangements with Port of Baltimore health officials for receiving blood
 

specimens from merchant seamen who arrive infected with vivax malaria. Drs.
 

Baker and McCarthy have already visited our laboratory to discuss this col­

laborative effort. At the same time, we are helping them to establish the
 

in vitro P. falciparum gametocyte system within their laboratory. (We have
 

had past collaborative experiences with Dr. McCarthy during our immunization
 

studies with P. falciparum sporozoites.)
 

Plasmodium knowlesi and P. cynomolgi sporozoites will be obtained from.
 

Dr. Ruth S. Nussenzweig as part of a collaborative studv. She and her
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associates have been immunizing rhesus monkeys .,ith these sponzoites,
 

and also have established hybridomas that produce monoclonal antibodies aga
 

sporozoite surface components. Ifwe are successful in developing
 

a practical and cor.relative Iii vitro sporozoite invasion test against 

rodent malaria,we will initiate similar correlative tests with Dr. 

Nussenzweig, using her sporozoites, and serum from her immunized animals.
 

2. Antibodies to be Tested
 

Serum from mice and rats immunized against P. berghei sporo­

zoites will be collected according to standard procedures (Cochrane et al.,
 

In brief, animals will be immunized by multiple intravenous in­1980). 


oculation of gamma irradiated sporozoites obtained from salivary glands
 

of A. stephensi mosquitoes. We have done this procedure on numerous
 

In addition, mice will be
occasions, and am quite familiar with it. 


immunized with freeze-thawed sporozoites (to permit them to develop CSP
 

other mice will be
antibodies without concomitant protective immunity); 


immunized after they have been splenectomized (to permit them to develop
 

protective immunity without CSP antibodies). Antisporozoite monoclonal
 

antibodies that have been produced by hybridomas will also be tested.
 

These will become available from Dr. Ruth Nussenzweig, as part of a
 

collaborative effort to test these monoclonal antibodies in our in vitro
 

system. An especially interesting series of monoclonal antibodies *to
 

the Naval Medical Research Institute.
test would be those developed at 


Several different cloned lines of hybridomas have been established. 
One
 

of these lines produces monoclonal antibodies that protect against
 

sporozoites; other lines produce antibodies that give a positive fluorescent
 

antibody test, but do not protect against sporozoite challenge (Beaudoin
 

If we are successful in developing a
 et al., personal communication). 


sporoz6ite invasion test against serum collected from immunized mice, 
we
 

will discuss the possibility of collaborative testing of the NMRI 
hybridomas
 

with the workers involved.
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Serum from simians immunized with sporozoites oflsimian or
 

human malarias will be obtained from Dr. Ruth Nussenzweig. Likewise,
 

monoclonal antibodies that 
 react with these human or simian malaria
 

sporozoites'will be obtained for cdllaborative testin2 'in our Dronosed
 

in vitro,-system.
 

3. Host-Liver Cells 

As previously,pointed out',we will restrict our observations 

to hepatocytes,, since these appear to be the-cells normally invaded by 

sporozoites.. in-vivo. Young ratswill be usedbecause of their relativeiy 

high susceptibility to P. berghei sporozoites (Vanderberg et al., 1968). 

Primary cultures of isolated hepatocytes will be initiated by enzymatic
 

dissociation of livers. 
 -The technique to be used for dissociation and
 

for initial., culturing of these cells is our own modification of the
 

procedures of Bonney et al. (1974); Seglen (1973); and Wanson et al.
 

(1977). We have had extensive experience with this procedure for obtain­

ing normal rat hepatocytes, and hepatocytes infected with exoerythrocytic
 

forms of P. berghei, and for maintaining these cells in culture for
 

extended periods of time (Foley, Kennard and Vanderberg, 1978 a, b).
 

In brief, donor rats were anesthetized with sodium pentobarbitol anda
 

cannulaowas introduced into the venous circulation via the abdominal
 

inferior vena cava. The thoracic inferior vena cava was then ligated, and
 

the portal vein opened to serve as the outflow for the perfusion media.,
 

The liver was perfused in situ using a peristaltic pump/at a flow rate of
 

6 ml.min with two solutions. First, a calcium-free salt solution was
 

perfused through the liver for 10 min to remove 
the blood and plasma
 

components and to initiate cleavage between liver cells. 
 The liver was, 

thenperfused for 10-15,min with the same salt solution to which had been 

-added 0.05 g/100 ml of the.'enzyme, collagenase. Both solutions were aerated 
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at 370C with 5% CO2.O95% 0 for the 15 min before use. When the liver
 

was well digested, it was remoVed from the donor, and placed in tissue
 

culture medium. The capsule was cut in several places and the liver
 

was 
then gently suspended in the mtdium and the resultant suspension of
 

liver cells and debris filtered through a 253 pm mesh nylon filter and
 

washed twice with tissue culture medium by slow centrifugation. The
 

cell suspension was then counted in a hemacytometer and diluted. The
 

viability of cells-was determined by-the trypan blue exclusion method.
 

In previous studies thatwe did, thesecells were not found to be
 

susceptible to invasion by P. bergheisporozoites in vitro (Vanderberg,
 

unpublished). However, it is now well understood that the surface of cul­

tured hepatocytes changes dramatically within hours after isolation from
 

rats, and new ways have'been described that enable the cultured hepato­

cytes to retain their surface receptor'characteristics. One of the
 

most effective ways is to culture the cells on a connective tissue matrix
 

1980).
(Biomatrix) prepared from rat liver tissue (Rojkind et al., 


Dr. Lola M. Reid, a member of this group that developed the procedures
 

at Albert Einstein Medical School in New York, has agreed to collaborate
 

with'us on this problem.
 

For invasive studies with simian and human sporozoites, we plan to
 

test two different types of human hepatocytes: transformed and normal:
 

A number of different human hepatocarcinoma lines have been isolated
 

for culture and characterized. One of these (SK-HEP-I) has retained
 

many characteristics of the normal hepatocyte and has been obtained by
 

us from the Sloan-Kettering Institute in New York. It is growing well
 

in our laboratory (procedures in Fogh.and Trempe, 1975; Fogh et al., 1977
 

a,.b), and will be tested with P. falciparum.1 Other transformed human
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hepatocyte J'ines are available, 'and wi] I h. obLainedn and screened during 

the project. 

There are no re6ports in the literature yet 'on the extended culture 

of normal human hepatocytes. However, Dr. Reid has been successfully 

culturing such cells on human liver "biomatrix", and has agreed to 

collaborate with us on the project. -Both the'cells and the "biomatrix"''
 

matbrial are obtained from autopsy specimens. For practical and medical­

legal reasons it would be impossible for ,u to obtain such mater al
 

directly myself. However, Dr. Reid, in association with the Liver
 

Institute at Albert Einstein Medical School has access to human donor
 

material on a continuing basis. (Another source of human liver: cells
 

that I have explored is the portion of normal liver removed during surgical
 

resection of a hepatocarcinoma. Such material may be obtained at many
 

hospitals, provided normal consent protocol is followed. However, a
 

high incidence of hepatitis B virus is found in these cases, .and..this poses.
 

risks to the experimenters).
 

4. Culture Procedures
 

A wide range of different media will be tested in these studies,
 

including: mouse liver medium, and diploid growth medium (as used-by Strome
 

et al., 1979), 
new medium used by Hollingdale et al.(personal communication),
 

standard media used for culturing human hepatoma cells (Fogh et al.
 

publications), standard media ,used for culturing rat and human hepatocytes
 

on "biomatrix" (Reid,'personal communication), and various media that we
 

have used for culturing rat-liver cells infected with exoerythrocytic
 

forms (Foley, Kennard and Vanderberg, 1978 a, b).
 

5. Experiments
 

When a system has been established for in vitro penetration of
 

sporozoites into hepatocytes, attempts will be made to quantitate this
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with:measured'numbers of sporuzoltes and measured numbers of hepatocytes
 

under standard culture conditiops. The following alternatives will
 

be compared to assess which gives the best morphological indication of
 

normal invasiveness: (a) direct observation of sporozoite penetration,
 

by means,!of phase- contrast microscopy, (b) fixed and Giemsa'stained
 

preparations done to determine sporozoite penetration, (c) fixed and
 

Giemsa-stained preparatibns at 48-72 hours, to determine exoerythrocytic
 

form development, (d) fluorescent antibody determinations (KrotQski
 

et al., 1981) at 48-72 hours, to determine exoerythrocytic form development.
 

If many preparations'haveto be tested, we will attempt to develop
 

a radio-assay based on incorporation of 3H hypoxanthine. Erythrocytic
 

forms of the parasite have been shown to have a high requirement for
 

hypoxanthine, while other purines are only slightly incorporated. This
 

has resulted in the development of a sensitive assay for blood-stage
 

growth of the-parasite (Desjaxdins et al., 1979). We have.been using
 

this assay on a regular basis within our laboratory. We would attempt
 

to determine whether the same preferential hypoxanthine requirement exists
 

for developing exoerythrocytic forms. If so, we would attempt to feed
 

our cultures with a medium containing tracer quantities of labelled
 

hypoxanthine and very large quantities of other purines, such as adenine.
 

Presumably, the uninfected liver cells would incorporate little of the
 

labelled hypoxanthine, whilet'he infected cells would incorporate much
 

more. After incorporation, the cells would be stripped from the culture
 

dish by trypsinization, and the incorporation measured. (It should be
 

pointed out that this is a speculative and untested assay system for
 

exoerythrocytic forms. It could turn out to be highly sensitive, and
 

susceptible to semi-automationi or it could prove to be non-workable.
 

Even if it does not work, however, it is still possAble to fall back on
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the morphological assays).
 

By use of any of these assays, serum from immunized animals, and
 

monoclonal antibodies from hybridomas will be tested for their ability 

to prevent sporozoite invasion of hepatocytes. It has already been 

'established that antisporozoite' immune serum ha' no effect furthe 

development of the sporozoites, once they have invaded the liver
 

(Vanderberg, 1973).
 

Another assay system to be evaluated,is that of sporozoite ibtility.
 

I have previously developed in vitro procedures for 'turning on',
 

sporozoite motility (Vanderberg,.1974). I pointed out at the time,
 

"In addition to inducing CSP reactions, antisporozoite immune serum
 

completely immobilizes sporozoites and often causes the sporozoite­

to detach from the slide surface. This phenomenon so far appears
 

to be species-specific in that antisporozoite immune serum will im­

mobilize sporozoites of only the homologous species. Whether the CSP
 

reaction and sporozoite immunization are induced by separate antibodies,
 

or instead represent 2 different effects of a single antibody remains
 

to be determined. It is conceivable, for instance, that the CSP antigen
 

plays a role in sporozoite motility, and that precipitation of the
 

antigen as it is secreted might make it impoosible for the sporozoite
 

to continue locomoting for any length of time."
 

Indeed, sporozoite motility may be necessary for sporozoite invasion
 

of the liver, and the chief action of antisporozoite antibodies may be
 

to block this motility and thereby prevent invasion. Thus, sporozoite
 

immobilization might'be usable as a simple in vitro assay to determine
 

the immune status of a host.
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1 

ARTICLE 	II: KEY PERSONNEL
 

Dr.-,,Jerome Vanderberg, Principal Investigator
 
(see curriculum vitae and bibliography, following)
 

2. 	 Dr. Seymour Schulman received a Ph. D. in the biochemistry of insect 

development, at the Biology Department of N. Y. U. in 1977.' He spent 

2 years with me as a post-doctoral fellow, and'last year.was appointed 

a Research Assistant Professor within our Department. He will con­

tinue his association with me on this project, and will focus
 

primarily on parasite cloning, concentration procedures for gametocytes,
 

sporozoite preparation and purification for our tissue culture studiest
 

and on sporozoite-hepatocyte interactions in vitro.
 

3. 	 Mr. Richard Nawrot has closely workewith me on mosquito maintenance
 

and mosquito-parasite studies for the past 17 years. He is thoroughly
 

trained and competent in all aspects of technical work with mosquitoes,
 

gametocyte production, and infection of mosquitoes by feeding on hosts
 

or through membranes.
 

4.; 	 Mr. Titus Ifediba, who is a native of Nigeria, completed his Ph. D. 

work with me February 1981. His studies have been on replacement of 

human serum by peptone substitutes,and on in vitro maturation of P. 

falciparum gametocytes. He hopes to stay in my laboratory for an
 

additional year for further training and to complete studies on gameto­

cyte maturation and on culture of EE forms. (We would hope to replace
 

him with another post-doctoral fellow when he leaves.) 

Notes:
 

1. The 4 staff members listed above have worked together for many years
 

in my laboratory. We work,smoothly and efficiently together as shown by our
 

output and by our repeated demonstrated ability to meet the goals that we propose.
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2. At this point, there is no guarantee that all of the individual's 

listed in the budget request will be ava.lable in the event of funding. 

Because of a lack of funds, two individuals who had been-working with me have 

already been terminated. If new research funds do not become available' 

shortly, it is likely that others will also be terminated. In that'.event, 

the personnel list mentioned above would no longer .hold, and I would have to' 

recruit new individuals. A number of such potential candidates are available. 
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Dependents: Wife and two children
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FACIL1TIIS
 

Our Department has extensive facilities both 'for maintenance'of
 

tissue cultures andfor maintenance of the malaria cycle. A modern animal
 

facility and insectaries are available. Large numbers of Anopheles stephensL
 

mosquitoes are reared on a regular basis. A wide array of biological, optical
 

and biochemical equipment are close at hand. The library, faculty and techni­

cal resources of the N.Y.U. Medical Center are also close at hand, and available
 

for consultation.
 

The large numbers of falciparum-infected mosquitoes that we plan to
 

have on hand creates a potential safety hazard. Therefore, we have instituted
 

rigorous handling and safety precautions, and in cooperation with Dr. R.S.
 

Nussenzweig we have constructed new safety facilities for working with these
 

mosquitoes. We intend to maintain a high level of control and caution in our
 

work.
 

,
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Relationship qf Proposal to Other Research Projects
 

The budget and research plan foi this proposal have been carefully 

drawn to coordinate with other research projects being conducted in the labora­

tory of the Principal Investigator. Most of the individuals listed also have
 

There is no overlap on these projects.
responsibilities on other projects. 

Though some of the projects are complementary'in nature, each'has specific 

and non-duplicating aims and approaches. The percentage'effort'and percentage 

salary for each person represents our best estimate of that person's actual
 

involvement and time spent with the.particular project. :The status of each
 

of these projects is as follows:
 

1. 	 N.I.H. Research Grant A109560
 

"Studies on the Sporozoite of Plasmodium"
 

Principal Investigator - Jerome Vanderberg 

Termination Date: 7/31/82-. 

Total approved funds for terminal year grant (8/1/81 .- 7/31/82) = $72,671 

This project has dealt with the basic physiology of the P..berghei 

sporozoite, and its interactions with the liver. The specific aims
 

have been: 

which cell in the liver is invaded by the Plasmodium'1. To 	 determine 

berghei sporozoite, and*to trace the route of this invasion.
 

2. 	To establish uhether a histidine-rich protein is present in the
 

sporozoite, to characterize it, and to establish whether it plays
 

a role in penetration of the liver by the.sporozoite.
 

3. To 	study the process of rhoptry secretion, and to establish whether
 

this secretory material plays arole inpenetration ftheliverby
 

the sporozoite,
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4:.	To stud)' receptor sites on the sporozoite, which might aid in
 

recognition and penetration of a liver cell.
 

-Thebasic rationale of this project has been to study fundamental
 

biological mechanisms. Information learned from these studies has been subse­

quently applied to more "goal oriented" research, such as projects supported 

by A.I.D. or the U. S. Army Medical Research and Development Command. This 

complementary approach has worked well in the past. I plan to submit a new 

competing application to enable me to continue this N.I.H.-supported research 

after the termination of the current grant on 7/31/82. 

2. U. S. Army Medical.Research and Development Commadd Contract
 

DADA 17 73 C 3027
 

"Cell Physiology of the Malaria Parasite"
 

Principal Investigator - Jerome Vanderberg
 

Termination Date: 8/31/81
 

Total approved funds for terminal year of contract 	(9/1/80 - 8/31/81) 
= $60,860 

The most current contract proposal had listed-the~following aims:
 

1. To develop -an in vitro system for exoerythrocytic forms of
 

P. falciparum and to investigate drugs which might interfere
 

with exoerythrocytic forms and their metabolism.
 

2. To identify and characterize human erythrocyte receptors~for
 

P. falciparum merozoites, and to investigate drugs which might,
 

intdrfere with the process of recognition.
 

However, as noted in the letter from General Rapmund reproduced on the 

following page, this contract is being terminated. Accordingly, a portion 

of the Army proposal listed under aim I above has been modified and is being 

submitted as a portion of this current A.I.D. proposal (see pp. 15-27 of this 

proposal).
 

Among 	the areas of progress within this Army-supported work, we did
 

some studies on P. falciparum merozoite receptor proteins, and on the changing
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19 

OF THE ARMY' -DEPARTMENT 

US ARMY MEDICAL RESE.ARCH AND DEVELOPMENT COMMAND 

FORT DETRICK. FREDERICK. MD 21701 

REMY TO
 
ATlNTION 


1 0 FEB 1981 
SGRD-OP 

Jerome Vanderberg, Ph.D.
 
New. York University Medical Center 
NewYork, NY 10016
 

Dear Doctor Vanderberg:.
 

Due to budget decrements, severe inflation, and new missions in chemical
 
warfare defense and occupational health research on new Army systems,
 
the US Army Medical Research and Development Command is unable to support.
 
many valuable and productive contracts on infectious diseases. I regret
 
to inform you that your contract is among those which cannot be renewed
 
upon its termination date.
 

Therefore, your present contract, No. DADA17-73-C-3027, entitled "Cell
 
Physiology of the Malaria Parasite," will be terminated on 31 Aug 81. A
 
final report should be submitted at that time.
 

I fully recognize this action diminishes our research base on militarily
 

relevant infectious diseases which in past wars have caused many more-­
casualties than hostile action. I want to thank you for your important
 
contributions to our infectious disease research program and for your
 
continuing interest in it. I shall strive for a correction in the
 
funding priority of infectious disease research in coming years and hope
 
that such correction might enable my Command again to support your
 
research.
 

Sincerely,
 

1. eL 

GARRISON RAPMUND 
Brigadier General, MCL 
Commanding
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patterns of protein synthesis during the life cycle of the parasite. These 

merozoite studies were supported almost entirely by the Army Contract, and
 

by a N.I.H. pre-doctoral fellowship held by the person actually doing much
 

of the work, Chris Lambros. We used.information gained from these studies
 

as the basis for a portion of a previousA;I.'D. Contract proposal (isolation
 

of merozoite receptor protein for possible use as an antigen). However; we
 

were requested to drop this portion of-'our proposal, and accordingly have done
 

so in this current modification of the proposal. It should be emphasized
 

that the actual pilot studies were done with the approval and financial support
 

of the Army Medical Research and Development Command. In no way did they
 

interfere with the actual A.I.D. contract-supported work that we did con­

currently, and in no way can this Army-supported work be considered to be a
 

departure from my approved A.I.D. objectives.
 

3. W.H.O. Research Grant I.D. No. 800400 (Funded by W.H.O. Working-Group
 

on Chemotherapy of Malaria)
 

"Inhibition of the Interactions Between Erythrocytes andPlasmodium
 

falciparum Merozoites"
 

Principal Investigator: Seymour Schulman'
 

Approved Dates 7/1/81 6/30/84
 

Total approved funds for first year: $34,892
 

This project was based on results obtained from-a previous Army-'
 

supported Contract, and in a sense will now take over that aspect
 

of the terminated,Army project (see Aim 2of Army Contract above),
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4. A.I.D. Contract No. ta-C-]486
 

Malaria",
"In Vitro, Cultivation of Sporognic Stages of Human 

Principal Investigator - Jerome Vanderberg 

Effective Dates: This 3 year contract was originally scheduled to be 

terminated on 1/14/81. The contract period was extended to 7/1/81, 

without additional funds, to permit completion of some of the 

objectives, as could be accomplished with available funds. 

Total approved funds for terminal year of Contract = $94,820 

Details of work accomplished were presented in my Annual Progtess Reports,
 

and End of Contract Report. .In..summary, four major goals.were accomplished:
 

a) a technique for establishing synchrony of asexual cultures was per­

fected. This "sorbitol" procedure has now become the standard syn­

chronization procedure in the field of malaria culture work. The goal
 

was proposed,'as follows, in my original approved A.I.D. technical
 

proposal (page 8).
 

"Attempts will also be made to improve synchrony of developmental
 

stages within these cultures. This may be an especially important
 

problem to solve in gametocyte culture, in view of the fact that mature
 

gametocytes may be produced synchronously, and may.be short-lived in
 

their maturity when produced (See Appendix I, page 15). Thus, if all
 

of the gametocytes within a culture could be produced in synchrony,.a
 

high.percentage of them might be shown to be mature at the same time
 

after an appropriate period of development. Attempts will be made
 

to impose such synchrony by fluctuations of levels of oxygen,.
 

C02, hormones, temperature, cyclic AMP, and various regulators of cell
 

division and the cell cycle."
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b)A technique for.replacing human serum with peptones and calf serum
 

was developed. This procedure and subsequent modifications of it::have
 

been confirmed and used by other members of the A.I.D. Network (Jensen
 

and Siddiqui). The goal was proposed, as follows in my original.A.I.D.
 

approved technical proposal (pp 7-8).
 

"Another problem of mass productibn relates to the expense and
 

difficulty of supplying large quantities of human serum. Possible'
 

transfer of hepatitis virus may also pose a problem. Substitutes will
 

be sought. The possibility of sera from other aniuals such as bovines,
 

sheep, horses, etc. will be investigated. Human plasma extenders, as
 

well, will be tried. Such substitutes may possibly be6used'.if pecific
 

growth factors are added. What is needed is a better understanding of
 

the specific factors.in human plasma which are required for parasite
 

growth. Studies with the various fractions of human plasma (which are
 

commercially available from Miles Laboratories) may give insight into
 

which of these are required by the parasite. The use of lyophilized
 

plasma will be tested as -well, to determine whether plasma can be
 

stored and shipped under tropical conditions. The rationale for this
 

is that if the Trager-Jensen system is introduced into African labora­

tories, there might be problems associated with plasma:from:looal,
 

immune populations."
 

c) A technique for enhancing induction of P. falciparum gametocytes
 

in culture.was described, and
 

d)-A procedure that'permits complete, maturation of.P."ifalciparum:'
 

gametocytes in culture was described.
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These latter two accomplishments were the main goalsof the prior
 

contract. Two important elements in the consideration of any new contract
 

proposal are whether the proposed goals actually fit in with the new goals
 

and priorities of the A. I. D. Network Program, and whether there is a credi­

bility that the principal investigator can actually accomplish these new
 

proposed goals. Whether the proposed goals fit in with the overall A.I.D'.
 

program is best left to the judgment of the reviewers and advisors involved.
 

However, our credibility to accomplish proposed goals within a given contract
 

period, and within a given budget speaks for itself.
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(Modification submitted October 1, 1981),
 

U.S.A.I.D., CONTRACT PROPOSAL., 	 JEROME VANDERBERG
 
PRINCIPAL INVESTIGATOR 

PROPOSED BUDGET FOR FIRST YEAR 

(January 1, 1982 - December 31, 1982) 

A., Personnel Effort Amount
 

Dr. Jerome Vanderberg, Principal Investigator 55 $ 22,229
 

Dr. Seymour Schulman, Assoc. Research Scientist 35 7,578
 

Mr. Richard Nawrot, Assistant Research Scientist 50 10,218
 

Dr. Titus Ifediba, Post-Doctoral Fellow 100 15,500
 

Dishwasher (shared) 20 1,899
 

Secretary (to be hired) 50 6,571,
 

TOTAL SALARIES 	 63,991
 

B. 	 Fringe Benefits (at 21.5% salaries effective 9.1/81; 13,972
 
at 22.5% salaries effective 9/1/82).
 

C. Equipment
 

1. 	Harvard perfusion pumps (2), plus tubing 5,500
 
and glassware apparatus for Trager's
 
Flow vial system
 

2. 	Orbital shaker and platform for -1,660
 
tissue culture flasks.
 

3. 	Low-high temperature incubator for items' land 2. 1,565 

4. 	Carbon dioxide incubator 3,800
 

5. 	 Liquid Nitrogen storage tank-freezer 

6. 	Sartorius analytical balance 3,153
 

7. 	Wang Word Processor (shared cost)' 4,500
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8. Microscope slide storage system 	 565
 

9. Microgasometer 
 1,155
 

10. Chemical safety cabinet 	 650
 

.11.	Sorvall RC-5B Centrifuqe with -ratecontroller 10,595
 
and SS-34 rotor'
 

12. Air Conditioner 	 650
 

EQUIPMENT TOTAL 	 34,740
 

D. Supplies (Media, gases, chemical, plasticware, etc.) 	 8,500
 
(based on actual analysis of prior monthly
 
purchase records)
 

E. 	 Blood serum and cells 6,000
 
(based on 2 units of serum and 0.5 units of 'cells
 
-.r week at $50 per unit)
 

F. Equipment maintenance, service contracts 	 1,000 

G. Animals 	 (Mice, rats, hamsters) 500 

H. Animal care and shared insectary maintenance 	 1,000 

1,000
I. Travel (meetings, and conduct of joint research) 

J. Publications (reprints and page costs) 	 500 

TOTAL FIRST YEAR DIRECT COSTS 	 $ 131,207 

OVERHEAD AT 49.5% OF DIRECT COSTS $ 47,751
 
(Exclusive of Equipment)
 

TOTAL FIRST YEAR DIRECT AND INDIRECT CoSTS 	 $178,958 



PROPOSED BUDGET FOR SECOND YEAR 

(January 1, 1983 - December 31, 1982) 

A. Personnel 
 $68,475 

(As indicated in first year budget plus 7% 
increase as required by N.Y.U.)
 

B. Fringe benefits at 22.5% salaries 
 15,407
 

C. Supplies (media, gases, chemicals, plastic.are, etc.) 8,500
 

D. Blood serum and cells 
 6,000
 

E. EauiDment maintenance. eerzvice contracts 1,000 

F. Animals (mice, rats, hamsters) 500
 

G. Animal care and shared insectary maintenance- 1,000
 

H., Travel (meetings and conduct of joint research) 1,000
 

I..: Publications (reprints and page costs) 500 

TOTAL SECOND YEAR DIRECT COSTS $ 102,382 

OVERHEAD AT 49.5% OF DIRECT COSTS (Exclusive $ 50,679 
of equipment) 

TOTAL SECOND YEAR DIRECT AND'INDIRECT COSTS $ 153,061 



PROPOSED BUDGET FOR THIRD.YEAR 

(January 1, 1984 - December,31, 1984) 

$73,268

A.- Personnel 


(As indicated in second year budet plus:7%
 

increase as required by N.Y.U.)
 

.16,485
B. Fringe benefits at 22.5% salaries 


8,500

Supplies (media, gases, chemical', plasticware, etc.)
C. 


6,000

D. Blood serum and cells 


1,000

E. Equipment maintenance, service contracts 


Animals (mice, rats, hamsters) 
500
 

F. 


1,000

Animal care andshared insectary maintenance)
G. 


1,000

H. Travel (meetings and conduct-of joint research): 

I. Publications (reprints and page costs) 
500
 

$ 108,253
TOTAL THIRD YEAR DIRECT COSTS 


5'53,585

OVERHEAD AT 49.5% OF DIRECT COSTS 


(Exclusive of Equipment)
 

161,838

TOTAL THIRD YEAR DIRECT AND INDIRECT.COSTS 
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Justification for Equipment
 

1. 	 Flow'vial system will be used to determine feasibility of mass production
 

of mature P. falciparum gametocytes, for eventual large scale production 

of sporozoites (see pp. 13 -14 of proposal). 

2. 	 orbital shaker is to be used for orbital incubator set-up for mass
 

production of gametocytes, as in item 1 above (see pp. 13 -14 of
 

proposal). The same perfusion pumps as in 
 item 1 will be adapted foril 

use with the orbital incubator. 

3. 	 As an economy measure, a single incubator will be usedito ..house iteWs.l
 

and 2 above. The studies will necessarily have to be done at different
 

times, since only one system can fit in the incubator at a given time
 

A low-high temperature incubator (with compressor as well as heating*
 

unit) 	is required for maintaining constant temperatures while heat
 

producing equipment (the orbital shaker) is maintained within.
 

4. 	 A carbon dioxide incubator is required for maintaining many ce-. lines
 

(human embryonic lung cells, for instance) (see pp. 23-25 of proposal).
 

5. 
 The liquid nitrogen freezer will be required to maintain frozen samples
 

of parasite strains, preserved at different times after their.initial
 

isolation (see pp. 10 - 11 of application). 

6. 	 An analytical balance is used on a daily basis in our studies. At present,
 

there is only one in 
our entire Division (inDr. Nussenzweig's laboratory),
 

and the pressures for the use of this balance often requires long waits,
 

or postponements of experiments. 

7. 	 Our Division is planning to purchase a word processor. In view of the
 

considerable amount of time that we spend on contract-related applications, 

reports, publications, the use of the word processor would 	permit a sub­

stantial saving in typing time, and in literature retrievals for preparing
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bibliographies. The indicated cost would be my share of an overall
 

purchase.
 

8. 	 The slide storage system is for organized filing and storage of micro­

scope slides of blood smears. Many of our studies recuire maintenance 

of large numbers of slides. 

9. 	 The microgasometer is used for accurate measurement and delivery of a 

gas mixture to gametocyte cultures (see p. 10). 

10. 	 A chemical safety cabinet is for'storage of flammable solvents and 

reagents in our laboratory. We hve been informed that without one, we 

are currently in violation of New York City Fire Dept. regulations. 

11. 	 The Sorvall centrifuge is primarily for high speed centrifugation of
 

Percoll gradients for purification of sporozoites (see p, 20). Our
 

preliminary studies showing the value of such a gradient were done with
 

a centrifuge in another laboratory. This will no longer be available for
 

the extended centrifugation times that we will need.
 

12. 	 The air conditioner is for a small laboratory (room 509)-adjacent to our
 

regular laboratory. We are presently quite crowded in our laboratory,
 

and are attempting to organize this adjacent facility for our own work.
 

Salary.increments included in budget years beyond the first are
 

based on estimated percentages including merit and inflationary factors
 

Percentages applied vary depending on job descriptions, time and grade,
 

etc. for each employee. Actual salaries to be paid in future years
 

must be in agreement with the official wage and salary progr&M
 

consistently applied at N.Y.U. Medical Center.
 



Resources for the Future 
1755 MassachusettsAvenue, N.W. 

Washington, D.C. 20036 

October 5, 1981
 

Ms. Pamela L. Baldwin
 
AID Office of Energy
 
Room 306 SA-18
 
Washington, D.C. 20523
 

Dear Pamela:
 

Enclosed is a list of the ARDEN documents and projected dates of delivery
 
of the final reports to RFF. We have made tentative plans to print most of
 
the final reports as part of the RFF/CEPR Discussion Paper Series or submit them
 
to the RFF Publications Committee for consideration as RFF Research Papers.

(These are indicated by asterisks on the list.) We reserve the right to revise
 
these plans--analysis on some projects is not yet complete and financial restric­
tions may necessitate a reduction in the number of papers we can have printed.
 

Papers marked with a checkmark (V) on the enclosed document list are avail­
able for examination by the AID Research Advisory Committee members at your meet­
ing in November. A package including each of these documents is being sent to
 
you under separate cover (a list of the titles is enclosed here). We have included
 
all ARDEN materials except those which are not completed or those on which we have
 
significant unresolved technical questions. Also included in this package are
 
background papers on the rural electrification study (including the original design

document, minutes of RE conference meetings, working drafts from the Operations
 
Research Group, questionnaires, preliminary data reports and tables, etc.). The
 
papers concerning rural elertrification are preliminary working drafts and are
 
labelled as such. They are not yet available for reproduction or citation without
 
permission from RFF.
 

As noted, the list of ARDEN documents includes research studies and methodolo­
gical studies. Research studies include in-house reviews and analyses of existing

data and investigations carried out in specific developing areas by consultants or
 
developing area institutions. Methodological studies are papers addressing ques­
tions of project design and analysis in ARDEN subproject investigations.
 

Also enclosed are copies of the following documents for your files which you
 
have not previously received:
 

1. Ramesh Bhatia, "Fuel Alcohol From Agro-Products in India: A Study of
 

Crop Substitutions, Food Prices and Employment," July 1981;
 

2. Ashok V. Desai, "Interfuel Substitution in the India Economy," July 1981;
 

3. RFF, "Comments on Operetions Research Group (ORG) Chapters and Household
 
and Village Tables," September 15, 1981;
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4. Operations Research Group (JRG), "Rural Electrification and Socio-

Economic Development: Consequences and Determinants--Chapterisation
 
Plan," September 8, 1981;
 

5. 	ORG, "Impact of RE on Rural Industrialisation," September 1981;
 

6. 	RFF, "Comments on ORG's 'Impact of RE on Rural Industrialisation,"' 
September 30, 1981; 

-. 

7. 	Administrative Staff College of India (ASCI), "A Study of Conservation
 
Possibilities in Manufacturing Industries in India: Progress Report-

July 20, 1981"
 

Fifty copies of the Desai Discussion Paper, "Interfuel Substitution in the

Indian Economy" will be mailed to you this week for distribution to AID missions.
 

Sincerely yours,
 

Marilyn M. Voigt
 

Project Assistant,
 

Enclosures
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Resources for the Future 
1755 MassachusettsAvenue, N.W.
 

Washington, D.C. 20036 October'-5, 1981,
 

ARDEN Documents 

For Review by U.S. AID Research Advisory,Committe' 

Biomass Studies:
 

Julia C. Allen, "Charcoal Industry Location and Transport Study"
 

"Modeling the Environmental Effects of Forest Management in a Watershedi
 

A Multiobjective Approach to Forest Management for Developing Countries"
 

Ramesh Bhatia, "Fuel Alcohol From Agro-Products in India: A Study of Crop Sub­

stitution, Food Prices and Employment"
 

Donald I. Hertzmark, William Ramsay, Stephen Polasky, "A Simple Analytic Model
 

for Agricultural Price Impacts Due to Alcohol Fuels Program"
 

Instituto de Investigaciones en Ciencias Economicas, "Desbalance Comercial Externo
 

y Crisis Alimentaria: Resultados Esperados de un Programa Agresivo de Produccion
 

de Alcohol Carburante en Costa Rica" (Translation: "Foreign Trade Imbalance and
 

the Food Crisis: Anticipated Results of an Aggressive Program of Alcohol Fuel
 

Production in Costa Rica" available end of October 1981.)
 

Energy Demand and Conservation Studies:
 

Administrative Staff College of India, "A Study of Conservation Possibilities in
 

Manufacturing Industries in India: Progress Report - July 20, 1981"
 

Ashok V. Desai, "Interfuel Substitution in the Indian Economy"
 

Joy Dunkerley, Gunnar Knapp with Sandra Glatt, "Factors.Affecting the Composition
 

of Energy Supplies in Developing Countries"
 

Instituto Nacional de Energia, "Industrial Energy Consumption in a Developing
 

Country: The Ecuadorian Case"
 

John J. Jankowski, Jr., "Industrial Energy Demand andConservation in Developing
 

Countries"
 

2021328-5000 Cable: Resources 



Rural 	Electrification Studies:
 

Part I. Research and Project Design
 

A. 	RFF, "An ARDEN Study Design Document--Rural Electrification and Socioeconomic
 
Development"
 

B. 	RFF, "International Comparative Studies of Rural Electrification--Coordinated
 
Research Projects for Studies in India"
 

C. 	RFF, "Summary of India Rural Electrification Washington Coordination Conference,
 
July 1-3, 1980"
 

D. 	Douglas F. Barnes, "Specification of Rural Electrification Analysis"
 

E. 	RFF, "ARDEN Rural Electrification Meeting, Tuesday, March 31, 1981, Minutes
 
of the Meeting"
 

Part II. Questionnaires
 

F. 	Instituto SER de Investigacion,
 
"Evaluation of the Impact of Rural Electrification in Colombia"
 
"Coding Manual"
 
"Stratification"
 
"Household Questionnaire"
 
"Community Questionnaire"
 

G. 	Operations Research Group,
 
"Socio-Economic Impact of Rural Electrification&-Field Instructions"
 
"Household Questionnaire--Part I"
 
"Household Energy Use--Part I"
 
"Village leader Schedule"
 
"Village Level Schedule From Panchayat Office/SEB Records/Local Leaders" 

Part III. Preliminary Tables
 

H. 	Operations Research Group,
 
"Village Tables"
 
"Household Tables--Summary Observations on Relationship Between Household
 
Level Indicators and Rural Electrification"
 

"Sample of Preliminary Raw Data from Village Survey (12 villages)"
 

Part IV. REF Comments on Research Projects
 

I. 	RFF, "Comments on ORG Rural Industries Paper"
 
RFF, "Comments on ORG Chapters and Household and Village Tables"
 
RFF, "Comments on ORG Rural Electrification 'Response' and 'Literature' Drafts"
 

\A 




Part V. Preliminary Draft Research Reports
 

J. 	Operations Research Group, "Rural Electrification and Socio-Economic
 

Development: Consequences and Determinants--Chapterisation Plan"
 

K. 	 , "Studies Relating to Rural Electrification in India--Summary of
 

Past Evidence"
 

L. , "Preconditions for Successful Response in the Residential Sector" 

M. 	 , "Temporal Response to Rural Electrification Agricultural, Residential 

and Industrial Sectors" 

N. , "Impact of RE on Rural Industrialisation" 

0. Administrative Staff College of India, "Summary of ASCI Cost-Benefit Study"
 



ResourcegWr the Future 


Author 


Research Studies:
 

Julia C. Allen 


Julia C. Allen and 

Douglas F. Barnes
 

* 	 Julia C. Allen, Douglas F. 

Barnes and Margaret Skutsch 

* Douglas F. Barnes 

* 	 Ramesh Bhatia (consultant at 

Harvard) 

* Instituto de Investigaciones 

en Ciencias Economicas (Juan 

Manuel Villasuso) 


* 	 Shafiqul Islam and William 
Ramsay 

* William Ramsay with R. Bhatia, 
P. Ehrlich, A. Poole, 

J. Villasuso
 

* 	 University of Dar es Salaam 
(Margaret Skutsch, A. B. Temu) 

ARDEN DOCUMENTS
 

Biomass Studies
 

Title 


Forest Soils in Developing.Countries 


Deforestation, Wood Energy and Development 


Social Forestry in Tanzania 


.
 

Social Forestry 


Fuel Alcohol From Agro-Products in India: 


A Study of Crop Substitution, Food Prices
 

and Employment
 

Foreign Trade Imbalance and the Food Crisis: 


Anticipated Results of an Aggressive Program 

of Alcohol Fuel Production in Costa Rica 


Fuel Alcohol: Some Complexities in the Brazilian
 
and American Programs 


Macroeconomic Factors for Fuel Alcohols in the 

Third World
 

Socioeconomic Aspects of ExistingLWoodfuel Energy 

Programs: Village Afforestation in Tanzania--

Policy and Case Studies 


SeptefflW30, 1981
 

Projected Delivery.
 

Date to RFF
 

Aprill 1982
 

October 1981
 

January 1982
 

LJanuary 1982
 

ReceivedL
 

Received (trans­

lation available
 
October 1981)
 

November 1931
 

December 1981
 

April 1982
 
(delayed'for
 
medical reasons).
 

* Scheduled for RFF/CEPR Discussion Paper Series 



Resources for the Future 


,Author 


Methodological Studies::
 

Julia C. Allen 


Julia C. Allen 


Donald I. Hertzmark, William 
Ramsay, Stephen PolaskyI 

ARDEN DOCUMENTS
 

Biomass Studies (cont.'d)
 

Title 


Charcoal Industry Location and Transport Study 


Modeling the Environmental Effects of Forest 

Management in a Watershed: A Multiobjective
 
Approach to Forest Management for Developing
 
Countries
 

A Simple Analytic Model for Agricultural Price 

Impacts Due to Alcohol Fuels Program
 

September 30, 1981
 

Projected Delivery
 

Date to RFF
 

Completed
 

Completed
 

Completed 



Resourcin the Future 	 September i 981
 

Author 


Research Studies:
 

* Administrative Staff College of India 


(R. 	K. Pachauri) 


* Centro de Estudios Sobre Desarrollo, 


Economico (Jose Eddy Torres)
 

* Ashok V. Desai 


* Joy Dunkerley, GunnarKnapp with 


Sandra Glatt 


* 	 Instituto Nacional de Energia 


(Eduardo Moran) 


* John J. Jankowski, Jr. 

** Lawrence Berkeley Laboratory 
(Lee Schipper" 

* Scott Noll 

* Alan Poole 

ARDEN DOCUMENTS 

Energy Demand and Conservation Studies
 

Title 


Study of Conservation Possibilities in.:the 


-Manufacturing Industries in India,
 

Nonhousehold Rural Energy Demand 


Interfuel Substitution in the Indian 


Economy
 

Factors Affecting the Composition of 


Energy Supplies in Developing Countries
 

Industrial Energy Consumption in a 


Developing Country: The Ecuadorian Case
 

Industrial Energy Demand and Conservation 


in Developing Countries
 

Energy Conservation in Kenya 


The Potential for Transportation Energy 


Conservation in Developing Countries
 

The 	Brazilian Transport Sector: Historical 


Background and Assessment of Conservation 
Possibilities
 

Pr~Jected Delivery Date, 
to RFF
 

October 1981-


November 1981
 

Completed
 

Received
 

Received 

Completed-


October 1981
 

November 1981
 

November 1981
 

* Scheduled for RFF/CEPR Discussion Paper Series
 

** Will be submitted to RFF Publications Committee for consideration as a published RFF Research Paper.
 



Resources for the Future 


Author 

Research Studies:
 

* Administrative Staff College oflIndia 

(R. K. Pachauri) 


* Janice Brodman (consultant at Stanford) 

* Operations Research Group 

(B. 	B. Samanta) 


* 	 Instituto SER de Investigacion 


(Eduardo Velez)
 

** Douglas Barnes and others-. 

Methodological Study:
 

Douglas F. Barnes 


ARDEN DOCUMENTS
 

Rural Electrification Studies
 

Title 

International ComparativeiStudies of 


Rural Electrification
 

Socioeconomic Impacts of"Rural 


Electrification in:Indonesia.
 

Socioeconomic Impact of Rural 


Electrification
 

Rural Electrification in Colombiia 


Rural Electrification and Energy in 


Developing Countries
 

Specification of Rural Electrification 


Analysis
 

September 30, 1981
 

Projected Delivery
 

Date ,to 1."FF 

January1982
 

March 1982
 

March 1982
 

'February 1982
 

April 1982
 

Completed­

* Scheduled for RFF/CEPR Discussion Paper Series
 

Will 1.ibmitted to RFF Publications Committee for coni ation as a published RFF Research Paper.
 



MEMORANDUM 	 May. iI, 1981
 

TO: DS/EY, Mr. Ilan Jacobs
 

FROM: DS/PO, Thomas O'Keefe 

SUBJECT: Extension of Energy Polfcy and Planning Project
 
(936-5703)
 

We have sent forward for authorization the extension-refundinq

package on this project.
 

There are three matters that we consider significant aspects-of
 

the implementation of the extension.
 

1. 	 The RAC will review the results of the RFF work.
 

2. 	 FY 81 funding of RFF should specify that this is final
 
funding for the current cooplerative agreement.
 

3. 	 The Scopes of Work for the several energy planning

activities to be funded in FY 81 should include the
 
financial contributions of the USAIDs.
 



UNITED STATSS INTERNATIONAl DEVLOPMENT COOPERATION AGENC'Y.
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 
WASHINITON. D.C. 20523
 

Mr. 	John E. Herbert
 
Secretary-Treasurer
 
Resources 	for the Future, Inc.
 
1755 Massachusetts Avenue
 
Washington, D. C. 20036
 

Subject: 	 AID/DSAN-CA-0179
 

Amendment No. 1
 

Dear Mr. Herbert:
 

Pursuant to the authority contained in Sections 297 and 635 of the
 
Foreign Assistance Act, as amended, and the Federal Grant and Cooperative
 
Agreement 	Act of 1977, the Agency for International Development hereby
 
amends the subject Cooperative Agreement effective the date of this
 
letter to 	extend the expiration date of the Agreement from August 31,
 
1981 to April .30, 1982.
 

I. Cover- Page 

A. 	From block entitled "Expiration Date" delete "August.31, 1981"
 
and substitute "April 30, 1982."
 

DLV 	 From block entitled "Amount Obligated" delete "$800,000 and
 
substitute "$1,075,OO0."
 

II. Program Description
 

Add 	"Program Description September 1, 1981-April 30, 1982"
 



AID/DSAN-CA-0179
 

III. 	 Article L"Budget 

Delete "L Budget" and substitute'l­

"L.Budget
 

The funds herein shall be used to finance the following items:
 

Item 


1. Salaries 

2. Fringe Benefits 

3. Overhead 

4. Travel 

5. Other Direct Costs 

6. Subgrants 


Firm Budget 

FR: 9/1/79 FR: 9/1/81 

T0:3/31/81 T0:4/30/82

$259,324 $ 8'6,9494
 
59,645 20,086 

143,536 64,437 

44,400 5,405 

23,095 24,623 


270,000 73,500 

$800,000 $275,000 

Total Budget & Amount Obligated

FR: 9/1/79
 
TO:4/30/82
 

79,731
 
207,973
 
50,210
 
47,958
 
343,500
 

$1,075,0 

IV. Delete Article N, "Overhead Rates" in its entirety and sub­

stitute the following in lieu thereof:
 

N. 	Overhead Rates
 

Pursuant to the provision of the Standard Provisions entitled
 
"Negotiated Overhead Rates - Non-Educational", a rate or rates
 
shall be established for each of the Recipient! accounting periods

during the term of this Cooperative Agreement. All rates set forth
 
below are provisional rates and are subject to downward adjustment
 
only, for the period(s) stipulated.
 

R tte Base Period 
45.0% Direct Salaries and 

Fringe Benefits 
Fr: 9-1-79 
To: 9-30-80, 

60.2% " Fr: 10-1-80 
To: Until amended 

Rates for subsequent periods shall be established in accordance
 
with the terms of the "Negotiated Overhead Rates - Non-Educational
 
Institutions" clause of the Standard Provisions.
 



__ 

Except as provided herein all terms and conditions of the subject Cooperative

Agreement remain unchanged and in full force and effect.
 

Please sign the original and ten copies of this amendment. Return the
 
original and nine copies to the undersigned.
 

Since ours,
 

oron Darvin
 

Agreement Officer
 
Agri cul ture/Nutri ti on Branch
 
Central Operations Division
 
Office of Contract Management
 

ACCEPTED:
 

Resources for the Future
 

BY:__ q i__ Fiscal Data 
Amendment Amount: $275,000

:Secretary-Treasurer 	 Total Obligated Amount: $1,075,000 
-TITLE:___re___-_ 	 Appropriation No: 72-111102.1.6
 

Allotment No: 146-36-099-00-20-11
 
PIO/T No: 3611450
 

DATE:,7/16/81 	 Project No: 936-5703
 



"PROGRAM DESCRIPTION.
 
September 1, 1981-April 30. 1,982.
 

Puroose of Cooperative Agreement
 

this agreement is to ut-iLi ze.. the. rec.acniz.ed..expe=-­ih-..purpq-se -f 
tise and demonstrated research and analysis competence of Resources
 
for the Future (RFF) to develop and manage an energy studies projact..
 

This extension will enable RFF to continue increasing its capability
 
t analy "dlveoping country energy issue-n'd the :elati6nship
 
between energy use and development. The recipient, by developing and
 

managing a multidisciplinary study of energy use and development, will
 

contribute significantly to the design of well-conceived energy assist­
ance programs of donor organizations; to the preparation of national
 
and sectoral energy plans in developing countries, and to the exchange
 
of information, analyses and research designs among academic and
 
government institutions in developed and developing countries.
 

8. Soecific Objectives
 

1. To provide data and analyses of specific energy concerns thus
 

contributing to a greater understanding of energy and developmet
 
issues in general.
 

on
2. To improve the quality and variety of background material,s 

LOC energy issues available to energy decision-makers and project
 
managers.
 

3. To increase understanding of interaction between rural anyd
 
urban energy supply and demand senarios.
 

4. To encourage interaction and information exchange among L.DC
 
energy analysts and their counterparts in donor countriefs.
 

C. AID-RFF Coooeration
 

The Office of Energy (OS/EY) in AID and the recipient will continue
 
to cooperate and collaborate closely in the implementation of this
 
project. The project officer in the appropriate technical office
 
(OS/EY) will work closely with the project director and other principal
 
investigators in RFF and serve as the channel for AID guidance in this
 
project. The AID project officer will be consulted on issues such
 
as: selection of senior professional staff to participate in the
 
project; selection of cooperating institutions in developing countries
 
and elsewhere; selection of LDC energy issues to be studied. She will
 
participate as AID's representative at RFF-sponsored conferences on
 
the implementation of this project and be the principal liaison between
 
AID and RFF.
 

http:rec.acniz.ed
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0. imolementation
 

R F will complete the implementation armd-mana.gement.of. ge-n.eral.
studies relating to energy use 
and economic development in LOCs, with
principal focus on AID-assisted countries. In addition, RFF will
devote considerable'attention and 
resources to the dissemination of
research results. In accordance with the program of research initiated
in FY 79-80, the .three principal areas of research will continue to be:
 

1) The costs and benefits of rural electrification programs,
as determined through surveys and 
case studies of rural electrification
 
programs in selected countries;
 

2) 
Issues of energy demand, including conservation and fuel
substitution, in industry and transportation; and
 

3) Energy supplies from biomass, with special emphasis 
on
alcohol fuels, community forestry, large-scale commercial fuelwood.
 
plantations and charcoal production.
 

Mos..".f.. work to 
be done under the extended agreement will
involve the completion and dissemination of research subprojects

already begun, although a limited number of new projects may be under­taken to fill gaps 
in existing knowledge and round out research results
for comprehensive topicaL-publications. All subcontracts will be with
institutions in developingcountries that 
are included in AID's
development assistance program, unless special permission..is received
from DS/EY to subcontract with institutions outs-de--t-hese countri-es.
Subcontracts with U.S. institutions will be permitted for-the.purpose
of disseminating research results through publications, seminars,.

workshops, visual presentations, etc.
 

E. Advisory Committee
 

The recipient will continue to 
convene an-.Advisory Committee­created during the 
first funding period of the Cooperative Agreement.

In the event that membership changes are necessary or advisable, 
the
grant recipient will maintain the following general categories of

representation on the Advisory Committee (the exact number to be
determined by the recipient's project director and the DS/EY project

officer):
 

(a) AID (DS/EY and the Regional Bureaus)
 

(b) Sociologist/social scientist
 

(c) Development Economist
 

(d) Physical Scientist
 

(e) LDC Representative
 

(f) Representative of foundations working on 
energy.
 

http:rmd-mana.gement.of


(g) Representative of RFF Management Governing Board.
 

The Advisory Committee shall meet at least once during the period

of the proposed extension to review research results and proposed

dissemination activities. The institution will follow its established
 
outside peer review procedures before publishing studies.
 

F. Project Subarants
 

The recipient may make project subgranti to'institutions and/or

individuals in developing countrie6. 
 These subgrants can fund indivi­
dual studies or components of larger studies as approved by AID and

the Advisory Committee. Prior to making any project subgrant over
 
$5,000 the grantee shall submit the following information to the

Project Officer, Office'of Energy, for approval: (Approval will be
 
based on criteria set forth in Paragraph G below.)
 

(a 	 Subproject title.
 

(b)-	 Subproject description.
 

(c) 	Duration of sub-project for which funding is proposed.
 

(d) 	Name and address of the proposed sub-grantee and the
 
location(s) where activities will take place.
 

(e) 	Estimated cost of proposed subproject.
 

(f) 	Qualifications of the subgrantee relevant to proposed
 
subproject.
 

(g) 	Resources which grantee proposes to contribute and inputs

others will make to subproject, including dollar value..
 

(h) 	Plan for carrying out proposed subproject.
 

(i) 	Results expected from proposed subproject.
 

(j) 	Data to be reported by subgrantee.
 

G. Criteria for AID Aooroval of Project Prooosals
 

*The RFF project officer will submit detailed proposals and imple­
mentation plans to the AID project officer for approval. The AID
 
project officer, after cons jltation with AID technical and regional

offices and USAID field missions, as appropriate, will provide final
 
approval of those proposals in writing to RFF. Criteria for AID's
 
approval of' proposed projects are:
 

(a) 	Consistency with AID's energy strategy.
 

(b) 	Appropriate LOC government and AID reaional and mission
 
clearance.
 



Reoortino Reouirements
 

RFF will submit a comprehensive report on all activities and
 
progress to date as of October 31, 1981. The report will 
serve, along
with the substantive reports arising out of the program of research
 
and studies-, as a principal focus of the evaluation scheduled for that
 
time."
 



Resources for the Future 

Emery N. Castle, President 

June 2, 1 

Mr. Morton Darvin
 
Office of Contracts Management
 

CM/COD
 
Agency for International
 

Development
 
Washington, D.C. 20525
 

Dear Mr. Darvin:
 

In accordance with your request, I am submitting the attached
 
proposal "Extension of the ARDEN (AID-RFF Development and Energy)
 
Cooperative Agreement with AID for an Energy Policy and Planning
 
Studies Program."
 

The proposal seeks to extend the Agreement itself through
 
April 30, 1982. In addition, it requests $275,645 in additional
 
FY 81 funding.
 

Sincerely yours, 

Emery Castle
 

President
 

EC/mas
 

Enclosure
 

1755 Massachusetts Avenue, N.W-Washington, D.C'20036 
202/328-5020 Cable: Resources 



W. Ramsay 
Re-Revised Draft 
June 1, 1981 

DRAFT 

Proposal
 

EXTENSION OF THE ARDEN (AID-RFF DEVELOPMENT AND ENERGY) 
COOPERATIVE AGREEMENT WITH AID 

FOR AN ENERGY POLICY AND PLANNING STUDIES PROGRAM 

Introduction
 

Resources for the Future proposes here to extend an existing ARDEN
 

cooperative agreement with AID to carry out a program of policy and
 

planning studies on energy issues in developing countries. The
 

original cooperative agreement, entered into September 1, 1979, is
 

due to expire August 31, 1981. In addition, the original fundingr 

for the cooperative agreement, according to the proposal submitted by 

Resources for the Future and accepted by the AID Office of Contract 

Management, was to cover only the 18 months of operation from September 

1, 1979 through February 28, 1981. However, at our present rate of 

expenditure, existing funds should last through May 31, 1981.
 

This proposal therefore seeks to extend the cooperative agreementl 

through April 30, 1982, and to secure incremental supplementary 

FY, 81 funding. 

This proposal is made by RFF in the belief that the existing 

agreement for cooperation has served its original main purpose 

of advancidg the goals of AID in developing a better energy assistance 
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program while helping RFF consolidate and extend its existing
 

capabilities for analyzing developing country energy issues-
 In
 

addition, it is clear that the existing'program has succeeded in galninR
 

the active participation of research institutions in LDC's and that'
 

an extension of the program would continue to help develop expertise
 

within the developing areas themselves to improve national energy 

planning and policymaking. Finally, the interaction of RFF with a
 

number of LDC institutions and governments and with AID headquarters 

and field missions has helped and should continue to help develop
 

new avenues for the exchange of energy data, analytic methods and
 

other relevant information among world energy analysts.
 

Goals of the ARDEN Program
 

The research done under this project has been aimed at providing
 

new data and analyses of specific energy concerns, thus contributing
 

to a greater understanding of energy and development issues in general.
 

It has also sought to improve the background information available to
 

LDC energy policy planners and to the staff of AID, other government
 

agencies, and international donor institutions. It has also, as noted
 

above, been-designed to develop the capabilities of LDC energy analysts
 

and has contributed to data and idea exchanges among analysts and planners
 

in various developing countries. Among the specific issues treated in 

the ARDEN work are the role of renewable resources in'satisfying LDC energy 

supply neeIds, the-natureofenergy -demand and conservation possibilities, 
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.
and the interaction of energy sector-plans with broader economic, 

development strategies. 

Review.of ARDEN: Activities Carried 'Out with FY 79-80 Funds
 

The operations to date, funded by FY 79-80 appropriations, have sup­

ported an RFF study team comprising two (originally three) senior researchers, 

one economist and one sociologist at the doctoral level, and research 

and clerical staff. Numerous subgrants have also been made to.LDC research­

ers. The work has centered on three project areas: (1)rural alectrifi­

cation evaluation, (2) energy conservation, inter-fuel substitution, and 

other energy demand areas, and (3)selected problems in biomass energy 

policy research.
 

The level of effort on the project has built up gradually. A key
 

part of the ARDEN effort lies in grants and contracts to institutions and 

consultants in developing areas. Negotiation of these efforts at long 

distance inevitably takes a good deal of time, and it has been necessary 

to coordinate the build-up of in-house efforts :with our outside contracts 

in LDC's. Current indicated levels of effort have reached about.1200 man­

hours monthly.
 

Progress has been fastest in the field of rural electrification,
 

where pre-existing RFF research had identified promising areas of study
 

and likely collaborators. Substantial progress has also been made in the
 

field of energy demand, where advantage has been taken of the keen interest
 

already existing in many developing areas in studying conservation
 



possibilities in industries and other sectors. .In the field of biomass,
 

efforts have been made to identify key research gaps in this field, and
 

RFF staff have proceeded carefully in trying to select useful problems,
 

that can be studied on as rigorous a scientific basis as .possible.
 

Dissemination of ARDEN Results
 

The ARDEN studies and their results will be disseminated by the 

formal and informal publication of papers and books, informal contact with 

other researchers and with policymakers around the world, and--perhaps at 

a later stage, resources permitting--the holding of formal seminars or 

workshops. 

The analytic and methodological studies produced by the RFF staff or 

the ARDEN project will normally first be circulated by informal means. 

However, a good many of them will also be treated to a more formal process
 

of dissemination through the new RFF working paper series. This series
 

will use informal reproduction processes, but a standardized format and
 

list of subscribers. The case studies produced by developing area
 

institutions and other consultants for the project will also normally
 

come out as working papers. However, some of them will probably be
 

published also as RFF research papers. RFF research papers are printed
 

by offset from typescript, but are otherwise treated by libraries and other
 

research institutions as books.
 



The final ARDEN studies will normally be submitted for publication as
 

RFF books, which are published for
RFF research reports or as RFF books. 


Resources for the Future by the Johns Hopkins Press, have a well-established
 

reputation in the field of resource economics as standard references in.
 

the field of resource policy research.
 

In practice, RFF will in effect carry out an informal communication
 

of RFF research results all over the world through its wide network of
 

contacts throughout the world, and its participation in such programs as
 

the International Communication Agency tours, the Visitors Program Service,
 

and other government agencies. Should resources jermit, at a later stage
 

of the program, it might be desirable to hold formal seminars and workshops
 

to acquaint LDC policymakers and researchers with the ARDEN research results
 

and to explore research topics of interest to all developing nations.
 

Progress on Institution-Building Aspects
 

Although most-of the studies subcontracted to LDC institutions'
 

under this program are still in early or intermediate stages, the results
 

already appear promising with respect to institution building and develop-


In particular,
ment of a collaborative network of researchers overseas. 


the ARDEN project has helped the Administrative College of India in
 

Hyderabad expand its considerable potential in the field of energy analysis.
 

Furthermore, other valuable contributions to energy planning in India
 

should result--through, for instance, the retention as a consultant on
 

this project of Dr. Lalit Sen, on leave from his post as Chief Evaluation
 

Research Officer of the Rural Electrification Corporation (India).
 



The ARDEN program has also helped solidify information contacts
 

between the Instituto SER ("SER" is not an acronym) and CEDE (Centro de
 

Estudios sobre Desarrollo Economico) groups in Colombia where our studies
 

on rural electrification and on conservation promise to benefit from
 

related efforts we have brought together. Furthermore, in Ecuador, ai
 

rather modest ARDEN subcontract has made it possible for a very able
 

i
analytic group at the National Energy Institute to realize more of its


potential for theoretical analysis by making possible a survey of industrial
 

energy use aid conservation possibilities. Simiarly, in Costa Rica, an
 

ARDEN subgrant has given support to researchers at the University of
 

Costa Rica in helping them to make solid analytical contributions to
 

the ongoing debate there on the effects on the Costa Rican agricultural
 

sector of the present extensive national program of alcohol fuels.
 

Review of Work on ARDEN Subprolects
 

The ARDEN subprojects are briefly described here. Expenditures
 

by subproject are reviewed in the "Costs" section below.
 

Rural Electrification Subproject
 

Nature of Subproject and Expected Output. Past research on the impact
 

of rural electrification on development has led to contradictory
 

conclusions. Critics claim that rural electrification, given current weak
 

electricity demand in developing countries, is often too expensive, does
 

not benefit all social classes equitably, and has no significant impact
 

on agricultural or industrial development. By contrast, advocates of rural
 

electrification argue that investments in electricity infrastructure
 

produce long-term benefits by eventually creating more jobs, diminishing
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rural-urban migration, increasing agricultural production, and generally
 

improving the quality of life in rural areas.
 

The RFF ARDEN team is examining the effects of rural electrification
 

in India in 96 village-level studies, supplemented by selected household
 

surveys in 24 villages. Among the main questions addressed in the
 

surveys is the long-term consequences of rural electrification in increasing
 

agricultural production and stimulating growth of rural industries. A
 

further very important goal of the study is to examine the social effects
 

of rural electrification on the community--for example, on income distri­

bution and tendencies toward rural out-migration. The research will also
 

evaluate complementary inputs to rural electrification, including roads and
 

access to change agents such as extension services. Finally, the question
 

of the real opportunity costs of rural electrification, apart from subsidy
 

measures, is being investigated in the context of a limited comparison of
 

rural electrification with alternative energy sources.
 

The reports on individual studies that are part of the subproject
 

will be given distribution as working papers and will be synthesized in
 

the form of an RFF research report or book. This would give guidance
 

to energy planners in developing areas and to AID and other donors by
 

delineating as clearly as possible the type of economic and social
 

results that can be expected from rural electrification projects.
 

Status. RFF has been exceedingly fortunate in gaining access to
 

existing earlier surveys of villages in India, and has contracted with
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two outstanding research organizations in India, the Operations Research
 

Group at Baroda and the Administrative Staff College in Hyderabad, to
 

resurvey villages previously surveyed in 1966 to try to trace the effects
 

of subsequent rural electrification.
 

A comparable study has been undertaken under an ARDEN subgrant
 

with the Instituto SER in Colombia. 

Reports on the Indian case studies, "Benefit-Cost Problems in Rural 

Electrification", by R. K. Pachauri and others, and "Socio-Economic Impacts 

of Rural Electrification in India", by B. B. Samanta and others, should 

be available, respectively, in May 1981 and in July 1981. The report on
 

the Colombia study, "Rural Electrification Impacts in Colombia", by
 

Eduardo Velez and others, should be delivered by November 1981.
 

These case studies of course will also be utilized as part of the
 

overall in-house analysis of this problem (see "Plans for June-October 1981"
 

below).
 

Energy Demand Subproject
 

Nature of Subproject and Expected Output. The need for data on energy
 

demand in developing countries is critical if energy policymakers are to
 

be able to plan for future energy supply needs. The RFF team has picked
 

out several areas where it believes that maximum payoffs can be obtained
 

for policymaking in the near future. For example, as part of developing
 

a general understanding of how energy demand may or may not change as
 

development proceeds, studies of interfuel substitution have already been
 

carried out. In addition, studies of energy demand in specific sectors
 



of the economy have been undertaken. The initial emphasis has been on 

the industrial sector, with some study now also being directed to the 

transport sector.
 

The outputs from this study will be geared to understanding
 

industrial (and transport) energy use in developing areas in such a way
 

that opportunities for energy conservation can be identified. 
It is
 

believed that timely efforts at increasing energy efficiency in developing
 

areas can be by far the most cost-effective way of meeting energy demand
 

at the margin. The RFF reports will be directed toward giving guidance
 

to AID and other donors as to what kind of technical assistance can be of
 

most use in conserving energy in developing areas.
 

Status. RFF has taken advantage of several general demand studies,
 

to be carried out in developing areas by funding the parts of these
 

studies of relevance to the RFF program. In at least one case this
 

partial contribution by RFF has made possible the implementation of the
 

entire study. Studies have been completed in Kenya and are well underway
 

in Colombia and in Ecuador. The report on Kenya is now available in a
 

very rough draft form (see "Documentation"); the report should be available
 

in a final draft in May 1981. The report on Ecuador "Industrial Energy Use
 

in Ecuador" by Eduardo Moran F., Pedro Vernet, and others, will be
 

available also in May. "Energy Use Patterns in Colombia" by Jose Eddy
 

Torres and others, the report on the Colombia study (which includes work
 

financed by other agencies on energy demand in general), will be available
 

in October 1981.
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An RFF analytic study (see "Documentation" heading below) of inter­

fuel substitution used available-data to document the changing relative 

usage patterns between fuels such as coal and oil on the one hand, and 

between commercial and traditional fuels on the other. A related case 

study contracted with Professor Ashok V. Desai of Trivandrum explored the 

Indian experience in this area. An in-house RFF'analytic study has also
 

been carried out on energy conservation in the industrial sector in devel­

oping countries. These studies are available now (see "Documentation"
 

below).
 

A beginning has also been made in the study of energy conservation
 

in transportation. A report from a consultant on energy transportation
 

in Brazil is now available (see "Documentation" below).
 

The various case studies mentioned will also be used 4s inputs to
 

in-house analyses (see "Plans for June-October 1981!' below).
 

Biomass Subproject
 

Nature of Subprojectiand Expected Output. The biomass program
 

subproject deals with three main study areas. First of all, the RFY
 

team has been investigating the macroeconomic aspects of alcohol fuel
 

programs, especially with regard to Brazil. In particular, the food versus:
 

fuel problem is being studied to trace the effects of diverting agricultural
 

production to energy crops both on food prices and on energy prices them­

selves.
 



The alcohol studies. will produce reports describing a' methodology
 

for analyzing the effect of an alcohol fuel program on national agri­

cultural sectors in general and on key national macroeconomic variables. 

While a definitive quantitative analysis of these issues is beyond the 

Socope of the ARDEN effort--and may indeed be beyond the power of any 

present economic models--the ARDEN staff believes it is essential that 

countries now planning to invest in the alcohol option should have the
 

best information available. This information would then be of critical
 

importance to AID in considering technical assistance in the field of
 

alcohol fuels. The effect of fuel alcohol industries on balance of
 

payments is now being studied; an analysis of employment effects is 

scheduled for the near future. 

The other two study areas deal with afforestation. The possibility
 

of combining conventional saw timber and pulp production with fuelwood 

or charcoal production for local or distant fuels markets is being
 

considered for commercial plantations in developing areas. The other
 

study area deals with the organizational aspects of community forestry 

programs, and is an attempt to identify the causes of their failures and 

successes as related to local social factors and to national forestry 

policies.
 

The forestry-related studies will lead to reports on the critical
 

economic and non-economic factors in both commercial and community or
 

individual,afforestation schemes. These factors should be of use to
 

AID in designing technical assistance projects for afforestation. As
 

this study,area progresses, it is planned to draw comparisons between
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comercial :and community"schemes so that. donor agencies"'can'better
 

assess the advantages'and drawbacks of these two alternative ways of
 

dealing with biomass energy opportunities-and with the Overall problem of
 

deforestation in LDC's.,
 

Status. Support has been given to researchers-at. the University of
 

Costa Rica to model the effects of alcohol policy options on the agri­

cultural sector in the northeast portion of that country. A report on this
 

work "La Politica del Alcohol Carburante y sus Efectos en el Sector
 

Agricola", by .R.Celis U. and J. M. Villasuso, will be available in August
 

1981. In addition, some limited consultancies have been contracted for in
 

this area in order to devise simple analytic methods for the general
 

treatment of these complex problems.
 

Several in-house studies have been prepared on-the alcohol question
 

and:on the forestry study areas (see "Documentation" below). Several LDC
 

case studies in these areas'have also been-proposedunder incremental.FY 81
 

funding (see below).
 

Documentation 'of,ARDEN Proect,
 

The following are .the titles of completed documents on ARDEN problem
 

areas. They are of four types, as explained below.
 

Study Design Documents ­

.The study design document outlines:the plan of action. for*the investi­

gations in ARDEN subproject areas.' It normally will incorporate by reference
 

relevant analytic and methodOlogical studies and will'describe planned
 

and ongoing case studies.
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Biomass Area:
 

1. 	Charcoal Transport Networks and Charcoal Kilns
 

2. 	The Environmental Impact of Forest Management in Selected
 

Watersheds
 

3. 	Macroeconomic Effects of Alcohol Fuels Industry
 

Energy Demand and Conservation Area:
 

1. 	General Energy Demand and Conservation Studies 

2. 	Industrial .Energy Conservation Studies
 

3. 	Transportation Energy Conservation Studies
 

Rural Electrification Area:
 

1. 	Rural Electrification and Socioeconomic Development
 

Analytic Studies
 

Analytic studies are in-house reviews and analyses of existing data.
 

They may be designed to explore the possibility of a more detailed investiga­

tion-that is, they may constitute a "mini-study." Alternately, they may
 

provide contributions to a full-fledged ARDEN study.
 

Biomass Area:
 

1. 	Oil Imports, Foreign Exchange and the Brazilian Alcohol Program:
 
Some Preliminary Observations by Shafiqul Islam
 

2. 	Sugar or Alcohol? A Billion Dollar Brazilian Question by
 
Shafiqul Islam
 

Energy Demand and Conservation Area:
 

1. 	Factors Affecting the Composition of Energy Supplies in Developing
 
Countries by Joy Dunkerley and Gunnar Knapp with Sandra Glatt
 

2. 	Industrial Energy Conservation in Developing Countries by
 
John E. Jankowski, Jr.
 



-14-


Methodological Studies
 
Methodological studies are developments'ofmethodologies or other theoret­

ical-formulations that will be used in ARDEN subproiect investigations.
 

Biomass Area:
 

1. 	Charcoal Industry Location and Transport Study by Julia C. Allen
 

2. 	 Modeling the Environmental Effects of Forest Management in a 
Watershed: A Multiobjective Approach to Forest Management for 
Developing Countries by Julia C. Allen 

3. 	A Simple Analytic Model for Agricultural Price Impacts Due to
 
Alcohol Fuels Programs by Donald Hertzmark, William Ramsay and
 
Stephen Polasky
 

4. 	Social Forestry in Developing Countries by Julia C. Allen and,
 
Douglas F. Barnes
 

Rural Electrification Area:
 

1. 	Specification ot Rural Electrification ialsis by Douglas F.
 
Barnes
 

Case Studies
 

Case studies are investigations carried out in specific developing,.
 

areas by consultants or developing area institutions. They will normally
 

contribute heavily to the final reports on ARDEN studies.
 

Energy Demand and Conservation Area:
 
1. The Brazilian Transport Sector: Historical Background and
 

Assessment of Conservation Possibilities by Alan Poole
 

2. 	Energy Conservation in Kenya by Lee Schipper et al.
 

3. 	Inter-fuel Substitution in the Indian Economy by Ashok V. Desai
 

f 



Candidate Project Papers
 
Candidate projectpapers are brief-or,sometimeslonger--reviews of a
 

potential study area with suggestions for a possible future ARDEN subproject.
 

They are intended primarily ds briefing material for the ARDEN Advisory
 

Committee.
 

1. 	Direct Biomass Combustion Potentials for Industrial and Electric
 
Generation Applications in LDCs by Scott Noll
 

2. LDC Coal Production, Importation, and Use-Issues and Stratleies
 
by Scott Noll
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Summary of Existing LDC Subprojects
 
and Principal Consultants Funded Under ARDEN
 

'The attached charts detail existing ARDEN subcontracts in rural 

-electrification, energy demand and conservation, and alcohol fuels. 

(Proposed forestry studies are discussed below.)
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Plans: for June-October 198 

Supplementary support is requested in this proposal for the remainder 

of FY 81 and for October 1981. The original funding, from the FY 79-FY 80 

budget, was projected in the RFF proposal to last eighteen months, from,.. 

September 1, 1979 through February 28, 1980. Current projections indicate 

that these funds can actually cover twenty-one months, so that support for 

approximately 6100 man-hours more for the four months remaining in FY 81 

and for the month of October 1981, is requested (see "Costs" below). 

The activities planned for the remainder of FY 81 and for October 1981, 

to be supported by these supplementary funds, are stmarized below for the 

various ARDEN study areas. The budgets for each subproject are given in 

more detail in the "Costs" section, showing plans for spending existing 

funds and for requested supplemental funds. 

Rural Electrification
 

An analysis of the baseline data from the 1966 survey is proceeding,
 

and will form a large part of in-house work for the remainder of the fiscal
 

year. In addition, results from the studies in India and preliminary
 

results from Colombia are expected to arrive during this period and will
 

require extensive in-house analysis. A continuous level of effort involving 

,ten percent of the time of a Senior Fellow and eighty percent of the time 

of a Fellow is anticipated through October 31, 1981.
 

In addition to in-house expenses, $10,000 is requested to add the 

state of West Bengal to the existing Indian analysis. This addition should 

help to satisfy some of the concerns of members of the Advisory Committee 

as to data adequacy and is therefore strongly recommended. 



A preliminary report on the rural electrification problem, "A Prelim­

inary Analysis of the Effects of Rural Electrification in India" by Douglas
 

Barnes, William Ramsay, and others, will be finished in September 1981.
 

Energy Demand
 

The industrial energy conservation effort will be continued during
 

this period. The results of the Kenya and Ecuador studies will be combined,
 

together.with the existing in-house analytic study, to produce a document
 

in September 1981: "Preliminary Analysis of Industrial Energy Use Patterns
 

and Conservation Possibilities in Developing Areas", by Joy Dunkerley,
 

John Jankowski and others.
 

As far as additional grants during FY 81 are concerned, a proposal
 

from the Administrative Staff College of India, currently before the
 

Indian government for approval, would add an important new dimension
 

to our industrial conservation work. It would examine trade-offs between
 

capital, labor and energy factors in the Indian context. This case study,
 

with the provisional title "Conservation Possibilities in Manufacturing
 

Industries in India", by R. K. Pachauri and others, could be completed
 

in FY 81 if started promptly, producing a draft report by the end of the
 

fiscal year. Therefore, $12,000 for this study is included in the cost
 

requests below.
 

In addition, through no technical fault of the subcontractor, the
 

report on the Kenya investigation has been delayed and some overruns have
 

occured. Due to the groundbreaking nature of this study of the details of
 

industrial and commercial energy structure in a developing country, we are
 

requesting new FY •funds of $5,500 to cover this overrun.
 



Additional work has begun in exploring 
the consequences and possi-


Analyses of
 
bilities for energy Iconservation in the 

transport sector. 


potential changes in the auto fleet, observed 
modal switching, (e.g., auto
 

This work, carried out through consultants,
 to bus), etc. are being made. 

A case study will 
will also be followed up through October 1981. 

on this problem by July 1981: "Freight and Urban Passenger
be finished 

Development and Conservation Possibilities" 
by
 

Transport in Brazil: 

Alan Poole. In addition, an in-house analytic study 
will be completed 

and Conservation in Transportation 
in 

by August 1981: "Energy Use 

Developing Countries", by Scott Noll.
 

An estimated level of effort of about 40 percent 
of the time of a• 

Senior Fellow and about 100 percent of 
the time of a Fellow (equivalent), 

plus necessary research assistant 
time, will be devoted to this 

area
 

through October 1981. 

In-house work on the connection between 
energy and development
 

Efforts will be made to connect type of
 
will also be undertaken. 


export and domestic-goods strategies 
with type and quantity of energy
 

A report on this work, "Energy Implications 
of Development
 

use. 


Strategies", by John E. Jankowski, Jr. would 
be available in August 1981.
 

tiomass 

in three areas:; alcohol, community
work will continueIn-house 

forestry and plantation forestry.
 

For the alcohol work,.we anticipate 
shortly receiving-some data on
 

macroeconomic effects of alcohol programs 
from our subproject in
 



Resources for the Future 
1755 	MassachusettsAvenue, N.W. 

Washington, D.C. 20036 

October 5. 1981
 

Ms. 	 Pamela L. Baldwin 
AID 	Office of Energy
 
Room 306 SA-18
 
Washington, D.C. 20523
 

Dear Pamela:
 

Enclosed is a list of the ARDEN documents and projected dates of delivery

of the final reports to RFF. We have made tentative plans to print most of
 
the final reports as part of the RFF/CEPR Discussion Paper Series or submit them
 
to the RFF Publications Committee for consideration as RFF Research Papers.

(These are indicated by asterisks on the list.) We rese.rve the right to revise
 
these plans--analysis on some projects is not yet complete and financial restric­
tions may necessitate a reduction in the number of papers we can have printed.
 

Papers marked with a checkmark (V) on the enclosed document list are avail­
able for examination by the AID Research Advisory Committee members at your meet­
ing in November. A package including each of these documents is being sent to
 
you under separate cover (a list of the titles is enclosed here). We have included
 
all ARDEN materials except those which are nct completed or those on which we have
 
significant unresolved technical questions. Also included in this package are
 
background papers on the rural electrification study (including the original design

document, minutes of RE conference meetings, working drafts from the Operations

Research Group, questionnaires, preliminary data reports and tables, etc.). The
 
papers concerning rural electrification are preliminary working drafts and are
 
labelled as such. They are not yet available for reproduction or citation without
 
permission from RFF.
 

As noted, the list of ARDEN documents includes research studies and methodolo­
gical studies. Research studies include in-house reviews and analypes of existing

data and investigations carried out in specific developing areas by consultants or
 
developing area institutions. Methodological studies are papers addressing ques­
tions of project design and analysis in ARDEN subproject investigations.
 

Also enclosed are copies of the following documents for your files which you
 
have nct previously received:
 

1. 	Ramesh Bhatia, "Fuel Alcohol From Agro-Products in India: A Study of
 

Crop Substitutions, Food Prices and Employment," July 1981;
 

2. 	Ashok V. Desai, "Interfuel Substitution in the India.Economy," July 1981;
 

3. 	RFF, "Comments on Operations Research Group (ORG) Chapters and Household
 
and Village Tables," September 15, 1981;
 

2021328-5000 Cable: Resources
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4. Operations Research Group (ORG), "Rural Electrification and Socio-

Economic Development: Consequences and Determinants--Chapterisation
 
Plan," September 8, 1981;
 

5. ORG, "Impact of RE on Rural Industrialisation," September 1981;
 

6. RFF, "Comments on ORG's 'Impact of RE on Rural Industrialisation,"'
 
September 30, 1981;
 

7. Administrative Staff College of India (ASCI), "A Study of Conservationl

Possibilities in Manufacturing Industries in India: 
 Progress Report -
July 20, 1981" 

Fifty copies of the Desai Discussion Paper, "Interfuel Substitution in the

Indian Economy" will be mailed to you this week for distribution to AID missions.
 

Sincerely yours,
 

Marilyn M. Voigt
 
Project Assistant
 

Enclosures
 



- 23 -

Costa Rica. This information will supplement earlier in-house work and
 

reports from consultants in Brazil on balance of payments aspects.
 

When the results of agricultural sector calculations are received later
 

in the fiscal year, these will also be subjected to in-house analysis.
 

The community forestry work will deal with information supplied,
 

we propose, by two new projects, one in Tanzania for $26,000, now before
 

AID for approval, and another one in Upper Volta for about $20,000.
 

(The Upper Volta project will replace a project proposed earlier for
 

Korea.)
 

On the basis on these projects, we believe that an interim report
 

on how and why community forectry projects do or do not work can be
 

prepared during early FY 82. We therefore suggest an allotment of
 

$46,000 from new FY 81 funds for these projects.
 

In the field of plantation forestry, work will be mainly restricted
 

to in-house efforts plus possibly some small consultant contracts. 

However, some beginning will be made on establishing a documented 

methodology for treating the critical environmental question of the 

effects of intensive harvesting of forestry plantations for wood fuels. 

The level of effort in this area will be about 40 percent of the
 

time of a Senior Fellow, about 80 percent of the time of a Fellow (equivalent)
 

for the remainder of the year, plus extensive research assistant effort.
 

The FY 81 products of this work should be a draft final report,
 

"Macroeconomic Consequences of Alcohol Fuels" by W. Ramsay, Scott Noll,
 

and others, on the alcohol problem, a draft of key sections *of a study
 

on community forestry, and a preliminary study, "Preliminary Analysis of
 

Environmental Impacts of Energy Forestry Management" by J. C. Allen,
 

and others, on the environmental aspects of the plantation forestry prob1'
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-Activities after October 31, 1981 

While'all:research activities under this proposal will be completed 

by October 31, 1981, the need for disseminating results will entail some' 

further activities, throughout the rest of FY 82. As outlined above, RFF 

research results are normally propagated through our Discussion Paper 

series, through RFF Research Reports, and through books published for 

RFF by Johns Hopkins press. These documents are all subject to extensive 

verification and peer review processes, both internally at RFF and by the 

use of distinguished outside reviewers. Since this process inevitably 

is somewhat lengthy, we anticipate some level of activity throughout a 

good part of FY 82 in disseminating the research results, in order to 

realize as fully -as possible the goals.of the, Cooperative Agreement.*. 

\t )
 

http:goals.of
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Project Structure
 

The general nature-of the studies to be carred outiwill, as-in the 

existing cooperative agreement, be determined cooperatively by RFF and 

AID.. RFF will have the responsibility.for drafting the design of 

individual study areas. An existing Advisory Committee includes, in
 

addition to AID and RFF representation, representatives of foundations
 

interested in international energy issues, representatives of international
 

organizations, and scholars from the academic world. This committee will
 

be consulted at semi-annual meetings on project selection and design.
 

Preliminary in-house studies will be prepared analyzing and reviewing 

key policy areas, as a guide to final study design. RFF will continue 

to establish collaborative relationships with institutions and individuals 

in developing areas to carry out studies or parts of studies in tandem
 

with the RFl staff. RFF will submit proposals for such subgrants or
 

subcontracts to the AID Office of Energy for its approval before final
 

implementation.
 

RFF Capabilities 

RFF has done substantial innovative research and analysis in both 

conventional and non-conventional energy. Its Center for Energy Policy 

Research (CEPR), directed by Milton Russell, examines all aspects of 

energy policy, as spelled out in more detail in the attached RFF annual 

report forFY 80. The Center can also call for support on the other 

divisions of 'RFF:. Quality of the Environment and Renewable Resources. 
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RFF has been a pioneer in every aspect of energy research, 
ranging
 

from initial: efforts during the 1950's to the recent Energy 
in America's
 

It has also done extensive research on developing country
Future. 


energy use, work which has been supported by the.World Bank, State
 

Department and Ford and Rockefeller Foundations, in 
addition to AID.
 

Some especially relevant publications are:
 

.Books:
 

Cecelski, E., J. Dunkerley and W. Ramsay, Household Energy 
and the
 

Poor in the Developing World, Research Paper R-15 (Washington, D.C.,
 

Resources for the Future, 1979).
 

Dunkerley, J., W. Ramsay, L. Gordon and E. Cecelski, 
Energy Strategies
 

Johns Hopkins University Press
 for Developing Nations, (Baltimore: 


for Resources for the Future), April 1981.
 

Health and Environ-
Unpaid Costs of Electrical Energy:
Ramsay, W., 

mental Impacts from Coal and Nuclear Power (Baltimore, Johns Hopkins
 

University Press for Resources for the Future, Inc., 1979).
 

Schurr, S., J. Darmstadter, H. Perry, W. Ramsay, and M. Russell,
 

The Choices Before Us (Baltimore, MD,
Energy in America's Future: 


Johns Hopkins University Press for Resources for the 
Future)
 

August 1979.
 

An

Dunkerley, J., Trends in Energy Use in Industrial Societies: 


Overview (Resources for the Future, Washington, D.C., 1980).
 

J. Dunkerley and J. Alterman, How Industrial
Darmstadter, J., 

Societies Use Energy: A Comparative Analysis, published for Resources
 

for the Future by the Johns Hopkins University Press, 1977.
 

Alcohol Fuels and Developing Countries, Research Paper X
 Ramsay, W., 

(Resources for the Future, Washington, D.C., submitted 

1981).
 

Articles and Chapters:
 

Cecelski, E. and W. Ramsay, "Prospqcts for Fuel Alcohols 
from Biomass 

in Developing Countries", paper presented at the United Nations 

Conference on Long Term Energy Resources, Montreal, 26 November 
­

8 December 1979. 

"The Alcohol Fuels Option in the Third World", Energy
Ramsay, W., 

1 (1981) pp 99-103.
Journal, vol. 2, no. 
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Dunkerley, J. and Andrew Steinfeld, "Adjustment to Higher Oil
 
Prices in Oil Importing Developing Countries", Journal of Energy
 
and Development, Spring 1980.
 

Cecelski, E. and J. Dunkerley, "Energy Use in the Rural and Urban 
Household Sectors of Developing Countries" in Proceedings of an
 
International Workshop on Energy Survey Methodologies for Devel­
oping Countries, National Academy of Sciences, 1980.
 

Dunkerley, J., "International Energy Data and Information," in
 
Energy Information: Description, Diagnosis, and Design edited by
 
William W. Hogan.
 

Darmstadter, J., J. Dunkerley and J. Alterman, ,"International
 
Variations in Energy Use," in Annual Review of Energy, Ivol. 3, 1978.
 

Dunkerley, J., "Estimation of Energy Demand and Conservation in
 
the Developing Countries" Paper to be published in forthcoming

Proceedings of IAEE Conference on International Energy Issues--the
 
Next Ten Years.
 

Dunkerley, J., "Energy Conservation: potential and policies"
 
published in Proceedings of Second Workshop of Western Hemisphere
 
Energy, pp 125-132, sponsored by the Banco de Bogota and
 
Universidad de los Andes in co-operation with the MITRE
 
Corporation September 1979.
 

Dunkerley, J. and J. E. Jankowski, Jr., "The Real Price of Imported 
Oil", The Energy Journal, July 1980, pp 113-118. 

Jankowski, J. E., Jr., "Future Energy Requirements for Implementing
 
Basic Human Needs", University of Oklahoma's Review of Regional
 
Economics and Business, October 1980, pp 28-33.
 

Noll, S., "A Minimum Benefits Analysis of Residential Passive Solar
 
Sunspace Designs", technical paprr, 5th National Passive Solar Energy
 
Conference Proceedings, Amherst, MA, October 1980.
 

Noll, S., "Economic Analysis", Chapter H of the DOE Passive Solar 
Design Handbook, Volume 2: Passive Solar Design Analysis, Department 
of Energy Report DOE/CS-0127/2, January 1980. 

Noll, S., J. F. Roach and L. Palmiter, "Energy Planning with Solar
 
and Conservation: Individual Values and Community Choice",
 
Proceedings. ISES Silver Jubilee Congress, Atlanta, Georgia,
 
June 1979.
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This expertise has of course been greatly expanded 'in the area of 

LDC energy and policy analysis by the existing AID ARDEN 

Cooperative Agreement. ARDEN activities and reports are detailed
 

elsewhere in this proposal. 
Also, as a result of this Cooperative 

Agreement, important working relationships have been established between 

RFF and' institutions in developing areas. 
 The institutions specifically
 

involved in current RFF studies are indicated elsewhere in this proposal.
 

In addition to such LDC institutions, RFF has established relationships
 

with"important'international budies in the field of energy, such as 
the
 

Latin American regional energy institution OLADE, the Science Policy
 

Research Institute at the University of Sussex .(U.K.), the International
 

Institute for Applies Systems Analysis (Laxenbuig, Auctria), the
 

International Energy Agency (Paris), the Food and Agricultural
 

Organization (Rome), among others. 

Project Staff
 

The principal investigators on the project will continue to be Joy 

Dunkerley and William Ramsay. 
Their resumes are appended. Other RFF.
 

senior staff members may be utilized if andwhen appropriate.
 

*Dr. Ramsay will be the RFF p'roject officer and,AID point'of contact
 

for the Cooperative Agreement.
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Supplemental FY81 Costs and Levels of Effort 

The estimated project costs for the 5 months under Y 81i funding 

(June-October 1981) are given in detail in table 1 below. These requests 

include an additional level of effort of approximately 3.9 man-years. 

In addition, they call for a supplementary requests of $73,500 for addi­

tional subgrants. 

The costs are also broken down by project sub-area: Rural'Electri­

fication, Energy Demand and Conservation, Biomass, and General Support.
 

Details of some of the cost estimates are given in footnotes. 

Table 2a gives an account of existing funds expended, by subproject 

area through December 31, 1980, the last period for which full accounting 

is available. Estimated monthly in-house costs during the second and 

third quarters of FY 81 are also shown. Finally, a reconcilation of 

total funds spent and those still available are compared to outstanding 

subgrant obligations, giving the total presently available to defray costs 

in FY 81. According to these projections, FY 79-80 funding will last 

through about May 1981. 

Table 2b projects the usage of supplemental FY 81 funds requested. 

Table 3 recaps ARDEN expenditures so far and projected total costs 

for FY 79 through October 31, 1981. 



Table I. Supplemental FY 81 Budget. By Subproject Area 

Staff Member and 

Other Expense Categories 
FY 81 Rate per 

'Person Month 

Rural 
Electrifieat1oo 

Persont 
time Months $ 

Energy Demand 

and Connervat ion 
PersOn 

tie Months $ 
Z 

time 

Biomaas 
PersonM 

Months $ 

Caneral Sug 
IPerson 

time Months 

ort 

$ 

ARDEN Tftaso 
Person 

time Months S 

Senior Fellows: 

William Ramsay 
Joy Dunkerley 

4,865 
3,641 

1O 
40 

0.4326 
1.7304 

2,105 
6,300 

40 1.7304 8.418 25 
10 

1.0815 
0.4326 

5,262 
1,575 

75 
50 

3.2445 
2.1630 

15,785 
7,875 

Fellows: 
Douglas Barnes 

Gunnar Knapp 
Scott Noll 
Harry Broadnan 

2,136 

1,942 
2,913 
2.330 

80 3.4606 7,392 

70 
20 
s0 

3.0282 
0.8652 
1.3734 

5.881 
2,520 
3,200 

20 

30 
20 
20 

0.8652 

1.2978 
0.8652 
0.3433 

1,648 

2,520 
2,520 

800 
10 0.4326- 1,260 

100 

100 
50 

10 0 
e 

4.3260 

4.3260 
2.1630 
1.7167 

9,240 

8.401
6,300 
4,O00 

Research (and Administra­

tive) Assistants: 
Miy. AssitntMarilyn Meding 

John Jankajisk i 

Stephen Polasky 

Elizabeth Shae 

Julia Allen 

Secretaries: (2) 

Total Divisional Labor 

Editorial Labor
g 

163,6 

1,680 
1,481 
1,359 
1,553 

1.286 

40 
10 

34 

1.7304 2,563 
0.4326 588 

1.471 1,892 

9.2578 20,840 

425 

50 
20 
10 

33 

2.163 3,634 

0.8652 1,251 
0.4326 588 

1.428 1 836 

10.1556 18,940 

1,275 

20 
10 
85 

33 

0.6652 1 20 
0.4326 588 
3.677 5,710 

1.428 1 836 

11.5047 25,521 

850 

100 

20 
3 

50 

4.326 6,762 

0.8652 1,281 
0.1298 176 

2.1630 2782 

9.4307 19,098 

10050 

50 

33 
85 

150 

4.326
2.163 

2.16 
4.326 
1.438 
3.677 

6.489 

40.3482 

6,762
3634 

64 
1006,406
1,940 
5710 

8 346 

84,399 

2,550 

Total Divisional & 

Editorial Labor 

Total benefits (23.1%) 

Total Labor plus Benefits 

Overhead (60.2Z) 

Rent (82) 

Computer Services 

21,265 

4 912 

26,177 

15,759 

2,094 

6,500 

20,215 

4670 

24,885 

14,981 

1,991 

500 

26.371 

6092 

32,463 

19,543 

2,597 

1,000 

19.098 

4412 

23,510 

14,154 

1,881 

2,000 

86,949 

20.086 

107,035 

64,437 

8,563 

8.000 

2,000 

Outside Consultants 

Conferences and Meetingsh 

Travel 

ications 
8 

*ontractsi 
elianeo-s 

2,324 

500 

10,000 

300 

63.654 

2,386 

1,500 

17.500 

300 

f,/,V.(3 

1,100 

1,000 

46,000 

300 

104,003 

1,500 

900 

43.945 

1,500 

5,810 

3,000 

73.500 

1,800 

275,645 



Footnotes to Table 1­

aStaff member names are given here to show planned allocations of
 

personnel, but this list does not guarantee exact personnel assignments
 or (except for Ms. Dunkerley and Dr. Ramsay) that specific staff
 

members will be available for the project.
 

bThe total dollar amounts are derived by addition frbm the sub­

project amounts, and may differ somewhat from amounts 
derivable by direct
 

multiplication in the "Totals" column because of rounding errors.
 

CPerson months are figured on 10.30 billable months per year, i.e.,
 

in the 0.42 year supplemental FY 81 period, there are 4.326 billable
 

person ruonths.
 

dBilled at the rate prescribed by the AID maximum, equivalent
 

to the Federal Ceiling of $50,112 p. a.
 

eThis staff member will not be available until later in FY 81, 

so his time is "100%" of a smaller total of months. 

f"150%1 means 75% of the time of each of two secretaries.
 

are based on 600 pages, and are
gEditorial and publications costs 


costed at $425 editorial labor per 100 pages and $500 publications
 
costs per 100 pages.
 

hConferences and Meetings expenses are for Advisory Committee
 

meetings, at about $750 per meeting.
 

iAdditional travel for FY 81 is anticipated for necessary consul­

tation with ongoing prvsects. Estimated expenses are as follows: 

Travel:
 
Foreign
 

3,000
2 airfares @ $1500 

1,600
20 days per diem @ 80 


100 miles ground transportation @ 22.5; 225
 

Domestic
 
4002 airfares @ 200 

6 days per diem @ 60 360 

100 miles ground transportation1l '22.5cI 225 $5,810 



The'list of subcontracts for which funds are asked are as follows:
 

FY 81 

Tanzania--community forestry (A. Temu, M. Skutsch) $26,000 
Upper Volta--community forestry (R. Winterbottom) 20,000 
India--conservation (R. K. Pachauri) 12,000 
India--rural electrification supplementary (Samanta) 10,000 
Kenya--energy demand supplementary (L. Schipper) . 5L500 

73,500 



Table 2a.' ARDEN Expenditures. Actual and Estimated, 79-80 Funding 

Subproject 

Energy Demand 
and Conservation 


51,010.22 

22.711.50 


6,279.69 

3,345.88 


83,347.29 

20,914.30 


104,261.59 


4,280 

1,926 


900 

440 

7,546 


Biomass 


72,442.83 

32,316.02 


8,608.55 

4,218.07 


117,585.47 

13,000.00 

130.585.47 


6,420 

2,889 


500 

660 

10,469 


General 
Support 


82,951.39

37,013.15 


9,811.22 

4,749.19 


134,524.95 

-

134,524.95 


7,490 

3,371 


-

770 
11.631 

Total
 

251,239.01a

112,000.61


30,229.56
 
15,270.74
 

408,739.92
 
54,213.13
 
462953.05
 

21,400
 
9,630b
 

2,200
 
1 200
 

34430;
 

Period 


Actual, Sept 1, 1979-

Dec 31, 1980: 


Projection of In-house 

costs only, for typical 

montl, in second and third 

quarters of FY 81: 

Reconciliation
 

Original Grant 

Spent through
 

Dec 31, 1980 


Subgrants
 
obligated 


Remaining for
 
In-house
 
costs after 

Dec 31, 1980 

800,000.00
 

462,953.05
 
337,046.95
 

159,000.00
 

E78,046.95
 

Category 


Salaries, incl. Benefits 
Overhead. Incl. Rest 

Travel 

Other 

Total In-House 

Subgrants 

Total 


Salaries. Incl. Benefits 


From Existing F 

Rural 
Electrification 


44,834.57 

19,959.94 


5,530.10 

2,957.60 

73,282.21 

20,298.83 

93,581.04 


3,210 

Overhead, Incl. Rent 1,444 
Travel o00 
Other 330 
Total Monthly In-House Costa 5a784 

http:93,581.04
http:20,298.83
http:73,282.21
http:2,957.60
http:5,530.10
http:19,959.94
http:44,834.57
http:E78,046.95
http:159,000.00
http:337,046.95
http:462,953.05
http:800,000.00
http:462953.05
http:54,213.13
http:408,739.92
http:15,270.74
http:30,229.56
http:112,000.61
http:134,524.95
http:134,524.95
http:4,749.19
http:9,811.22
http:37,013.15
http:82,951.39
http:130.585.47
http:13,000.00
http:117,585.47
http:4,218.07
http:8,608.55
http:32,316.02
http:72,442.83
http:104,261.59
http:20,914.30
http:83,347.29
http:3,345.88
http:6,279.69
http:22.711.50
http:51,010.22


Table 2b. Projection-of 'FY 81 Expenditures From Supplemental (FY 81) Funds Requestedi-


Subproject

Rural Energy Demand

Category Electrification 
 and Conservation Biomass GeneralSupport Total 

Salaries, incl. Benefits 2 6 ,177 2 4 8 8 5d 3 2 4 6 3d 2 3 5 1 0 , , . 107,035Overhead incl. Rent .17,853d 16,972 22,140 16,035 73,000Travel 
 2,324 2,386 1,100 
 -- 5,810Other 
 7,300 2,300 
 2,300 4,400 
 16,300
Subgrants 
 10,000 17,500 
 46,000 -- 73,500
Total 
 63,654 
 64,043 104,003 432945 
 275,645
 



Table 2a. :7ARDEN Expenditures, Actual and EstimatedC FromExisting 1Y 79-80 Funding 

Subprojlect
 

Rural Energy Demand 

Period Category Electrification and Conservation 


Actual, Sept 1.'1979 - Salaries, incl. lesefits 44,834.57 51,010.22 
Dec 31, 1980: Overhead, incl. Rest 19,959.94 22,711.50 

Travel 5,530.10 6.279.69 

Other 2,957.60 3,345.88 

Total In-House 73,282.21 83,347.29 

Subgrants 20,298.83 20,914.30 

Total 93,551.04 104,261.59 


Projection of in-house Salaries, incl. Benefits 3,210 4.280 

costs only, for typical Overhead, Incl. Rent 1,444 1,926 

month in second and third Travel 
 800 	 900 

quarters of FY 81: 	 Other 330 440 

Total Honthly In-lbuse Costs 5.754 7,546 

Reconciliation
 

Original Grant 800,000.00
 
Spent through
 

Dec 31, 1980 462,953.05
 
337.046.95
 

Subgrants
 
obligated 159.000.00
 

Remaining for
 
in-house
 
costs after 178,046.95
 
Dec 31. 1980
 

Blomass 


72,442.83 

32,316.02 


5,608.55 

4,215.07 


117,585.47 

13,000.00 


130.585.47 


6,420 

2,889 


500 

660 


10,469 


General
 
Support 


82,951.39

37,013.15 


9.811.22 

4,749.19 


134,524.95 

-

134,524-95 


7,490 

3,371 


-
730 


11 631 


Total
 

251,239.01

112,000.61a
 

30,229.56
 
15,270.74
 

408,739.92
 
54,213.13
 

462.953.05
 

21,400

9.630b
 

2,200
 
1.200
 

34t43U­

http:462.953.05
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http:251,239.01
http:134,524.95
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Table 2b. Prolection of F 81 Expenditures From Supplemental. (FY:81) Funds.Requested
 

Subproject-

Rural, Energy Demand
 

Category Electrification and Conservation Biomass General Support Total 

Salariest ncl.-Benefits 2 6 ,177 2 4 ,8 8 5 . 3 2 2 3 5 1 0 ,4 6 3d , 107,035
Overhead, ndl.i Rent 17,853 16,972 22,140 16,035 73,000Travel 2,324 2,386 1,100 
 -- 5,810Other 
 7,300 2,300 
 2,300 
 4,400 16,300
Subgrants 1Ct,000 17,500 46,000 _ 73,500Total 
 63,654 64 L043 104,003 43,945 275,645 
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Footnotes to Table 2a and 2b
 

aOverhead shown does not include the new RFF overhead rate for
 
FY 81. For Oct 1 - Dec 31, 1980, additional overhead over that bid
 
in the original ARDEN proposal was absorbed from RFF general funds.
 
For the ARDEN project for Oct - Dec 1980, this additional amount totaled
 
$13,787.21.
 

bAt the old overhead rate. 
The new rate would be $4,960 more,

making total typical monthly costs $39,360.
 

CAt this rate, existing funds will support in-house efforts through

about May 31, 1981.
 

dlncluding the new RFF overhead rate (see footnote "a").
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-Table 3. ARDEN Recap: Total S,_bproJect Costs Projected
 
(in $ thousand, rowided)
 

Rural
Period 
 Type of Cost Electrification 


FY 79-80. In-house 64.3 
Actioal as of Subcontracts 16.3 
September 30, 1980 
(see table 2) Total 80.6 

All Costs, Projected In-house 159.2 

from Sept 1, 1979 - Subcontracts 110.3 


Oct 31, 1981 ....
 
(see cable 2) Total 269.5 


Energy Demand 
and Conservation 


72.5 
15.3 

90.8 

174.1 

77.8 

251.9 


Blomass 


84.5 
10.5 

95.0 

225.1 

89.5 

314.6 


Ceneral Support 


93.9 
-

93.9 


234.2 


234.2 


Total
 

315.2 
45.1 

360.3 

792.6
 
277.6 

12070.2
 



Program 'Description 

A. Purpose of Coorerative Agreement
 

The purpose of this Cooperative Agreement is to assist
 
Resources for the Future (RFF) in developing and managing
 
an energy studies project. This Cooperative Agreement will
 
enable RFF to increase its capability to analyze developing
 
country energy issues and the relationship between energy
 
use and development. RFF,.by developing and managing a
 
multidisciplinary study of energy use and development, will
 
contribute significantly to the design of well-conceived
 
energy assistance programs of donor organizations; to the
 
preparation of national and sectoral energy plans in developing
 
countries; and to the exchange of information, analyses and
 
research designs among academic and government institutions
 
in developed and developing countries.
 

B. Specific Objectives
 

In developing and managing an energy studies protect,
 
the recipient will focus on the following objectives:
 

1. To provide data and analyses of specific energy concerns
 
thus contributing to a greater understanding of energy and
 
development issues in general.
 

2. To improve the qua.ity and variety of background material
 
on LDC energy issues available to energy decision-makers and
 
project managers.
 

3. To increase understanding of interaction between rural
 
and urban energy supply and demand senarios.
 

4o To encourage interaction and information exchange among

LDC energy analysts and their counterparts in donor countries.
 

5. To refine, strengthen, and broaden the expertise and
 
capabilities of the recipient to participate in and contribute
 
toward the resolution of energy problems of LDC's.
 

C. Specific Activities
 

To accomplish the above specific objectives RFF will
 
develop, conduct and manage general studies relating to
 
energy use and developmenc. it is anticipated chat up to
 
eight general studies will be undertaken in the two years
 
although each study may be composed of one or more mini-studies
 
The types of studies which will be done include, but are not
 
limited to, the following:
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(a) Energy conservation in tne LDC context.
 

(b) Energy pricing policies, (particuIarly kerosene'
 
and charcoal).
 

Cc) Supply strategies,,for traditional fuels 
Cd) 
 Charcoal production and utilization.
 

(e) Implications of alternativedevelopment strategies
for energy form and scale.
 

f) Investment needs for energy production.
 

(g) Rural electrification and its role in development

Cinclduing systems analysis as well as generating source).
 

(h) Urban household and transportation energy alterna­
tives.
 

(i) Non-technical and non-economic aspects of energy
systems (cultural, income distribution and institutional issues.
 

(j) Implications of oil price increases for development

strategies.
 

The conduct of these studies will require the close
cooperation and involvement of LDC institutions. The recipient
will issue grants for studieb or parts of studies to these
institutions, while maiptaining overall managerial and
supervisory responsibility. 
The effort will be divided
into management and study tasks. 
 At least fifty percent of
the study effort will be provided by LDC institutions or
-independent investigators working in cooperation with such
 
institutions.
 

D. AID-RFF Cooperation
 

The Office of Energy (DS/EY) in AID and the recipient will
cooperate and collaborate closely in the developing and imple­mentation of this project. 
The project manager in the appro­priate technical office (DS/EY) will work closely with the project
officer and other principal investiqato-z in RFF and serve as
:ne channel for A.D guidance in this project. The AID project
officer will be consulted on issues such as: 
 selection of
senior professional staff to participate in the project; 
selection
of cooperating institutions in developing countries and else­where; selection of LDC energy issues to be studied. 
He will
participate as AID's representative at PFF-sponsored conferences,
on the implementation of this project and be the principal liaison

between AID and RFF.
 



E-. Criteria for Approval of Projects 

The recipient will create an Advisory Committee which
 
will meet at least twice a year to review the work program
 
and advise on future activities. The institution will follow
 
its established outside peer review procedures before publishing
 
studies.
 

The selection of the Advisory Committee will be the
 
responsibiltiy of the RFF Project Director who will consult
 
with the AID Technical Office. The following general categories
 
should be represented on the Committee (the exact number
 
to be determined by the AID and RFF project officers):
 

(a) AID (DS/EY and the Regional Bureaus)
 

(b) Sociologist/social scientist
 

Cc) Development Economist 

(d) Physical Scientist 

(e) LDC Representative
 

(f) Representative of foundations working-on energy.
 

(g) Representative of RFF Management Governing Board.
 

The Advisory Committee will be constituted and will meet
 
shortly after the cooperative agreement is signed. At the
 
initial meeting, the RFF project officer will present a proposed
 
work plan for project years 1 and 2, including alternatives.
 
The Advisory Committee will provide guidance on the priorities

for various types of studies dnd establish the general work
 
program.
 

The RFF project officer will then prepare detailed implementa­
tion plans for each study within the framework of the general
 
work program, taking into account available resources and
 
capabilities. These will be submitted to the AID Technical Office
 
for approval under the criteria set forth in Paragraph G.
 

F. Project Subgrants
 

The recintent will make project subgrantz to institutions
 
and/or individuals in developing countries. These subgrants
 
can fund individual studies or components of larger studies
 
as approved by AID and the Advisory..rouncil. Prior to making
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any project subgrant over $5000 the recipient shall Submit 

the following information to the Project Officer, Office of
Energy, for approval: (Approval will be based on criteria
 
set forth in Paragraph G below.)
 

the location(s) where activities will take place.
 

(a) Subproject title. 

(b) Subproject description. 

(c) Duration of sub-pioject for which funding is proposed. 

d) Name and address of the proposed sub-grantee and 

(e) Estimated cost bf proposed subproject.
 

(f) Qualifications of the subgrantee relevant to proposed

subproject.
 

(g) Resources which recipient proposes to contribute
and inputs others will make to subproject, including dollar
 
value.
 

(h) Plan for carrying out proposed subproject.
 

i) Results expected from proposed subproject.
 

(j) Data to be reported by subgrantee.
 

G. 
Criteria for AID Approval of Project Proposals
 

Upon completion of general work plan as reviewed by the
Advisory Council, the RFF project officer will submit detailed
proposals and implementation plans to the AID project officer
for approval. 
The AID project officer, after consultation with
AID technical and regional offices and USAID field missions, as
appropriate, will provide final approval of those proposals in
writing to RFF. 
Criteria for AID's approval of proposed projects

are:
 

(a) Consistency with AID's energy strategy.
 

(b) Appropriate LDC government and AID regional and
mission clearances.
 

(c) Compatibility with 4eneral work plan.
 

(d) Capability to undertake proposed activities as
documented under Paragraph F. above.
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U.AID Approvals
 

(1). Subgrant Approvai 

a. In accordance with Standard Provision (SP) No. 

entitled "Subordinate Agreements," whereunder the recipeint may
not place a subordinate agreement without the prior written
 
approval of the grant officer, the grant officer does, hereby,

provide said approval for all subgrants to be placed with LDC

Governments, LDC Institutions and LDC Individuals provided,

however, that approval is obtained in writing from the Cognizant

Technical Office of AID prior to placement of the subgrant.
 

b. One (1) copy of all executed LDC subgrants will be

furnished to the grant officer.
 

c. 
Approval of a subgrant by the Cognizant Technical
 
Office of AID does not relieve RFF from its responsibilities to

comply with all other provisions of this grant.
 

(2) Consultaats and Professional Personnel
 

Curriculum vitae of all consultants funded under this
 
grant will be forwarded to the Cognizant Technical Office of,

AID for approval.
 

(3) International Travel
 

International Travel-will be approved by AID in
 
accordance with Standard Provision No. "6" 
- Travel and Trans­
portation.
 

I. Staffing
 

(1) To carry out the objectives of this agreement, the

recipient will assemble a staff to manage the energy studies
 
program.
 

(2) The recruitment and selection of staff to be employed

by RFF will be the recipient's respon ibility and will be
 
conducted in'accordance with the recipient's regular personnel
 
policies
 

J. Evaluation
 

AID and R:F will undertake an interim evaluation of the pro­
ject six (6) months after the Cooperative Agreement is signed

to obtain an early assessment of progress and to make any adjust­
ments or accommodations that appear necessary. 
An intensive
 
evaluation will be conducted by AID and RFF within 18 months

after the Cooperative Agreement is signed which will:
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(a) Be used as a basis for surveying the management
 
activities and the progress of the technical and advisory
 
services in achieving the stated objectives.
 

(b) Help AID determine whether the project should be
 
extended, amended or terminated. FY 81-83 activities and funding
 
will be determined after AID evaluation at end of second project
 
year.
 

K. Reporting Requirements
 

RFF will prepare and submit to AID an interim program
 
activity report for the first half of each performance year
 
and a comprehensive annual program activity report on each
 
anniversary date of the cooperative agreement which will
 
summarize program and financial activities under the agreement
 
for all previous program years,.:.detail current program year

information and propose activities for the next program year.
 
Five copies of each report will be sent to the AID project
 
manager and one copy to the grant officer. The annual reports
 
should cover:
 

A concise but comprehensive assessment of the extent
 
to which the purposes of the cooperation agreement are being
 
achieved, including:
 

a. How subgrants or activities undertaken in the
 
major areas helped achieve the purposes of the cooperative
 
agreement.
 

b. Description of the subgrants completed.
 

c. General problems encountered, requiring action.
 

L. Budget
 

The funds herein shall be:used to finance the following
 
items:
 

rotal Obligated Amount
 
Cost Element F'R:9/l/7q TO:.W31/81
 

1. 	Salaries including
 
Fringe Benefits $318,969
 

2. Overhead 	 143,536
 
3. Travel 	 44,400
 
4. Other Direct 	Costs 23,095
 
5. 	Subgrants 270,000
 

TOTAL $800,000
 



The recipient may not exceed the total dmount ofthe Bu
among line items are unrestricted.. dget, Adjustments
 

M. Standard Provisions
 
The following Standard Provisions contained Attachmentin 	 Bdo not apply 
to this Coopertve Ageeent: 
 ply 

98. Payment 	- Periodic Advance
 

N. Overhead 	Rates
 

Overhead Rates 

Pursuant to the 

-
provision of the Standard Provision entitled "Negotiated
Non-Educational," 
a rate or rates shall be established
for each of the Recipient's accounting periods during the term of the
Cooperative Agreement. 
The rate for 	the initial period shall be as set
forth below:
 

Rate 

Base 
 Period
 

45.0% 

(Provisional 	subject to 

Direct salaries and FR: 9-1-79
Fringe Benefits 
 TO: Until amended
downward adjustment only)
 
Rates for subsequent periods shall be established In accordance with the
term of the "Negotiated Overhead Rates 
- Non-Educational Institutions"
clause of the Standard Provisions.
 

0. TitletoProerty
 

Title 	to all 
property purchased for use under this Ccoperative Agreement
vests in the 	U.S. Government.,
 

P. KeyPersonnel
 
1. The key personnel which the Recipient shall furnish for the performance
of this CA as 
follows:
 

Key Personnel
 
William Ramsay 
 Project Officer &'Principal Investigator
 
Lincoln Gordon 
 CO-Principal Investigator
 
Joy Dunkerley 
 .CoPrincipal Investigator
 



STANDARD PROVISIONS
 

DDEFINITIONS
 

(a) "Administrator" means the Administrator or the Deputy
 

Administrator of the Agency for International Development.
 

(b) "AID" means the Agency for International Development.
 
well qualifiedc) "Consultant" means any especially 

person who is engaged on a temporary or intermittent basis
 

to advise the Recipient and who is not an officer or employee
 

of the Recipient who performs other duties for the Grantee.
 
(d) "AID Grant Officer" means the person executing this 

Agreement on behalf of the United States Government, and any
 
a designated AIDother Government employee who is properly 

Grant Officer; and the term includes, except as otherwise 
provided in this Agreement, the authorized representative of
 

an AID Grant Officer acting within the limits of his
 

authority.
 
(e) "Recipient Employee" means a person in the employ of
 

the Recipient assigned to work under this Agreement.
 
means the foreign
f) "Cooperating Country or Countries" 


country or countries in or for which assistance is to be 

provided hereunder.
 
(g) "Cooperating Government" means the government of the
 

Cooperating Country.
 
jet(h) "Economy Class" air travel (also known as 


economy, air coach, tourist class, etc.) means a class of air
 

travel which is less than first class.
 
(i) "Recipient" means the institution entering into this 

Agreement with the Government.
 
(j) "Government" means the United States Government.
 

means the United States Mission to, or
(k) "Mission" 

principal AID office in, the Cooperating Country.
 

(1)"Mission Director" means the principal AID officer of
 

the Mission in the Cooperating Country, or his designated
 

representative.
 
Cm) "OMB Circular No. A-110" means the Office of
 

Managment and Budget Circular entitled Grants and Agreements
 
and OtherWith Institutions of Higher Education, Hospitals 

Nonprofit Organizations: Uniform Administrative Requirements 

CFR 32016; July 30, 1976), including any amendments(41 
thereto. 

(n) "41 CFR 1-15.2" means the cost principles set out in 

Subpart 1-15.2 of the Federal Procurement Regulations.
 

(o)"Handbook 13" means AID Handbook 13, entitled Grants
 

Cp) "Assistance Instruments" means either grants or 

cooperative agreements. 
(q) "Subrecipient" means any organization other than the 

orRecipient undertaking by subagreement hereunder program 
project activities in fulfillment of the purposes or
 
objectives of this Agreement.
 



(r) "AID Project Officer" means a: aesignated
 
representative of the cognizant AID Scientific/Technical
 
Office named on the Cover Page.
 

2. ALLOWABLE COSTS AND CONTRIBUTIONS
 

(a)Allowable costs under this Agreement shall be limited
 
to those costs which are reasonable, allocable, and allowable
 
in accordance with the terms of (1) this Agreement, (2)any
 
negotiated advance understanding on particular cost items,
 
and (3) 41 CFR 1-15.2, in effect on the date of this
 
Agreement.
 

(b) With regard to the allowability of non-Federal cost
 
sharing contributions under this Agreement, Attachment E,
 
m
Cost Sharing and Matching", to OMB Circular No. A-11O (as
 
set out in paragraph 1K of Handbook 13) shall also apply.
 

3. ACCOUNTING, AUDIT, AND RECORDS
 

(a) The Recipient shall maintain a financial management
 
system in accordance with the requirements set forth in OMB
 
Circular A-110 (as implemented in Paragraph 1L of Handbook
 
13). A copy of reports of audits resulting from this system
 
as they concern this Agreement will be furnished to the Grant
 
Officer.
 

(b) The AID Auditor General and the Comptroller General
 
of the United States or their duly authorized representatives
 
(see paragraph 16, Chapter 1 of Handbook 13) reserve the
 
right to conduct an audit of the Recipient's books and
 
records to determine whether the Recipient has expendea AID's
 
funds in accordance with the terms and conditions of this
 
Agreement. The Recipient agrees both to make available any
 
further information requested by AID with respect to any
 
questiGns arising as a result of the audit and to include the
 
requirements of this provision in any subordinate agreement,
 
including subgrants, entered into with a U.S. institution.
 

4. NEGOTIATED OVERHEAD RATES - NON-EDUCATIONAL INSTITUTIONS
 

(This provision is applicable to non-educational
 
institutions which do not have an acceptable indirect cost 
system).
 

(a) Pursuant to this prbvision, an overhead rate(s) 
shall be established for each of the Grantee's accounting 
periods during the term of this Grant. Pending establishment 
of a final rate(s), the parties have agreed that provisional 
payments on account of allowable costs shall be at the 
rate(s), on the base(s), and for the period(s), shown in the
 



Schedule to this Grant.
 
(b) The Grantee, as soon as possible but not later than
 

ninety (90) days after the close of its accounting periods
 
during the term of this Grant, shall submit to the AID Grant
 

to the Office of Contract Management,
Officer with copies 

AID, Washington,D.C. 20523 and to the Office of the Auditor
 
General, AID, Washington, D.C., proposed final rate(s) for
 

the period, together with supporting cost data. Negotiation
 
of the final overhead rates by the Grantee and the AID Grant
 

be undertaken as promptly as practicable after
Officer shall 

receipt of the Grantee's proposal.
 

(c) Allowability of costs and acceptability of cost
 
allocation methods shall be determined in accordance with 41
 

CFR 15.2 as in effect on the date of this Grant.
 
(d) The results of each negotiation shall be set forth
 

in a written overhead rate agreement executed by both
 
(1) the agreed final
parties. Such Grant shall specify 


to which the rate(s) applies, and
rate(s), (2) the base(s) 

(3) the period(s) for which the rate(s) applies. The
 

overhead rate agreement shall not change any monetary
 

ceilings, Grant obligation, or specific cost allowance or
 

disallowance provided for in this Grant.
 
(e) Pending establishment of the final overhead rate(s)
 

for any period, the Grantee shall be reimbursed either at a
 
or at
negotiated provisional rate(s) as provided above 


billing rate(s) acceptable to the AID Grant Officer, subject
 

to appropriate adjustment when the final rate(s) for that
 

period is established. To prevent substantial over or under
 
at
payment, the provisional or billing rate(s) may, the
 

request of either party, be revised, by mutual agreement,
 
either retroactively or prospectively. Any such revision of
 

negotiated provisional rate(s) provided for in this provision
 

shall be set forth in a modification to this Grant.
 

5. SALARIES
 

All salaries, wages, fees, and stipends, which will be
 

reimbursable by AID under this Agreement, shall be in
 

accordance with both the Recipient's usual policy and
 
To the extent that the
practice and 41 CFR 1-15.2. 


Recipient's policy and practice conflict with 41 CFR 1-15.2,
 

the latter shall prevail, unless the Schedule of this
 

Agreement expressly provides otherwise.
 

Salaries and wages paid to Cooperating Country and Third
 

Country Nationals may not, without specific written approval 



'of the Grant Officer, exceed either the Recipient's
established policy 
and practice; or the level of 
salaries
 
paid to equivalent personnel by the AID Mission in the
 
Cooperating Country as determined by AID, paid to personnel 
of equivalent technical competence.
 

The compensation, leave and holidays, allowances and
 
differentials, travel and transportation, and shipment of
 
effects for Cooperating Country Nationals and Third Country
 
National employees will be subject to AID's policy as set
 
forth in Manual Order 1423.7.
 

6. TRAVEL AND TRANSPORTATION
 

(This provision is applicable when air travel or air
 
shipment (both domestic and international) costs are
 
reimbursable by AID under this Agreement.)
 

(a) Allowable costs of travel under this Agreement shall
 
be in accordance with both the policy and practice of the
 
Recipient and 41 CFR 1-15.2. To the extent the Recipient's
 
policy and practice conflict with 41 CFR 1-15.2, the latter
 
shall prevail unless the Schedule of this Agreement provides
 
otherwise.
 

(b) The AID Grant Officer hereby approves international
 
travel hereunder provided that the Recipient shall obtain
 
written concurrence from the cognizant AID Project Officer
 
prior to sending any individual outside the United States to
 
perform work under this Agreement. For this purpose the
 
Recipient shall advise the AID Project Officer at least 30
 
days in advance of any travel to be undertaken outside the
 
United States. After concurrence is received the Recipient
 
shall provide the cognizant Mission or U.S. Embassy advance
 
notification (with a copy to the AID Project Officer) of the
 
arrival date and flight identification of AID financed
 
travellers.
 

(c)Travel to certain countries shall, at AID's option, be
 
funded from U.S.-owned local currency. When AID intends to
 
exercise this option, it will so notify the Recipient after
 
receipt of advice of intent to travel required above. AID
 
will issue a Government Transportation Request (GTR) which
 
the Recipient may exchange for tickets, or AID will issue the
 
tickets directly. Use of such U.S.-owned currencies will
 
constitute a dollar charge to this Agreement.
 

(d)All international air travel and all international air
 
shipments under this Agreement shall be made on United States
 
flag carriers, Exceptions to this rule will be allowed in 
the following situations, provided that the Recipient
 
certifies to the facts in the voucher and other documents
 



by
of the Agreement records required

retained as part 

Standard Provision 3 above:
 
e(1)where the traveler, while enroute, has to 

wait 6 hours
 
U.S. flag air carrier to proceed to
 or more to transfer to a 


the intended destination, or
 
a flight by a U.S. flag air carrier is(2) where or more for
interrupted by a stop anticipated to be 6 hours 


a
refueling, reloading, repairs, etc. and no other flight by 

U.S. flag air carrier is available during the 6 hour period, 

or
 
(3)where by itself or in combination with other U.S. flag
 

or non-U.S. flag air carriers (ifU.S. flag air carriers 
are
 

'unavailable") it takes 12 hours or longer from the original
 

airport to the destination airport to accomplish the
 
a non-U.S. flag air

Recipient's program than would service by 
carrier or carriers, or
 

(4) 	when the elapsed travel time on a scheduled flight 
flag airfrom origin to destination airports by non-U.S. 

or less, and services by U.S. flag aircarrier(s) is 3 hours 
travel time.carrier(s) would involve twice such 

NOTE: Where U.S. Government funds are used to reimburse
 
carriers for

Recipient's use of other than U.S. flag air 
a
 

international transportation, the Recipient will include 


certification on vouchers involving such transportation 
which
 

isessentially as follows:
 

CERTIFICATION OF UNAVAILABILITY OF U.S. FLAG AIR CARRIERS
 

I hereby certify that the transportation service for 
or property by U.S.


personnel (and their personal effects) 

flag air carriers was unavailable for the following
 

as set forth above;

reason(s): (State appropriate reason(s) 

see 41 CFR 1-1.323-3 for further guidance).
 

be reimbursed in accordance
(e)Travel allowances shall 

with 41 CFR 1-15.2 and the regulations contained in AID 

and Transportation"; however, if
Handbook 22 entitled 'Travel 
the Recipient's domestic and international travel allowance 

reviewed approved by
policies and procedures have been and 

another Federal department or agency pursuant to theAID or 
applicable Federal cost principles, the Recipient may 

use its
 

travel allowance system in lieu of that in Handbook 22 after
 
a copy of such

it has furnished the AID Grant Officer with 
For travel outside the conterminous United States,
approval. 
 be the average

reimbursement for each per diem locality will 

next whole dollar plus 50
 

cost of lodging rounded to the 

percent of the maximum locality rate. Total 	reimbursement
 

diem for each locality,exceed maximumshall not the per 



uniess specific approval is given 
in advance for actual
expenses. 
 Maximum locality rates shall be those established
by the Department of Defense for non-foreign areas and by the
Department of State for foreign 
areas. 
 When staff house or
other free or low cost facilities are used, the reduced rates
indicated by footnote I on 
the per diem supplement (section
925) to the Standardized Regulations (Government Civilians,
Foreign Areas) will 
be used directly as per diem. 
 These low
rates have already been computed on basis
a similar to
lodging plus, and no further computation is necessary.
 

(f) Fifty percent of all international 
ocean shipment
made by the Recipient, 
to be financed hereunder, shall be
made on 
U.S. flag vessels. 
 Where U.S. flag vessels are not
available, or their use would result in
a significant delay,
the Recipient may request 
a release from 
this requirement
from the Transportation Support Division, Office of Commodity
Management, AID, Washington, D.C. 20523, giving the basis for
 
the request.
 

(i)When the AID Transportation Support Division makes and
issues a determination 
 to the Recipient that U.S. 
flag
vessels are 
not available, 
the ocean shipment costs 
on
foreign flag vessels, as 
named in the determination, will 
be
eligible for reimbursement 
under the Agreement. In all
instances Recipient 
vouchers submitted 
for reimbursement
under the Agreement which include 
ocean shipment costs will
include a certification essentially 
as follows: "I hereby
certify that a copy of each 
ocean bill 
of lading concerned
has been submitted to the 
Maritime Administration, Cargo
Preference Control 
renter, Cormmerce Building, Washington,
D.C. 20235, and that such bill(s) of lading state all 
of the
carrier's charges including the basis for calculation such as
weight or cubic measurement, 
and indicate the applicable

A.I.D. Agreement Number."


(ii) Shipments by voluntary non-profit relief agencies
(i.e., PVOs) shall be 
governed by paragraphs (a) and (b)
above and 
by AID Regulation 2, uOverseas 
 Shipments of
Supplies by Voluntary Non-Profit Relief 
Agencies" (22 CFR

202).
 

7. PROCUREMENT OF GOODS AND SERVICES UNDER $250,000
 

(This provision is applicable when the total procurement
element, i.e., the 
sum of all purchase orders and 
contracts
for goods and services, of this 
Agreement does not 
exceed
 
$250;000.)
 

(a) Ineligible Goods and Services
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Under no circumstances shall the Recipient use AID funds
 
to,.procure any of the following under this Agreement:
 

(1)military equipment,
 
(2)surveillance equipment,
 
(3) commodities and services for support of police or.
 

other law enforcement activities,
 
(4)abortion equipment and services,
 
(5)luxury goods and gambling equipment, or
 
(6)weather modification equipment.
 

(For a more detailed discussion of the subject, see AID
 
Handbook 1, Supplement B, Chapter 4D.)
 

If AID determines that the Recipient has procured any of
 
the ineligible goods and services specified above under this
 
Agreement, and has received reimbursement from AID for such
 
purpose, the Recipient agrees to refund to AID the entire
 
amount of such reimbursement.
 

(b)Restricted Goods
 

The Recipient shall not use AID funds to procure any of
 
the following goods or services from a non-U.S. source (i.e.,
 
other than AID Geographic Code 000) without the prior written
 
authorization of the AID Grant Officer:
 

(1)agricultural commodities,
 
(2)motor vehicles,
 
(3)pharmaceuticals,
 
(4)pesticides,
 
(5)plasticizers,
 
(6)used equipment, or
 
(7)U.S. Government-owned excess property.
 

(In addition to the foregoing rule regarding source, to
 
be eligible for procurement with AID funds, the above
 
commodities must meet the requirements contained in AID
 
Handbook 1, Supplement B, Chapter 4C.)
 

If AID determines that the Recipient has procured any of
 
the restricted goods specified above under this Agreement
 
from non-U.S. sources without the prior written authorization
 
of the AID Grant Officer and has received reimbursement from
 
AID for such purpose, the Recipient agrees to refund to AID
 
the entire amount of such reimbursement.
 

(c)Geographic Source and Order of Preference
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Except as may be specifically appro~ved or directed in
 
advance by the AID Grant Officer under paragraph 7(b)
 
above, all other goods (e.g., equipment, materials and
 
supplies) and services, the costs of which are to be re­
imbursed under this Agreement by AID and which will be
 
financed with United States dollars, shall be purchased in
 
and shipped from only "Special Free World" countries (i.e.,

AID 	Geographic Code 935) in accordance with the following

order of preference:
 

(1) 	the United States (AID Geographic Code 000),
 
(2) 	Selected Free World" countries (AID Geographic Code
 

941),
 
(3) 	the Cooperating Country,
 
(4) OSpecial Free World" countries (AID GeographicCode
 

935).
 

(d)Application of Order of Preference
 

When the Recipient uses AID funds to procure goods and
 
services from other than U.S. sources under the order of
 
preference in 7(c) above, it shall document its files to
 
justify each such instance. The documentation shall set
 
forth the circumstances surrounding the procurement and shall
 
be based on one or more of the following reasons, which will
 
be set forth inthe Recipient's documentation:
 

(1)the procurement was of an emergency nature, which
 
would not allow the delay attendant to soliciting U.S.
 
sources,
 

(2) the price differential for procurement from U.S.
 
sources exceeded by 500 or more the delivered price from the
 
non-U.S. source,
 

(3)impelling local political considerations precluded
 
consideration of U.S. sources,
 

(4)the goods or services were not available from U.S.
 
sources, or
 

(5)procurement of locally available goods or services as
 
opposed to procurement of U.S. goods and services, would best
 
promote the objectives of the Foreign Assistance Program
 
under this Agreement.
 

(e)The Recipient's Procurement System
 

(1) The Recipient may use its own procurement policies
 
and procedures provided they conform to the geographic source
 
and order of preference requirements of this provision and
 
paragraphs 3 and 4, Attachment 0 of OMB Circular No. A-11O
 
(as set forth inparagraphs 1U.3 and 1U.4 of Handbook 13).
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(2) 	 If the Recipient's procurement policies and
 
have been reviewed against the procurement
procedures 


requirements of paragraphs 3 and 4 of Attachment 0 to OMB 
Circular No. A-110, (as set forth in paragraphs 1U.3 and 1U.4
 

by AID or anotherof Handbook 13) and have been approved 
furnish the
Federal department or agency, the Recipient shall 


AID Grant Officer a copy of such approval; otherwise the 
Recipient's procurement policies and procedures shall conform
 

to the specified requirements of OMB Ci,-cular No. A-110o. 
(See 	Handbook 13, Chapter 1, paragraph 1U.)
 

(f)Procurement Systems - Subrecipients
 

(1)U.S. subrecipients may use their own procurement
 
the 	Recipient determines
policies and'procedures provided 


that they comply with the intent of paragraph 3 and the 
requirements of paragraph 4 of Attachment 0 to OMB Circular
 

A-110 (as set forth in paragraphs IU.3 and IU.4 of Handbook 
13).
 

(2) Non-U.S. subrecipients, who are located abroad and
 

who do not perform in the U.S. under this Agreement, may use
 

their own procurement policies and procedures provided that
 

the Recipient determines that they comply with the intent of
 
set
paragraph 3 of Attachment 0 to FMC Circular No. 73-8 (as 


forth in paragraph IU.3 of Handbook 13); Paragraph 4 of 

small 	 opportunityto give United States 

Attachment 
paragraph 

0 to 
IU.4 

OMB Circular No. 
of Handbook 13) 

A-110 (as 
does not 

set 
apply 

forth in 
to such 

non-U.S. institutions. 

(g)Small Business 

To permit AID, in accordance with the small 
provision of the Foreign Assistance Act of 1961, as 

business firms an 

business 
amended, 

to 
and services procured
participate in supplying commodities 


to the maximum
under this Agreement, the Recipient shall, 

extent possible, provide the following information to the 

Small Business Office, AID, Washington, D.C. 20523 at least
 

45 days prior (except where a shorter time is requested of,
 

and granted by the Small Business Office) to placing any 
order or contract in excess of $25,000:
 

or
(1) brief general description and quantity of goods 
services, 

(2)closing date for receiving quotations, proposals, or
 

bids, and
 
invitations or specifications can be(3) address where 

obtained.
 

(h) Ineligible Suppliers 
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AID funds provided under this Agreement shall not be
 
used to procure any commodity or commodity-related services
 
furnished by any supplier whose name appears on the List of
 
Ineligible Suppliers under AID Regulation 8, Suppliers of
 
Commodities and Commodity-Related Services Ineligible for AID
 
Fnancin (22 CFR 208). The Recipient agrees to review said
 
list prior to undertaking any procurement the cost of which
 
is to be reimbursable by AID under this Agreement. AID will
 
provide the Recipient with this list.
 

8. REFUNDS
 

(a) If use of AID funds results in accrual of interest to
 
the Recipient or to any other person or entity to whom
 
Recipient makes such funds available in carrying out. the
 
purposes of this Agreement, the Recipient shall refund to AID
 
an amount equivalent to the amount of interest accrued.
 

(b) Funds obligated hereunder but not disbursed to the
 
Recipient at the time this Agreement expires or is
 
terminated, shall revert to AID, except for funds encumbered
 
by the Recipient by a legally binding transaction applicable
 
to this Agreement. Any funds disbursed to but not expended
 
by the Recipient at the time of expiration or termination of
 
this Agreement shall be refunded to AID.
 

(c) If, at any time, during the life of this Agreement, 
it is determined by AID that funds provided under this 
Agreement have been expended for purposes not in accordance 
with the terms of this Agreement, the Recipient shall refund
 
such amounts to AID.
 

9A. PAYMENT - FEDERAL RESERVE LETTER OF CREDIT (FRLC) 
ADVANCE 

(This provision is applicable when the total advances
 
under all the Recipient's cost-reimbursement contracts and
 
assistance instruments with AID exceed $120,000 per annum and
 
AID has, or expects to have a continuing relationship with
 
the Recipient of at least one year.)
 

(a) AID shall open a Federal Reserve Letter of Credit 
(hereinafter referred to as an uFRLCU) in the amount of this
 
Agreement against which the Recipient may present payment
 
vouchers (i.e, Form TFS 5401). The payment vouchers shall
 
not ordinarily be submitted more frequently tha,. daily and
 
shall not be less that $5,000 or more than $5,000,000. Since
 
the FRLC method enables the Recipient to obtain funds from
 
the U.S. Treasury concurrently with and as frequently as
 
disbursements are made by the Recipient, there need be no
 



•time lag between disbursements by the Recipient and drawdowns
 
from the U.S. Treasury by FRLC. Therefore, there is no
 
necessity for the Recipient to maintain balances of Federal
 
cash other than small balances.
 

(b) In no event shall the accumulated total of all such
 
payment vouchers exceed the amount of the FRLC.
 

(c) If at any time, the AID Controller determines that
 
the Recipient has presented payment vouchers in excess of the
 
amount or amounts allowable in (a) and (b) above, the AID
 
Controller shall advise the AID Grant Officer who may: (1)
 
cause the FRLC to be suspended or revoked; (2) direct the
 
Recipient to withhold submission of payment vouchers until.
 
such time as, in the judgment of the AID Controller, an
 
appropriate level of actual, necessary and allowable ex­
penditures has occurred or will occur under this Agreement,
 
and/or (3) request the Recipient to repay to AID the amount
 
of such excess. Upon receipt of the AID Grant Officer's
 
request for repayment of excess advance payments, the
 
Recipient shall promptly contact the AID Controller to make
 
suitable arrangements for the repayment of such excess funds.
 
Advances made by primary Recipients (those which receive
 
payments directly from the Government) to secondary
 
Recipients shall conform to the same standards applicable to
 
advances made by the Government to the primary Grantee.
 

(d)Procedure for Recipient.
 
(1)After arranging with a corm.ntrcial bank of its choice
 

for operation under the FRLC ard obtaining the name and 
address of the Federal Reserve BanK or branch serving its 
commercial bank, the Recipient shall deliver to the AID
 
Controller 3 originals of Standard Form 1194, Authorized
 
Signature Card for Payment Vouchers on Letters of Credit,
 
signed by those official(s) authorized to sign payment
 
vouchers against the FRLC and by an official of the Recipient
 
who has authorized them to sign.
 

(2) The Recipient shall subsequently receive one
 
certified copy of the FRLC.
 

(3)The Recipient shall confirm with its commercial bank
 
that the FRLC has been opened and is available when funds are
 
needed.
 

(4)To receive payment, the Recipient shall:
 
(A)Periodically, although normally not during the last
 

five days of the month, prepare payment vouchers (Form TFS
 
5401) in an original and three copies.
 

(B) Have the original and two copies of the voucher
 
signed by the authorized official(s) whose signature(s
 
appear on the Standard Form 1194.
 

(C)Present the original, duplicate and triplicate copy
 
of the Form TFS 5401 to its commercial bank.
 

(D)Retain the quadruplicate copy of the voucher.
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(5)After the first payment voucher (Form TFS 5401) has
 
been processed, succeeding payment vouchers shall not be
 
presented until the existing balance of previous payments!has
 
been expended cr is insufficient to meet current needs.
 

(6) In preparing the payment voucher, the Recipient
 
assigns a voucher number in numerical sequence beginning
 
with 1 and continuing in sequence on all subsequent payment
 
vouchers submitted under the FRLC.
 

(7) A report of expenditures (i.e., SF 269, Financial
 
Status Report) shall be prepared and submitted not less than
 
quarterly within 30 days of the end of the period to the AID
 
Controller, AID, Washington, D.C. 20523. This SF 269 Report,
 
submitted with Standard Form 1034, Public Voucher for
 
Purchases and Services Other Than Personal, shall be in an 
original and 2 copies.
 

(8) The SF 269 report is reviewed against this 
Agreement's provisions, and any improper disbursement is 
disallowed. The Recipient is notified of the reason for the 
disallowance and is directed to adjust the next periodic 
report of expenditures to reflect the disallowance and to 
reduce its next payment voucher against the FRLC by the 
amount of the disallowance. 

(9)In addition to the submission of the SF 269 and the
 
SF 1034, the Recipient shall submit an original and 2 copies
 
of SF 272, Federal Cash Transaction Report, as follows:
 

(A)For advances totaling less than $1 million per year,
 
the Recipient shall submit the SF 272 within 15 working days
 
after the end of the reporting quarter.
 

(B)For advances totaling more than $1 million per year,
 
the Recipient shall submit the SF 272 within 15 working days
 
after the end of each month, and
 

(C)The Recipient's cash needs for the ensuing period.
 
(i.e., quarter or month) shall be explained under the
 
"Remarks" section of the SF 272.
 

(e)Refund of Excess Funds.
 
(1) If all costs have been settled under the Agreement
 

and the Recipient fails to comply with the AID Grant
 
Officer's request for repayment of excess FRLC funds, the
 
Government shall have the right, on other contracts or
 
assistance instruments held with the Recipient, to withhold
 
reimbursements due to the Recipient in the amount of the
 
excess being held by the Recipient.
 

(2) If the Recipient is still holding excess FRLC funds
 
on a contract or an assistance instrument under which work
 
has been completed or terminated bh.t all costs have not been
 
settled, the Recipient agrees to:
 

t (A)Provide within 30 days after requested to do so by
 
the AID Grant Officer, a breakdown of the dollar amounts
 
which have not been settled between the Government and the
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Recipient. (The AID Grant Officer will assume no costs are in
 
dispute if the Recipient fails to reply within 30 days.)


(B) Upon written request of the AID Grant Officer,

return to the Government the sum of dollars, if any, which
 
represents the diffence between (i) the Recipient's maximum
 
position on 
claimed costs which have not been reimbursed and
 

(ii) the total amount of unexpended funds which have
 
been advanced under this Agreement; and
 

(C) If the Recipient fails to comply with the AID Grant
 
Officer's request for repayment of excess FRLC 
funds, the
 
Government shall have the right, on other contracts or
 
assistance instruments held with the Recipient, to withhold
 
payment of FRLC or other advances and/or withhold
 
reimbursements due the Recipient in the amount of the 
excess
 
being held by the Recipient.
 

9B. PAYMENT - PERIODIC ADVANCE 

(This provision is applicable when total advances under 
all the Recipient's cost-reimbursement contracts and 
assistance instruments with AID do not exceed $120,000 per
 
annum or if total advances aggregate more than $120,000 per
 
annum but there is not a continuing relationship of at least
 
one year.)
 

(a) Each month (or quarter, if the Recipient is on a
 
quarterly basis) after the initial advance, the Recipient

shall submit to the AID Controller an original and 2 copies

of SF 272, Federal Cash Transaction Report, as follows:
 

(1) The Recipient shall submit the SF 272 within 15 
working days after the end of the reporting period, and
 

(2) The Recipient's cash needs for the ensuing period

(i.e., quarter or month) shall be explained under the
 
"Remarks" section of the SF 272.
 

(b) Along with each SF 272 submission, the Recipient

shall submit an original and 3 copies of SF 1034, Public 
Voucher for Purchases and Services Other Than Personal, each 
voucher shall be identified by this Agreement number and 
shall state the total actual expe:ditures for the reporting 
period. 

(c) Each quarterly voucher (i.e., SF 1034) or third
 
monthly voucher, if the Recipient is on a monthly basis,

shall also be supported by an original and 2 copies of an SF
 
269, Financial Status Report. The SF 269 shall be submitted
 
within 30 days after the end of the reporting quarter and may

be submitted separately from the SF 1034 and the SF 272;

however, the SF 269 shall cover same period as SF
the the 

1034(s) and the SF 272(s).
 

(d)Refund of Excess Funds.
 
(1) If all costs have been settled under this Agreement
 



and the Recipient fails to comply with the AID Grant
 
Officer's request for repayment of excess advance funds, the
 
Government shall have the right, on other contracts or
 
assistance instruments held with the Recipient, to withhold
 
reimbursements due to the Recipient in the amount of the
 
excess being held by the Recipient.
 

(2) If the Recipient is still holding excess advance
 
funds on a contract or assistance instrument under which the
 
work has been completed or terminated but all costs have not
 
been settled, the Recipient agrees to;
 

(A)Provide within 30 days after requested to do so by
 
the AID Grant Officer, a breakdown of the dollar amounts
 
which have not been settled between the Government and the
 
Recipient. (The AID Grant Officer will assume no costs are in
 
dispute if the Recipient fails to reply within 30 days.)
 

(B)Upon written request of the AID Grant Officer, return
 
to the Government the sum of dollars, if any, which
 
represents the difference between (i) the Recipient's maximum
 
position on claimed costs which have not been reimbursed and
 

(ii)the total amount of unexpended funds which have been
 
advanced under this Grant; and
 

(C) If the Recipient fails to comply with the AID Grant
 
Officer's request for repayment of excess advance funds, the
 
Government shall have the right, on other contracts or
 
assistance instruments held with the Recipient, to withhold
 
payment of other advances and/or withhold reimbursements due
 
the Recipient in'the amount of the excess being held by the
 
Recipient.
 

10. LIMITATION OF FUNDS
 

(This provision is applicable to all incrementally or
 
partially funded Agreements.)
 

(a) It is estimated that the cost to AID for the
 
performance of this Agreement will not exceed the estimated
 
cost specified in the Schedule as being the estimated cost to
 
AID for this Agreement, and the Recipient agrees to use its
 
best efforts to carry out the program specified in the
 
Schedule and all obligations under this Agreement within such
 
estimated cost.
 

(b) The amount of AID funds presently available for
 
payment and allotted to this Agreement, the items covered
 
thereby, and the period of performance which it is estimated
 
the allotted amount will cover, are specified in the
 
Schedule. It is contemplated that from time to time
 
additional funds will be allotted to this Agreement up to the
 
full estimated cost to AID set forth in the Schedule. The
 
Recipient agrees to carry out, or have carried out, the
 



to the point at which the 
this Agreement up

program under 
amount paid and payable by AID pursuant 

to the terms of
 
total 
 but does not exceed toie total 
this Agreement approximates 
amount actually alloted to this Agreement.
 

(c) (1) If, at any time, the Recipient has reason to 

believe that the costs which it expects 
to incur in carrying
 

out the program of this Agreement in the 
next succeeding 60
 

will 
days, when added to all costs previously incurred, 

of the total amount of AID funds then
 
exceed 75 percent 

allotted to this Agreement, the Recipient shall notify the 

The notice 
AID Grant Officer in .riting to that effect. 

state the estimated amount of additional 
funds required


shall thefor the period set forth in 
to continue the program 

end of the periodSixty days prior to the 
AIDSchedule. (2) 

Recipient will advise the 
specified in the Schedule, the 

in writing as to the estimated amount of 
Grant Officer 

that will be required for the 
additional AID funds, if any, 

under this Agreement or 
timely carrying out of the program 

may be specified in the Schedule
 
for such further period as 
 (3) If, after
by the parties.or otherwise agreed to 

(c)(1) or (c)(2), above additional
 
notification, pursuant to 

AID funds are not allotted by the end of the period set forth
 

in the Schedule or an agreed date upon
Grant Officer will,

substituted therefor, the AID 


this Agreement
the Recipient, terminate
written request by 

the provisions of the TERMINATION provision on 

pursuant to 
in the exercise of its


If the Recipient,
such date. 

reasonable judgment, estimates that the funds available will
 

it to continue to discharge its obligation hereunder 
allow specify the
 
for a period extending beyond such date, 

it shall 

AID Grant Officer, in his 

later date in its request and the 

discretion, may terminate this Agreement 
on that later date.
 
provisions of this
 

(d) Except as required by other 

an exception


Agreement, specifically citing and stated to be 

not be obligated to
 

from this provision, the Government shall 
 of the
incurred in excess 
reimburse the Recipient for costs 
time time allotted to this 
total amount of AID funds from to 

not be obligated to
 
and the Recipient shall
Agreement, 

program under this Agreement

continue carrying out the or
TERMINATION provision)
under the
(including actions 

otherwise to incur costs in excess of the amount of AID funds
 

AID Grant 
allotted to this Agreement, unless and until the 

notified the Recipient in writing that such 
Officer has 

has been increased and has 
allotted amount of AID funds 

increased amount constituting the
 specified in such notice an To the extent
this Agreement.
amount then allotted to
total 
 the estimated cost
 
amount of AID funds allotted exceeds
the 


to AID set forth in the Schedule, such 
estimated cost to AID
 

communicationincreased. No notice,
shall be correspondingly 
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or representation in any other form or from any person other
 
than the AID Grant Officer shall affect the amount allotted
 
to this Agreement. In the absence of the specified notice,
 
AID shall not be obligated to reimburse the Recipient for any
 
costs in excess of the total amount of AID funds then
 
allotted to this Agreement, whether those excess costs were
 
incurred during the course of this Agreement or as result of
 
termination. When and to the extent that the amount of AID
 
funds allotted to this Agreement has been increased, any
 
costs incurred by the Recipient in excess of the amount of
 
AID funds previously allotted shall be allowable to the same
 
extert as if such costs had been incurred after such
 
increase in the amount of AID funds allotted, unless the AID
 
Grant Officer issues a termination or other notice and
 
directs that the increase is solely for the purpose of
 
covering termination or other specified expenses.
 

11. USE OF FOREIGN CURRENCY
 

(a) Whenever the Recipient has a need to convert U.S.
 
dollars into local currencies, such conversion shall be made
 
through the U.S. Disbursing Officer. If the Disbursing
 
Officer is unable to effect such conversion, the Recipient is
 
free to use the facilities of any accredited financial
 
insti tuti on.
 

(b) All expenditures of the Recipient in excess or
 
near-excess currency countries, including per diem
 
(subsistence) expenses, which will be reimbursable by AID
 
under this Agreement, shall be funded from U.S. owned foreign
 
currencies, unless otherwise authorized in writing by the AID
 
Grant Officer .
 

12. AGREEMENT AMENDMENTS
 

This Agreement may be amended by formal written
 
modifications to the basic document. Amendments may be
 
proposed by either party to this Agreement; however, they
 
must be acceptable to both parties before they become
 
effective and binding.
 

13. DISPUTES
 

(a) Except as otherwise provided in this Agreement, any
 
dispute concerning a question of fact arising under this
 
Agreement which is not disposed of by agreement shall be
 
decided by the AID Grant Officer, who shall reduce his
 
decision to writing and mail or otherwise furnish a copy
 
thereof to the Grantee. The decision )f the AID Grant
 



Officer shall be final and conclusive unless within thirty
 
(30) days from the date of receipt of such copy, the
 
Recipient mails or otherwise furnishes to the AID Grant
 
Officer a written appeal addressed to the Administrator,
 
Agency for International Development, Washington, D.C. 20523.
 
The decision of the Administrator or his duly authorized
 
representative for the determination of such appeals shall be
 
final and conclusive unless determined by a court of 
competent jurisdiction to have been fraudulent, or 

erroneouscapricious, or arbitrary, or so grossly as
 
necessarily to imply bad faith or not supported by
 
substantial evidence. In connection with any appeal
 
proceeding under this provision, the Recipient shall be
 
afforded an opportunity to be heard and to offer evidence in
 
support of its appeal.
 

(b) This DISPUTES provision does not preclude
 
consideration of law questions in connection with decisions
 
provided for in paragraph (a)above; provided that nothing in
 
this Agreement. shall be construed as making final the
 
decision of any administrative official, representative, or
 
board on a question of law.
 

14. TERMINATION
 

(a) For Cause. This Agreement may be terminated for
 
cause at any time, in whole or in part, by the AID Grant
 
Officer upon written notice to the Recipient, whenever it is
 
determined that the Recipient has failed to comply with the
 
conditions of the grant.
 

(b) For Convenience. This Agreement may be terminated
 
for convenience at any time by either party, in whole or in 
part, if both parties agree that the continuation of this
 
Agreement would not produce beneficial results commensurate
 
with the further expenditures of funds. Both parties shall
 
agree upon termination conditions, including the effective
 
date and, in the case of partial termination, the portion to
 
be terminated. The agreement to terminate shall be set forth
 
in a letter from the AID Grant Officer to the Recipient.
 

(c) Termination Procedures. Upon receipt of and in
 
accordance with a termination notice as specified in either
 
paragraph (a) or (b) above, the Recipient shall forthwith
 
take immediate action to minimize all expenditures and
 
obligations financed by this Agreement, and shall cancp' such
 
unliquidated obligations whenever possible. Except as
 
provided below, no further reimbursement shall be made after
 
the effective date of termination, and the Recipient shall,
 
within 30 calendar days after the effective date of such
 

termination, repay to the Government all unexpended portions
 
of funds theretofore paid by the Government to the Recipient
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which are not otherwise obligated by a legally binding
 
transaction applicable to this Agreement. Should the funds
 
paid by the Government to the kecipient prior to the
 
effective date of the termination of this Agreement, be 
insufficient to cover the Ricipient's obligations pursuant to 
the aforementioned legally binding transactions, the 
Recipient may submit to the Government within 90 calendar 
days after the effective date of such termination, a written 
claim covering such obligations, and subject to the 
limitations contained in this Agreement, the AID Grant 
Officer shall determine the amount or amounts to be paid by 
the Government to the Recipient under such claim in
 
accordance with the applicable Federal cost principles.
 

15. SUBORDINATE AGREEMENTS
 

The placement of subordinate agreements (e.g., leases,
 
options, agreements, or contracts) with other organizations,
 
firms or institutions and the provisions of such subordinate
 
agreements are subject to prior written consent of the AID 
Grant Officer if they will be funded by AID hereunder, unless
 
the Recipient's procurement system has been reviewed and
 
approved pursuant to the appropriate section(s) of Paragraph
 
1U of Chapter 1, Handbook 13. In no event shall any such 
subordinate agreement be on a cost-plus-a-percentage-of-cost
 
basis. Subordinate contractors (including suppliers) shall
 
be selected on a competitive basis to the maximum practicable
 
extent consistent with the obligations and requirements of
 
this Agreement.
 

16. PUBLICATIONS
 

(This provision is applicable to any agreement which 
produces any book, publication, or other copyrightable
 
material.)
 

(a) If it is the Recipient's intention to identify AID's 
contribution to any publication resulting from this 
Agreement, the Recipient shall consult AID on the nature of 
the acknowledgement prior to publication. 

(b) The Recipient shall provide the AID Project Manager
 
with one copy of all published works developed under this 
Agreement. The Recipient shall provide the AID Project
 
Manager with lists of other written work produced under this
 
Agreement.
 

(c) In the event these Agreement funds are used to 
underwrite the cost of publishing, in lieu of the publisher 
assuming this cost as is the normal practice, any profits or 
royalties up to the amount of such cost shall be credited to 
this Agreement. 
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(d)The Recipient is permitted to secure copyright to any

publication produced or composed under this Agreement in
 
accordance with paragraph 1T8.b. of Chapter 1, Handbook 13;

Provided, that the Recipient agrees to and does hereby grant
 
to the Government a royalty-free, non-exclusive and
 
irrevocable license throughout the world to use, duplicate,

disclose, or dispose of such publications in any manner and
 
for any purpose and to authorize others to use the work for
 
Government purposes.
 

17. PATENTS
 

(This provision is applicable to any Agreement which
 
produces patentable items, patent rights, processes or
 
inventions.)
 

(a)The Recipient agrees to notify the AID Grant Officer
 
in writing of any invention or discovery conceived or first
 
actually reduced to practice in the course of or under this
 
Agreement. The AID Grant Officer will determine the patent

rights to be afforded the Recipient in accordance with the
 
Presidential Memorandum and Statement of Government Patent
 
Policy (36 FR 16889) and paragraph 1T8.a. of Chapter 1,
 
Handbook 13.
 

(b) Nothing contained in this provision shall imply a
 
license to the Goverment under any patent or be construed as
 
affecting the scope of any license or other right otherwise
 
granted to the Government under any patent.
 

18. INELIGIBLE COUNTRIES
 

Unless otherwise approved by the AID Grant Officer, no
 
AID funds will be expended for costs incurred in countries
 
ineligible for assistance under the Foreign Assistance Act of
 
1961, as amended, or under acts appropriating funds for
 
foreign assistance.
 

19. EQUAL OPPORTUNITY IN EMPLOYMENT
 

(This provision is applicable to all Recipients,

subrecipients and contractors under thisAgreement who either
 
perform work in the United States or who recruit personnel in
 
the United States to do work abroad.)
 

(a) With respect to the employment of persons in the
 
U.S. under this Agreement, the Recipient agrees to take all
 
reasonable steps to ensure equality of opportunity in its
 
employment practices without regard to race, color or
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national origin of such persons and, in accordance with Title 
VI of the Civil Rights Act of 1964, when work funded by this
 

no person shall, on the
Agreement is performed in the U.S., 

national origin, be excluded from
grounds of race, color or 


or be subjected to
participation, be denied benefits, 

discriminaton. In addition, the Recipient agrees to comply,
 

In accordance with its written assurance of compliance, with
 

the provisions of Part 209 of Chapter II, Title 22 of the
 

Code of Federal Regulations, entitled Non-discrimination in
 
the Agency for International
Federally Assisted Programs of 

Development - Effectuation of Title VI of the Civil Rights 

Act of 1964. 
(b) in addition, the Recipient agrees to take all
 

of opportunity in itsreasonable steps to ensure equality 

employment practices without regard to sex, religion, age,
 
and handicap, in accordance with P.L. 92-261, P.L. 93-259,
 

P.L. 93-112 and P.L. 93-508. When work funded by AID under
 

this Agreement is performed in either the U.S. or overseas,
 
on the grounds of sex, religion, age, or
no person shall 


handicap, be excluded from participation, be denied benefits,
 
or be subjected to discrimination.
 

20. U.S. OFFICIALS NOT TO BENEFIT
 

No member of or delegate to the U.S. Congress or 
resident U.S. commissioner shall be admitted to any share or 

that may arise
part of this Agreement or to. any benefit 

therefrom; but this provision shall not be construed to
 

this Agreement, if made with a corporation for its
extend to 

general benefit. 

21. COVENANT AGAINST CONTINGENT FEES
 

or selling agency
The Recipient warrants that no person 

secure
has been employed ,r retained to solicit or this
 

or understanding for a
Agreement upon an agreement 

commission, percentage, brokerage, or contingent fee except 

bona fide employees or bona fide established commercial or 

selling agencies maintained by the Recipient for the purpose 

of securing business. For breach or violation of this 
have the right to cancel this Agreementwarranty, AID shall 

without liability, or in its discretion, to deduct from the 
Agreement an amount, or otherwise recover, the full amount of
 

each commission, percentage, brokerage, or contingent fee.
 

22. NONLIABLILITY
 

AID assumes no liability with respect to any third party
 

for any claims for damages arising out of the program
 

supported by this Agreement.
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23. TITLE TO, USE, AND CARE OF PROPERTY
 

(a)The term "property" as used in this provision shall
 
mean Recipient purchased property the cost of which is 
reimbursed by AID under this Agreement. The term
 
"non-expendable property" means property which is complete in
 
itself; does not lose its identity or become a component part
 
of another article when put into use; is durable, with an 
expected service life of two years or more.
 

(b)The Schedule of this Agreement shall specify (or the
 
AID Grant Officer may direct) that title to specific property
 
shall be vested in the Recipient, or in the Cooperating 
Country. When title is to be vested in the Recipient, 
paragraph (c)of this provision is applicable. When title is 
to be vested in the Cooperating Country, paragraph (d) of 
this provision is applicable. If specific direction 
regarding placement of title is not provided either in the 
Schedule of thisAgreement, or by the AID Grant Officer, then 
title shall be vested in the Recipient, and paragraph (c) of 
this provision is applicable. 

(c)Recipient Titled Property.
 

(1)The Recipient shall not charge for any depreciation,
 
amortization, or use of property, title to which remains in 
the Recipient under this Agreement, or any other U.S.
 
Government agreement, subagreement, contract, or subcontract.
 

(2) The Recipient agrees to use and maintain the 
property for the purpose of this Agreement in accordance with 
the requirements of paragraph IT of Chapter 1, Handbook 13. 

(3) With respect to nonexpendable property having an
 
acquisition cost of $1,000 or more, title to which vests in 
the Recipient, the Recipient agrees:
 

(I) To report such items to the AID Grant Officer from 
time to time as they are acquired and to maintain a control 
system which will permit their ready identification and 
location.
 

(ii) To transfer title to any such items in accordance 
with any written request therefor issued by the AID Grant 
Officer at any time prior to final payment under this 
Agreement.
 

(d) Cooperating Country Titled Property. 

(1) Property titled to the Cooperating Country shall. be 
under the custody and control of the Recipient until the 
owner of title directs otherwise, or completion of work under 
this Agreement, or its termination, at which time custody and
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control shall be turned over to the owner of title, or
 
disposed of in accordance with its instructions. All
 
performance guarantees and warranties obtained from suppliers
 
shall be taken in the name of the title owner.
 

(2)The Recipient shall prepare and establish a program

to be approved by the Mission, for the receipt, use,
 
maintenance, protection, custody, and care of the Cooperating

Country titled property for which it has custodial
 
responsibility, including the establishment of reasonable
 
controls to enforce such program. The Recipient shall be
 
guided by the requirements of paragraph 1T of Chapter 1,
 
Handbook 13.
 

(3)Within 90 days after completion of this Agreement,
 
or at such other date as may be fixed by the AID Grant 
Officer , the Recipient shall submit an inventory schedule 
covering all items of property under its custody, title to 
which is in the Cooperating Country or public or private 
agency designated by the Cooperating Country, which have not 
been consumed in the performance of this Agreement. The 
Recipient shall also indicate what disposition has been made 
of such property. 

24. AUDIT AND RECORDS - NON-U.S. SUBRECIPIENTS
 

(1) The Recipient shall require non U.S. subrecipients
 
(see paragraph L3, Chapter 1 of Handbook 13) to maintain
 
books, records, documents and other evidence and accounting
 
procedures and practices sufficient to reflect properly that
 
funds provided by the Recipient were expended exclusively for
 
the purposes of the subordinate agreement. Such records shall
 
be maintained for three years following the expiration of the
 
subordinate agreement.
 

(2) The Recipient shall ensure that, after each twelve
 
months of a subordinate agreement with a non-U.S.
 
institution, an audit is conducted on the subrecipient's

records by an independent public accountant with a national
 
certification similar or equivalent to a certified public
 
accountant. If the Recipient determines that an audit is not
 
possible or feasible it shall submit to the AID Grant Officer
 
the reasons why such an audit is not possible or feasible,
 
and present for the approval of the AID Grant Officer ,
 
alternatives which will achieve the objectives, set forth in
 
this provision. The Recipient shall include in each
 
subordinate agreement hereunder, a provision by wnich the
 
Recipient asserts the right to audit if the independent audit
 
does not take place or is unacceptable. The subordinate
 
agreement shall also require that the subrecipient shall make
 
available any further information as requested by the
 
Recipient with respect to questions concerning the audit. The
 
report of independent audit shall be submitted to the
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Recipient and retained by it in accordance with the standard
 

provision entitled ACCOUNTING, AUDIT AND RECORDS.
 be to
(3) The purpose of the independent audit shall 


the propriety and necessity of the subrecipient's
determine 

in terms of the purposes for which the funds
expenditures 


and the adequacy of the subrecipient's
were made available, 

financial management. Notwithstanding the requirement for an
 

audit, the AID Auditor General and the

independent 


or duly
Comptroller General of the United States their 


authorized representatives (see paragraph 16, Chapter 1 of 
conduct an audit of theHandbook 13) reserve the right to 

and records to determine whether thesubrecipient's books 
has expended AID's funds in accordance with thesubrecipient 

The terms of this Provision areterms of this Agreement. 

applicable only to subordinate agreements with non-U.S.
 

insti tutions.
 

THE 	UNITED
EMPLOYEES OUTSIDE
25. 	 REGULATIONS GOVERNING 

STATES
 

(This provision is applicable only to the Recipient's 

U.S. or third country national employees; it is not
 
nationalapplicable to the Recipient's cooperating country 


employees.)
 

(a) The Recipient's employees, when employed in work 
on
status and may not rely
overseas, shall maintain private 


local U.S. Government Offices or facilities for support 
while
 

so engaged.
 
sale 	 of personal property or automobiles by(b) The 

and dependents in the foreign
Recipient employees their 

country to which they are assigned shall be subject to the 

apply to direct-hiresame 	 limitations and prohibitions which 
AID personnel employed by the Mission, except as this may
 

conflict with host government regulations.
 
(c)Other than work to be performed under this Agreement
 

for which an employee or consultant is assigned by the 

Recipient, no regular or short term employee or consultant 
of
 

engage directly or indirectly, either inthe Recipient shall 
own name or in the name or through an agency of anotherhis 

or occupation in the person, in ariy business, profession, 
foreign countries to which he is assigned, nor shall he make
 

business, profession orloans or investments to or in any 
occupation in the foreign countries to which he is assigned.
 

in a foreign
(d) 	The Recipient's employees, while 

respect for its conventions,
country, are expected to show 


to abide by its applicable lawscustoms, and institutions, 
in its internal
and 	regulations, and not to interfere 


political affairs. 
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(e) In the event the conduct of any Recipient employee
is not in accordance with the preceding paragraphs, the
 
Recipient's chief of party shall consult with the Mission
 
Director and the employee involved and shall recommend to the
 
Recipient a course of action with regard to such employee.


(f) The parties recognize the right of the U.S.
Ambassador to direct the removal from a country of any U.S. 
citizen or the discharge from this Agreement of any third 
country national when, in the discretion of the Ambassador,

the interests of the United States so require.
 

26. NOTICES
 

Any notice given by any of the parties hereunder, shall
 
be sufficient only if in writing and delivered In person or 
sent by telegraph, cable, registered or regular mail as 
follows:
 

TO THE: AID Grant Officer;
 

TO THE: Recipient at Recipient's address shown inthis
 
Agreement;
 
or to such other address as either of such parties shall
 
designate by notice given as herein required. Notices
 
hereunder shall be effective when delivered in accordance
 
with this provision or on the effective date of the notice,
 
whichever islater.
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INTRODUCTION
 

This memorandum summarizes the results of a series of studies on
 

The Commodity Pro,.;.i and Economic Goal Attainment in Developing Countries.
 

This project, directed by F. Gerard Adams and Jere R. Behrman, has been
 

carried out at Wharton EFA, Inc., and the Economics Research Unit of
 

the University of Pennsylvania during the 1978-1980 period. The memorandum
 

notes only the high points of the extensive research carried out. The
 

details are summarized in six extensive studies. These studies will be
 

published as books by Lexington Books, a division of D.C. Heath, and
 

will include:
 

T. Priovolos, The Commodity Problem and Goal Attainment: Ivory Coast,
 
and Coffee; (publication early 1981)
 

M. Lasaga, The Commodity Problem and Goal Attainment: Chile and
 
.op~perpublication early 1981)
 

M. Nziramasanga and C. Obidegwu, The Commod4ty Problem and Goal
 
Attainment: Zambia and Copper; (publication early 1981)
 

G. Siri, The Commodity Problem and Goal Attainment: Central
 
America; (report completed, volume in process)
 

F. Gerard Adams and T. Priovolos, The Commodity Problem and Goal Attain­
ment: Brazil and Coffee; (report in draft)
 

F. Gerard Adams and Jere R. Behrman, The Commodity Problem and Goal
 
Attainment in Developing Countries: An Integrated
 
Econometric Examination of Basic Policy Issues; (volume
 
in process)
 

In addition, preliminary papers from this study have been published
 

in journals and books and presented at conferences, including:
 

F.G. Adams, J.R. Behrman, R. Roldan, "Measuring the Impact of Primary
 
Commodity Fluctuations on Economic Development: Coffee
 
and Brazil," American Economic Review, 69:2, 1979, 164-168.
 

F.G. Adams and R. Roldan, "Econometric Studies of the Impact of Primary
 
Commodity Markets on Economic Development in Latin America,"
 
inW. Labys, M. Ishaq Nadiri, and Jose Nu'Kez del Arco, eds.,
 
Commodity Markets in Latin American Development: A Modeling 
Approach, Cambridge: ballinger Pub. Co. and NBER,JTW08T­



F. G. Adams, J. R. Behrman, and M. Lasaga, "Commodity Exports and NIEO
 
Proposals for Buffer Stocks and Compensatory Finance:
 
Implications for Latin America," in W. Baer, C. Longo,
 
and M. Gillis (eds.) Trade Prospects Among the Americas:
 
Latin American Export Diversification and the New Protection­
ism, Bureau of Economic and Business Research of the
 
nUniversity of Illinois, 1981 (also inQuarterly Review
 

of Economics and Business and Estudios Economicos).
 

Other studies have been distributed inxerox-including:
 

Jon Manger, "A	Review of the Literature on Causes, Effects and Other
 
Aspects of Export Instability", (areport of Wharton EFA
 
Inc., for the AID Project on Primary Commodity Stabilization
 
and Economic Development, May 1979.)
 

We expect in'the next few months to prepare additional papers for publication
 

in'recognized journals.
 



Section 1 Overview
 

Inrecent years, international concern has once again.turned to
 

the "commodity problem", the impact of fluctuations and trends of primary
 
commodity prices on the developing countries. 
 Despite the considerable
 

progress of some of these countries, many of them are still largely
 

dependent on primary commodity markets for their principal export earnings...
 

Consequently, their economies may be affected broadly and in important
 

specific ways by what happens inworld commodity markets. The commodity
 

problem isa primary focus of the discussions between the industrial
 

countries and their less affluent suppliers of primary commodities as is
 

best illustrated, perhaps, inthe negotiations surrounding the UNCTAD
 

Integrated Commodity Program proposal. 
 Itisalso clearly an important
 

issue inthe planning of developing countries' economic policies: the
 

resources which should be directed into primary commodity production, the
 

way inwhich participation inprimary commodity markets should be organized,
 

end the other internal micro policies and the macro stabilization and
 

growth policies that should be adopted inlight of commodity developments.
 

Itgoes almost without saying that policy must be based on knowledge.
 

Yet, despite the central role of the commodity problem ininternational
 

and national policy dialogues, there islittle widely accepted and solidly
 

based information on the impact of the commodity problem. 
There remains
 

considerable controversy even as to the direction of the impacts of commodity
 

price fluctuations, though there ismore consensus on the effects of the
 

secular trends inthe terms ofitrade of commodities. The need for information
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exceeds broad generalizations about the direction of effects. Economic
 

goals comprise a variety of targets, i.e., growth, price stability,
 

balance of payments equilibrium, distributive equity, etc., and the
 

effects of the commodity problem on the attainment of'these goals may
 

differ greatly depending on the weight given to each target. It is
 

important, consequently, to know the impacts of developments i.n world
 

primary commodity markets on the commodity producing sector itself, on
 

various dimensions of macroeconomic performance, on the tax receipts of
 

thegovernment, on the distribution of income, on the linkages to other
 

industrial and service sectors of the economy, etc. The channels of impact
 

must be identified and their operation traced over time. The quantitative
 

dimensions of the impacts must be evaluated. The potentials for policy
 

to deal with the commodity problem or with its effects must be considered.
 

Only with such information, is it possible to evaluate the significance
 

of the commodity problem on goal attainment of the producer countries.
 

And only with such information can successful policies be planned and
 

carried out on the inte.national level and on the level of the producer
 

countries.
 

This report summarizes the findings of an extensive project designed
 

to study the relationship between export earnings in international commodity
 

markets, the producing sector inthe developing economy, and the performance
 

of the producer country economy. We have stablished.a framework of
 

analysis using integrated econometric models of the world commodity markets,
 

the producer countries, and the commodity producing sectors. We have
 

illustrated its potential by examining the case of the market for coffee and
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the economies of the producing economies inBrazil, Ivory Coast, and
 

Central America and the case of the copper market with respect to the
 

The approach has been primarily empirical
economies of Chile and Zambia. 


and econometric. After a conceptual discussion of the relevant issues
 

and model structures, our concern has been with putting quantitative
 

We have also been concerned with evaluating
dimensions on the effects. 


the need for and the potential of policy to deal with the commodity problem
 

and its impacts on goal attainment inthe developing commodity producing
 

countries. These extensive results are discussed indetail insix volumes­

-one on each of the five countries under examination and a summary volume
 

series by Lexington Books,
by the directors--that are being published ina 


number of reports to AID (see the Introduction).
a division of D.C. Heath and a 


Inthis report, we try to summarize the results of the project.
 

Our concern iswith the channels of influence from the commodity market
 

to the producing country economy, the quantitative dimensions of these
 

influences and the resulting implications of the movements incommodity
 

markets on the multiple dimensions of economic goal attainment inthe
 

producing developing countries.
 

Section 2 The Channels of Influence from.Commodity Markets to the
 

National Economies
 

The impacts from primary commodity export market fluctuations and
 

secular trends to the producing econcmies must be examined ina structural
 

Reduced form approaches have produced inconclusive results,
framework. 


suffer from severe data and theoretical limitations, and fail to recognize
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clearly the channels through which the impacts from commodity exports
 

operate. Thus, it is not very satisfying to note that fluctuations of
 

copper prices influence the performance of the Zambian economy without
 

being able to specify whether the effects are through foreign earnings,
 

tax revenues, capital investment, or employment or through all of these.
 

We do not repeat indetail the model structures which we have
 

used. But it is useFul to review the principal charn,'ls of influence
 

from commodity markets to national goal attainment and to evaluate their
 

relative importance.
 

We begin first by considering the points of contact between the three
 

principal "actors" in the analysis: the international commodity markets,
 

the primary producing sectors (micro sectors) and the macro economies
 

of producer country economies.
 

Subsection 2.1 World Primary.Commodity Markets
 

Our approach to world commodity markets, specifically the markets
 

for copper and coffee,is predominantly from the perspective of'competitive
 

markets where supply and demand (including speculative demands for in­

ventories) determine a world market price. This does not exclude, however,
 

the possibility of investigating the role of particular countries in
 

influencing the world market price. This influence may be through external­

.ly determined shifts insupply, like a frost in Brazil or a mine disaster
 

inZambia for example, or through explicit supply or export tax policy,
 

as for coffee inBrazil. Moreover, itdoes not exclude the-use of the
 

model system as the framework for buffer stock analysis.
 



-7-


The relation between the commodity markets and the 
country economies
 

price to which the
 
is indetermining the world price of the commodity, a 


Inconjunction

local export price and the producer prices are linked. 


with the production of the primary commodity and the quantity 
available
 

for export, the price then determines the foreign exchange 
earnings from
 

Inthe case of the coffee model, the model also sets the
 commodity exports. 


quantity which isexported, though the system can also be operated with
 

exports determined by Brazilian conditions or policy 
decisions.
 

An important aspect of the interaction between the commodity 
market
 

and the producer economy is the simultaneity of price determination with
 

This simultaneity is important particularly for
 commodity production. 


major producer countries (e.g., coffee inBrazil).
 

Subsection 2.2 Primary CommodityMicro Sectors
 

The micro sectors are the commodity 
producing sector models for
 

coffee or copper which we have included ineach of our country systems.
 

These sector models directly link the international 
commodity markets
 

They vary greatly in importance, copper being
to the national economy. 


almost the only industrial sector inZambia and providing 
over 90 percent
 

of export revenue whereas coffee isa relatively small and relatively
 

declining sector in Brazilian agriculture though itcontinues to provide
 

10 to 15 percent of Brazilian export earnings. The study finds great
 

diversity among the specialized export sectors of the 
various countries
 

labor
 
reflecting not only the differences between coffee production, 

a 


tree crop, and copper production, a capital intensive
intensive tropical 




mining product, but also differences inthe ownerthip, control, 
and object­

ives of the commodity producers. These elements have to be taken into
 

account, particularly since nationalization and some 
land redistribution have
 

changed the organization of these sectors in recent years.
 

The empirical analysis of the sectors points particularly 
to a number
 

of important conclusions:
 

In all of the micro sectors, output is
 1.Output response to price. 


responsive to price in the world market, but with relatively 
low elasticities,
 

This is not altogether surprising since
 particularly in the short run. 


the short-run output potential is limited incopper by mining capacity
 

Moreover, the price obtained
 and in coffee by the acreage inmature trees. 


by the producer is frequently very different from the world market price.
 

For example, in Ivory Coast where the producer coffee 
price is tied to the
 

The
 
producer price of cocoa and in Brazil where export taxes 

apply. 


empirical data suggest that even ifwe allow for the time necessary 
for the
 

planting and maturing of trees and the construction 
of new mines, the
 

There are, of course, also important
supply responses are inelastic. 


variations inoutput associated with harvest failures, 
strikes, political
 

upheaval, etc.
 

The short-run response of employment
2. Linkage of employment to output. 


in the commodity producing sector with respect to oqtput 
is relatively
 

This means that employment is less volatile than output,
inelastic. 


though the long-run response of employment to changes inoutput tends to
 

There is no direct linkage between
 come closer to an unit elastic one. 




variations in price'and employment. Thus, variations in primary 

commodity earnings'do not translate fully into variations in employment 

except to the extent that they involve'.changes in production, but even 

in that case the short-run response is not large. 

3. Wage and non wage income. Wage rates are tied in some cases.tO primary
 

commodity earnings, for example, in Zambia and Chile. But here too, the
 

response of wage ratios to earnings is relatively insensitive and has time
 

lags. The consequence of this and of the previous point is that wage
 

income is considerably less volatile than are,the movements of the value
 

of production or of the value of exports.-This has important distributive
 

consequences in that the nonwage component of income, which includes
 

returns to capital and taxes, shows considerable volatility with respect
 

to the movements of price and value of production and exports.
 

4. Other direct linkage effects. The primary commodity sector has per­

ceptible direct linkage effects with other sectors, particularly trans­

portation services, trade construction and, in some cases, the domestic
 

industrial sector. It is not clear from our empirical work that these
 

linkages can be considered an important "engine" of economic development
 

since the primary commodity sectors require only limited quantities 'of
 

conventional inputs from the local economy. With respect to highly
 

technical labor and materials, they draw on imports and sometimes ex­

patriate workers (especially for production of some minerals),
 

5. Leading sector role. Particularly with respect to wages, the primary'
 

commodity sector may'serve as a leading sector. This is apparent in
 

http:cases.tO
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Zambia and Chile, where the wage decisions for copper influence wages
 

in other sectors, and thereby the labor market and population movements.
 

6. Tax receipts and earnings of government owned industry. The empirical 

work shows the important role of the primary commodity sector as a source 

of government revenues. In part, this reflects the direct taxes imposed 

which appear in the public treasury; inpart it represents the earnings 

of government from its ownership interest. In the case of Brazil and Chile, 

it used to include the exchange rate differential fur coffee exports or 

domestic inputs for copper production. Inmore recent years it has 

included the receipts from the coffee fund "contribution quota" and the 

earnings of the coffee stabilization funds. All of these are highly 

sensitive to the revenues from the exports of.coffee and'so showconsiderable 

volatility. 

7. Foreign exchange. Inall cases considered, the primary sector is an
 

important contributor to the total earnings of foreign exchange and to the
 

instability of these earnings. Exports are determined by exportable
 

production (after allowing for domestic consumption in the case of coffee)
 

less public or private inventory accumulation. The value of foreign ex­

change earnings then depends on the quantity exported times the price,
 

but the latter is itself influenced by production and exports if the system
 

is linked with a world commodity model. The empirical results suggest
 

that the role of primary commodity production as a supplier of foreign
 

exchange is important in all the countries considered and that this sector's
 

exports account for a good deal of the variation in aggregate foreign
 



receipts for all of the project countries. Furthermore, variations in
 

foreign exchange cause related variations inthe monetary base.
 

Subsection z.j macroeconometric Models
 

The macroeconometric models of the producing countriesserfve
 

two purposes inthe structure of this project:
 

1.to accept the Iinkciges from the micro sector model and to translate
 

these into macroeconomic impacts; and
 

2.to allow for the operatipn of general policies, both Dassive and
 

active.
 

The models are 
designed to incorporate the structural characteristics
 

of the producing economies. This means that the models encompass Keynesian
 

demand-side elements as well as supply-side considerations which often
 

dominate the simplified models of developing economies. This isparticularly
 

important since the micro sectors interact with the macro economy both
 

from the demand and the supply sides. The macro model must also describe
 

the effects on other aspects of goal attainment: the impacts on inflation
 

and balance of payments equilibrium, and the effect on income distribution.
 

At this juncture, itis important to note also that the models are able
 

to capture feedback mechanisms, from the micro sector, to the macro
 

economy, and subsequently, back to the micro sector.
 

With regard to policy, we make an important distinction. Passive
 

policy isthat response of government which represents a natural endogenous
 

response to changes inconditions. Some typical examples are the expansion
 

of government spending with an increase ingovernment revenues or the
 



expansion of the money supply due to balance of payments surpluses.
 

Active policy represents explicit policy actions intended to offset
 

occurrences in the economy. For example, an increase in export taxes
 

time when the world coffee price is rising. The distinction
on coffee at a 


isarbitrary to some extent but, it isan important distinction since
 

it is unrealistic to do policy simulations without including passive
 

On the other hand, it is useful to see what governments
policies. 


could do explicitly in the way of policy actions in the attempt to offset
 

We have structured
the deletrious aspects of the commodity problem. 


our models to encompass passive policies, and to allow "policy handles"
 

for simulation studies of the potentials for active policy intervention.
 

The Channels of Influence
 

In surveying different commodities and.different economies it is
 

Before we attempt
difficult to generalize the magnitude of the effects. 


to do so we will draw some generally applicable conclusions as to the
 

principal channels through which the fluctuations and trend movements
 

in the primary commodity markets are translated to the level of the 

developing country economy and its ability to attain its objectives.
 

A useful classification is to consider the direct effects and then
 

The direct effects represent the immediate_
the indirect effects. 


impact on the micro commoditysector, and the indirect effects comprise the
 

feedback and the passive policy responses. Active pollicy must becon-:
 

sidered separately.
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Inall cases, itisessential to view the process of reaction to, 

changes in the commodity market, and the transmission to the macro 

economy as occurring dynamically over time. The empirical evidence 

points to gradual adjustments and lag processes, which-'make theimmediate 

effects altogether different from the adjustment over time in niny:cases. 

Direct Channels
 

The direct channels of influence are not only dependent on the
 

nature of the commodity, but also on the operation of the economy and
 

on the linkages between the domestic sector and the world commodity
 

market.
 

The initial linkage is the relationship between the world commodity
 

market and the producer country primary commodity sector. Linkages are
 

from the world price to the local export price to the domestic product
 

price. Along this channel the impact may be amplified or reduced. In
 

the case of Brazil, it appears that fluctuations in the world coffee
 

market have an amplified impact on the price received by coffee producers,
 

whereas in the case of Ivory Coast the management of the coffee producer
 

price tends greatly to stabilize the fluctuations.
 

Of course, movements in price do not translate proportionately into
 

changes in revenues, but inthe absence of fluctuations in production in
 

the producer country, movements in revenuesare domihated by movements in
 

The direct impact of changes in revenues falls disproportionately
price.1 


on non wage income. This follows from, the less than proportionate
 

iThe countries studies which are listed in the Introduction consider movements
 

in production as well as price. We concentrate here only on price changes.
 



adjustment of employment to output;. indeed, if there Is no change in
 

production thereIs no change inemployment. Moreover, inthose cases
 

where there is an impact of revenue or price on wages--for example, in
 

Chile and Zambia--the-effect is less than proportional and lagged. As
 

a consequence, the dominant channel is through the revenue flow to non
 

wage income, either profits of the producers or receipts of government
 

or both.
 

Since the product is sold in world markets there is also a direct,
 

impact on earnings of foreign exchange.
 

There are also direct requirements for inputs of services, raw",
 

materials, and construction. The statistical analyses suggest that these
 

impacts are more pronounced in the economies where the primary commodity
 

sector obviously is dominant, for example, Zambia or to a lesser extent,
 

the Ivory Coast. But they are also present in the larger, more diffuse
 

economies.
 

Indirect Channels
 

The indirect channels comprise private demand responses, private
 

supply responses, and the passive policy channels, which may-have some,
 

demand and some supply consequences.
 

While the private demand effects are the most 'intuitively obvious,
 

channels, they are not always the most important. The typical demand linkage
 

would be the flow of wage income into consumer demand. But as we have noted,
 

.the,.d6minant impact of fluctuations, in earnings .,fromprimary commodities is
 



likely to be, at least initially, on non-wage income. While the latter appears
 

in the consumption function of several of the macro models, it carries a
 

much lower propensity to'consume than does the income from wages. Interestihg.,.
 

the demand effect may be much higher to the extent that the non wage
 

component of commodity earnings takes the form of government ta* receipts.
 

The concept of passive policy response inthe form of public soending from
 

public revenues suggests that the public propensity to spend is high,
 

approaching unity. Some of the expenditure goes into public sector con­

sumption, and some appears in the form of public investment. In Brazil,
 

for example, induced public investment in infrastructure improves the supply
 

potential of the agricultural sector. Inany case, government receipts
 

and expenditures represent an important channel of influence inmost of
 

the models.
 

Another important channel operates through the foreign balance. The
 

countries differ somewhat in the response of imports to foreign exchange
 

availabilities. In the relatively closed economies, Brazil or Chile in
 

the period before Pinochet, foreign exchange availabilities represent a
 

significant constraint on imports, so that foreign exchange earnings are
 

quickly transformed into added imports. On the other hand, in the Ivory
 

Coast, a very "open" economy, the foreign exchange constraint does not
 

appear to be binding so there is little responsiveness of imports to
 

foreign exchange earnings. But on tbe other hand, in the Ivorian case,
 

there isa powerful link between income and imports. This has significant
 

consequences not only for the foreign exchange balance itself, but also,
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for the monetary sector. The linkage here isthrough the effect of
 

the balance on current account on the monetary base, assuming again a
 

passive monetary policy. But the impact isnot necessarily from an
 

increase inthe value of commodity exports to a more favorable balance
 

on current account and an increase in the monetary boe since the response
 

of imports to greater foreign exchange availabilities may exceed the
 

growth of exports. Inother words, the linkage from changes inexport
 

revenue to money supply isclear, but the direction depends on the
 

The more constrained are imports by the availabilities
 response of imports. 


of foreign exchange, the greater the likelihood of a significant import
 

response and the less the impact on money supply.
 

A similar phenomenon occurs, but in the opposite direction,with
 

respect to government expenditures. Increased governmentreceipts may
 

reduced deficit (or even a.surplus) causing a reduction
translate into a 


But the impact may
inthe monetary base inthe absence of active policy. 


be largely offset by increased purchases. Inthat case, the Keynesian
 

demand side effect isreinforced by the impact of the increased monetary
 

base.
 

This discussion leads directly to the impact through the effect of
 

money supply inthese systems. This isan important channel inmany of
 

these models through the inflationary potential which originates ingrowth
 

Thus, inmany of the countries considered, with
of the monetary base. 


the striking exception of the Ivory Coast, imnrovements.in the value of
 

commodity exports translate to a significant extent into accelerated
 

Inflation isalso influenced by labor costs
inflationary pressures. 


http:imnrovements.in


and exchange rates. While exchange rates are largely exogenous in the
 

2
models considered here, labor costs are an important ingredient. The,
 

linkage is not only through productivity, but also through the role of
 

wages in the primary commodity sector on the other sectors of the economy,6.
 

Wages in copper are a dominant factor in the determination of wages else­

where in Zambia, for example, but not in the Ivory Coast where wages linfluenc 

migration patterns. 

Section 3 Impact of Commodity
 

Market Fluctuations on Goal Attainment
 

The main issue is how the movements in primary commodity markets
 

affect the ability of the producer economies to achieve their economic
 

objectives. The evaluation of this question in quantitative terms has been
 

the purpose of our studies. We summarize and, if possible, generalize
 

the results in this section.
 

The goals to be attained have been considered in detail in the
 

project. They include not only the traditional focus in the developing
 

world on economic growth, but also other considerations such as price
 

stability, equity in the distribution of income, balance of payments
 

equilibrium, and utilization of productive capacity. The attainment of
 

these goals is influenced by the producer country's participation in primary
 

commodity markets in various ways. The aim of our simulations of the
 

world commodity market--micro--macro systems is to evaluate the impact
 

of fluctuations and secular trends in commodity markets on the various
 

dimensicis of goal attainment.
 

The impact of commodity export vaiues on excnange rates may De a verylimporant
 
channel but determination of exchange rates isoutside the scope of most of
 
the models considered here.
 



''Simulations were carried out assuming one-time changes inthe
 

commodity price as well as similar changes on a sustained basis. The
 

results of these simulations are evaluated in comparison to a base
 

simulation, lacking the price change. These simulations 
are con­

veniently summarized inTable 1. The table shows the impacts fbr
 

the average of the first five years after the disturbance. Inthe first
 

column are shown the consequences of a 10 percent one-time drop inthe
 

price of the commodity. Inthe second column are shown the results
 

of offsetting the 10% drop with a 10% increase, inother words, the
 

asymmetrical effect between a decline inprice and an increase in
 

price. Columns three and four show the impact of a sustained 10% drop
 

incommodity prices, column 3 summarizing the average over the years
 

I to 5 and column 4 for the years 6-10. While there isdivergence
 

between the countries and the commodities, we observe that there are some 

significant patterns of response. On the basis of Table I we summarize 

some of these patterns here. 

Growth and Capacity Utilization Impact
 

Growth and capacity utilization of commodity price changes are in
 

the direction anticipated inall but a few exceptional cases. A re­

duction inprice reduces GDP and, almost but not ouaite symmetrically,
 

increases inthe commodity price tend to increase GDP.. The macro economic
 

impact, not surprisingiy isclosely related to the share of the primary
 

commodity sector inthe economy. Therefore, there isvery little per­

ceptible impact on Brazilian GDP inpercentage terms, but not inabsolute
 



terms, from the coffee sector. On the other hand, fn Chile and Zambia
 

where the dependence on copper isfar greater, the impact on GDP is
 

much more apparent. However, the effect of lower coffee price on the
 

Ivory Coast appears remarkably small, considering the importance of the
 

product, a result of the fact that the Ivorian coffee producers, are sub­

stabilization board.
stantially isolated from the world coffee market by a 


A sustained price change has a substantially greater and growing
 

impact than a one-time reduction. Inpart this simply reflects the nature
 

of output determination inthese industries, with output responses spread
 

long time perind after the change inprice. Thus, a 10 percent
over a 


lower price reduces GDP by 1.8 percent during the first five years and by
 

3.1 percent during the following five years inChile. Impacts inZambia
 

and El Salvador are comparable. On the other hand, even inthe long
 

term, the impact on Brazilian growth ishardly perceptible and the effect
 

on Ivory Coast GDP issmall at first, rising to minus 1.0 percent during
 

the secind five years as the effect of low coffee prices on the stock
 

of mature trees becomes effective.
 

There isno question that conditions inthe worldcoffee market feed
 

One time shifts inprices
through to macroeconomic goal attainment. 


as well as secular shifts have effects on activity and growth beyond the
 

What isnot so clear iswhether there is
sectors inwhich they occur. 


potential or actual impact from fluctuations incommodity prices on
 

Some evidence isprovided by the offset of symmetrical up and
growth. 


down price simulations. That evidence suggests that over a cycle the
 

Such a result was sustained inother
impacts on GDP tend to cancel out. 


simulations, reported inthe specific country studies, which 
indicate
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little if any impact of commodity price fluctuations on the 
growth aspect
 

of economic performance, with the exception of the 
case 'of IvorY/,Coast.
 

This should not be taken to mean, however, that 
price fluctuations impose
 

There are clearly dislocation or
 no costs on the producing economies. 


adjustment costs other than those measured in the growth of anarjenate
 

And itcan be argued that stable commodity prices would 
permit the
 

GDP. 


development and implementation of investment plans 
in ways which our
 

models, based on an unstable world, do not measure.
 

The results above are also supported by the impact 
of changes in
 

commodity prices on investment. Again, the importance of the commodity
 

in the economy and the dependence on investment 
on the commodity earnings
 

Again, the strongest effects, are
 are significant considerations. 


apparent for the copper countries. Chilean investment is reduced by 0.9
 

InZambia
 
one time 10 percent decline in copper prices.
percent with a 


the 2.5 percent impact iseven greater. In these countries not only do
 

copper earnings play an important role in investment, 
but there are direct
 

linkages between activity in the copper market and investment. A notice­

able asymmetry qppears in the case of Chile where a reduction in price
 

greater negative impact on investment than 
does the positive effect
 

has a 


of an increase in price.
 

Over a long period, the effect of sustained 
changes in price is
 

a 10
 
considerably greater particularly in the case 

of Zambia where 


percent reduction in the price of copper results ultimately in a
 

more than 10 percent (13.9 percent in the second five years) decline in
 

This points to the dependence of Zambia on 
copper earnings


investment. 


and the magnified volatility of these earnings 
with respect to the price
 

The impact on GDP growth is considerable, of course.
 of copper. 




The coffee producing countries are again less affected, with very
 

little aggregate impact on Brazil, a country which is not very dependent
 

on coffee earnings for investment.
 

Economy-Wide Prices
 

The impact on overall prices operates through a number of channels as
 

we have outlined above. There is,some diversity of impacts, particularly
 

interms of the dynamic adjustment over time. Initially, the effect
 

of a reduction of the commodity price is negative, reflecting the trans­

lation of an adverse impact on the balance of payments on the money supply
 

through the passive monetary policy channel. Note that the impact is
 

much smaller in Ivory Coast because of the offsetting action of the
 

stabilization fund. What is striking is that particularly for Chile and
 

Ivory Coast there is a catchup--the initially lower prices are offset by
 

higher prices in subsequent years and the long term effect of a reduction
 

incommodity prices is not necessarily negative. Indeed, inBrazil and
 

Chile, the effect is positive over a five year period. Part of the
 

mechanism of explanation isthe offset of the monetary impact by the
 

structural, unit labor cost, phenomenon. The reduced GDP causes a decline
 

in productivity with a consequent increase in labor costs since waaes
 

are sticky. With some time for adjustment, this effect in certain
 

countries dominates the monetary impacts caused through the balance of
 

payments and the public deficit. Another part lies in the great
 

sensitivity of imports and of government deficits to the availability
 

of foreign exchange and government revenues from the commodity sectors.
 

Ifthese are quite responsive, changes in them can dampen considerably
 

the impact on the monetary base of the original movements in the international
 



commodity prices and earnings from commodity exports.
 

The effect of:a sustained decline in commodity prices, tends 

to be negative (except in the case of Chile) so that repeated negative 

impacts on the balance of payments cumulate in reductions in the money 

supply and these tend to dominate other impacts on the price level. With
 

respect to the question of asymmetry, it appears that the upwad and down­

ward price effects are similar except in the case of Brazil where it seems
 

that the net effect of a positive and negative change in prices is a
 

positive impact.
 

Income Distribution
 

Because of data inadequacies, we generally have not been able to
 

surmount the difficulties inthe related computable "general equilibrium"
 

model literature regarding the representation of individual household
 

income distribution effects. To represent the links through stron fixed
 

coefficient assumptions as inmost of this literature obviously is not
 

very fruitful. Therefore, although we experiment with some more extensive
 

representations in some models (e.g., Ivory Coast), we focus on the factoral
 

dimension (e.g., wage versus non-wage income) and-on the sectoral dimension
 

(particularly regarding relatively poor agriculture).
 

The effect of a price reduction in commodities tends to be favorable
 

to the wage share in the short runin view of the more volatile direct
 

commodity production sector response of non wage income from commodity
 

production in most cases. But there are offsets from the macroeconomic
 

impacts. Thus, we find that in the short run the impact inChile and Brazil
 

is to increase the wage share ofGDP though Zambia shows a somewhat sur­



prising reduction. InIvory Coast, the offsetting operatiQns of the'
 

stabilization fund account for the small effect. Since the focus of
 

much of the immediate effect is in the commodity producing sector"
 

itself, the imperceptible short run effect inBrazil is not'surprising
 

given the relatively small size of the coffee sector.
 

Over the longer run however, the lower price of commodities,
 

ifsustained, reduces the activity inthese major producing sectors
 

and the consequence turns out to be lower employment and, insome
 

instances, lower wage rates and alower wage share. This is'.a very clear
 

impact, particularly in Ivory Coast where a 10 percent lower coffee
 

price ultimately reduces the share of wages inGDPby more than 10
 

percent. InZambia, where copper isvery important, we do not observe
 

the effect as clearly. Inthe first five years of a sustained reduction
 

incopper prices, the share of wages declines, partly as a consequence
 

of effects on employment and partly as a result of the impact on the
 

wage rate and on the non wage components. But over the longer term,
 

the decline inother sectors of the economy is even greater so that
 

the wage share ismoderately increased, though, of course, out of
 

a smaller aggregate GDP. We also note that although increases inthe
 

terms of trade generally improve goal attainment inthe producing countries,
 

the impact on the wage share generally isregressive (and vice versa).
 

The impact of price changes on ihe share of agriculture inGDP
 

depends on the one hand, on the direct impact affecting the coffee sector
 

or the copper sector, and on the other, on the effect on non-agricultural
 

GDP. Both inChile and Zambia, since the direct impact ison copper, a
 

positive effect on the share of aqriculture.
reduction incopper prices has a 


This impact ismoderate inthe case of a one-year price chance, but it
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amounts to two or three percent in the case of a sustained change reflecting
 

the downward adjustment of commodity production in response to nrice as well
 

as the feedbacks which oredominantlv affect the non-agricultural sectors.
 

Of course, in the coffee producing countries the dominant tendency is the
 

opposite. A reduction in the coffee price tends to teduce the ihare of
 

relatively poor agriculture despite some negative indirect effects on the
 

rest of the economy.
 

Foreign Position
 

Inall of the countries, a one time'reduction in theinternational
 

commodity prices reduces earnings from the comodity, overall export
 

earnings, and foreign exchange reserves. However, the countries vary
 

considerably inhow vulnerable they are to such foreign exchange re­

ductions. During the sample period, Chile and Brazil were relatively
 

susceptible to foreign exchange cuts and Zambia was becoming increasingly
 

susceptible. Generally, the more susceptible economies have polic'
 

re!:ponses that economize on foreign exchange utilization in such a case
 

by, for example, increasing quantitative restrictions on imports. Of
 

course, if the commodity price reductions are sustained long enough, even
 

the more open and less foreign exchange constrained economies like
 

Ivory Coast and El Salvador have to introduce policy measures to accommodate .
 

to the new relation of lower commodity export prices.
 

'Other Simulations
 

This brief summary does little justice to the results of a large
 

number of other simulations which are reported in the various studies
 

comprising this project. Such simulations include a variety of studies
 

measuring the impact of variations in production, one-time variations
 



attributable to the'varieties in coffee yields or to labor troubles in
 

copper and longer-term increases and decreases in production which may
 

result from the development of coffee lands or the development 
of new
 

mining investments. The simulations also include stochastic simulations
 

period of time, calculations
 
measuring the impact of price variability over a 


of the competitive impact of alternate crops such as 
cocoa in Ivory Coast,
 

alternative scenarios on export determination for Brazil, 
mixed develop­

ment strategy scenario simulations for Ivory Coast, 
Zambia and Chile,
 

simulations related to the trade interactions between 
the countries of the
 

The reader is referred to the
 
Central American Common Market, etc. 


individual studies listed in the INtroduction for 
the rich results from
 

the variety of simulation exercises that were carried 
out as a part of
 

The reader should also refer to these underlying 
studies
 

this project. 


to find the basis for results reported above.some of 
which may appear'at
 

first glance to differ from a priori expectations.
 

Section 4 Passive and Active Policy.pacts.
 

termed passive policy provide an 
The study shows that what we have 

important channel, in many cases the most important channel, for the
 

transmission of commodity market phenomena to the 
macro economy. The
 

passive policy channels are not just simplifying 
behavioral assumptions
 

Inmany instances, behavior of the nublic sector
 
of the econometric model. 


dbes follow certain patterns which represent passive 
responses to changes
 

And these responses are incorporated in
 in the economic environment. 


the passive policy channel. A most important one, of course, is the response
 

of public expenditure to the loosening (or tightening) 
of the budget
 

additional (less) tax revenue or public enterprise profits
constraint as 
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are translated into pub ic expenditures for consumption and investment. 

The money supply. response to the public budget deficit (surplus) and 

to the foreign exchange deficit falls into the same dategory of passive
 

policy, and a third category includes the foreign sectors policy response
 

like those discussed above.
 

This isnot to say that passive policy"may not be offset at least­

partially by active policy steps. Inmany cases, active policy incorporates
 

measures different from, and often opposite to, a passive policy. For
 

example, neutralization of foreign exchange earnings from commodity ex­

ports represents a direct active response to offset the monetary expansion
 

associated with the increased earnings from commodity exports.
 

Moreover, inprinciple at least, active policy need not be limited
 

to such direct policy responses. More general policies may be used.
 

For example, active fiscal, tax, and monetari policy may be used to offset
 

the impact of movements in primary commodity markets on real and/or
 

nominal stability. Likewise tax, income and price policies can be used
 

to offset undesired distributional outcomes. And in theory, various
 

policy instruments can be combined to more nearly achieve desired goals-.
 

-although lags and uncertainty complicate actual policy formulation'.
 

substantially.
 

Section 5 Policy Alternatives and Goal Achievement
 

Various policy alternatives are available to deal with the effects
 

of commodity exports on the producer country economy. We cannot here',
 

discuss indetail the various patterns of policy alternatives considered
 

inthe underlying country-commodity studies. We have considered three,
 



those focusing on the producing sector itself, those concerned,
types of policies: 


with the international commodity market and those focusing on 
the macro
 

All these approaches offer potentials, but the quantitative
economy. 


dimensions of their effects vary depending on the economy, on .th 
role
 

of the commodity inthat economy, and on the passive policies ihforce.,
 

In this study we have been able to examine a limited selection of
 

active policy measures, particularly of a broad macroeconomic 
type. On
 

this basis we come to several important conclusions regarding 
the effective­

ness of active policy.
 

First, the abilities of the various countries to make use of 
active
 

This potential isquite limited inthe open economies,
policy vary greatly. 


for example, Ivory Coast and Central America, or inthese dominated by
 

Other economies, where
the commodity sector, like Zambia, for example. 


smaller role or where'the economy has a great
commodity markets play a 


degree of self-containment, may be able to exercise effective 
active
 

policy measures to offset the impacts of change oripinating inworld
 

commodity markets. Thus, possibilities for macro policies in Ivory Coast
 

are limited, inview of the open character of that economy, whereas the
 

passive policy of the stabilization board offsets some 
of the impact of
 

InBrazil, on'the other hand,
fluctuations on the world coffee market. 


even though the fluctuations in the coffee market are' amplified by micro
 

policy, macro policies may effectively offset the impacts 
particularly
 

small part of the economy.
since the coffee sectro represents a 


Second, although general policies can be used to offset any one
 

negative effect of changes incommddity markets, generally they also
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change'attainments of the other goals--and sometimes in negative respects.
 

The set of policy instruments is not sufficiently great nor are the
 

policies sufficiently available or powerful inmost cases to permit
 

simultaneous attainment of the various goals of the producer 
country
 

Their impact is complicated not only by the simultaneous nature
 economy. 


of the economic systems but also by the lags in response. 
The net effect
 

of using such active policies to try to offset the commodity 
market
 

changes is difficult to anticipate and to control, even without-external
 

stochastic shocks.
 

Third, macro policy measures are not likely,to effectively offset
 

Even­
sustained secular shifts in the international commodity markets. 


tually, the deficits (surpluses) build up enough so that foreign 
exchange
 

movements cannot be sterilized or that fiscal or monetary policy 
measures
 

become counter-productive in respects to issues other than.those concerned
 

with their commodity market impacts.
 

With respect to policies on the commodity sector level, 
we can
 

world
 
distinguish between those that can be carried out independently 

of a 


market impact and those which do affect the world market, 
i.e., the ones
 

where the producer country has market influence.
 

In the absence of a perceptible effect on the world 
market, the
 

producer country policies can have substantial impact 
both in the stabilization
 

(or those of its producers) or in changes in supply potentials.

of its revenues 


In this study we have explored many of these possibilities. 
The effect of
 

the price stabilization for coffee producers in
Ivory Coast is particularly
 

of increased producer price on production of coffee 
in
 

notable. The stimulus 


Ivory Coast for example, isalso notable, as are 
the effects of additional
 

OfcoCUrse, the potentials

investment in the copper industry inChile and Zambia. 
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of internal commodity sector policies are 
constrained by the availability
 

of resources inthe case of investment in copper mining for example, and
 

by the competition of other uses of the 
land inthe case of coffee.
 

The situation becomes considerably more 
complex when the country
 

Inmost of the cases studied we found that 
moderate
 

has market influence. 


fluctuations inthe producer country had only moderate influence 
on the
 

This is
 
world market price, though such influence 

cannot be ignored. 


perhaps because policy simulations of 
commodity supply are not of the
 

large magnitudes that would come from 
natural disasters such as mine collapses
 

Itwould appear from the studies carried
 frosts in coffee..
incopper or 


out here that only limited gains can 
be sought by the producer countries
 

through impact on the relevant world 
commodity market, while substantial
 

scope for domestic intervention into 
the commodity sector exists and such
 

intervention has potentials both from 
the point of view of stabilization
 

and from the point of view of secular 
trends.
 

Finally, with respect to the operation 
of the world commodity market
 

stabilization, this study did not consider 
at length-the operation of
 

worldwide basis, though many simulations
 
buffer stock stabilization schemes 

on a 


assumed stable prices and considered 
the impact on the countries'economies.
 

As we have noted the impact of stabilization 
on growth itself isnot clear
 

but more stable commodity pri.ces obviously 
have payouts ingreater stability
 

inthe producer economy and insome instances in the level of investment.
 

This would suggest that cost benefit 
calculations of participation in

worl­

wide commodity price stabilization 
schemes need to take into account 

the
 

broader impacts of stabilization 
on producer country goal attainment.
 



The management of macroand micro policies poses difficult"
 

challenges for the producer countries, particularly those which are
 

dependent on one or two primary commodities for the bulk of their foreign
 

exchange earnings. The potentials of these policies to ameliorate the
 

undesirable impacts of instability and adverse secular trends vAry greatly
 

between the producer countries. Our work would suggest that pdlicy
 

responses embodying various kinds of policy must be considered inevaluat­

ing the impact of commodity markets on producer country goal achievement.
 

Macro and micro policies must be taken into account inmaking recommendations
 

for commodity policy management. Indeed, they must be part of an integrated
 

policy program.
 



TABLE I 

Some Summary Percentage Changes in Goal Attainment of Developing'Country 

Producers Induced by One Period and Sustained Changes in" 

International Commodity Pricesa 

One Period Shock Susta-inedShock 

10% Drop 

(avg. yrs. 1-5) 

10% Symetrical 

(avg. yrs. 1-5) (avg. 

10%- Drop 

yrs. 1'5) (avg. yrs. 1-5) 

GDP 

Chile 
Zambia 

Brazil 

Ivory Coast 

El Salvador 

-. 8 
-. 4 

.l 

-. 1 
-. 6 

-. 1 
.0 

.1 

.0 
-.0 

-1.8 
-1.9 

-. 0 

--. 1 
-2.0' 

-3.1 
-2.8 
-. 2 

-1.0 
-3.6 

INVESTMENT 

Chile 

Zambia 

Brazil 

El Salvador 

-.9 

-2.5 

.1 

-. 4. 

-. 5_ 

-.1 

.3 

.0-

-1.7 

-10.3 
-. 0. 

-1.2 

-2.8 

-13.9, 
.0 

- 2.2 

PRICES' 
Chile 
Zambia 

.9 

-l.2, 

-. 2 

.0 

.7 
-5. 

7.9: 
-



table cont"d
 

One Period Shock Sustained Shock. 

10% Drop 10% Symmetrical 10% Drop 

.(avg. yrs. 1-5) (avg. yrs. 1-5) .(avg. yrs. 1-5) (av. yrs. l5);: 

Brazil .4- -. 9 -.8 -4.9 
Ivory Coast . .1 .--4 -1.3 
El Salvador -. 2 .01 .8 .9 

AGRICULTURAL
 
SHARE IN GDP
 

Chie 7 .1 1.6 3.2 
Zambia .3 
 17 2.0
2.4
 
Brazil .0 - .1 . ." 
Ivory Coast .. 1 -.6
 

WAGE SHARE

IN GDP
 

Chile. .2 
 - .5 -2.8 
Zambia - .4 .0 .8 .0
 
Brazil ,0 .1 
 .1 .2 
Ivory Coast - , .0e .6 -11.0. 

aThe percentages in this table are based on a comparison of ba'sesimu ations4ithout the price: shocks and otherwise
 
identical simulations with the.price shocks., 
 •th
 



Minutes of the Jan. 29-30,!9 RAC Meeting
 

International Primary Commodity Markets and
 
Economic Development: Analysis of Basic
 
Policy Issues - University of Pennsylvania
 

Dr. Thorbecke, who had been chairman of the RAC sub­

committee that reviewed thislproject when it was considered 

by RAC, reported that the project appeared to be progressing 

well. However, he was concerned about linkages of the 

model to various commodity models. AdditiQnal materials 

are needed to evaluate this aspect of the project. 

Dr. Keith Jay (IIA/EA) reported that his office has 

received about a dozen different documents which had been 

prepared in draft form for particular AID staff members. 

Such documents could be made available. Dr. Jay also 

expressed some.concern over how the models would be linked 

to commodity models. 

Dr. Smuckler requested that the materials be provided 

to Dr. Thorbecke who would review the Proqress of the 

project for the RAC. 



Minutes of the July 14-15, 1977 RAC Meoting
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International Primary Commodity Markets and Economic Develooment
 

Dr. Smuckler reminded the RAC that approval of the project,
 

International Primary Commodity Markets and Economic Development,
 

.had been delayed until a revision of Ehe proposal that took account 

of issues raised by RAC could be prepared. The RAC also wanted 

assurances that the manner in which the time of 6ne of the principal 

investigators was divided between this project and other AID projects, 

the Rockefeller project, and other projects in the Coamudity Market 

proposal was acceptable to the AID Contract Office. 

Dr. Rechcigl reported that the Contract Office had provided a 

meorandum stating that the problem of the division of the principal 

investigators time was settled to their satisfaction. 

Dr. Thorbecke, who was not present at the RAC meeting, had sent 

a letter to Dr. Lorenzo Perez, AID/PPC stating that he felt all of 

the issues raised by RAC about this project had been taken into 

account. He was also satisfied that the budgejting of the principal 

investigators is acceptable to the AID Contract Office. He was 

still concerned that Dr. Behrman may be overcommitted with projects. 

Dr. Thorbecke suggested the possible alternative of approving the 

first nine or twelve months of the proposal and calling for a critical 

review of achievements at the end of this first stage before approving 

the next stage. 

Dr. Montgomery thought it was important that RAC have assurances 

that the project could not be done without this additional funding 

from AID. 

Dr. Long added that Dr. Behrman was involved in a mixture of 

activities but that he must work for AID on that part that AID pays 



Dr. ZMichalopoulos explained that his office had-carefully 

examined the division of Dr. Be zhn' s time on the various projects 

that he was involved in and concluded that this was truly an additional 

project. He felt AID need only make sure inputs are made and outputs 

are what we ask for. Behrman is one of several people working on 

the project. He hoped RAC would approve the entre project. Other­

wise It would be necessary to split the project and assume an extra 

management workload within AID. 

Dr. Swanson stated that he too had reviewed the revision and 

felt sure the issues raised by RAC had been taken into account. 

He thought some RAC monitoring of the project might be useful. 

. Dr. Montgomery suggested that a PPC -eport discussing the 

working arrangement with Behrman was all that was necessary. 

The following motion was proposed and seconded:
 

otion: That the project be approved as revised. AID staff is to 

rsport to RAC at its next meeting on the additive nature of the 

project's separately funded elements. 
vote: The -mo--on carrred-ufnnmoUly----

Dates for Next RAC Meeting 

The Committee approved November 30 and December . As the dates 

for the next RAC meeting. 

Arrangements for Site Visits 

The chairman recognized Dr. Schweigert who discussed some 'ob­

servations; from a recent sits,visit to a project in Guatemala. 



Dr. Schweigert described briefly the visit and then made the 

point that such trips probably would be more objective if the AID 

technical offices were not involved in the reviews. He suggested 

that the arrangements for site' 91sits probably should be made by 

the Research Office (TA/RES).. 

Dr. ishik, who was also on the site visit, added that former, 

participants in project should not be invited to go as official 

reviewers. Reviewers also should not include other business on site 

visit trips since this often interferes with the primary purpose of 

the trip and is disruptive to. other reviewers. 

Dr. Long pointed out that there are t-o types of site visits. 

Some visita are for technical evaluation of projects while others 

are for the purpose of monitoring the project by the technical 

office. He added that Dr. Schweigert's comment was a topic discussed 

in the executive staff meeting. In Dr. Long's opinion, it was 

difficult to get RAC involved in such visits often enough. AID 

people-may go alcng on technical evaluation trips but should not 

be official reviewers. Dr. Schweigert agreed that some.AD personnel 

should accompany technical reviewers. 

Aplication of Radio Teaching In Elementary Mathematics in Nicaraqua 

A memorand-um from Or. Rechcigl concerning a change LI the minutes 

from the March 31-April I meeting was brought to the attention of RAC 

by the chairman. The Office of Education and Human Resources did not 

agree with the minutes as thoay had been approved at the May 18-19, 

meeting. 
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A motion was made and seconded that the minutes for the project, 

Application of Radio in Teaching Elementary Mathematics in Nicaragua i 

Ai changed to show the first part of the mtion that was approved on,,' 

May 18-19 to read as follows: 

Motion: That the proposal be approved with the recommendation that 

(1) the essentials of the original design be reinstated and 

(2) efforts be concentrated on grade 1-4 with possibility of 

outlines for grades 5 and 6. 

Vote: The motion was passed unanimously. 



RAC Meeting
Minutes of the March 31-6-April 1, 197 


International Primary Commodity
 

Markets and Economic Development: An Integrated
 

Econometric Analysis of Basic Policy Issues -


Wharton Econometric Forecasting Associates, Inc. 
- University of Pennsylvania 

Dr. Thorbecke, Chairman of the subcommittee composed of Drs. 

as follows:
Heady, Montgomery, and Swanson, reviewed the project 

be raised in connection with the proposalThe questions which must 

fall under the following headings:
 

of this research topic to AID'(1) 'The importance and relevance 


and the development community in general.
 

(2) The substance, methodology and critical 
merits of this pro­

including the competence of the principal investigators,posal ­

to obtain useful results. 

(3) Considerations regarding the budget and the research
 

management of this proposal.
 

Appropriateness of Research Area to AID and the Develooment 
CommunitY
 

has a role to play in advising the U.S. government 
on


AID 

Better insights of the effects of comodity
coMModity trade issues. 


would help AID fulfill its role.
LDC's d;-d--~tic economiesexports on 

Therefore, the subcommitte is convinced that, the research 
area is
 

appropriate to AID.
 

Other organizations, particularly the World 
Bank are involved
 

the broad area of commodity models and
 in research activities in 


However, the
 
their linkage to national macro-economic models. 


not saturated and high social benefits 
are likely to accrue 

area is 




from more researcli on'the subjact,~ particularly from additional 

research on the'linkages between coodty exports, the disaggregatad 

pattern of employment andthe factorial and household income distribu­

tion.
 

Substance and Methodology of the Proposal and Evaluation of LikelY
 

Results
 

Tha investigators intend to analyze and obtain bettaer insight on 

"the direct and indirect effects of primary commodity output and ex­

ports on income, employment and income distribution in the LDC's, 

through the linkages between the comodity - producing sectors and 

the rest of the economy of developLqg countries". They will also 

research the impact of various aspects of commodity markets on 

national development goals. The researchers argue strongly for more 

disaggregation in commodity models and in the national macroeconomic 

models to which they are attached so that an analysis of altarnatie 

national and international policies can be studied. Further dis­

aggregation would permit an analysis of the intranational.effects 

of exports. 

The proposal can be brken intI two distinct but intekrelatd 

parts: 

Cl) The modeling of international commodity markets for specific 

products and of national macroeconomic models for selected
 

countries. The national macroeconomic models would be linked
 



to the international comdity model. 

C2) The design of disaggregated country models which ae ad 

to the corzesponding national macroeconomic model. 

The first part would permit one to follow thi effects of changes 

in the international markets on key macroeconomic variables for
 

specific countries. This part would also permit the analysis of 

the reverse, i.e., of the effects of changes in aggregate national 

commodity exports on international commodity markets. The second
 

type of linkage is essential to exploring the effects of national
 

macroeconomic changes on policy objectives, such as income distri­

bution, which can only be analyzed in a meaningful way within the. 

context of a disaggregated national model. 

The two principal investigators have been at the forefront of 

building international commodity models and linking them to aggregate 

national macroeconomic models (the first linkage), However, it is the 

second linkage, where little research has been done, that is essential
 

in determining the effects of changes in commodity exports on national
 

policy objectives. The principal investigators have provided almost 

no discussion regarding the design and specification of disaggregatad 

country models within which this second linkage could be analyzed. 

Since the investigators comparative advantage lies in macro-modeling, 

a discussion of what they intend to do at a higher level of dis­

aggregation is much more important. in the absence of such discussion, 



the subcomittee feels that more information on the proposed method4 

ology is essential before the project can be endorsed. 

Two lines of research relating to the second linkage' has been 

explored in detail. Both research avenues rely heavily on policy 

oriented disaggregation of the major vaziables, such as adetailed 

Social Accounting Matrix. 

Budget and Related Matters 

Two questions on the budget and related matters were raised. 

First, the two principal investigators are involved in at least a 

half a dozen other projects which appear to be highly related. 

The members of the subcommittee would like to be reassured that AID 

is "buying" a research project that does not duplicate other projects
 

which are already financed and underway. 

Secondly, the overall budget of $372,000 over two years seems high. 

T -rincipal investigators os.ltaziti areibiieI.d for-40 days'during< 

1/ 	As an example, see Trma Adelman and Sherman Robinson, "A Wage
 
and Price Endogenous General Equilibrium Model of Developing
 
Country: Factori Affecting the Distribution of Income in the
 
Short-run", applied to South Korea and, as an example of the
 
second type, Graham Pyatt and Erik Thorbecke, Planning Techniques
 
for a Better Future, (Geneva, 1976) and, by the same authors,
 
Planning for Redistribution, Emplovment and Growth, (unpublish­
ed manuscript, 1976).
 



the summer and 36 days, during the academlc' year., The chas duriLng 

the academic year are difficult to justify. The 'justification, that 

this avoids payment of overhead to Wharton Associates and does not 

significantly change AID costs, warrants some discussion. 

Dr. Heady asked if one day per week of the principal investigators 

time was enough for him to be effective. He wondered just how the 

allocation of the principal investigators time would be made. He 

als6 raised the question of whether the project should not include 

additional commodities in countries other than those in which the 

principal investigators were already working. 

Dr. Montgomery questioned whether the proposed work was suf­

ticiently different from other Berman projects to be considered 

a separate project. He pointed out that the project would be con­

sidered successful if everything that was proposed were actually 

carried out. Analysis at the country level was carried out. He 

felt that it would be advisable to limit the project to country 

analysis. 

Dr. Swanson thought that there was a need for greater detail 

on the international part. How would it be done? Perhaps through 

mathematical modelling? Where would the data come from for time 

series analysis for Zambia and the Ivory Coast? 

Dr. Anderson asked whether the principal investigators were 

really knowledgeable in the theory on which they must rely to carry 

out the project.
 



Dr. Peterson asked how the results could be used. 

Dr. Thorbecke remarked that the competence of the investigators 

was unquestioned. He felt that if the proposed methodology would 

make it possible to say anything about changes in patterns of income 

distribution that were the impact of new policies then the research 

would certainly be useful. 

Dr. Black wondered if the proposed model could predict the price 

of coffee. 

Dr. Thorbecke replied that some models of comodity markets 

had done well at predicting world prices. Cocoa was cited as an 

example. 

Dr. Heady pointed out that at present such models could not predict 

d.stibution of income. When conmdity prices are increased who 

benefits, the growers, the middlemen? 

Dr. Perez explained that to understand the nature of the problem 

one must realize that the idea is to look at connodity prices and 
9 

their relation to the rest of the economy. The principal investi­

gators would try to link an international, model to national models. 

They have been tzying to link household, international commodity markets 

and country models. 

The
With econometrics a behavioral equation can be specified. 


model would be the main tool supplemented with othereconometric 

tools such as accounting methods. 



Berman and his collegues do not wish to down play the dif­

ficulties in the project. They are willing to disaggregate the 

national model to capture effects on income distribution. It is 

a question of availability of resources to study all these issues. 

Dr. Perez also pointed Out that it is very difficult to measure
 

additionality of their project to other Berman projects. For example,
 

the Rockefeller model is very disaggregated and in all likelihood 

Berman will not construct another model but will make the Rocke­

feller model available for this project. 

The principal investigators have developed a plan for University
 

of Pennsylvania faculty with pertinent experience on the project. A
 

research team will be formed in this manner.
 

Dr. Perez is sure that the work can be done with the data base.
 

Berman is certain in the case of the data for Latin America, Central
 

America, and Asia, but is not certain about Africa where he may not
 

have a data base.
 

The fact that Berman's name appeas Jas a zonsultant can he ex-

AID wrote an in-house proposal and requested two consultants
plained. 

to review the proposal and discuss it at a seminar. Berman was one 

of the consultants. After the seminar, proposals were requested. 

Dr. Heady pointed out that it would be useful to explain the 

use of the principal investigators as consultants on the project, 

not as researchers. 



Dr. Perez explained that ultimatelyBerman i. the principal
 

investigator althOugh he and Adams will work a on
as team method­

ologjy. They Iwill hire the University of Pennsylvania faculty as 

consultants. They also want to hire 1 full-time economist for 

2 years and some country experts. 

Dr. MOntgomery asked that it be put into the record that"AiDi 

is reminded that double payments from more than one project is 

serious. The University is not responsible alone. AID should be' 

very careful to establish that this project is in addition to the 

principal investigators other projects. This is not a criticism 

because it is appropriate and should be clear. 

Dr. Michalopoulos reiterated the point that AID would benefit 

from paying the consultants directly rather than through the uni­

versity. The University's overhead would cpst more than consultants 

fees. Dr. Berman can't take off to do the research himself be­

cause of University restrictions. He will take some leave and will 

pay other faculty to do some of the work. 

Dr. Anderson asked what could be done if some impropriety were 

discovered regarding double payments for the same work. 

Dr. Michalopoulos said it would be a serious offense but he 

did not know what could be done. 

Dr. Long remarked that he was distrubed about the implications 

of impropriety. The contract office would havetto s.ort out any , 

problems before the contract is awarded. The only retroactive 

act~on would be a lawsui-. 



Dr. Perez did not think it appropriate to question whether the 

Rockefeller Foundation and AID would pay for the same work. The 

project has a budget. Criticisms could be made that not enough 

time would be available for the project, but it would be inappropriate 

to suggest impropriety at this stage. 

Dr. Thorbecke stated that he had checked with Dzr. Long and 

Rechcigl and the project manager on three different occasions.
 

Originally he had considered asking for some modification and that 

the project be re-submitted to RAC. Upon reflection and after talking, 

with Drs. Long and Rechcigl, it was decided that it would speed 

things up to have the project resubmitted to the subcommittee. 

motion: Dr. Thorbecke moved that the proposal be resubmitted to the 

RAC subcommittee after taking into account the questions and 

resaxvations which were raised in the subcommittee report. 

.he :evised proposal would requi.e; in particular, the 

following items: (1) A detailed discussion of the method­

ology which would be used to explore the link between a 

national macroeconomic model and disaggregated changes 

within countries. In this connection, it is essential 

that the principal investigators indicate how they expect 

to treat the whole income distribution question; (2) The 

relationship and the divisl.on of labor between the present 

proposal and other related projects in,which the principal 

http:divisl.on


investigators are engaged, be clarified and be made much
 

more explicit. A stronger assurance must be given that 

funds for this project will pay for a truly additional 

output; and (3) Some assurances are obtained from the 

project manager and the management of AID that the way the 

principal investigators' time is budgeted (as consultants
 

on a daily rate basis) is appropriate.
 

Dr. Ready seconded the motion. 

Discussions Dr. Smuckler asked if therewere any procedural pro­

blems with resubmitting the project to the subcoittee rather 

than the entire RAC.
 

Dr. Schweigert asked if this is not contrary to the Smuckler policy. 

Dr. Long pointed out that in the past all manner of relationis~ips 

between RAC and its subcommittees had been established. When there, 

are methodological flaws it is quite appropriate, if RAC so wills 

it, for the project to be resubmitted to the subcommittee. 

Dr. Smuckler (after the motion passes unanirously) ruled that the
 

subcommitte will review the project again after the changes given
 

in the motion were made and would report back to RAC.
 

Dr. Long expressed the hope that the subcommittee would be active 

with the AID staff and that the subject of impropriety would be 



ifMinutes of the.March 34, 1981 RAC Meeting.
 

-39-


International Fertility Research. Program. (IFRP) International
 
Research Program
 

I. SUBCOMMITTEE REPORT
 

Dr. Connell, chairman of the subcommittee, that also included
 
Drs. Linder Montgomery and Wishik reported as follows:
 

IFRP was established on July 1, 1971. Its goal was to conduct
 
comparative field trials on new means of fertility regulation
 
primarily in developing countries. In order to accomplish

this, IFRP developed an international network of more than 250
 
collaborating investigators working in over 30 countries. Data
 
collection was preceeded by the establishment of standard
 
methods of gatering and reporting clinical data. The earlist
 
work by IFRP documented the short-term safety and effectiveness
 
of a number of fertility regulation methods. It also pointed
 
out the relative appropriateness of the different methods and
 
procedures for people living in a variety of cultural and
 
medical environments. Finally, IFRP disseminated the informa­
tion generated by these trials, and helped to improve develop­
ing-country research capabilities.
 

IFRP has conducted straight and comparative field trials in six
 
major areas: 1) systemacic contraception including oral pre­
parations, 2) intrauterine contraception, 3) menstrual regula­
tion, 4) pregnancy termination, 5) male sterilization, and 6)
 
female sterilization. The emphasis has shifted from time to
 
time, but support to continue work in these same general cata­
gories is currently being sought. In March, 1977, a renewal
 
proposal was reviewed by RAC. A number of serious issues were
 
raised and funding was not approved pending further study. In
 
september, 1977, a RAC subcommittee visited IFRP. During the
 
site visit, the subcommittee looking into the validity and
 
reliability of methods of data collection and analysis. It
 
concluded that while the data were generally satisfactory, they

had not been subjected to more than rudimentary analysis.
 

The subcommittee also considered proposals which would have
 
expanded IFRP's functions to include studies of alternative
 
community-based delivery systems, program evaluation, program
 
administration and implementation strategies. In the view of
 
the subcommittee, IFRP's capability for doing this type of
 
research was extremely limited and thus it felt that these
 
activities would require procedures and skills quite different
 
from those which IFRP had developed to date and thus should not
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be undertaken. Moreover, such a change, it concluded, would
 
take IFRP away from its original and unique role in research on
 
family planning technology. At the conclusion of its site
 
visit, the RAC subcommittee made a number of recommendations
 
which included the followinq.
 

1. 	IFRP should set a ceiling on the number of participat­
ing centers, the amount of data be generated, and the
 
duration of data collection.
 

2. 	IFRP should be more selective in maintaining its repos­
itory of data for future use; it should develop more
 
complex study designs and use more sophisticated
 
analytical techniques in processing existing data.
 

3. 	IFRP should reassess its staffing pattern and the
 
makeup of its consultative groups.
 

4. 	IFRP should consider the addition of a senior staff
 
member with wide prior training and experience in
 
basic research in reproductive biology regulation
 
techniques.
 

5. 	IFRP should continue to place its greatest emphasis on
 
clinical trials and the services needed for the imple­
mentation of the various fertillty regulation tech­
niques.
 

6. 	IFRP should not attempt to cover the much broader
 
administrative community and social aspects of plan­
ning program development.
 

7. 	In the future, only the research components of the IFRP
 
program should be reviewed by RAC.
 

Following receipt of the report of the RAC subcommittee and
 
consultation with AID staff, a number of changes were made by
 
IFRP in both staffing and administrative procedures, a number
 
of them recommended by RAC. Those areas which contained pri­
marily the research elements of the program were identified and
 
a new contract was written to cover them. Thus, IFRP has sup­
port to continue their biomedical research in the area of fer­
tility regulation as well ad related research in the social
 
sciences.
 

IFRP also applied for and received funds under a new grant
 
which allowed it to carry out certain other programmatic ac­
tivities. Under the grant, a considerably broader range of
 



activities are funded in the area of institutional development
 
for 	fertility research and programmatic support for family
 
planning services.
 

In September, 1980, at the reauest of AID, an American Public
 
Health Associa-ion (APHA) Evalulation Team was selected. I
 
consisted of Dr. Ellizabeth B. Connell, Chairman, Dr. Donald
 
Lauro, Sociologist/Demographer, REsearch Associate, Columbia
 
University Center for Population and Dr. Nicholas Wright,

Epidemiologist, Chief of the Contraceptive Evaluation Branch,
 
NICHD, NIH. The team first reviewed a number of documents
 
including annual contract and grant reports for 1978, 1979, and
 
1980, the current IFRP table of organization, project descrip­
tions, reseerch forms procedure, a publications list, minutes
 
of the Board meetings, and copies of trip reports. After read­
ing this material, the team made a site visit to IFRP where
 
interviews were carried out with members of the various divi­
sions and with individual staff members to hold more in-depth

discussions relevant to their particular areas of inerest. The
 
team then met on several occasions to discuss their findings.

Notwithstanding the considerable differences in the academic
 
backgrounds and work experiences of the various team members,
 
there was complete unanimity of opinion on all of the major

issues under review and the report sent to the RAC members
 
represents the unanimous conclusions and recommendations of all
 
its members.
 

Following this extensive review and deliberation, the team
 
concluded that IFRP was continuing to make progress in dealing

with the recommendations of the RAC subcommittee but that there
 
were areas in organization, staffing and research which could
 
be further strengthened. Therefore, a series of recommenda­
tions were made dealing with the following areas:
 

1. 	Structure: IFRP is currently being funded by AID under
 
two mechanisfs, a contract and a grant. This has had
 
both advantages and disadvantages for the overall IFRP
 
program. At the present time, projects funded under
 
the contract are almost entirely in the research
 
category. However, there are a number of studies
 
supported by grant monies which are also research in
 
nature b;ut are not reviewed by RAC. Additionally,

there are a number of small projects which the team
 
felt were handled as research projects but were best
 
called program introductions.
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2. 	Focus: The team felt that more attempts should be made
 
to move beyond short-term clinical trials into field and

clinical studies of the long-term impact of fertility

regulatio: tecnngueE i 
developing countries. More­
over, 
it is believed that grant activities, though

necessarily at times deviating significantly from
 
contract efforts, should focus in 
the 	same general di­
rections as the contract-supported work. 
 It felt that
 
to use the flexibility built into the grant as a mandate
 
to go off in a number of new directions would be a
 
mistake.
 

3. 	Staff: 
 The team noted the changes in staffing over
 
the past year, particularly the shift to lower level
 
positions. It, like RAC, recommended the early recruit­
ment of a senior scientist with broad biostatistical
 
and 	epidemiological training. 
 The 	team further recom­
mended the establishment of contractual links with local

universities, including the UNCSPH, to 
increase the
 
skills necessary to 
IFRP's research program. It felt

that the presence of scientists from neighboring insti­
tutions might help to re-establish prior links with
 
these academic groups.
 

4. 	Projects: 
 The 	team made a number of specific technical
 
recommendations regarding individual projects, as noted
 
in their final report.
 

5. 	Technology Transfer and Training: 
 The team believed
 
that IFRP's interest in providing mini-computers and the
 
necessary software packaging and training required for

their effective use to LDC's was worthwhile and recom­
mended that IFRP conduct more short-term formal, train­
ning courses.
 

6. 	Technical Advisory Committee: The team felt that, as

presently constituted and utilized, the TAC did not

sufficiently serve the needs of 
IFRP for systematic

review of particular research proposals and projects,

providing only an overview function. Thus, it strongly

recommended that all research proposals be subject to

thorough and rigorous review by a revitalized and re­
oriented TAC.
 

This is a large, complicated and expensive project.
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II. SUBCOMMITTEE COMMENTS
 

Dr. Linder thought there were many points about the project

that could be criticized. However, at this point he preferred

not tc discuss the details of the project in depth. He per­
sonally thougnt it 
was a poor project of low grade science. He
 
would go along with this review committee providing that the
 
review is not a whitewashing of what is really being done at
 
IFRP.
 

Dr. Linder pointed out that the relationship with University of
 
North Carolina which was described in the project documents
 
doesn't exist. It is quite clear from the previous reviews
 
that the IFRP is professionally isolated.
 

Dr. Montgomery asked with so many flaws in the program, why

should the PARFR program continue? Or better yet, why not
 
continue only those activities in the program that are es­
sential to AID's Population program? Even though the data base
 
is not what it should be the information that has been provided

by IFRP has been valuable and if this organization did not
 
exist it would have to be invented because such an organization

is necessary.
 

Portions of the portfolio are supervised and standardized.
 
There is 
some research done in that portion. There are docu­
ments describing the program, one is describing research and
 
one describing a technical assistance component.
 

Dr. Montgomery could not distinguish between the two in terms
 
of the activities that were undertaken. He pointed out that
 
there were reports of tension among the staff between those in
 
research and those on technical assistance activity. Research
 
activities are reviewed; the technical assistance activities
 
are not. Why is IFRP in research? The leaders in the program
 
say they need to establish credibility among scientists in the
 
Populatior. field. Dr. Montgomery was not sure 
that they added
 
to their credibility with statements of this type.
 

Dr. Wishik commented that there was a need for a thorough

review. 
Even if there were no technical reservations about the
 
program the fact that it is carried out at great expense to AID
 
would warrant a special indepth review. The review, in Dr.
 
Wishik's opinion, should include an overseas trip to observe
 
activities in LDCs.
 



Dr. Wishik thought the intensive review should include a
 
statistical look at the material in the data file at North
 
Carolina. He was wondering if just any type of data can be put
 
into the IFRP data bank.
 

II. OTHER COMMENTS
 

Dr. Carter asked why are there no other donors to the IFRP?
 
The program presently is almost totally funded by AID. Second,
 
he wondered why it wasn't associated with the University.
 
During an earlier review there was'some suspicion because the
 
IFRP printed their own journal.
 

Dr. Carter pointed out that it appeared to him that an enormous
 
amount of funding was being spent and the management of that
 
funding was somewhat out of control.
 

Dr. Connell did not think that the IFRP was such a monster.
 
She pointed out that IFRP had, itself sold the journal that it
 
published. For economic reasons there are elements of the
 
program that were out of control but not irreversibly so.
 

Dr. Anderson asked how did we get into this program? Did not
 
RAC want to look at the project carefully?
 

Dr. Moss said the project was extremely difficult to deal
 
with. He asked for some of the RAC members to point out some
 
of the excellent things that the project had accomplished.
 

Dr. Connell remarked that there were enough good points. There
 
are many projects that are well conceived and well carried
 
out. The problems in many of the areas of the IFRP program
 
were not insurmountable.
 

Dr. Carter asked if IFRP had a continuing relationship with
 
outsiders.
 

Dr. Montgomery pointed out that when the project was site­
visited the last time it came to RAC the review committee
 
looked at some new research proposals. New research was dis­
couraged then because the staff expertise at IFRP was not suf­
ficiently strong. He did not think that the IFRP had struc­
tured a process for continual appraisal of research since then.
 

Dr. Wishik asked what are the merits of the program? He
 
pointed out that the breakthrough in contraceptive techniques
 
was accomplished after the disassociation of contraception and
 
sex. Contraceptive technology which the IFRP is field testing
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can't breakthrough some of the obstacles to these family plan­
ning methods. There are only two organizations, WHO and IFRP
 
carrying out research on contraceptive methods. WHO does not
 
subject new methods to Phase III testing, IFRP does.
 

Dr. Wishik pointed out that IFRF has made sufficient contribu­
tions but it is necessary to learn more about what these con­
tributions are. The program needs to be narrowed and tightened
 
up and controlled better. He felt that the ongoing relation­
ship with a RAC subcommittee was necessary. Finally, Dr. Wishik
 
thought that the Population Office should act to set up a
 
strategy plan for contraceptive research.
 

Dr. Elmendorf remarked that as a field worker who has worked for
 
a large organization such as IFRP, she feels that this program
 
is important. Better organization is needed but the importance
 
of the work is beyond question. With regard to the data bank,
 
Dr. Elmendorf felt the great need was for folinwing through on
 
new prospective contraceptive techniques rather than obtaining
 
quick results. She pointed out that the IFRP had no women on
 
its research staff.
 

Dr. Speidel, of AID staff, remarked that the project plays a key
 
role in AID's population program. As an example, IFRP has pro­
vided a reliable set of guidelines on more than one ocassion
 
which were used to make decisions on the purchase and distribu­
tion of IUDs and other contraceptive devices. However, he also
 
felt some frustration since the program was not living up to its
 
initial promise. It has not become the outstanding field
 
research unit that it was intended to be. Steps had been taken
 
to resolve problems in the organization management of IFRP but
 
the reforms were not fully realized.
 

Dr. Speidel pointed out that the University relationship with
 
IFRP didn't really work out as it was planned. Initially, the
 
field work was to be carried out with IFRP being located within
 
the University of North Carolina. This did not work out and it
 
was necessary to establish a separate unit. As for the funding
 
of IFRP it was true that most of their funds come from AID.
 
However they do have one $600,000 grant from the National
 
Institutes of Health. The organization is being encouraged to
 
seek diversified support.
 

With regard to the research versus the technical assistance or
 
grant part of the AID support for IFRP, Dr. Speidel remarked
 
that AID was keeping the relatively rigorous research under con­
tract. Grants had proven to be better for the other type of
 



-46­

work that the IFRP does tor AID. As tor a contraceptive

stragtey program, Dr. 
Speidel did not wish to address that
 
issue oft the top of his head.
 

Dr. Shelton, also of AID staff, pointed out that apparently

everybody agrees tha: 
some good is coming from IFRP as are some

accomplishments that are 
not so good. He personally thought

that the contributions of the IFRP are very good. 
 It's true

that almost every decision the Agency has made in the

population field has relied very heavily on IFRP data. 
Perhaps

we are making decisions on not so good data but there has been

good correlation with other work. 
 He agrees that they lack
 
some senior people and that they need to improve the role of
the technical advisor. He didn't agree with the report on the

differences between the grant and research. 
There are

definitely differences in the type of activities carried out
 
under each. He did not think the organization was out of

control. There are only 99 people working and the yearly

budget is smaller than previously (2.0 million last year as

compared to 2.3 million for the previous years.) A lot of

these issues were much worse 
in 1977 when the project came to

the RAC and progress has been made in resolving the problems.
 

III. MOTION
 

That the proposal be approved with a three-year authori­
zation but only a one year approval for financing at the
 
present time; (2) That the chairman of RAC appoint a RAC

subcommittee which will have an overview function for the

duration of the project; (3) That a review team be con­
stituted. The team should have representation from RAC,

AID and the IFRP Board of Directors. The team should
 
have expertise in management, biostatistics, medicine,

epidemiology and demography. Selection of the team

members should be carried out jointly by the AID Popu­
lation Office and RAC; 
(4) That the team conduct an
 
in-depth review of the entire IFRP program funded by AID,

both the grant and the contract. This on-site review
 
should encompass the activities in North Carolina and a
 
representative number of the 
overseas projects; (5) That

the team write a comprehensive report of its findings and

make a series of concrete detailed recommendations; (6)

That this report be completed as rapidly as possible, con­
sistent with thoroughness, but, in any event, within one
 
year of this date; (7) That a status report be sent to

RAC by the Population Office prior to 
its fail meeting in

1981; (8) That a final report covering the team's recom­
mendations be made available to RAC prior to its winter
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meeting early in 1982; (9) That decisions regarding

recommendations for future funding and program content be­
yond one year be made at the time of that winter RAC meet­
ing.
 

Dr. Wishik wanted to make a friendly amendment to the motion.
 
He thought the scope of the review should include both the
 
grant and research under activities under IFRP.
 

Dr. Rechcigl asked about the role of the contractor in the
 
review.
 

Dr. Speidel pointed out that the contractor will work with the
 
review team.
 

Dr. Mongtomery asked about a continuing relationship between
 
IFRP and the RAC.
 

Dr. Connell reported that she did not see this as 
a single time
 
involvement of the RAC. 
 She felt that the relationship between
 
the RAC and IFRP would continue.
 

Dr. Wishik pointed out that there were two ways of having 
a

continuing relationship with the RAC, one would be to have a

subcommittee within RAC to 
review the project continuously, the
 
second approach would be to have outside experts plus a RAC

subcommittee that would continue for the life of the project.
 

Dr. Anderson asked Dr. 
Linder why wasn't the project eliciting
 
a collegial relationship with the University of North Caro­
lina? Why aren't other professionals talking to them? How

much of their work shows up in publication, etc.?
 

Dr. Linder sketched the history of the relationship between the
University of North Carolina and IFRP. 
Originally, the project

was in the medical school of the University. There were con­
stant conflicts between the project and the University admini­
stration. The project was 
impatient with administrative pro­
cedures at the University. The IFRP engaged in human experi­
ments using devices that may or may not have had the necessary

approval of the FDA and others. 
The University was afraid of

reactions to this. 
 They did not have a formal relationship

with the Biostatistics Department of the University of North
 
Carolina. Finally, the relationship disolved because the IFRP
did not accept the advice of the members of the statistical
 
faculty and others in the University. It was a messy sort of
divorce. 
 However, this did not prevent consultation from
 
members of the University faculty to IFRP sponsored projects.
 



IV. VOTE
 

The motion was approved with two abstensions.
 

The chairman of the RAC interpreted the motion to mean that a
 
permanent suocommittee of the RAC would be established to work
 
with IFRP in keeping the program under review.
 

Dr. Smuckler will advise the Committee of the permanent cnair­
man who would be appointed shortly.
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1. 1979 RAC MeetiMinutes of the April 3-Mav 

Progress Report - International Fertility Research (IFRP) 
- International Fertility Programme, Inc. 

Dr. 	 J. Shelton (DS/POP), was recognized and highlighted the contents of 

tne ioloWirr writter rep.-: 

to RAC in March of 1978, IFMPSince this project was last presented 

which grew out of the RAC sub­has continued to implement the changes 

1977. The major changescamnittee and A.I D. evalu'ations of September, 

have included: 

smaller number of higher priority research1. 	 Concentration on a 

areas.
 

2. 	 Simplifying the machinery for identifying what these higher 

priority research areas should be, includigElse collaioration 

with 	A.I.D. staff. 

3. 	 7hrough the use of task forces for each of the seven study areas, 

simplifying and improving the machinery for overall study plans 

within each area. 

4. 	 Streamlining IFP's overall organizational structure under the 

leadership 	of the new Executive Director, Malcolm Potts. 

centers and focusing5. 	 Consolidating the number of research 

more on centers able to zarry out higher quality research. 

6. 	 Improving the quality of the analysis and promulgation of the 

data. 

and are quite pleasedWe have observed these changes taking place, 

with the results. To illustrate the success of these changes, we have 

to describe briefly in more detail.selected two specific research studies 
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The first study concerns IFRP's "postpartum IUD," of which the most 

prominent example is the "suture loop" (Figure 1). It is a standard 

Lippes Loop D IUD with biodegradable chromic sutures affixed to the 

=u-er crossarn.. Tny IL iE int ernoed for insertion imediateJ. post­

partan. Lata are now available for 341 insertions fram three countries' 

(Philippines, Bangladesh and Egypt) and are presented in Tables I and 

II which are from an upcoming article in the Lancet. As can be seen 

fron the tables, the expulsion rate has been remarkably low, 5.3% at 

six months. Expulsion of IUDs which have been inserted postpartum has 

been a major programmatic problem in the past. A decade ago the 

Population Council reported expulsion rates of 26.5%at three months 

when the IUDs had been inserted in the first 24 hours. An ID which 

can be inserted immediately postpartum and which will be well retained 

would have considerable programmatic value in developing countries. 

The second study is an analysis of female sterilization failures. 

It is an example of how IFRP's "rich data base" is quite valuable and 

unique. Since pregnancy following a sterilization is a fairly rare 

event, a very large data set is required to evaluate it. The data 

base was 13,439 women who wre "healthy" and "fecund" before their 

sterilization, which the operator considered cmplete and successful, 

who had an intact uterus and ovaries after the sterilization and had 

been followed up at least six months after the procedure. Confirmed 

clearcut sterilization failures occurred in 118 women. "Cases" of 

sterilization failure were matched to two sets of controls. One set 

of controls was matched on provider variables; the other set of controls 



was matched on curtain patient characteristics. Analysis was by 

matchedpair technique. The major findings wre: 

1. 	 Laparoscopic patients whose tubes were occluded using Hilka's 

spring-.loaded clim. hae higner -.regnancy rates tnan t'nose wose 

tubes were occluded by the falope ring. 

2. 	 Culdoscopic patients where tubes were occluded using the tantalum 

clips likewise had a higher pregnancy rate than for the tubal 

rings. 

3. 	 There seemed to be a higher risk of ectopic pregnancy in interval 

laparoscopic patients whose tubes were divided using the cauteriza­

tion/division technique. 

4. 	 Patients which characteristics related to higher fecundity 

(younger, lower parity, not breastfeeding)-had-a-higher risk 

of sterilization failure. 

Discission
 

Dr. Carter asked for clarification of-the-diffe.rhce in the IFRP 

research program and a grant that IFRP has-fram AID for similar work. 

Dr. Shelton explained that of the total grant of about $4.5 million, 

more than half would go for national fertility research programs within LDCs. 

Dr. Connell asked about overlap among AID fertility projects and between 

the AID program and the programs of other international donors. 

Dr. 	 Speidel remarked that there is sone overlap which DS/POP is 

continuously trying to eliminate. He mentioned some overlap between 

IFRP 	and a recent propsal from Johns Hopkins University as an 

example. 
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Dr. Tanter asked if there was anything to report:on the interaction
 

of user characteristics and ontraceptive practices or,on the cost
 

.Denefits cf tne differen: tecnniaues XFR was field testin-. . D. 5peidel 

and Shelton provided some examples of contributions by IMP on 

both'areas. 
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Minutes of the March 30-31, 1978 RAC Meetin&
 

International Fertility Research Program
(IFRP) 
-

The report of Dr. Connell, Chairman of the subcommittee 

4a: included Drs. Montgomery, Tanter, Carter and Linde: 

was summarized as follows: 

The current project statement reflects attempts on 

the part of IFRP to respond to the recommendations made 

by both AID and RAC following their respective site visits. 

For example, changes have been or will be made in the type
 

of research to be carried out, the number of participating 

centers, the overall structure and staffing pattern of
 

IFRP and the utilization of a larger percentage of more
 

complicated study designs. Within the past week additional
 

information was made available to the RAC subcommittee 

indicating that IFRP plans a personnel reduction of 22%! 

and has created a new office, that of Executive Director. 

The subcommittee believes that the IFRP general pro­

tocols for the various activities which it carries out are 

appropriate and useful. Data gathered in the past have 

been of considerable value in providing guidance as .to,
 

what would constitute the best technology for family
 

planr.ing programs. IFRP's claim of cost-effectiveness
 

vis a vis other programs is probably justified, primarily
 

its central data collection and analysis capabilities.
due to 


There are still some concerns that the subcommittee
 

has expressed and additional information on these areas
 

would be helpful. A question was raised by on of the
 



subcommittee members as to when this particular type of
 

project could reasonably be expected to terminate. He
 

further questioned whether the large residual number of
 

LDC centers and investigators is really necessary. The
 

division of centers into two levels of expertise seems
 

to be somewhat arbitrary and possibly calculated to give
 

the impression of a decrease in the overall number of
 

centers, whereas in actuality it is relatively unchanged.
 

Second,the work plan for the coming three years lists a
 

very large number of projects. Many of these are still
 

straight evaluations of a single contraceptive technique.
 

For 'example, 34 IUD studies are listed as ongoing; plans
 

for the future project an even greater number. The sub­

committee wonders whether certain of these projects should
 

not more properly contain a larger number of devices within 

each study in order to get better comparative data. Alsop 

there is serious concern as to whether this num=er of 

studies can be adequately evaluated and utilized. Finally,
 

one of the reviewers stated that he felt that even this
 

revised version of the proposal portrayed a very elaborate
 

automated organization still requiring an inordinately 

high.. budge t. 

At the original review of the project's extension in
 

March 1977, a recommendation was made that RAC only
 

evaluate the research components of the program and the
 

current project statement reflects that request. However,
 



the subcommittee wonders whether those projects such as 

the community-based delivery system, the expansion of the 

publicatior activities, and the development of the maternity 

record: system, alI cf which were considered tc be in appro­

priate for IFRP to carry out, were perhaps merely moved 

into that portion of the program which is not currently 

being presented to RAC,.
 

The current subcommittee, including two members who
 

were part of the site visit team, are generally in favor
 

of IFRP as restated. One of the new subcommittee members
 

has recently carried out an additional site visit. Specific
 

recommendations will therefore not be made until the other
 

members have had a chance to review his report.
 

Dr. Montgomery added that the site visit which he
 

and two other RAC members and AID staff made to IFRP was
 

very informative and reassuring although it may have appeared
 

threatening to the IFRP to have so many reviewers there
 

at one time.
 

The research strategy pursued at IFRP provides linkages
 

for some comparison of contraceptive techniques. It
 

appears though that there are dimishing returns to trying
 

new techniques with marginal variation over those already
 

tested. It would at the same time not be wise to say
 

we've learned enough about some of these contraceptive
 

methods. I.Probably, though,some more important studies
 



-6­

could be made. In particular, there, is a need for well
 

designed comparative studies of delivery systems and 

the social science aspects of contraception. 'AID and 

the RAC should be receptive tc proposal.s that ge. analy~ica. 

work in this area started. Survey techniques are now 

available in almost every country. Analytical techniques 

are not. 

Dr. Tanter made a special site visit to IFRP so he
 

could speak about the project from information. He wanted
 

to look at the IFRP project from the point of view of:
 

.(i1 its impact on population policy and (2) the value of
 

the immense data base that has accumulated at the IFRP.
 

home office. Several of the contraceptive methods might
 

interact with user characteristics to cause a larger impact
 

than others on demographic change. Adolescent women users
 

is an example of a special group about which more should
 

be known. Attention should also be given to the cost
 

benefit of new family planning techniques. This should
 

be considered along with risk.
 

Dr. Tanter found the group strong on studies that
 

impact on policies. He thought that IFRP'was a unique:
 

institution that has stimulated growth of LDC research
 

and family planning programs.
 

The storage of massive amounts of data on computer
 

tapes for use by others was impressive. The group is
 

engaged primarily in the secondary analysis of aggregate
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data and in monitoring tests of a single technique of contra­

ception. The data base would be more valuable if it could 

be usedzin comparative studies of contraceptive techniques.
 

Dr. Tan:er tnough: =he staff biomedical statistic;.an was 

well trained, for analytical work. 

Dr. Montgomery added that the RAC should not dis­

courage the work of IFRP but that IFRP should not enter 

totally new areas of research without a research protocol.
 

6r. Connell agreed that the question is not one of
 

cost effectiveness but should IFPP carry out research
 

without a protocol or should they carry out some activities
 

at all. How will their research be done?
 

Dr. Carter reminded the RAC of the $10,500,00 cost
 

of the project. He also questioned how IFRP could find 55
 

research centers of excellence while Northwestern University
 

can only find a few to do work on the PARFR project.
 

f5r. Carter pointed out that the project statement
 

allows a lot of leverage for emphasis. RAC and-AID should
 

be able to guide IFRP more'effectively. They seem to be
 

emphasizing IUD work, oral and systemic contraception,
 

barrier contraception and pregnancy termination. WHO
 

feels that the pill would be off the market by the year
 

2000. If there are now 34 different IUD's could at least
 

one that is free from complications be developed?
 

Dr. Linder noted that the subcommittee report suggests 

several areas where IFR-P ought to stop or slow down. It's 

http:statistic;.an


not clear from the project statement that these suggestions
 

had been acted.upon. it is also difficult for RAC to
 

evaluate the complicated multi-faceted budget that was
 

presented. ,os-s by activities -an't be- identified.
 

The organization chart appears to show everybody as
 

a chief. IFRP appears to be overorganized.
 

:The subcommittee report indicated that the res.earch
 

was ,too mechanized, without intellectual input., There
 

also appears to be some conflict about the competence of
 

the bio-statistician. The experimental designers at the. 

University of North Carolina could not agree with IFRP
 

on their statistical design.
 

Dr. Anderson asked if AID was not putting an enormous 

amount of money on a small problem. Are not societal
 

changes more important to controlling population growth.
 

Both Dr. Linder and Dr. Connell responded that there were
 

people at both extremes, technological changes and societal
 

changes. Most knowledgeable people had opinions somewhere
 

between the two extremes.
 

Dr. Moss asked how a 22 percent staff reduction 

resulted in only a 3 percent reduction in the budget. 

In addition, why is it necessary for IFRP to subsidize 

a professional journal at the rate of $200,000 per year. 

He is personally involved with five professional journals, 

none of which receive support for items such as printing 

an'd binding. 



Dr.' Carter agreed that thebudget should :be shown
 

in greater detail for effective evaluation.
 

Dr. "Speidel of the AID staff went over some of the 

accompLis.bmens of .he -FRP Program and how i fits into 

AID's total population propogram. Generally, the IFRP 

program is a means of evaluating new technology and provides 

the Agency and others with a much needed source of data on' 

new contraceptive techniques. He' covered some other points 

raised by RAC members, 

When will the Program end? As long as- substantial progress
 

is being made on the population problem and meaningful 

changes are taking place, AID will need a program such as­

this one.
 

Number of Research Centers - The number of centers has been 

cut and not just made to appear that way. PARF does a. 

different type of research, (biomedical research)that re­

quires a higher level of competency than in the IFRP 

Program. Thus more centers are available for this type 

of work. 

What's going on outside research? IFRP is not yet into
 

health care delivery, library services, and a number of
 

other things that could be included in the program.
 

In Brazil there is a contrceptive prevalence survey,
 

for example.
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OperatIons Research - Dr. Tanter asked about the. Population 

Offices operations research. These are projects where 

user t-achnicue tests are being done. The Population Office 

has done work on :UDs etc. that zakes use: characteristics 

into account. 

Control of IFRP Research - The Office of Population reviews 

all new activities. Thus control over the project is 

maintained. Dr. Speidel agreed that the number of research 

activities in the IFRP is large and thought they should 

concentrate more on high priority items in the future. 

Budget and Or anization of IFRP - IFRP is reorganizing after 

the recent site visits. This reorganization should result' 

in a more simplified organization chart. The budget pre­

sented in the project paper does not have all the detail, 

but this detail is available. DS/POP summarized the 

budget so that RAC would not have to dig through the 

detail. There has been a significant reduction in the 

budget as compared to the 'one originally requested.
 

Journal Support - The journal is the official journal of
 

FIGO and IFRP and DS/POP considers it a legitimate expense
 

of the program. It is important to disseminate IFRP
 

information and the journal cannot expect many subscriptions ,
 

from LDC where its main audience is found.
 



Dr. Carter clarified his remarks on control of the
 

IFRP. Program. Perhaps it would be in :the best interes
 

DS/POP to have some outside group (NAS, for example) to .
 

prepare a repor: on what the needs will be in the future
 

Dr. Speidel remarked that the IFRP biomedical data
 

.-,wouldbe presented at a conference on April 25th. Representati ,
 

of major organizations in this field should provide input of
 

the type Dr. Carter is suggesting.
 

Dr. Anderson asked two questions: (1) 1-S the journal
 

a house organ? and (2) how are the priorities of projects
 

determined? The AID staff replied that the journal is
 

essentially a house organ and that priorities are primarily
 

judgment decisions by IFRP and AID.
 

Dr. Montgomery asked how is the research designs used
 

in the IFRP reviewed if it is not done by RAC. If a
 

grant is made to develop research with no specification
 

of methodology, the review process is circumvented.
 

Dr. Gillespie explained that the major obstacle in
 

carrying out this work is not the lack of access to U.S.
 

itatisticians but is the availability of people in LDCs
 

to get the work done. So the experimental design is kept very
 

simple and reviewing it is no problem. For this reason,
 

most operations research projects are also not sent to RAC for
 

weview.
 

Dr. Smuckler wanted to know if IFRP received financial
 

support from outside AID.
 



Dr. Speidel replied that a few private drug compani
 

Almost all
 
and foundations. provided a little support. 

financial support .is fiom 

Dr. Connell presented the following motion'which was
 

seconded and approved unanimously.
 

Motion:
 

That the IFRP proposal be approved .as submitted. 'It is
 

further recommended that the AID staff prepare a report on
 

IFRP activities for RAC in approximately one yearwith major
 

emphasis on:
 

1. IFRP administrative structure
 

2. IFRP staffing patterns
 

3. research projects
 

a. areas of study
 

b. funding levels
 

4. IFRP research centers
 

a. classification
 

b. numbers
 

5. IFMP investigators
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Minutes of the Nov. 30 -Dec. 1, 1977 RAC Meeting'
 

PROGRESS REPORT
 

International Fertility Research Program 
(IFRP) -North Carollna UnIversity: 

Dr. connell, Chairperson of the site visit team', reported
 

t.,
o the RAC on the findings and recommendations that came out of
 

the September site visit to IFRP in North Carolina. At the last
 

RAC, comments were made concerning the rapid'growth and overall
 

size of IFRP as well as the research, institution building,1 and
 

service components of the program. As a result of the'RAC dis­

cussion, a sub-committee site visit was recommended. "The site
 

visit was to focus on IFRP's program, A group from the Population
 

office accompanied the RAC team and made an independent'review,
 

which resulted in a report very similar to the RAC sub-committee.
 

Briefly, the RAC team felt IFRP to be a hard working am­

bitious group. Their main objective has been to collect large
 

scale data on various fertility control techniques and to that
 

end, they have been quite successful. They have established an
 

excellent outreach program and have established lines of com­

mmunication throughout the world. The s~ib-committee, however,
 

felt that IFRP could better exploit the data they have already
 

collected and that IFRP should not divert its international
 

venture into too many activities, such as fertility control
 

research, maternal-child health, community based delivery
 

systems, etc, In addition, the RAC felt the Medical Advisory
 

Committee and Senior Management could be strengthened by the
 

addition'of individuals with a solid medical research background.
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The library facilities appeared to be good and should not be 

extensively expahded . The RAC felt IFRP should reassess its 

staffing.patterns to focus more on the primary mission of IFRP. 

In generalthe site-review team recommended that: 1) the ceiling 

on the number of international centers be respected, 2) IFRP 

should limit their institution building activities, 3) IFRP should 

terminate projects when sufficient data has been collected, 

4) less effort be made to keep extensive amounts of old data, 

5) better expermental design and more sophisticated data analysis 

be employed on individual projects, and lastly, 6) IFRP more 

restrict their activities to stage III field trial. 

Overall the sub-committee would recommend continued but
 

reduced fxunding to enable IFRP to meet their primary contracting
 

responsibilities as initially designed.
 

Dr. Wishik wished to add a few additional comments, He
 

felt IFRP should focus on contraceptive technology rather than on
 

large individual country programs in many aspects of fertility
 

control. In addition, he felt I'FRP has a tremendous respository
 

of data and that this data should added to and then re-examined.
 

IFRP has done very well with individual comparative studies but
 

there could be an infinite number of such studies and comparisons
 

possible. It would be more useful to design a complex analytical
 

system to examine multiple techniques which would be a more
 

appropriate level of activity for the technical staff to undertake.
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Dr. Gillispie (DSB/POP) d~scussed the report that was prepared
 

by the staff of POP/R that accompanied the RAC site-review team.
 

He indicated that the office agreed with the majority of the RAC
 

comments and that the forthcoming proposal from IFRP would reflect
 

the comments of both RAC and the Office of Population.
 

Dr. Smuckier thanked all~the parties involved and accepted
 

the report for the RAC,
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International'Fertility Research
 
Program (IFRP) - International
 
Fertility Research Programme, Inc.
 

Dr. Connell, Chairman of the Subcommittee composed, 

of Drs. Linder, Weller, and Wishik, reported as follows:
 

As noted in the previous review, the IFRP works in six 

major areas--pregnancy termination, menstrual regulation, 

intrauterine contraceptive devices, male and female steri­

lization, and systemic contraceptives, including oral 

contraceptives by carrying out comparative field trials 

with their network of more than 250 investigators in more
 

than 30 developing countries. In order to be able to do
 

this effectively, IFRP has developed standardized protocols
 

with instructional manuals and common data collection forms. 

It has thus built up a large volume of information, leading 

to improvements in both medical technology and program 

management. Data on 200,000 cases are currently in the 

IFRP data bank.. More than 288 scientific papers have been 

written and disseminated by IFRP staff and contributors. 

As a result of its earlier work, a number of the investi­

gators in the LDC's are now carrying out their own semi­

autonomous research.
 

Under the proposed extension, IFRP will develop record
 

systems to evaluate both clinic-based and community-based
 

family planning programs, including a Maternity Record System.
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newerIn addition, a small physician training course in the 

surgical techniques is proposed.
 

In addition to the programs that the U1EP has been, 

reviewed previously and again'carrying on which have been 

today, a new program related to maternity care has recently 

been added. A study was recently carried out to see if it 

would be feasible to expand the total program to include a 

section on maternity care. Somewhat to the surprise of the 

staff, the response was overwhelmingly positive. In fact,
 

some concern has been expressed that this segment of the
 

program should not be allowed to enlarge at the expense 
of
 

the other programs, since it appears to have the potential
 

It has been known for many years that
for great popularity. 


there are certain areas of the world where family planning
 

.programsper se are not welcome, being perceived as acts of
 

ser­genocide or political subversion. However, when these 


vices are offered as part of a maternal and infant care 

program, they are viewed in a very different and much more 

favorable light. Therefore, it would appear to be expedient
 

to add this new element to the total IFRP program.
 

Review of the proposal by the subcommittee has raised
 

certain questions. Concern was expressed by one member about
 

the change from a primary analytical evaluative focus to an
 

The rapid increase in program requiring
operational status. 
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expansion of both staffland space'and the continued enlarge­

ment of the number of collaborators pose managerial questions
 

as to whether this could be effectively carried out. The
 

functions of the Medical Advisory Committee and the Ethics
 

Committee were not felt to be sufficiently well outlined.
 

Furthermore, the new relationship with the Journal of the 

International Federation of Gynecology and Obstetrics was 

not well described as to how this will function.
 

Another subcommittee member felt that the proposal was 

not basically a request for funding of research but rather 

a request to fund a whole institution. It was therefore 

very hard to: look at any specific research in any of the 

areas which would be covered. He also expressed concern, 

similar to the other subcommittee members, about the sus­

tained increases in funding, whether they could be well
 

utilized and whether A.I.D. ever foresaw an end to the
 

:equests Zor continued suppor=.
 

As noted in the previous review by RAC, this program 

has been in existence for six years and the present proposal 

would extend it to eleven years with a total expenditure of 

$51,069,973. At first glance, this would appear perhaps to
 

be an excessive amount of time and money to give to one organ­

ization. However, when looked at in greater detail, the IFRP
 

has and continues to serve a rather unique function in the
 



population field. In order to evaluate both contraceptive
 

technology and programs, it is necessary to develop common 

protocols to be used by a variety of investigators throughout 

the world. These data must be carefully analyzed by a,group 

skilled in statistical evaluation. These functions have
 

been carried out by IFRP for the past six years, Although
 

certain other groups perform some of these same activities,
 

no single group has built up such a widespread international
 

network of clinical services, reporting data to a central
 

statistical unit. The need for such data collection and
 

analysis continues and is actually growing. Therefore,
 

since the mechanism for doing this work is already in place
 

and functioning well, it would appear to be appropriate to
 

continue to fund it as requested.
 

Dr. Thorbecke noted that this project accounts for 23%
 

of all research funds in the population program, and that
 

the IFRP is totally an A.I.D. appendage. Does this imply
 

that work can be conducted better outside the A.I.D. struc­

ture, more objectively, more independent, more decentralized?
 

Mr. Ludington stated that he had participated in the earlier
 

review of the project and was now committed to this corpora­

tion approach. However, there is too little information for
 

a meaningful judgment. Dr. Heady noted that the request was 

for 5 years in contrast to the usual limit of a 3 year approval. 
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Dr. Joe Speidel, PHA/POP, stated that the budget was 

based on figures supplied by the IFRP and that he estimated 

they could be reduced by $1-2 million per year. He commented 

that in terms of 1972 dollars the plan represented a reason­

able growth in actual operational activities. Clinical work 

normally requires fromis expensive. It is estimated that it 

$5 to 15 million to conduct the required tests for the intro­

duction of a new drug. There is no absolute answer as to the 

minimum number of cases needed for a test, although probably
 

such a value is in the neighborhood of 1000 minimum for drug
 

tests and 5000 for female sterilization tests. When do we
 

This is a matter of both statistical and
know when"to stop? 


clinical judgment based on the cumulative evidence. 
Why a
 

It is important to have continuity and
single organization? 


to avoid gaps after the research in shifting to program
 

an evaluation and supervisory role
services. IFRP provides 


ongoin.g aczivities. This
in monitoring the complexity of 

project is essentially a program rather than a research 

It is difficult to predict when specific approachesproject. 


will be ready for clinical trials. Possibly some form of
 

RAC participation in program review and planning would 
be
 

IFRP 'datahas
of direct value. Overall the quality of the 

been good.
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Dr. Connell said that there is need to continue'test
 

activities even if there are no new methods. There is some 

unhappiness with the current technology, and it'is.,recognized 

that it may take $50 million to get a new technique ready 

for the market. She stated that she had great respect for
 

Dr. Speidel. The only alternative to a project of this type 

would be to set up a new organization to do the same thing.
 

She supported the proposal.
 

Dr. Peterson asked about the procedure of requesting more
 

than one plans to accept. He understands the procedure, but
 

finds it confusing. A prudent course would be to have an
 

outside advisory committee. Dr. Anderson asked Dr. Speidel
 

what he thought were the three weaknesses in the program.
 

tooDr. Spedel said that they would be (1) too big, (2) fast, 

and (3) research information coordination. Dr. Moss commented 

on the importance of mission funding with hard dollars for 

research. However, the budget item of $8 million overhead
 

for an organization which is 100% A.I.D. funded requires
 

explanation; also the $50,000 per year for consultants.
 

Dr. Schweigert stated that the key appeared to be to
 

support the mission with control of detail in planning. 

Dr. Connell summarized by indicating three options:
 

(1) forget it, which is not the sense of the RAC, (2) request 

more analysis for a subsequent meeting of the RAC, which does 



appear to be a productive course, and (3)recommend cutting
 
back the budget to levels suggested by Dr. Speidel, with
 

provisos that (a) approval be limited to 3 years, 
(b)RAC
 
participation in the advisory group be established, (c)advi­
sory committee meetings be increased to 2-3 per year, and
 

(d) that reports be made to the RAC. 

kDr. Weller urged concentration on the research components 

of the program. He also expressed concern about the policy 

affecting the whole program. 

Dr. Speidel indicated that the Subcommittee had access
 

to some 38 pages of Budget specifications in Appendix C.
 

The overhead rate of 20% is better than that of most con­

tracts with universities. 
 Delay in acting on this proposal
 

would pose serious problems operationally. Hence he would
 

opt for the third alternative as posed by Dr. Connell.
 

Motion: That the RAC approves extension of the program
 

with the provi3os: (1)the budget be reduced by
 
$2 million per year, (2)the approved period be
 

reduced from 5 to 3 years, (3)a RAC subcommittee
 

meet with the Medical Advisory Committee of the
 

IFRP, (4)that Advisory meetings be increased to 
3 per year, and that (5)reports be made to the RAC. 
Moved by Dr. Connell, seconded by Dr. Schweigert.
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Discussion:' Mr. Ludington stated his preference for a 1 year
 

extension., Dr. Weller concurred as a basis for better under" '
 

standing. Dr. Wishik pointed out that-the proposed research
 

reference services represented movement into a well established
 

area already financed by A.I.D. and, hence, involving possible
 

duplication. The motion should indicate new directions.
 

Dr. Smuckler stated that since a revised motion could probably
 

not be put together within a few minutes, he suggested the
 

subcommittee review their position for a post luncheon action.
 

Dr. Connell withdrew her motion.
 

New Motion: 	 That the project be extended for one year and.
 

funded at the level of $3.7 million for contin­

uation of the current research. RAC recognizes
 

that programatic activity by IFRP can be carried
 

out by A.I.D. with other funds. Furthermore,
 

a RAC evaluation is to be carried out during
 

this year leading to recommendations on both
 

research projects and the nature of the contin­

uing relationship to RAC.
 

Moved by Dr. Connell, seconded by Dr. Schweigert.
 

Vote: Unanimous approval;
 

Dr. Speidel commented that the discussion had helped
 

clarify how the RAC likes to look at complex projectq, and
 

this will set a precedent on how to present components within,
 



a total context inthe future.' Dr. Wishik pointed 6ut ,that 

how the RAC carries out the review'process is uio to Drs,. 

SmUckler and-Long. 



INNOVATIVE SCIENTIFIC RESEAPCH
 

Listing of Sub-Projects
 

Research area/Title 


Terrestrial Resources
 

Program for the Assessment of Azolla Usein 

Tropical LDCs 


Grantee: 	 University of Hawaii in
 
conjunction with network of
 
LDC institutions
 

A Multi-use Resource: Agronomy of 

Orbignya Species 


Grantee: 	 New York Botantical Garden
 
in conjunction with Institute
 
Nacional de Pesquisas da Amazonia
 

Sesbania as an LDC Agra-forestry Resource 


Grantee: 	 University of Hawaii 


Food from Wood: A New EnzymaticSystem 

for Degradation of Lignocellulose. 


Grantee: 	 University of Idaho 


Potentially Useful Plant Resources of the 

Eastern Andes 


Grantee: 	 Missouri Botanical Garden in
 
conjunction with Universidad
 
Nacional de Amazonia Peruana
 

150 


185 


105 


.rho 


150 


Purpose
 

Further develop a non-petroleum based
 
source of 	nitrogen for rice farming 
systems in tropical LDCs
 

To improve the domestication of the
 
babassu tree which is an important
 
resource for subsistence farmers.I
 

Assess the potential of this important
 
species as economically efficient
 
multiple use nitrogen-fixing trees
 
suitable to low income farms.
 

To identify the mechanism by which one
 
animal is able to use enzymes to derive
 
nourishment from the lignin in wood
 
fibre, and to investigate the usefulnes.
 
of this process to food production.
 

To identify unexploited plants native W
 
Peru which might have significant

economic-or environmental value.
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Research area/Title 	 Amount Purpose
 
($000)
 

Tissue Culture Improvement of Plantain: 175 To develop tissue culture techniques
 
(Musa Species), An Important Rural Food needed to increa:.e the yields of this
 
Source important food source.
 

Grantee:* 	Centro Agronomico Tropical y
 
Investigacion y Ensenanza (CATIE),
 

A.I.D./OAS Program for Research 400 To involve U.S. and Latin American
 
Cooperation in Latin America and the scientists in jointly prioritizing
 
Caribbean on Tropical Plant Resources and organizing a research program of
 

small grants on a few key development
 
Grantee: Organization of American States problems.
 

Marine Resources
 

Food from the Sea: Mariculture of Tridacnid .198' 	 To acquire data on the biology of-, 

Tridacna relevant to understandingihow? 
Grantee: 	 University of California, Santa to increase this food source.
 

Barbara in conjunction with
 
Palau Marine Research Institute
 



Research area/Title 	 Amount 

($000)
 

Physical Sciences/Energy
 

AID/AAES Program for Engineering 145 

Technology in the Service of Development 


Grantee: 	 American Association of 

Engineering Societies 


Health Sciences
 

Biological Control: Effect of Insect 193 

Pathogens on the Ability of Mosquitoes 

to Transmit Malaria 


Grantee: 	 University of Florida,
 
Gainesville
 

Immunization Against Trypanosomiasis: 170 

Potential of a Non-Glycoprotein Surface 

Component Approach 


Grantee: 	 University of California in
 
conjunction with International
 
Laboratory for Research on
 
Animal Diseases (Kenya)
 

Comparative Study on Vector Competence of 240-

Simulium Damnosum Complex in the Rain 

Forest of Liberia and the Savanna Region

of Sierra 	Leone
 

Grantee: 	 Johns Hopkins University in
 
conjunction with Govt. of Sierra
 
Leone and Liberian Institute for
 
Biomedical Research
 

Purpose
 

To stimulate inventions through inter­
national competitions to produce
 
specific technology, in cooperation
 
with the-American Association of
 
Engineering Societies.
 

Develop a biological control mechanism
 
to control malaria transmitting
 
mosquitoes.
 

To examine an alte-rnative-approach to. 
the development of a vaccine against ­
trypanosomiasis.'
 

Study of the ecology of-transmission of
 
river blindness disease carried by man­
biting black flies
 



Research area/Title Amount Purpose 
($000)Other 

Small Grants Cooperation with the

International Foundation for Science 

450 	 This grant will permit the U.S. to
participate through the National
Academy of Sciences in this important
Grantee: National Academy of Sciences 
 multi-donor sponsored research grant
as funding mechanism for the 
 program.

International Foundation for
 
Science
 

Tb*AL 2,741 



STRENGTHENI~G SCIENTIFIC AND TECHNOLOGICAL 
CAPACITY IN LDCS 

LISTING OF SUB-PROJECTS 

Research 	Area/Title Amount 


Terrestial Resources 


A.I.D./Chemrawn Practical Workshop 

In Agricultural Research 


Grantee: 	 National Academy of Sciences 

in conjunction with Chemical 

Research 	Applied to World 

Needs (Chemrawn) 


Training Course on Plant Tissue Culture 

Methods and Applications in Agriculture 


Grantee: 	International Cell Research 

Organization of UNESCO in con-

junction with the University of 

the Philippines at Los :Banos• 


.Marine Resources
 

Technical 	Training Center forAquaculture in Costa Rica 	 152 

Grantee: 	 Corporacion Costarricense 

de Desarrollo (CODESA) -


Purpose
 

To draw up an agenda of agriculture
 

research 	priorities which combine the
 
s5n ienki i 	 .-onvortuni ties revealed by ­the CHEMPAT Conference with the priority
 

needs of LDCs. CHEMRAWN will be held in I
 
the Philippines in December 1982 and will

review the state of the art of chemical
 
knowledge 	relevant to the problems of

food production and consumption.
 

To introduce younger Asian Scientists
 
to modern techniques of growing plant

tissue in a laboratory setting and to
 
disi $q.their.r!Lvpnceto improving
 
agricultural crops in Asia. Course will
 
be held at Los Banos October'7 - Novem
 
ber 7, 1981
 

To expand the knowledge and-industryi

of aquaculture (particularly fresh-11
 
water shrimp) through support.;to,a­
taining 	center in conjunction with
 
the privhte sector.
 



Research Area/Title Amount
($000) 

Physical Sciences/Energy
 

A.I.D./NIH Cooperative Project

in LDC Repair and Maintenance of 

300 


Scientific Equipment 


Contractor: 
 Fogarty International 
Center in conjunction. 
with two LDC institutions v 

Low Cost Microcomputer Technology
for Less Developed Countries 200 


Contractor: U.S. Bureau of t e 

Census with focus on 

African statistical in­
stitutions
 

Health Sciences
 

LDC Capacity 	Strengthening 100 


in Food Safety Control 


Contractor: 	 Food and Drug 

Administration in 

conjunction with 

the Institut 

National de Nutrition
 
et de Technologie
 
Alimentaire
 

PRposePYps 

To assist LDCs establish training

facilities for scientific and/or

medical equipment repair personnel.
 

Assess potential of microcomputer
 
to meet LDC statistical processing
needs and to develop appropriate
 
statistical software.
 

To provide technical assistance
to help Tunisia determine the
frequency and levels of pesticide
 
residue and heavy metal con­tamination of foods in the Tunisian
 
diet and to help establish a
 
technically based food surveillance
 
system.
 



Research Area/Title 
 Amount 
 Purpose 
($000) 

OTHER 
A.I.D./OAS Cooperative Project
in Science Base Development 

Grantee: Organization of 
American States 

150 To encourage the development of
Latin American and Caribbean 
science education at the high 

TOTAL 1.2:llb... 




