\3:\'\ A \

{

Proceedings

INTERNATIONAL SORGHUM AND MILLET
CRSP CONFERENCE

1989

INTSORMIL

January 3-5, 1989

Holiday Inn
Scottsdale, AZ



PI\\— / [ZY . 5"}1‘7

s\ Lo

Proceedings of the
International Sorghum Millet
CRSP Conference

January 3-5, 1989
Holiday Inn
Scottsdale, Arizona
USA

INTSORMIL Publication Number 89-3

INTSORMIL

International Sorghum and Millet Collaborative Research Support Project,



Conference Planning Committee

Schilling, Chairman

. Teetes, Texas A&M University
Geourley, Mississippi State University
Butler, Purdue University
Mason, University of Nebraska
Frederick, University of Nebraska

—erros

Scientific and Publication Editors

T. Schilling and D. Stoner



Contents

Welcoming Address
Dr.JohnYohe . .. ... . . 5
Session I - Setting the Stage for the Future

Structural Evolution of INTSORMIL or "Screndipity, Baskets and THE REAL THING” -

Dr.George L. TCCles . . oottt e e e e 9
Agricultural Rescarch and the CRSPs Under New Foreign Assistance Legislation - Dircctions

and Opportunitics - Dr. Lynn L.PESSON . . . . v oo v vt et oo e e e e 13
INTSORMIL and ICRISAT Intcraction in the 90s - Dr. Ron Gibbons . . . .. ..o oo oo oo, 15
The Future Role of the Social Sciences in INTSORMIL - Dr. Glenn L. Johnson . . . . .. ... .. ... .. 18
INTSORMIL inthe 1990s - Dr.John Yohe . . ... ... .00 25
I Have a Drcam - A Dream about the Future of INTSORMIL - William R. Furtik . . ... ......... 28

Session II - Development, Improvement, and Sustainability of Long Term Collaborative
Research

Botswana-Dr. Lucas Gakale . .. .. .. .. . . 33
Colombia - Dr. DorancE MUROZ .+ . v v oo e e e e e e e e 36
Honduras - Dr. Roducl Rodriguez . . . . .. .o e 42
Mali-Dr. ElHadj Oumar Tall . .. ... .. 45
Niger - Dr. IdrissaSoumana . . .. ... v ittt 48
Sudan-Dr. ETHiluOmer .. ..o 54

Session III - Sustainable Technical Strategies or the 1990s by Prime Site

Botswana - Dr.Richard Vanderlip . .. ... .. . . 61
Colombia-Dr.Lynn Gourley ... ... ...t 63
Honduras - Dr. Darrell ROSCIOW . . . oo v oo it e e e e e e e e 67
Mali-Dr. LIoyd RoONCY . .. ..ot ii ettt e e 7
Niger-Dr.John Axtell . ... ..o 75
Sudan-Dr.GebisaEjeta . .. .. 77

Session IV - Training, the Foundation of Institutions and Collaborative Research

INTSORMIL Student Training : Accomplishments - Dr. Timothy T.Schilling . .. .............. 85
Strategics for Manpower Development in Sorghum and Millet Improvcment in
the SADCC Region - Dr. LR.HOUSE o . oo vt e e e e e e e ee e 89

Session V - Major Issues

Stratcgy for the CRSPs in the 1990s - Dr. Robert E.Shaffert . . . ... ... ... .. ... 95
INTSORMIL and the Sced Industry - Dr. Bruce Maunder . ... o oo oo oo 98
Basic Ordering Agreement - Dr. Wm. FredJohnson . .. . ... ... ... . 100
Other Sources of Funding - Dr. John M. Yohe .. ........ ... ... . . 102
The Role of Basic Rescarch in Development - Dr. Darrell W.Nelson . . ..o e o 104
INTSORMIL and the American Farmer - Dr. John Abernathy . . ... oo oo e e 107

Mission Relations and Protocols - Mr. Flynn Fuller . . . . ..o v v s e oo 109

™

"~



Session VI - Advances in INTSORMIL Research - Highlights

Advances in INTSORMIL Pcarl Millet Research - Professor DavidJ. Andrews . . ... ... .o ... 113
Striga: A Model for Collaborative Interdisciplinary Rescarch - Dr. LarryButler .. ... ... ... .. .. 119
Breeding for Dought Tolerance - Dr. Darrell T.ROSCIOW . . o o v v v vt it e e e e e e e e 123
Utilization Rescarch: An Interscicnce Approach-Dr.LW.Rooney . . ... oo oo e oe e nn. .. 127

Session VII - Accomplishments and Future Directions for INTSORMIL Research by
Discipline - Summaries from Discussion Groups

Agronomy/Physiology - Dr. Charles Sullian . . . . .. .. .. . .. .. . .. . . . 133
Breeding Program - Dr. Gebisa Ejeta . . . . . e e 134
Entomology - Dr. George L. TCCLES . . o o oot i et st e e et e 135
Food Quality/Utilization - Dr. Larry Butler . . . . . oo 0 e e et et e e 137
Plant Pathology - Dr. RAA. Frederiksen . .. .o e s et e e e et e e e 138
Socio-Economics - Dr.John H.Sanders .. ... oo 139

Session VIII - Shaping INTSORMIL’s Future

INTSORMIL External Evaluation Report - Dr. BruccMaunder . .. ..o oo oo oo oo e . 143
Global Plan Subcommittece RCPOrt . . . . . oo i e e 151

Session IX - Technical Presentations - Abstracts

ABTOMOMY . . et e et e e et et e e e e 155

Breeding . . .. e e 158

Entomology . . . .. e e e 159

Food Qualityand Utilization . . . .. .. ... . e e 161

Plant Pathology . . . .. o e e 164
Annex

Confercnce Parlicipants . . . o v v vttt e e e e e 169



Welcoming Address

Dr. John Yohe,
INTSORMIL Program Director

On behalf of INTSORMIL, the Management Entity and each of the participating institutions
in the program, I wish tc welcome you to this conference. You will have an opportunity this week
to exchange information and experiences on your collaborative research on sorghum and millet
and to provide input on how INTSORMIL can better serve your programs.

We are very happy to welcome our guests from the INTSORMIL collaborating host countries,
AID Washington, USAID/Niger, BIFAD, ICRISAT, SAFGRAD/Burkina Faso and our graduate
students from around the world. There are three objectives for holding this conference. The first
is to encourage you to become better acquainted with the INTSORMIL program worldwide. We
are very proud of the excellent collaborative research activities between INTSORMIL U.S. in-
stitutions and Botswana, Colombia, Honduras, Mali, Niger, Senegal and Sudan. INTSORMIL rep-
resents an cxtensive network of collaborative research on sorghum and pearl millet which
interlinks national research programs with some of the most outstanding sorghum and millet scien-
tists in the world. Secondly, we wish to consider the future role of INTSORMIL in collaborative
research as National Agricultural Research programs are strengthened and mature. What will our
Global effort be in the 1990’s. The third objective is to review what the targets of opportunity are
for future and improved collaborative research activities as we consider what the research needs
will be in the 1990’s for collaborating sites.

INTSORMIL continues to be faced with many challenges. Our collaboration is maturing and
as trained scientists return to their countries the expectations and level of our research collabora-
tion is rapidly becoming a peer relationship between our U.S. INTSORMIL scientists and our
host country INTSORMIL scientists. In times of declining budgets and growing needs for expan-
sion of activities irn sach collaborating country we are faced with the problems of extending our
limited resources to the limit. These are positive problems. Our collaborative research relation-
ships are dynamic and growing more sophisticated as we endeavor to improve the production and
utilization of sorghum and pearl millet in stressed environments. In addition to increasing the
availability of food we must look to how our collaborative research can be oriented to addressing
sustainable agriculture production systems and conservation of the environment.

The program for this conference has been designed to maximize your participation. Do not
hesitate to ask questions, to interject ideas or to make suggestions on how we can be of assistance
to you this week. I look forward to becoming better acquainted with each of you.
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Structural Evolution of INTSORMIL

or

"Serendipity, Baskets and THE REAL THING"

George L. Teetes, Professor
Texas A&M University

I cannot recall how it came about that I was given this
assignment of making a presentation to this group. |
probably said something at the conference planning
mecting, construcd asvoluntcering as usual. I should have
practiccd oral dccay prevention, sat still and kepi my
mouth shut. As usual, 1 didn’t and now you all have to sul-
fer the consequences. At least my presentation is carly in
the conference so it won't distract too much from the im-
portant cvents. The same people that asked me to make
this presentation were probably the same ones that set the
travel date to the conference on the same day as all the
annual college football bow! games.

I'have decided to change the title of the presentation 1
am to give today from "Structural Evolution of INTSOR-
MIL"to"Screndipity, Baskets,and THE REALTHING."
The latter title, I believe, more appropriately describes
the evolution of INTSORMIL from its inception to its
current mature state; from its incertitude to its present
day confidence. Also, I might poke a little fun at us all,
And, all I say came from Joan and Dottic, INTSORMIL
secretaries.

Let me claborate in a general way on the title change
and then I will proceed with the significant changes that
have taken place within INTSORMIL, and highlight
some of our more impressive accomplishments over the
last 10 years,

Screndipity - Five years ago, in January 1984 in this
same city, I made a presentation to this group entitled,
"The Critical Issues We Face". In that presentation, 1
divided the critical issucs that INTSORMIL faced into
ten categories, and discussed cach one. I concluded that
themajorissuc faced by INTSORMIL at the time was that
its approach was onc of screndipity; and I defined seren-
dipity as "looking for a ncedle in a hay stack and finding
the farmer’s daughter”. Other than being accosted by
several female participants at the conference accusing me
of being a chauvinist and wanting to know why the
farmer’s son wasn’t found in the hay stack, cveryone fair-
lywell agreed that INTSORMIL had little planned direc-
tion and was basically using the opportunist approach to
mccting CRSP objectives. Thus, Screndipity in the title,
and I'll talk later about how this has changed. It was at
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that same conference that 1 was sporting a very attractive
beard. I was also presented a package of razor blades. |
had grown the beard to look like Kenny Rogers, but Joan
Frederick said it made me look like Willic Nelson. Mid-
westerners never did appreciate country-western folks, or
our favorite songs, like; "If I said you had a beautiful body
would you hold it against me?”, and "She usc to kiss me
on the lips, but now its all over".

Baskets - Onc of the most astounding realizations and
surprises that I have ever experienced was the negative
attitude of many USAID personnel toward the CRSP
program. Resistance to change and resistance to a new
approach to LDC involvement by a collaborative re-
scarch mode was not given strong support by some and in
many cascs cven worse. Some claimed that the CRSP
programs were nothing and would be nothing more than
financial aid to Universitics and sclf-centered State Ex-
periment Station rescarch scientists. In many cascs, the
attitude of the USAID Missions was no better than that
in Washington. A Mission ADQ in Niger once told Dar-
rell Rosenow and 1 that he was sick and tired of U.S.
University professors traveling to LDC's, buying baskets
and returning home. Thus, Baskets in the title, The
change in attitude will be discussed later, but we all know
what excellent support INTSORMIL now gets from the
AID Missions where we collaborate.

The Real Thing - Despite the serendipitous beginning,
and the uphill battle for acceptance, INTSORMIL has
evolved beyond the expectation of the great majority that
felt the conceept had no real chance of success. INTSOR-
MIL has become the "Real Thing". The Real Thing not
from the standpoint of completing all its objectives, but
the Real Thing from the stundpoint that the coneept of
University/LDC collaboration has been proven to be a
successful approach.

With this beginning, 1 would like now to briefly note
some of the changes that INTSORMIL has undergone,
not only in its structure, but also in its approach, and to
briefly note some of the most interesting and impressive
cvents and accomplishments. 1 guess it is always impor-
tant to take a look back, as a matter of fact we at Texas
A&M University arc establishing a new institute to do just
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what I'm trying to do here today. The Institute will be "In-
stitute for Advanced Hindsight Rescarch into What
Should Have Been".

Also, it’s good to look back ever so often just to get the
proper perspective on things. learned carly on in my life
that "things are not abways as they seem” as illustrated
here A reassessment is often appropriate, My presenta-
tion is a look back. A look back at the good and the bad.

INTSORMIL Directors

No discussion of the structural changes within IN-
TSORMIL would do without a review of our manage-
ment personnel. Despite some of the things 1 might say,
INTSORMIL perhaps fas been very fortunate, and may
be a little lucky, to seem to have the right administrative
person at the right time,

Earl Leng - Earl was rough and ready on almost all
fronts, but could walk a finc linc when things got tough,
say in Washington, but he usually broke the china before
he left. He was tough at times, but knew what it took to
keep INTSORMIL alive in those carly, very difficult years
of suspicion. He lead INTSORMIL to form a contiguous
group from a segmented group of agricultural scientists
already involved in the international arena. Earl’s ap-
proach was opportunistic, and perhaps that was ap-
propriate for the time. I remember well that Earl would
call a TC mecting, meet with the group to tell them the
problems being faced and then leave the mecting. If the
TC could not resolve the issue, Earl usually had a solu-
tion. Earl was quick to take on an opportunity. [ went to
Indiawith Earl onc time for two days 1o st upthe SADCC
training program, because many feared what Earl might
commit to, In any case, Earl kept INTSORMIL alive,
maybe when no onc clse could have.

Glen Vollmar - There was never a more opposite of
Earl Lcng—(h_uri Glen Vollmar, Quiet, polite, dry sense of
humor, aid a farmer after work. Glen also went through
difficult times with us, especially severe budget cuts,
which has rcally been AID’s most significant contribu-
tion. The thing I like most about Glen is that he always
had donuts at the TC meetings and was great to travel
with, especially for finding practical solutions to critical
problems, like changing tires in Honduras while on a ficld
trip to the remote areas.

John Yohe - John is the professional and was always a
source of strength and support of INTSORMIL and al-
ways had the clearest and most sensible interpretation of
what was going on or what action needed to be taken, That

was truc when he was in Washington, as it is now, as our
Program Dircctor. If anyone, he probably best under-
stands AID and University researchers. He has been a
great asscl, but he is almost alwzys gone to some other
country.

Tim Schilling - I don’t have much to say about Tim, he
hasn’t been with us very long. He comes to us with a good
and very appropriate background.

Iwouldn’t dare say anythinyg about Joan or Dottic - they
run the show and I don’t want them against me.

There arc many cevents and groups that come to my
mind when I recall the changes that have taken place in
INTSORMIL s structure. I recalt the Missouri group. Ed
Runge was a major player in that group and we in Texas
cventually got him for our own which is certainly a plus
for our side. The days of the Missouri group were hair-
raising days. There were alliances made and broken
during those carly days, and lots of proposal writing and
rewriting. Most probably don’t remember the magnitude
of the Missouri group’s activitics. But from that group
came the first form and structure of INTSORMIL from
proposals that were submitted to them. One contribution
was the addition of a Sociocconomics/Anthropology
component. Good, bad or indifferent, INTSORMII. was
born, and it was a bloody birth, and the blood shed was
not to stop. Remember, where there'’s money, there'’s

blood.

I've always been impressed with AID’s contributions
to the CRSP. The two most significant contributions that
AID has made has been budget cuts and new word
phrases. After listening to several AID officials recently
at onc of our many reviews, I decided to change the name
of my project. I decided to change it from "SorghunyMil-
let Entomology” to "Regionally balanced solutions to en-
tomological constraints through the log matrix
application of molecular, recombinant DNA biotechnol-
ogy to establish sustainable agriculture by faunal analysis
of the instability of the sociocconomics of giobal villuges."
Another significant contribution by AID wze (o provide
soiutions to the severe budget cuts. After suffering an un-
believable budget cut - one of many - AID’s answer was
to cut travel. Can you imagine, an L.DC collaborative re-
scarch program and the solution to budget cuts was to
stop traveling. Luckily we didn’t heed their advice and
continued to do what was absolutely necessary. 1 asked
the ladies in the Management Office to put together some
statistics on the subject and do you know, INTSORMIL
PP's have traveled 1o 50 forcign countrics, have spent
10,653 hours in the air, and have traveled approximately
5,385,740) miles. That is cquivalent to 5.1 Scientific Man



Ycars in the air and 216 times around the world, 480 cascs
of diarrhea, about the same number of cases of coca cola
and lomotil - and a few baskets!

But the stellar group for INTSORMIL was and has
been the TC. The first TC was appointed by a group of
wise and couragcous Administrative Advisors from cach
of the participating institutions. By the way, most all the
original wisc and couragcous Administrative Advisors
that appointed the first TC arc no longer associated with
INTSORMIL. Maybc that is why INTSORMIL is doing
so much better now than it was then. In those first few
days, it was the appointed members of the TC that put the
structure to INTSORMIL, by that I mcan the first
projects and the first budgets, with lots of finc tuning.
They also began to identify the role of the TC which was
tobecome the key element within INTSORMIL for along
time. The first days, weeks, and months of that first TC
were painful days. As I said before, where there’s money,
there’s blood, and there was a lot shed. Project funding at
the start, and project funding realignment when budget
cuts came made for extremely difficult times. INTSOR-
MIL is different now than it was then. For example, there
were 44 projects at the start and now we have about half
that. There were 52 Pls, and now there are 28.

There were special people during those times too.
Pcople who did far more than most of us - Darrell
Roscnow is certainly one who comes to mind. Over the
ycars you might think of others - John Axtell has been a
champion for Purduc and Niger, Dick Frederiksen has
been a champion for pathology, Lynn Gourley has been
a champion for CIAT and Colombia, and many of us have
been champions for ourselves.

Let’s don’t forget the Board of Dircctors. Woods
Thomas is the only man I know that has served a 10 year
consccutive term as Chairman of the Board of Directors.
Maybe it just scems that way. As I always say - stick with
your best. What about the EEP? Its changed members
morc than some Texans change underwear, and they all
never participate in the same review. We just finished our
fifth review. They've always said how great vie are, except
the entomologists don’t work on stalk borers enough, and
we don’t work on Striga enough, and we don’t have a large
cnough sociocconomics component, and we don’t spend
cnough moncy in LDC’s, and we don’t work on millet
cnough, and we don’t seck outside funding enough, and
we don’t present our accomplishments well enough, and
we don’t travel enough (they usually deleted this from the
report when AID said we traveled too much). As a result
of their cfforts, Gary Odvody has been in and out of IN-
TSORMIL 16 times, or maybe it just scems that way, and
Kentucky is a non-revenue receiving participant. Who is
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Florida A&M? Arizona who? Lou Holtz, head football
coach at Notrc Damc summed cvaluations up very wellin
October when he was asked what he thought about his
tcam being ranked number once. He replied he would
rather be ranked number one in October than in Septem-
ber, but rathcr number one in January than in October.
Anyway, he said, if those pcople arc so smart, why do they
have to vote cach week?

I recall certain events that were savers of INTSOR-
MIL. The Five-Year Technical Rescarch Report kept us
alive when INTSORMIL almost died. Also, that was a
great report; not that me being coordinator of it had any-
thing to do with that.

The formation of the EZC, the Ecogeographical Zone
Council, (what a name) was a big step. It was the sign that
INTSORMIL had changed from the serendipity to the
planned and structured. This group developed the Global
Plan. It scems to have overrun the TC, but I'll assure you
that will change since I was re-clected to the TC for the
coming three years. The Global Plan defined Prime Sites
of INTSORMIL activity and gives the program a con-
centrated effort. INTSORMIL now nceds a Discipline or
Technical Plan to mect the technizal needs of identificd
Prime Sites in a coordinated manner. it is the technica!
strength of INTSORMIL that is of value, but it scems we
have not yet focused in an organized manner the strengths
with known crop production constraints in the Prime
Sites.

There have been some great accomplishments by IN-
TSORMIL scicntists since 1979. Hageen Dura-1 made a
big splash. Surcio has done the same. Significant ac-
complishments have been made in the area of drought,
adaptation, pest and discase resistance and food quality.

It is not casy or simple to iltustrate well the evolution
of INTSORMIL, but it has evolved. Biological laws dic-
tate that cvolution comes about by imposed sclection
pressure, and we all know there have certainly been times
of extreme pressure. These laws suggest that the fittest
survive, but we might question that law in terms of dif-
ferent components within INTSORMIL. In any case, IN-
TSORMIL is certainly more fit in almost all aspects than
it was ten years ago. Roles and functions, major thrust
arcas by discipline and global region, and collaborators
have been identified and rescarch is well underway. The
screndipity or opportunistic approach has been replaced,
report preparation is more uniform and consistent, we
have been accepted by the international community, we
have a strong training clement, a stable management, and
except when money matters are involved, things run
smoothly. Altin all, I feel we can characterize INTSOR-
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MIL and its activitics as morc dcfined, more structurcd,
morc focused, more positively involved intcrnationally,
and with morc strongly piaced partnerships than would
ever have been expected. INTSORMIL fias become THE
REAL THING.

Certainly no onc knows what the future holds for IN-
TSORMIL or the entire CRSP cndcavor. I recall a mem-
ber of the EEP once asking me what my asscssment of
INTSORMIL was. I replicd, "AID bought the lives of a

lot of sorghum/millet experts very cheap." We arc the best
and the brightest. I really believe that, and regardless of
what the Agency says, or anyonc clse, we know we have
donc well, considering the diversity of responsibilitics we
have and the many demands on our time as State Univer-
sity Professors. We will continuc to do well, As we start
another 10 years, we should do so optimistically and with
the attitude of a famous far-cast Texas philosopher who
said "may the wind at your back, not be your own.”
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Agricultural Research and the CRSPs Under New Foreign
Assistance Legislation - Directions and Opportunities

Dr. Lynn L. Pesson, Executive Director
BIF. © Board Support Staff

Title XII can be justly proud of its contributions to the
so-called, "green revolution”, Along with the IARCs and
NARS, U.S. universitics have donc a magnificent job in
partncrship with A.LD. As onc surveys the developing
woild, many countrics now have viable agricultural re-
scarch systems, capable of developing the applicd tech-
nology nceded to support agricultural development
programs. The CRSPs have been an integral part of this
gigantic undertaking, In fact, I would have to class the
CRSPs as perhaps Title XII's most significant contribu-
tion. The collaborative rescarch work you do with host
country scicntists and institutions has been a crucial in-
gredient in this progress.

There is still much to do, however. The demographers
tcll us that there will be over a billion new mouths to feed
by the turn of the century. This twenty percent increase
in population will come primarily in the developing world,
and the lion’s share of these people will live in the citics.

Sub-Saharan Africa is a special casc. Not only is it the
fastest growing arca population-wise (between 3-4 per-
cent per year), but it is also the arca where food sccurity
problenis are the most acute. Increasces in food produc-
tion have not been keeping pace with population growth;
in fact food production has been basically static.

The challenge to all of us is that the battle with hunger
is still with us. Even with the advances made, the World
Bank cstimatcs that there are 730 million people in the
world whose dicts arc below the level necessary o main-
tain their health and to work at a normal level. Ironically
almost half of thosc arc in India, a country that has
achicved sclf-sufficicncy. The hungry lack resources to
cither produce or purchase food, and food supplics are
not always where necded. The current situation in some
East African countries is a casc in point of the latter.

Some Problem Areas

The cconomic problems of the 1980’s arc having their
cffect in agriculture. After a significant period of rising
production levels, world grain production has gencerally
leveled off. Yicld ceilings of the improved grain varictics

have platcaud. To illustrate IR-8, the first of the new, im-
proved varictics developed by IRR1 in the carly 1960's sct
a yicld cciling in Asia that has yct to be surpassed. Im-
provements in characteristics such as tastc and pest resis-
tance have been made, but not one new releasc has passed
that original yicld cciling. CIMMYT, on the other hand,
has rcported modest increascs recently of up to ten per-
cent with their new wheat lines. In essence, unless
dramatic breakthroughs are made through one of the new
biotechnology processes, dramatic yicld increases for the
forcsceable future in the major cereals arc not likely.

If onc examines where the dramatic improvements in
crop production have been made, it is very clear that the
fertile lands of the developing world have been the focal
point. These good soils, together with the new varictics
and basic inputs - fertilizers, pesticides - and infrastruc-
turc improvements - irrigation, machincry, storag, ctc. -
have been the primary ingredicnts.

This lcaves several arcas where lesser achievements
have been made, the fragile lands and some crops such as
sorghum, millet and vegetables. With increasing popula-
tionand with the gencral leveling off of food crop produc-
tivity, these arcas deserve and nced much increased
attention, INTSORMIL, of course, is right in the middle
ofit. The work that you are doing is basic to improvements
on both of these questions, the fragile lands improved and
sorghum and millet varictics for the dry lands arcas of the
world.

There is also the question of sustainability, the degree
to which agricultural production systems maintain and/or
cnhance the environment in which they cexist. The CO3
problem generated by slash and burn agriculture, the
degradation of the soil caused by overly intensive crop-
ping in fragile lands, the over usc of pesticides, pollution
of water sources, etc. These are questions with swhich our
rescarch cfforts must deal. It is no longer a question of
dcaling only with isolated variables. We must look at the
larger questions, the inter-relatedness of many variables
as they impinge on the question of sustainability. And
what is perhaps most important, the farmer must sce
cconomic benefit to himself if he is going to adopt sus-
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tainable agricultural technologies. These are challenges
that we must mcet.

Title XII Challenges and Opportunities

The foreign assistance business is changing. Budgets
arc going down, and the needs in many parts of the world
are undergoing a metamorphosis. In large parts of Asia,
the Near East, and in South America, agricultural re-
search and education systems, for cxample, are now on-
going institutions. In most instances, these are
organizations the U.S. helped to build through technical
assistance projects. Many of them are now facing sccond
generation problems such as lack of clarity of mission and
unclear objectives. Further, the professional staff of many
of these institutions arc suffering from intellectual isola-
tion, and, as a result, are provincial in outlook. Clearly,
they need the stimulation of contact with the larger world
scientific community.

Several major challenges and opportunities stand out
for the future. These include the following:

- The need for collaborative and linkage activity. Title
XIFprograms of the future, particularly with the more ad-
vanced developing countrics, will emphasize collegial
relationships and activity between host country and U S.
scientists. There is a great deal of mutual benefit to be
gained, but, more importantly, it is the boost that such a
program can give developing country scientific produc-
tivity. The demand for linkage programs and collabora-

tive rescarch activity is literally exploding in the develop-
ing world.

- Collaborative rescarch activity will increase at the
scicntist-scientist and the department-department levels.
While large collaborative research networks such as IN-
TSORMIL arc clearly major factors on the world scene,
smaller scale collaborative activity is going to grow sig-
nificantly as the need to help on-going developing country
rescarch staffand university faculty not only mature as re-
scarchers and scholars but also be intellectually abreast
of the fronticrs of scicnce.

- The CRSPs have major challenges in front of them
not only to improve their rescarch output but also to
dovetail their activities into the framework of sustainable
agricultural systems. More and more, the challenge will
be for the activitics of the various CRSPs to mesh with
cach other’s programs as we seek to establish sustainable
agricultural systems. Special challenges to Title XI1 are
the fragile lands and the slash and burn agricultural sys-
lems,

In summary, the challenges to solving the world’s
hunger problem is still with us and may in fact get more
serious as the population explosion continues. Agricul-
tural rescarch is still the basic ingredient in gencrating
new technology, and the CRSPs are Title XIs conteibu-
tion to that ¢ffort. Our cfforts in the future must be guided
by the concept of agricultural sustainability, maintaining
if not enhancing the environment in which agricultural
production takes place.
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INTSORMIL/ICRISAT Interaction in the Nineties

R.W. Gibbons
Executive Director ICRISAT Sahelian Center
and West African Programs

First lct me say that it is a great pleasure to be present
at this INTSORMIL conference in Scottsdale, Arizona,
as onc of ICRISAT’s representatives. The other repre-
sentative, Dr. L.R. House, who is ICRISAT’s Exccutive
Dirccter for Southern Africa (SADCC), is very well
known to all sorghum and millet scientists. I am not as
familiar with INTSORMIL programs as Dr. Housce be-
causc from 1976-1986 I was leader of the ICRISAT
Groundnut Program in India. However, since 1986, when
I transferred to West Africa, my involvement with both
sorghum and millet, and also with INTSORMIL
programs in West Africa, has considerably expanded. As
ascrving member of the Board of Directors of the Peanut
CRSP I am also familiar with the workings of the Title XI1
Programs. 1 find many parallels in the two CRSP
progranis,

Relations with INTSORMIL in the Eighties

Onconly hastorcad INTSORMIL and ICRISAT pub-
lications to realize the relationships between the two or-
ganizations, since the inception of INTSORMIL in 1979,
arc very strong indeed. These interactions have been very
closc at both the management and scientist levels. I'quote
from the INTSORMIL 1987 Annual Report where it
states on page 14 of the Introduction "INTSORMIL has
a history from the inception of the program of coordinat-
ing and collaborating with ICRISAT, the ICRISAT scicn-
tists located at CIMMYT for Latin America, with CIAT,
and with ICRISAT regional activities located in West
Africa. ICRISAT management staff have attended IN-
TSORMIL annual conferences and INTSORMIL staff
have met with ICRISAT management staff to discuss
coordination and collaboration in order to avoid duplica-
tion of activitics". The report goes on (o mention recent
specific arcas of collaboration. These arcas included:

a. Joint planning with ICRISAT to place an INTSOR-
MIL Scientist at CIAT to work on adaptation of sorghum
to acid soils.

b. A jointly sponsored workshop by INTSOR-
MIL/ICRISAT and CIAT on the topic of adaptation to
acid soils.

c. Two joint workshops with ICRISAT on Sorghum
Seed Production and an International Workshop on Pearl
Millet.

d. Collaboration and participation in ICRISAT/
SAFGRAD workshops in both East and West Africa.

The 1987 report also lists all the projects and it is hear-
tening to sce how many projects have ICRISAT Scien-
tists, by name, as collaborating scientists, Of the 31
projects, 18 have ICRISAT listed scientists as col-
laborators and the collaboration extends to five of the six
INTSORMIL institutions.

The country reports in the 1987 Annual Report of IN-
TSORMIL also point out the exeellent collaboration that
exists with ICRISAT in various countrics.

Another arca of excellent cooperation has been train-
ing, particularly in collaboration with USAID funded
ICRISAT programs in Mali and the SADCC region.
Many national scientists have received or are receiving
first or advanced degree training in the INTSORMIL
universities. The SADCC (raining program has been sub-
contracted to INTSORMIL. Several ICRISAT scientists
have also taken sabbatical leaves in the USA with the IN-
TSORMIL universitics which has strengthened links.
There has also been mutual benefits in the reciprocal use
of consultants and membership of technical advisory
committeces.

ICRISAT Reorganization and changes in Emphasis

In 1986 ICRISAT madc some major changes in their
management and rescarch structure. The Sorghum and
Millet Programs were merged as the Cereals Program
under a Dircctor, The Pulse and Groundnut Programs
were also merged into a Legumes Program and Farming
Systems and Economics became the Resource Manage-
ment Program, both with Dircctors. Exceutive Directors
were appointed for West and Southern Africarespective-
ly. All the Directors are members of the ICRISAT
Management.

In 1987 a ten year plan was published that clarified and
reviscd ICRISAT’s rescarch goals and prioritics for the
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next decade. With the new five year budgeting system
proposcd for the CGIAR System, ICRISAT program
commentarics were also more sharply defined for the
period 1989-1993, including funding requirements.

The rescarch goals stressed in the 10 year plan and the
5 year budget document recognize the approaching Asian
and Latin American sclf-sufficicney in cereal grain
production and gives, therefore, more emphasis to alter-
nate uscs of these crops, including their use as livestock
feed, as well as exploring innovative uses of sorghum and
millet. This is also being implemented for ICRISAT’s
cereal program in some countries of the SADCC region,
and for specific uses such as commercial beer brewing in
Nigeria since barley imports have been halted.

There are also plans for the initiation and expansion of
the uses of biotechnology in crop improvement programs,
particularly at the ICRISAT Center. The Cereals Dirce-
tor, Dr.J.M. de Wet, has and will continuc to play a major
role in the direction of our biotechnology program. The
center program will also concentrate more on strategic
rescarch problems,

Morce specilic plans for sorghum and millet include:

a. The appointment of a Principal Scientist 10 head a
new coordinating unit for cereals, This post is to coor-
dinate our global cereals testing programs and the unit is
entitled the Cooperative Cereals Rescarch Network
(CCRN). It will coordinate trials and nurscrics
throughout the world, and will help to strengthen nation-
al progranis by supplying breeding material and promot-
ing the rapid transfer of 1CRISAT-bred material to
national programs and ICRISAT’s regional centers,
tcams, and networks.

b. Morc emphasis will be given to the breeding of
hybrids, particularly the breeding of male steriles, at the
ICRISAT Ceater and in certain African countrics, such
as Nigeria and Zimbabwe, where the infrastructure exists
to produce and utilize hybrids.

¢. More emphasis will be given to breeding finger mil-
Ict for both grain yicld and for human food in southern
Alrica, and to breeding pearl millet as a forage crop.

d. Emphasis in cercal biochemistry is shifting from
primarily analyzing samples to support the breeding
program to rescarch oa replacing wheat, maize, and rice
with sorghuni and pearl millet in foods. A food technol-
ogy unit for cereals is being established in southern
Alfrica: where the emphasis will be on developing new in-
dustrial uscs for sorghum and pearl millet. In Hyderabad

the biochemistry unit will concentrate on maintaining
food quality in high-yiclding cultivars, improving methods
ol food preparation, and substituting sorghum and millct
for wheat and maize in food crops.

¢. In West Africa ICRISAT has relocated its regional
sorghum tecam from Burkina Faso to Nigeria and Mali,
Currently, there is a three-man tcam based in Kano,
Nigeria, comprising a breeder, an agronomist and an cn-
tomologist, who is also tcam lcader. It will be
strengthened in 1989 by a small, Htalian funded, tcam
working on drought physiology. A core funded
pathologist is to be added in 1990. In Mali the sorghum
group willbe considerably strengthened in 1989 by the ad-
dition of four French scientists. The Mali tcam will cover
the wetter end of the sorghum zone (Northern Guinca
zone). The program will be coordinated through the
ICRISAT Sat._iian Center and the headquarters in India.
The millet breeder who is responsible for the transition
zone, and was bascd in Burkina Faso with the sorghum
team, will also relocate to Mali after his sabbatic leave at
the University of Nebraska. The two-man sorghum teams
in Mexico and Kenya are presently coordinated by the
Program Dirccior and the CCRN.

All these changes in emphasis and organization, we
feel, will lead to more sharply focused rescarch on our
cereal crops and could lead to more effective cooperation
with INTSORMIL,

INTSORMIL-ICRISAT Linkages in the 199(’s
a. Sorghum in the Nineties

Following the highly successful joint ICRISAT/IN-
TSORMIL Workshop on "Sorghum in the Eighties" ini-
tial discussions on the next conference "Sorghum in the
Nincties™ arc alrcady underway. Initial plans, yet to be dis-
cussed in detail within ICRISAT or with INTSORMIL,
would locate this mecting for the first time in Africa, West
Alfrica would be a good venue. Drring this meeting | am
surc that Dr. L.R. House, who will be the chief conference
coordinator for ICRISAT, will wish to discuss this con-
ference in depth with our INTSORMIL colleagucs.

b. The West Africa Pearl Millet Improvement Program

We would like to see more active cooperation between
our regional Pearl Millet Program, based in Niger and
Mali, and INTSORMIL. In Niger and Mali we have ex-
cellent collaboration with the national rescarch programs
and participatc in joint planning mectings. We also hold
regional mectings and tours cach year. At the last meet-



ing, held in Nigeria, and with representation from 13
countrics in the region ICRISAT was asked to initiate a
formal Regional Pearl Millet Network with a stcering
committee. INTSORMIL could participate in this nct-
work and contribute regionally to the cooperative re-
scarch activitics.

The aspects of cooperation could be:

biology and screening techniques relating to Striga.
coordination of short-term training courses for
breeders collaborative work on pearl millet grain
quality as has been done so successfully with sor-
ghum collaboration in arcas of inscct pest resis-
taice such as pheromenes and diapause
termination etc,

c. Cooperation in Agrometeorology

ICRISAT has full time agrometeorologists in
Hyderabad, India and Niamey, Niger working within the
Resource Management. It is hoped to extend this re-
scarch to the SADCC region also. The scicatists work
closcly with collcagues in the RMP program and crop im-
provement programs. In West Africa we have access (o a
large data bank and have produced reports on the
agrometeorology of Mali and Burkina Faso. A similar
report on Niger is under preparation. Rescarch on
predicting the Iength of the rainy season in the drier zones
of West Africa is well advanced. The West Africa
agroclimatologist, Dr. M.V.K. Sivakumar, has rccently
completed a sabbatical in the USA and had an oppor-
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tunity to discuss further possible collaborative rescarch
with USDA, US universitics and INTSORMIL. We feel
that agroclimatology is an esscntial aspect of all rescarch
in the semi-arid tropics and would be of interest to all IN-
TSORMIL projects in Africa,

d. Forage

ICRISAT has joint rescarch with the International
Livestock Center for Africa (ILCA) in Niger and Zim-
babwc on improving the forage quality of sorghum and
millet. We would welcome participation in these projects
from INTSORMIL.

e. Economic and Socio-cconomic studics.

ICRISAT has strong global cconomic rescarch thrusts
within the Resource Management Program. We also
have collaborative projects with the International Food
Policy Rescarch Institute (IFPRI). Currently ICRISAT
has no formal collaboration with the socio-cconomic
projects of INTSORMIL, particularly Project PRF-105,
the "Economic Evaluation of New Technologics in Sor-
ghum and Millet Production in INTSORMIL Priority
African Countrics” managed by Purduc. We hope that in
the future we could discuss ways of collaborating with the
INTSORMIL socio-cconomists,

The above list is by no means exhaustive and we would
like to explore more possible collaboration with IN-
TSORMIL to build further on the excellent relationships
that have developed since the inception of INTSORMIL.
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The Future Role of the Social Sciences in INTSORMIL

Dr. Glenn L. Johnson
Michigan State University

In this paper I firsi discuss the multidisciplinary naturc
of INTSORMIL’s work, then three kinds of agricultural-
lyrelated rescarch, and the four driving forces for improv-
ing agriculture. Following this, I present a view of
INTSORMIL as a group of multidisciplinary subject mat-
ter projects and attempt to establish some perspective as
to how agricultural college departments and basic dis-
ciplines fit together for conducting agricultural rescarch
in general and in INTSORMIL in particular. This is fol-
lowed by a very brief history of INTSORMIL’s rural so-
cial science and basic social science disciplinary rescarch
that culminates in a description of the current status of
rural social science rescarch in INTSORMIL. | close the
paper with a consideration of INTSORMIL's rural social
science and basic social science disciplinary rescarch
nceds, financing and staffing which | hope will be uscful
to INTSORMIL’s Management Entity and Technical
Cormmittec.

The Multidisciplinary Nature of INTSORMIL's Work

It should be stressed and specifically recognized at the
beginning that INTSORMIL’s main obligation is to
gencrate and introduce improved sorghunymillet tech-
nologies. It is concerned with gencrating knowledge on
multidisciplinary subjects uscful in solving various rather
well-defined sets of problems involving sorghum and mil-
let technologies faced by various rather well-defined sets
of decision makers concerned with sorghum and millet.
For instance, INTSORMIL researches sorghum/Striga
intcractions for the sorghum producers of Niger. It also
rescarches aluminum toxicity and the development of
new sorghum varicties for potential grain producersin the
Llanos region of Colombia. Such work by INTSORMIL
is multidisciplinary as well as multidepartmental within
colleges of agriculture and agricultural research or-
ganizations. The mixes of departments and disciplines
and what roles should be played by the social sciences are
determined by the subject being rescarched, not by the
disciplinary interests of academicians. No basic science
or discipline, and this includes the basic social scicnces,
has an inherent right or role to play in rescarch of the type
donc by INTSORMIL,; participatory rights depend on the
nature of the subjcct being rescarched.,

The Spectrum of Agriculturally Related Research

The rescarch of agricultural scientists, including that
of the rural social scientists, ranges across a spectrum
stretching from problem solving work at one extreme to
work in the scicnee disciplines [Johnson, 1986] at the
other.

Disciplinary
(DISC)

Subject
‘Matter (SM) —- ——

Problem
Solving (PS) «-- -

Problem-solving (PS) rescarch is defined here as re-
scarch on a specific practical problem of a real world
decision maker in cither the public or private sectors. In
using this definition, it isimportant to note that the phrase
"practical problem” does not include the disciplinary
questions (sometimes called problems) that dis-
ciplinarians cncounter in trying to improve their dis-
ciplines. An example of PS rescarch would be an attempt
to solve a problem of conserving rainwater faced by a
Nigerien farmer producing millet in a specific ficld in
Niger. Solving such a specific problem involves a unique
mix of multidisciplinary and multidepartmental
knowledge -- hydrology, meteorology, physics, soil
science, agricultural engineering, chemistry, and cven
cconomics. Such PS rescarch is more likely to be con-
ducted within a firm houschold, or public agency using
results of less specific kinds of SM research of the type
discussed in the second paragraph below,

At the other end of the spectrum of the rescarch
agricultural scicntists do is disciplinary (DISC) work
defined here as work (o improve the theories, basic
measurements and techniques of a specific discipline
such as chemistry, anthropology, genetics or sociology.
An example in INTSORMIL is some of the research done
at Purdue University on the sorghum root exudate, sor-
golcone,

In between these two extremes are various kinds of
work on multidisciplinary subjects. Subject matter (SM)
work is defined here as work on a multidisciplinary sub-
ject important for rather well-defined sets of decision
makers addressing a rather well-defined set of problems,
An example is INTSORMIL's research on drought resis-
tant (stay-green) sorghums. Though the knowledge



produced by SM rescarch is useful in solving individual
problems in the problem set, it is typically insufficient to
completely solve any specific problem as cach specific
problem requires unique mixes of knowledge for its solu-
tion.

Most agricultural research is administered in SM
dcpartments of the agricultural establishment that stress
multidisciplinary subjects and only occasionally do re-
scarch to dircctly solve specific practical problems. For
instance, the Department of Crop and Soil Sciences at my
own university addresses various multidisciplinary sub-
jects involving chemistry, bacteriology, physics, genctics,
botany, pathology, geology, biology, entomology, ctc., for
different sets of farmers of Michigan and growing dif-
ferent crops on different soils in Michigan. Similarly, the
rural social scicnce (RSS) departments of colleges of
agriculture and other agricultural institutions arc SM
departments more like multidisciplinary institutes than
the basic disciplinary departments found i the arts, pure
sciences and humanitices of traditional universitics. The
rural social sciences function well and receive support
from the agricultural community when they generate dif-
ferent multidisciplinary mixes of knowledge important to
different sets of decision makers facing different sets of
practical problems

PS work and SM work arc almost always multidiscipli-
nary yct both depend fundamentally on the basic dis-
ciplines. Like the technical agricultural science
departments, a rural social science departmer ¢ is typical-
ly a multidisciplinary one drawing on (1) its parent basic
social scicnce discipline, (2) other basic social scicnce
disciplines, (3) several of the other technical multidis-
ciplinary agricultural SM arcas such as agronomy and
animal husbandry, and (4) the basic biological and physi-
cal science disciplines necessary to understand technical
agriculture.

Disciplines stress disciplinary rescarch to improve
themselves. By doing such disciplinary rescarch, dis-
ciplines may strengthen the ability of the RSSs to par-
ticipate in INTSORMIL’s SM work. INTSORMIL’s
resources arc so lim#*ed that they should not be used for
basic social scicnce disci.iinary work unless such work is
so relevant for INTSORMIL that it can be directly ex-
pected to improve RSS contributions to INTSORMIL’s
SM work.

This view of the rescarch of technical agricultural and
rural social scientists makes it clearly appropriate that the
rural social scicnces in INTSORMIL stress SM research.,
Only occasionally will it be important for the RSSs to do
DISC research in INTSORMIL.,
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The Four Driving Forces for Improving Agriculture

Increasing rural agricultural productivity turns on our
ability to improve four basic driving forces. The four for-
ces are:

(1) technological advance [Ruttan, 1971],

mstitutional and policy improvements
(2) institutional and policy imp
[Ruttan and Hayami, 1984],

(3) the development of human capacity
{Schultz, 1961), and

(4) the enhancement and conservation of both
natural and manmade resources [Bromley, 1988].

These forces must be regarded as individually essen-
tial but individually insufficient for increasing the produc-
tivitv of agriculture [Johnson, forthcoming).

INTSORMIL concentrates on sorghunymillet tech-
nology with varying lesser emphases on the other three
driving forces. This is appropriate. By and large, the
farmers, agribusinessmen, and administrators of agencics
scrved by INTSORMIL must depend on non-INTSOR-
MIL research for much of the knowledge of institutions
and policies, human development and resource conser-
vation and ¢nhancement that they may need to solve their
many different specific problems, INTSORMIL cannot
provide all of the knowledge on all of the driving forces
that may be needed to sobve all practical products without
sclf-destructing its primary mission of improving sor-
ghum and millet technologics. Several CRSPs dcaling
with institutional and policy improvements, human
development and resources are badly needed to comple-
ment the work being done on technology in the present
CRSPs; these, unfortunately, have not been established.

INTSORMIL As A Group of Multidisciplinary Subject
Matter (SM) Projects

To repeat from the above, INTSORMIL can best be
viewed primarily as an evolving group of multidisciplinary
SM projects having as their primary objective the im-
provement of sorghum and millet technology. At times,
but only rarcly, INTSORMIL becomes involved in doing
dircct PS rescarch on a specific problem of a specific
privatc or public decision maker, the possible important
exception being the work INTSORMIL docs to solve its
own administrative, staffing and funding problems,
[Johnson, 1984, unpublishcd-a, unpublished-b]



Recently, a private industry person characterized the
problem of administering academicians as similar to that
of "herding cats." In this connection, INTSORMIL has
two strengths for doing SM work that are particularly
worth noting here. The first is that INTSORMIL has been
remarkably successful in "herding” biological and physi-
cal scicnce "cats” into doing nceded multidisciplinary SM
research on sorghum and millet. The second strength is
that its researchers and administrators provide mutual
support for cach other. To date, INTSORMIL has been
less successful in "herding its social scicnce cats,” into
doing SM research for INTSORMIL. More attention is
given to this difficulty later in this paper.

Perspectives on How Agricultural College Depart-
ments and Basic Disciplines Fit Togetlier in Agricul-
tural Research With Emphasis on INTSORMIL

In providing this nceded perspective, the first task is to
relate the three kinds of work -- PS, SM, DISC -- to the
four driving forces. This is donce graphically in Figure 1
below. As discussed above, the primary emphasis of IN-
TSORMIL is on SM rescarch, vis-a-vis, the improvement
of sorghum and millet technology. This emphasis is indi-
cated by the shaded square in Figure 1.

Aswe have noted above, INTSORMIL also does some
PS and DISC rescarch. Still further, improving sor-
ghum/millet technology also requires some attention to
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Figure 1.

the other three driving forces because institutions and
agricultural policics do influence the rates of udoption of
sorghum and millet technologies as do the characteristics
and capacitics of pcople and the nature of the natural and
manmadc resources at the disposal of farmers and
agricultural administrators. An inadequacy of Figure 1 is
that it does not relate INTSORMIL’s work on the four
driving forces to the agricultural college departments and
basic disciplines. Figure 2 takes the first step in exploring
that departmental and disciplinary linkage by introducing
the roles of the RSSs. We start out here with the RSSs be-
causc the title of this paper indicates that particular at-
tentionis to be given tothe roles the RSSs play and should
play in INTSORMIL. Social scientists should realize, of
coursc, that the RSSs are not as prominent in INTSOR-
MIL as the technical agricultural sciences because
INTSORMIL’s primary mission is that of improving sor-
ghum/millet technology. Figure 2 expands Figure 1 to in-
clude a third dimension dealing with such RSS subjects
as rural political science, agricultural history, resource
development, home cconomics, rural sociology, and
agricultural cconomics.

A particular RSS such as rural sociology is represented
in Figurc 2 by a vertical slice involving all three kinds of
rescarch on all four of the driving forces. Our previous
discussion of INTSORMIL’s concern with the three kinds
of work on the four driving forces indicates that the main
concern of rural sociologists in INTSORMIL should be
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with SM rescarch on improving sorghum/millet technol-
ogy. The same is true for agricultural cconomists. Rural
sociologists, agricultural cconomists, home cconomists
and "rural” anthropologists can help most when INTSOR-
MIL necds institutional and policy, human development
and resource knowledge o overcome technological con-
straints on sorghum and millet. To repeat still once again,
the RSSs and BSSDs have Lo recognize that the main cm-
phasis of INTSORMIL is on SM research involving sor-
ghum and millet technologies. Very rarely if ever, will
INTSORMIL be concerned with basic disciplinary social
sdence rescarch on institutions and policics, human
development or resource conservation, utilization and
cnhancement. Rural social scientists, in attempting to
help with INTSORMIL's SM rescarch on improving sor-
ghum/millct technology, will often find it necessary to
cooperate with cach other. Such cooperation is casily en-
visioned in Figure 3. An inadequacy of Figure 2 is that it
does not consider the basic social scicnces that underlie
the work of the RSSs. Though less so in RSS work for IN-
TSORMIL thanin other work donc by the RSSs, the RSSs
do need to draw on their basic underlying disciplines in
assisting INTSORMIL. Thus, Figure 3 adds the basic so-
cial science disciplines to the RSS disciplines to indicate
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Figure 3
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how the RSSs working on INTSORMIL projccts draw on
their parent or basic underlying social science disciplines.

By now, we should be painfully aware that Figure 3 is
also very inadequate for INTSORMIL. INTSORMIL is
primarily dependent on the technical agricultural scien-
ces and their underlying disciplines for improving sor-
ghum/millet tcchnology. In Figure 4 we ignore details
with respect to the RSSs by collapsing them into a group.
We do the same thing with respect to the BSSDs. This
permits us to add two more scctions in Figure 4, onc to
represent the technical agricultural sciences such as soils,
crops, plant breeding and the like (treated as a group)
and another for the group of basic biological and physi-
cal scicnces including chemistry, physics, cell microbiol-
ogy, genetics and the like that underlic the technical
agricultural sciences. Figure 4, therefore, permits one to
cnvision the roles played by the multidisciplinary agricul-
tural SM departments (both technical and social) and the
basic disciplines (both social and biophysicai).

The comprehensiveness of Figure 4 permits us to cn-
vision INTSORMIL as a SM research activity crossing the
agricultural departments and basic disciplines of a
university with primary stress on the long technology ver-
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tical slice but with room for rescarch on closely related
institutional, human development and resource enhance-
ment and conscrvation represented by the other three
long vertical slices. Figure 4 also permits us to cnvision
INTSORMIL's Iesser interests but sometimes very im-
portant intcrests in DISC and PS rescarch.,

History of Rural Social Science (RSS) and Basic So-
cial Science Disciplinary (BSSD) Research in IN-
TSORMIL

The social scicnces have not been ignored in the his-
tory of INTSORMIL. In fact, at its inception,
INTSORMIL’s plans for the social scicnees were larger
than its budget despite the fact that INTSORMIL an-
ticipated at that time much larger budgets than have
materialized. In a sense, INTSORMIL's cyes (its plans)
were bigger than its stomach (budget). This plus a kindly
attitude in INTSORMIL towards the social sciences com-
bined with poor understanding of the R$Ss and BSSDs (o
result in too many overly ambitious and inadequately
financed RSS and BSS projects in INTSORMIL's carly
flush financial years. There was inadequate under-
standing of how RSS and BSSD cfforts should be oriented
to INTSORMIL’s primary emphasis on the generation of
new (echnology. This resulted in some social science
projects with disciplinary objectives of questionable
relevance for sorghum and millet.

[t was noted carlier that while INTSORMIL has been
successful in herding its biological and physical science
"cats” into productive SM rescarch on sorghum and mil-
let, it has been less successful in channeling rural and dis-
ciplinary social scicnee "cats” into SM efforts appropriate
for INTSORMIL. When the financial crunch hit IN-
TSORMIL in the mid-1980s, it became necessary to
reduce the number of RSS and BSSD projects in IN-
TSORMIL. Atthat time, social scicnee projects of ques-
tionable relevance for INTSORMIL’s primarily
technological emphasis were climinated. Also, S
projects too ambitious for their budgets were cither
climinated or reduced in scope. As a member of
INTSORMIL’s EEP at the time these adjustments were
made in INTSORMIL's RSS and BSSD projects, 1 ap-
proved of them. I belicve that they were necessary not only
for the good of INTSORMIL but for the good of the RSSs
and BSSDs themsclves. Social scientists have little to gain
from doing rescarch of questionable relevance in a
project that is supposed to focus on scts of practical
problems faced by rather well-defined sets of decision
makers facing those problems. Still further, they have vir-
tually nothing to gain and much to lose by being overcom-

mittcd to overiy ambitious, inadequatcly financed
projects.

The Current Status of the RSSs in INTSORMIL,

Social scicnce rescarch is now almost non-cxistent in
INTSORMIL. Some rclated and partially funded re-
scarch on farming practices is going forward in Niger in
connection with Purduc’s cereal grains project. Related
sociological and anthropological work is going forward at
the University of Kentucky without INTSORMIL fund-
ing. Perhaps the most germanc rescarch in INTSORMIL
relative to social scicnce interests is that being done by
non-social scientists. This includes taste preference re-
scarch being carried out in villages in Niger. In Mali,
similar objectives are being attained with laboratory tests.
At both Purdue University and Texas A&M, a con-
siderable amount of rescarch on the development of new
sorghum food products is going forward with INTSOR-
MIL support. Also in this connection, food quality asscss-
ments and preference rescarch efforts are being carried
out with direct INTSORMIL support. Such work on food
preferences and food quality asscssments provide direct
building block work for demand analysis and marketing
rescarch now needed by INTSORMIL.

INTSORMIL's RSS und BSSD Research -- Needs,
Financing and Staffing

INTSORMIL has several needs for social science re-
scarch that arc closcly related to the development of sor-
ghum and millet technologices. Fortunately, several of
these needs can be met using financing external to IN-
TSORMIL and without adding much additional IN-
TSORMIL staff. It appears that now is the time for
INTSORMIL to expand its social science rescarch.

A pressing need of INTSORMIL is for additional re-
search on farming practices involving usc of the new tech-
nologies it is generating. This rescarch is needed to
(1) guide (in the farming systems sense) INTSORMIL
technical rescarchers to the kinds of technologics still
nceded by .aniners and (2) facilitate utilization of the
technologies that have been generated by INTSORMIL.
Such research is so closcely related to INTSORMIL's
technological objectives that it should be financed and
staffed by INTSORMIL as an integral part of its rescarch
program.

INTSORMIL and other sorghum breeders have made
great strides in improving the food and feed qualities of
sorghum varictics. These higher quality food and feed
grain sorghums ave not produced as extensively in cither



the United States or the LDCs as they should b-. Demand
analysis and market development studics are needed to
facilitate the adoption of higher quality sorghums now
being developed. There is an important potential for in-
creasingthe sharcof U.S. produced grainsorghums in the
world livestock feed markets. There are also develop-
ments taking place in food technology with respect to the
utilization of sorghum as a food grainboth in the U.S. and
abroad. These developments have to do with the use of
sorghum in the production of tortillas, fermented
beverages, and for parboiled sorghum as a vegetable for
usc in salads and as a rice substitute. Here again demand
analyses arc nceded for these new products and uses to
be followed by the development of marketing strategics
to expand the usc of sorghum as a food grain. Though
somewhat different, demand analyscs and market
development studies are needed to expand the market for
sorghum as a food and feed grain cerealin the LDCs. As
most of the grain producing states in the U.S. have rather
fully developed agricultural cconomics departments with
responsibility for doing demand analyses and markel
development studies for products important to them, IN-
TSORMIL should be able to work out cooperative arran-
gements with such agricultural cconomics depariments to
get such rescarch done with little extra staffing or fund-
ing. In some instances, the association of U.S. grain sor-
ghum producers might help obtain public or industry
financing for the needed demand analyses and market
development studics. AID’s food sceurity project is a
potential collaborator with INTSORMIL.

Litle millet is produced in the U.S. and it is relatively
unused here. It is a rather high quality grain for animal
and some human uses. Because so little millet is produced
and used in the U.S. and because INTSORMIL is likely
to make improved millet caltivars available for potential
U.S. producers in our dricr, more droughty ¢nvironmen-
tal niches, demand analyses and market development
studies for millet should also be started. Again, existing
agricultural cconomic departments and experiment sta-
tions have responsibilitics for such analyses and studics.
The crop and animal scientists and human nutritionists
also sharc in this responsibility. Thus, INTSORMIL
should be able to stimulate some of the needed rescarch
inthe land-grant universitics and the USDA with litle ad-
ditional funding and staffing.

The CRSPs are an important institutional innovation
for doing SM rescarch to assist LDC agricultures. At this
conference this was stressed by Lynn Pesson, George
Tectes and William Furtik. In some ways they may be su-
perior to the International Agricultural Rescarch Centers
(IARCs). Their accomplishments and advantages need
to be documented before they are whittled away in AID’s

budget processes to become AID’s latest forgotten fad.
The CRSPs, in gencral, and INTSORMIL, in particular,
have now been underway long enough to have accumu-
lated considerable expericnce and to have developed a
pipeline of new technologics several of which will be util-
ized in the fairly ncar future. Considerable benefits are
accriing to U.S. sorghum producers and agribusincesses.
Humanitarian objectives in LDCs abroad are being fur-
thered. Institutional analyses of CRSP (and INTSOR-
MIL) cxpericnces are now nceeded. Also, assessment
studies should be started for the CRSPs and, more
specifically, for INTSORMIL. Hageen-Dura 1 is an IN-
TSORMIL sorghum varicty now being used in Africa.
Technology assessments can be done cither before or
after adoption. 1t is probably best to start such assess-
ments at about the time promising results become avail-
able so that the necessary data can be recorded during
the process of adoption. In the casc of the international
rescarch centers that improved corn, wheat and rice, the
technology asscssment studices took place mainly "after
the fact.” Most of these studies were carried out by inter-
ested social scientists not directly connected with the
centers, This made the assessments credible and en-
hanced their acceptability in the international donor com-
munity which responded with increased support for the
TARCs. INTSORMIL should now encourage institution-
al studics of its organization and the initiation of asscss-
ment studics for its work by agencics and institutions not
dircetly associated with INTSORMIL. This can be done
by (1) calling the attention of such agencies to the need
for such work and (2) making INTSORMIL data and
other information readily available to external analysts,
assessors and evaluators. One approach would be for a
high-level social science administrator from a U.S. IN-
TSORMIL institution to encourage a non-INTSORMIL
institution to initiate such work. For cxample, Dean
Robert Thompson of Purduc University might approach
Dcan Edward Schuh at The Humphrey Institute, Univer-
sity of Minnesota, to initiate such studics. In turn, IN-
TSORMIL could even provide support for applications
of assessors for financial assistance from the National
Scienee Foundation and other agencies that have sup-
ported such assessments in the past.

INTSORMIL’s rescarch and expertise have potential
application in tvo arcas of the U.S. Social scicntists have
much to contribute to investigations of potentials in these
two arcas. One potential arca is the southcastern United
States that need feed grain and new uses for some of its
droughty soils. Presently the work on sorghum and millet
in the southeastern U.S. is mainly in Mississippi and
Georgia. While the commercial companics have ap-
parently concluded that there is not a potentially
profitable market for hybrid sorghum sced in the
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southcast, this does not preclude the existence of social-
ly advantagcous opportunities to develop a sorghum in-
dustry in the southeast through research and extension
and, for that matter, a millet industry as well, The
southcastern states have agricultural experiment stations
that include rural sociology, home economics, and
agricultural cconomics units with responsibility for re-
scarching new opportunitics for the agricultures of their
state. INTSORMIL should take steps to encourage re-
search on the potentials of grain sorghum and millet in
the southceast states by indicating a willingness to help ex-
pedite technological research on sorghum and millet for
the southeastern states if studies indicate that such
markets are likely to be feasible. A sccond potential for
sorghum and millet production may cxist in the Lake
States. Cold tolerant germplasm from North China offers
the possibility of creating sorghum varietics for livestock
feed (grain as well as silage) in the Lake States. Sorghur;
is now used in the Lake States mainly for dairy silage.
Presentsorghum varicties setlittle seed in the Lake States
and the seed that is set goes largely undigested in silage
fed to dairy cows. Purdue, an important INTSORMIL re-
search university, has some cold resistant North China
germplasm. More could be obtained. Regional coopera-
tion could use Purdue facilities to generate new varictics
to be sereened and evaluated at Lake State sites. The
Lake States contain large acreages of soils not used for
corn production because of drought risks. These arcas
may possibly be used to produce both grain for dairy con-
centrate rations and forage sorghum for silos. Also in the
castern Lake States there may be an opportuiity to
double crop soft white winter wheats on droughty soils
with short-scason millets. An alternative double cropping
opportunity is canola, the Canadian rape seed, now grow
extensively in Canada for oil. Either alternative would re-
quire demand analyses and market development work.
INTSORMIL should encourage studics of the potentials
of both sorghum and short-scason millet versus canola in
the Lake States, Ontario and even the Dakotas.

AlD’s soybean project centered at the University of -
linois encountered severe political problems as the result
of the "Bumpers” amendment” that limits the use of AID
funds to finance technological rescarch for LDC crops
that are competitive with American producers
[Thompson, forthcoming-a, forthcoming-b]. So far,
Bumpers' amendment questions have not been raised
with respeet to INTSORMIL's AID supported rescarch
on sorghum and millet in the LDCs. Actually, the U.S.
grain sorghum industry benefits substantially from the
germplasm and technical knowledge imported into the
U.S. by INTSORMIL. Further, as the U.S. has virtually

no millet production, the potential benefit from
INTSORMIL’s millet rescarch runs very rauch in the
U.S.s favor. Before Bumper’s amendment questions are
raised concerning INTSORMIL's rescarch on sorghum
in LDC countries, studies of the existing and potential
benefit ()fINTS()RMlL’s work to U.S. producers should
be carried out and made available. Again, it is likely that
such studies can be encouraged by other institutions with
INTSORMIL playing the primary role of facilitator and
source of knowledge.

I want to close by stating that I believe it is now time
for INTSORMIL’s Management Entity, Technical Com-
miltee, its Principal investigators and AID to initiate the
RSS SM research needed by INTSORMIL. 1 'stand ready
to be of help if such help is needed and desired.
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INTSORMIL in the 1990’s

John M. Yohe,
INTSORMIL Program Director

Though welcoming remarks have aircady been ex-
tended, I wish to take this opportunity on behalfl of the
Management Entity to welcome our guests from Sudan,
Niger, Mali, Botswana, Honduras, Colomnbia, Burkina
Faso, Zimbabwe, our SADCC students, AID/
Washington gucsts, the EEP, our Board of Directors, and
all of our U.S. P.Ls,

INTSORMIL is inits 10th year. This is a time to reflect
where we have been and where we are going, This presen-
tationis onc of reflecting on the past and then looking into
the future for the next 10 years of INTSORMIL activitics.

You have already heard about the evolution of the IN-
TSORMIL program from our previous spraker Dr.
George Teetes. George hasbeenone of the INTSORMIL
scientists who has helped this program to grow and to be-
come what it is today. There are seven CRSP programs
organized similarly to INTSORMIL. In 1984 when the
first five year grant periods of the CRSPs began to mature
and the programs began the process to extend those
grants, the Office of Agriculture, Science and Technol-
ogy Burcau, AID, in collaboration with thc BIFAD Stal,
had to develop a set of procedures by which these exten-
sions could be processed. A.LD. and BIFAD were al-
ready in the process of revising the CRSP guidelines
which would spell out those procedures in detail. One of
the elements which was in the guidelines was the require-
ment for a "Global Plan". Now, INTSORMIT, is a mulij
institutional and multi disciplinary collaborative rescarch
support program which at the time was working in sixtcen
countrics. It was obvious that the program did not have
the resources to develop a multidisciplinary program in
cach of these countries. The funds were not there and the
scientists were not there. The program recognized the
nced 1o concentrate its cfforts and resources if it was
going to meet its goals and objectives. In response to the
need o articulate the "Global Plan” the Management En-
tity, the Technical Committee and several key scientists
in 1984/5 began working on a global plan concept that
could be used in partial fulfillment for attaining the first
grant extension. Qut of this concept arose the INTSOR-
MIL Global Plan which calls for concentration of efforts
in Prime Site Countries within an ccogeographical zone.
This concentrated the major effort of the program from
sixtcen countrics down Lo six, the prime site zones of West
Alrica, East Africa, Southern Africa, Asia, South

Amcrica and Central Amcrica. Each zone had a Prime
Site Coordinator appointed who became responsible for
coordination of program development within that zone.
The concept was to network with neighboring countries
from the prime site. This has evolved a little differently in
practice. Thus a process and a plan was established for
development of a multidisciplinary program for cach
zone. The Coordinators became the Ecogeographic Zone
Council. Each of these Coordinators has a host country
counterpart coordinator for the National program. This
has laid the ground work for the further development and
the maturation of the INTSORMIL Program in the
1990’s.

The 1988 World Bank Developmient report says that
poverty in the developing countries is on the rise. Between
1970 and 1980 the number of people with inadequate dicts
indeveloping countries (excluding China) increased from
650 million to 730 million. Since 1964 matters have turned
from bad to worse: cconomic growth rates have slowed,
real wages have dropped, and growth in employment has
faltered in most developing countries. Precipitous
declines in commodity prices have cut rural incomes, and
governments have reduced their spending on social ser-
vices.

The 1986 World Bank Development report says that in
the long run people can attain food security only if they
have adequate incomes. Food security is access by all
people at all times to enough food for an active and heal-
thy life. Food sccurity is important because improved
nutrition is an investment in the productivity of a nations
population. Problems with food sccurity do not neeessari-
ly result from inadequate food supplies; they arise from a
lack of purchasing power on the part of nations and
houscholds.

The overall goal of INTSORMIL is to improve quality
of life, both cconomically and nutritionally, in LDC’s
where sorghum and millet are principal food crops
through increasing sustainable production of these crops.
This will be achieved as our cfforts to develop new tech-
rology for improved production and utilization is suc-
cessful. The bottom line is for new technology to
contribute to economic sustainable production that will
in the end resultin greater income for the small rural LDC
houschold. For these cfforts 1o be suceessful we must con-



tinuc to focus on what has been the proven to be success-
ful so far.

Keys to Success in the 1990s

Expericnce has shown the following factors to be key
in determining success in development of collaborative
rescarch programs:

¢ Collaborative rescarch and planning
with National Programs.

o Training of rescarch scientists from all dis-
ciplines associated with the INTSORMIL
program,

e National program strengthening through im-
proved nctworking, training, coordination and
institutional development (equipment and sup-
plics).

o Networking and collaborating with regional and
international cfforts in sorghum/millet rescarch
by the IARC nctwork of research institutions.

The Collaborative Rescarch Support Programs have
made possible collaborative networking with world sor-
ghum and millet premicr scicntists on a sustained, con-
tinuing basis with developing country scicntists. As
institutions develop, manpower resources are developed,
rescarch infrastruct ire is improved, the Collaborative re-
scarch institutions in cach of the countries where IN-
TSORMIL cooperates, will develop their own solutions
to the constraints to production and utilization of sor-
ghum and millet in their particular ecogeographic en-
vironmenlts,

Scientific Developments for the 1990s

Where we have alrcady made break throughs in the
development of

1. New varicties (Niger, Sudan, Honduras, Colombia,
Botswana, Mexico, etc.);

2. Better understanding of water use efficicncy under
diffcrent cropping patterns and cultural practice
regimes;

3. Major ncw understandings about the parasitic pest,
Striga on sorghum;

4. Brcakthroughs on fungal, virus and bacterial discasc
control in sorghum and millet;

5. Breakthroughs on understanding and control of sor-
ghum head bug, long smut, and the langosta complex of
sorghum in Central America.

6. Ncw technologics for alternate uses in food
products for both sorghum and millet.

7. We have bascline data for technology adoption in
Honduras, Sudan and Mexico. This information nceds to
be validated in context of change over the past four years.

Funding in the 1990s

The INTSORMIL program has cvolved into more
than just a AID funded project. It is rapidly becoming an
intcrnational entity in its own right, that is developing a
lifc beyond its entire dependency upon AID. Agency sup-
port is vital to the core support of the program. But as
other donor organizations such as the Occidental
Petroleum Foundation, Al Caravan Foundation, in
Colombia, AID Missions, Foundations, i.c. Rockefeller,
Mcknight Foundation, etc, thic program will continuc to
grow. There arc opportunitics that will be followed up
with the International Development Banks. 1 belicve by
mid 1990 that the funding basc for INTSORMIL will be
much wider than it is today. This will strengthen the re-
scarch capabilitics. The critical concern we need to con-
tinually be aware of is to remember that the INTSORMIL
program is bascd on the collaborative rescarch
capabilitics of the U.S. INTSORMIL institutions and that
we must not let increased activity demand from other
sources crode the core rescarch program within the IN-
TSORMIL institutions. We must develop growth in an or-
derly orchestrated manner.

INTSORMIL Networking in the 1990s

We will continuc to validate the findings and advance-
mcents madc to date. We will build upon those advance-
ments as that technology is made available to the world.

INTSORMIL will continue (o collaborate with
ICRISAT, CIAT, ICRISAT/CIMMYT - CLAIS for the
develoy ent of new technology that is cost effective and
appropriate for use in the developing country context. We
will contiruc to scck out opportunitics for cosponsorship
of workshops and other avenucs of information dissemi-
nation and reporting of rescarch results.



INTSORMIL has the opportunity to collaboratc with
other CRSP Programs in arcas of intercropping systcms,
rotations, small ruminant feed stuffs, and for collaborat-
ing in undcrstanding the small farm enterprise to where
her/his or their net incomes can be maximized and con-
tinuc to grow. This type of networking will pcrmit intcgra-
tion of assistance cfforts by the Office of Agriculture of
the Sciecnce and Technology Burcau of AID.

Future Potential Opportunities

Asrcsources arc ideitificd I believe that INTSORMIL
must solidify its programs in the present prime sites where
it is operational. Then as new opportunitics with ade-
quatc resources arce identified I believe that we look for
opportunitics to develop programs in ;

Camcroon

Greatcer collaboration with SADCC/ICRISAT in
Southern Africa

Pakistan

India

China (if forcign assistance restrictions are lifted)

Brazil

Mexico

and others. The expansion of program obviously will
placc a great strain upon the capacity of the program to
take on greater responsibility. This cannot be done
without identification of greater resources, both in fund-
ing and manpower.

Impact of INTSORMIL

INTSORMIL has the opportunity to strongly impact
the lives of 82 million pcople in the countrics where we
have maturing collaborative programs, INTSORMIL
technology is alrcady influencing sorghum/millet produc-
tion in countrics of Africa alonc where another 200 mil-
lion people ive.

The Collaborative rescarch mode of conducting re-
scarch is onc of thc most unique, cffective models for
providing technical assistance to developing countries of
the twenticth century. In the 1990's we will sce this con-
cept be strengthened. As funds become available IN-
TSORMIL can tap the expertisc of at Icast another 20
scientists in the U.S. INTSORMIL institutions for col-
laboration in the Host INTSORMIL institutions. This is
almost equal to the number of U.S. investigators involved
now. As the host country institution manpower basc
grows, they will assign morc highly qualificd scientists to
be counterpart collaborators. The network will grow.
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Conclusion

The cnvironment will continue to change, political
commitment will continuc to vacillate to accommodate
the latest trends in order to be at the forefront. INTSOR-
MIL in the 1990s must do a better job of informing
donors, informing the public sector in the U.S., and com-
municating with our collaborating host country INTSOR-
MIL institutions in order (o establish an effcctive basc for
long term commitment to resolving constraints to produc-
tion and utilization for these two crops.

Because cach of the INTSORMIL Institutions, both
U.S. and LDC, arc making cconomic investments in the
development of this program ihere must be mutual
benefits which will accrue to both. The benefits to the host
country national programs has alrcady been discussed.
But for the U.S. we will continue to sce the following in
the 1990s:

1. Development of millet hybrids for usc on the dry,
sandy soils of the high plains of the Midwest.

2. Improved germplasm for drought resistance for the
private sced sector,

3. Improved discasc and inscct resistance germplasm
for the private seed scctor.

4. Improved food grain germplasm for the private seed
scctor.

5. Improved sorghum/millet processing technologics
for poultry, livestock and human food consumption.

As we move into this conference, let us commit oursel-
ves to quality work, quality science, quality communica-
tions, and to placing into practice the technological
developments you as collaborating scicntists have dis-
covered. We will become even more imerdependent
upon onc another as the world becomes cven smaller
through improved communications. Where we have al-
most instantancous communication with the Internation-
al Centers, INTSORMIL Mali, and A.LD. through
DIALCOM, electronic mail, and by FAX with Honduras
and the International Centers. 1 envision we will have
thesc communication capabilitics with cach of our col-
laborating institutions in the 1990s. This mcans that we
will be able to develop joint rescarch journal articles,
reports and other documents with greater case and
facility. Our job is to help feed the world through science.
Let us do it with diligence and commitment. Thank you!



I Have a Dream
A Dream about the Future of INTSORMIL

Dr. William R. Furtick
Agency Director for Food and Agricuiture
Agency for International Development

In less than two weeks the United States will honor,
with a national holiday, onc of its best known and
respected black leaders, Martin Luther King, Perhaps his
most famous spcech was made from the Lincoln
Mcmorial in Washington, D.C. to a crowd that stretched
further than the eye could sce. His opening, closing and
often repeated phrase during this speech is now famous -
- "I have a dream”. 1 too have a dream -- a dream about
the future of INTSORMIL that I would like 10 share with
you tonight.

In preparing for the presentaiion, I reviewed many of
the past speeches T have made as an Administrator and
found that, although they were generally "on target”, they
tended to be at least ten years premature. Therefore
tonight, I will speak as a fellow scientist, not as an A.LD,
Administrator.

However, even as a scientist, many of my activitics
tended to be premature. Many years ago, T started per-
haps one of the first, collaborative rescarch networks.
That was probably the basis on which I became the
youngest agronomist to be named a "Fellow" by the
Amcrican Socicty of Agronomy. This fact at lcast
legitimizes my speaking to you as a fellow scientist.

With these factors in mind, tonight please come with
me to the INTSORMIL global mecting of 1999, while |
provide the management entity overview of the status of
INTSCRMIL at the close of the 1990s decade as a basis
for its program development for the 21st century.

The mecting has changed significantly from the 1989
mecting,

The central meeting is much larger, yet globally
decentralized with local collaborating groups all over the
world participating in both plenary and breakout sessions
via teleconferencing.

The Rescarch reporting and planning breakout ses-
sion scientists are pleased that they had received, well in
advance, compact disk updates that include the entire
global literature and data basc on sorghum and millet.

There is much more diversified participation as im-
proved political relations have brought active participa-
tion by East and West Block European rescarchers and
thosc of China together with those of LDCs, IARCs and
various industrial country NARS,

A lot of U.S. participants arc from non land grant
universitics or departments outside Colicges of Agricul-
ture because biotechnologies and partnership in basic re-
scarch with the private scctor have brought new
disciplines into the program.

Many of the participants are from the private sector
who now provide most of the finished planting stock
based on their utilization of biotechnologics and provide
much of the farm level extention information.

Most of the major bilateral and multilateral donors are
represented as they are major contributos to the network
by financing LDC NARS and their own participating in-
stitutions.

The A.LD. representatives are proud that their finan-
cial support has steadily increased during the 90s decade
cven though they are now a minority contributor.

Leadersof the U.S. agricultural organization and com-
modity groups are attending along with Congressional
stafl because of the importance of INTSORMIL to U.S.
competitiveness in a globalized Agriculture cconomy.

Scnior Administrator from the corn belt States are
presentas the fear of global warming with decreased rain-
fall have made sorghum and millet vital to their agricul-
tural future and caused major research investments.

The cnvironmental organizations have strong repre-
sentation because sorghum and millet are a vital in-
gredient of sustainabie agriculture and feeding the
increasing, population while protecting the more fragile
cnvironments, These less well endowed agriculture lands
arc now vital to food sccurity.

The management entity is pleased Lo report that other
CRSPs arc full participaits in the mecting because of



either joint rescarch or shared sites and management
functions.

The graduate students have formed their own session
to address their particular interest. These are heavily
mixced between American and overscas students.

The management entity is pleased to announce that all
graduate student requests have been accommodated in
spite of the flood of applicants caused by: (a) U.S. efforts
tointernationalize it’s scicnce; and (b) The renewed LDC
cfforts to revitalize NARS and devolution of major re-
scarch responsibilitics from IARCs to NARS.
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A report is given on the large program of sabbatic and
scientist exchanges.

The major issucs suggested for the 21st century ave: (a)
The shift in emphasis from food to feed, and (b) The im-
pact of shifting to industrial uscs of sorghum and millet as
an outgrowth of the 1990 U.S. Farm Bill and similar
change in the EEC from supply control to demand enhan-
cement policies,

[ Hope I canattend in 1999 to sec how much of this was
drcam and how much was reality.
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Botswana

Dr. Lucas P. Gakale
Director of Agricultural Research
Department of Agricultural Research
Gaborone, Botswana

Introduction

The Botswana/INTSORMIL collaborative rescarch
program started more or less on an informal basis. From
about 1979 informal staff-students relationships
developed between Botswana students and some staff at
the University of Nebraska. These relationships resulted
in joint rescarch programs with little or no direct IN-
TSORMIL funding. The first of these joint rescarch cf-
forts was between Drs. Max Clegg and Jerry Eastin with
L. Gakale after the latter completed M.S. degree in
Agronomy at Ncbraska. A program for Ph.D. studies was
developed by Clegg/Eastin/Gakale, for the thesis work tc
be done in Botswana. The program was approved by both
the university and the Government of Botswana (GOB)
and USAID (Gaboronc) provided funds to enable Dr.
Clegg to make two on-site supervisory trips to Botswana.

By this time a number of developments were taking
place, notably the establishment of the Agricultural Tech-
nology Improvement Project (ATIP) in 1982 funded by
USAID and GOB contracted to MIAC with Kansas Statc
University as the lead institution. ATIP, a farming systcm
project, provided for a position of a cercal agronomist to
be bascd on-station to support the on-farm rescarch
program but this position was nol filled. Realizing the im-
portance of sorghum and millet in Botswana INTSOR-
MIL took the opportunity to provide the cereal
agronomist with partial funding support from ATIP. By
the fall of 1983, Gakalc returned to Nebraska to complete
his Ph.D. studics. Realizing the long term rotation studies
initiated by Gakale would stop whilst Gakale was still out
of the country, INTSORMIL provided a junior scicntist
to continue Gakalce’s program. This junior scicntist was
married to a graduate student who proceceded with the
husband to Botswana were she carricd out her thesis work
in the arca of yicld stabilization under dry cnvironments,
under an assistantship from Dr. Clegg, an INTSORMIL
P.L

By this time other collaborative rescarch programs had
developed between other INTSORMIL scientists, not
notably L. Mazhani/Dr. Bill Ross, later Prof. Dave
Andrews on sorghum and millet breeding: Chris Man-
the/Dr. G. Teetes on sorghum cntomology: B.

Motalaote/Dr. G. Odvody on sorghum pathology and M.
Mortlock/Dr.R. Vanderlip. These collaborativc iescarch
programs arc continuing and will be sustzaned beyond the
Botswana scientists’ student days,

Goals of Botswana Five Year Plan with Reference to
Agricultural Development

The four major development goals during the current
National Development Plan 6 (NDP6) (1985-91) arc so-
cial justice, sustaincd production, cconomic inde-
pendence and economic growth. Agriculture, especially
increased crop production, has been recognized as the
major potential contributor if these goals were to be real-
ized.

1. Social justice

Most Botswana houscholds are cither dircetly engaged
in agricultural production or derive some income from
agricultural employment. Although 80% of the agricul-
tural GDP is derived from the livestock subscctor, the
majority of the rural people do not own livestock and
hence have to rely on crop production for their subsis-
tence. NDP 6 thus recognizes that social justice can only
be attained through improvements in the arable crop sub-
scctor to increase rural employment, raisc rural incomes
through sale of grain surpluses and thus achiceving better
distribution of wealth.

2. Sustained production

Agricultural rescarch and development are seen as
nceded to find ways of introducing better crop, range and
livestock management systems to ensurc sustained
production through ycars of drought and other natural
disastcrs. This is necessary from both a conscrvation and
cfficicnt resource utilization point of vicw.

3. Economic independence

Botswana is a nct exporter of mcat, accounting for
about 80% of agricultural GDP, but a large importer of
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food grains and other agricultural products. At present
even in good years, the country can only produce 60,000
- 80,000 tons of its estimated 300,000 ton food grain re-
quirements. This is a very unsatisfactory situation espe-
cially in a world where food is sometimes used as a
political weapon. It is thus the country’s goal to produce
a greater share of its food requirements locally.

4. Economic growth

Botswana’s cconomic growth has heavily relied on two
export commoditics, namcly minerals (especially
diamonds) and becef. It is anticipated that before the end
of the current plan period, slower growth will be ex-
perienced especially in the mineral scetor. Agriculture is
expected to take the lead to ensure sustained cconomic
growth into the 1990s.

Agricultural Rescarch is expected to provide the tech-
nologyto ensurc that the development goals are achieved.
Toachieve these goals Agricultural Rescarch will have to
come up withimproved production and management sys-
tems to ensurc that crop yields are increased from the cur-
rent 200-300 kg/ha levels to at least three to four times.
This can be accomplished through rescarch in the arcas
of:

(1) better and more adapted varictics;

(2) production systems that ensure better management
and utilization of resources especially soil and moisture;

(3) development of machinery and implements that en-
surc good scedbed preparation yet require low cnergy
input becausc of drought power constraints;

(4) systems that arc sclf-sustaining ¢.g., rotations, ctc.;
and,

(5) systems which impound rainfall cfficicntly - water
harvesting,

This rescarch should have strong on-station and on-
farm testing components so that technologies tested and
sclected have greater practical relevance to the local
farming system. At the current levels of production it is
my contention that improved production and manage-
ment practices will have a greater impact on viclds and
total crop production than the introduction of new
varictics.

How INTSORMIL Can Best Assist Botswana Attain
Development Goals

The major arcas where INTSORMIL can best assist
the Botswana National Agricultural Rescarch system im-
prove its rescarch capabilitics are training, professional
backstopping, provision of special funding for rescarch
cquipment and provision of on-site rescarch personncl
(i.c., US. technicians). All of these activitics have already
been going on cither sponsored by INTSORMIL direct-
ly or supported by funding from other sources such as
USAID, Botswana Government and SADCC/ICRISAT.

Training

As alrcady pointed out in the introductory paragraph
anumber of Botswana students have cither finished train-
ing or arc still being trained under INTSORMIL super-
visors. Much of this training has been formal degree
programs. In most cascs after the formal training, col-
laborative rescarch initiatives have been established with
the student in his/her home country. To date the follow-
ing Botswana students in the Department of Agricultural
Rescarch have received training under INTSORMIL su-
pervision:

Name Degree Sponsor Status
L. Gakale M.S. Agronomy USAID Complete
Ph.D. Agronomy SAFGRAD  Complete
L. Mazhani M.S. Plant Breeding SAFGRAD  Complete
Ph.D. Plant Breeding  INTSORMIL" Incomplete
C. Manthe Ph.D Entomology USAID Incomplete
B. Motalaote M.S. Plant Pathology INTSORMIL Complete
B. Sebolai M.S. Biometrics INTSORMIL? incomplete
D. Malepa M.S. Agronomy USAID Complete
M. Mogorosi  B.S. Agronomy INTSORMIL? Incomplete

* Funding from SADCC/ICRISAT/INTSORMIL Training Project

Currently one Ph.D. candidate has submitted applica-
tions for admission to pursuc Ph.D. (Soil Science) studics
at the University of Nebraska under the
SADCC/ICRISAT/INTSORMIL Training Project and it
is hoped more candidates will be identificd to study under
the same project funding in the arcas of soil and water
management, millet breeding, entomology, plant pathol-
ogy, weed science and food quality.

So far training has been mostly at the graduate level. It
is perhaps at this stage, still appropriate to consider train-
ing at the undergraduate level especially in the case of
small national agricultural rescarch systems such as



Botswana as there may be fewer people qualifying for
graduate training, The casc of tcchnician training should
alsobe considered. A large volume of INTSORMIL work
is supported by technicians who may never have an op-
portunity to cnter a University and 1 feel consideration
should be given to improve their technical skills. Such
training could be arranged at Regional Sorghum and Mil-
let Rescarch Centres such as SADCC one at Matopos in
Zimbabwe.

Professional Backstopping

Profcssional backstopping can be in the form of col-
laborative studics with the supervisor after a student com-
pletes his/her degree training, This could be much more
rclevant and beneficial for young scientists who may need
assistance in rescarch program development and funding
support. Short term site visits by the supervisor to discuss
projects and obscrve progress can facilitate the young
scientist professional development. Support for publica-
tions/reporting of rescarch results can also be an effective
way of developing a young scicntist.

Provision of On-site Principal Investigators

Our national rescarch systems is still short of skills in
key arcas. Botswana would still need on-site Jong term
technical support to implement its rescarch programs. At
present INTSORMIL has provided two such positions,
namcly the Cereal Agronomist and the Soil and Water
Management Specialist. Botswana being a very dry
country, these scientists have concentrated their rescarch
cffortin trying to usc various tillage and water harvesting
techniques to direct and concentrate water in the root
zonc for a growing crop. The Agronomist studics the im-
pact of these practices on the yield per se wherceas the Soil
and Water Management specialist trics to identify and
quantify the intrinsic factors that account for the observed
cffects of the management practices. This work has a
strong collaborative support from ATIP and other on-
farm and on-station rescarch groups interested in titlage
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and its cffects on soil and moisture conscrvation and
utilization.

The replacement of a scientist going away for studics
with an INTSORMIL scicntist can also be an effective
way of assisting our national agricultural rescarch. Many
of our programs have only onc scientist and when he or
she leaves for further studies the whole program remains
in the hands of technical staff who may not be qualified
to sce the program through. INTSORMIL has alrcady
had expericnce with this arrangement in the case of
Gakale/Youngquist and things worked pretty well. Care
should, however, be taken to ensure that the replacement
scientist is knowledgeable and has sufficient interest in
the student’s arca of rescarch,

Summary

INTSORMIL scientists have had considerable inter-
action with Botswana students from the Department of
Agricultural Rescarch studying in the USA which have in
most cases developed into formal and informal collabora-
tive research programs. These have facilitated further
training, professional backstopping and provision of on-
site rescarch support in the host country. The Depart-
ment of Agricultural Rescarch have found these
arrangements mutually beneficial and would like to see
such continued support as we enter the 1990s. Our local
rescarch capacity in sorghum and milletis still limited and
we believe INTSORMIL working together with the IARC
with the sorghum and millet mandate (ICRISAT) can as-
sist us in reversing the situation thus contributing more
positively towards achieving our national agricultural
development goals as spelled out in NDP 6,
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Colombia

Dr. Dorancé Muioz
Director of Annual Crop Division
Colombian Agricultural Institute (ICA)
Bogota, Colombia

Crop Importance

The development of the poultry industry throughout
the last twenty-five ycars has caused ICA to look for sour-
ces of energy and protein which are more economic and
higher quality than traditional sources. Some of the fac-
tors that have contributed to sorghum filling this nced in
Colombia are its broad adaptation, short vegetative
period and relative casier agronomic management. This
cereal is used mainly as a raw material in the manufacture
of feedstuffs. From 1981-1987, broiler production in-
creased from 74 to 99 million birds per year and cgg
production from 3430 to 4142 million eggs per ycar. This
is why the expansion of the sorghum and poultry industry
has grown together.

The commercialization of sorghum in Colombia began
in 1957 with the evaluation of R-10 and R-12 sorghum
hybrids in the Valledupar and Codazzi regions (Depart-
ment of Cesar). Since this time a rapid increase of the arca
planted and production has occurred. In 1960 there were
2,800 planted hectares with an average yield of 2.2 t/ha for
a total production of 6,100 tons. By 1988, there was
270,455 hectares with an average yield of 2.75 t/ha for a
total production of 739,015 tons of sorghum grain. Even
with this enormous increase in production of this cereal,
national consumption has cxceeded domestic produc-
tion, which is why it is necessary toimport additional grain
as shown in Figure 1.
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Figure 1. Cultivated area, production, yield and importation of sorghum, 1960-1988
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Colombia Sorghum Regions, 1988. (Check Table 1 for area and production).

This crop represents a viable agronomic alternative for
those agricultural zones where other crops such as corn
and rice arc not adapted. It also has become important in
rotations with other crops. The major constraints to sor-
ghum production are the lack of improved varietics and
hybrids for regions with specific ccological characteris-
tics, high attack of foliar, root, stalk and panicle discases,
viruses, insccts, as well as soil, and related agronomic
problems. In addition to these constraints, the market
pricc of sorghum is lower than the cost of production
which contributes to other socio/cultural and economic
problems. It is necessary to improve production and
productivity of this cereal by means of improved commit-
ment to rescarch, technology diffusion and marketing.

The purpose of this article is to present the actual situa-
tion of sorghum production, constraints and the Colom-
bian Agricultural Institute’s (ICA) five ycar plan of

research, and ways INTSORMIL can best assist Colom-
bia accomplish its plan.

Sorghum Regions and Yield Per Hectare

Eight different sorghum producing regions can be
identified in Colombia based upon their predominant
conditions of temperature, rainfall, type of soil, fertility,
disease and insects. Figure 2 and Table 1show the regions
and the sorghum yield per hectare. The region located in
the Valle del Cauca and Quindio Departments has the
most favorable cnvironment for growing sorghum in
Colombia. For this rcason this region produces the
highest yicld per hectare (4.1 t/ha) and 31% of the
country’s total production. The region located in the
Tolima - Huila Departments is the largest area sown
(88,350 ha) and the second in the country’s total produc-
tion (28%). The rest of the regions listed in their impor-
tance are shown in Table 1.
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Table 1. Colombia Sorghum Regions and yield per hectare, 1988.
1988 A 1988 B Total

Dcpartment (Regions) Hectares t/ha Hectares t/ha Hectares t/ha
Valle - Quindio 25,000 42 30,500 4.1 55,500 4.1
Tolima - Girardot 20,000 22 46,950 24 66,950 23
Huila 10,400 23 11,000 2.5 21,400 24
Cérdoba - Sucre - Bolivar (South) 22,200 3.1 4,650 2.0 26,850 2.5
Mojana - Serceno 14,000 23 14,000 23
Atldntico - Magdalcna - Bolivar (North) 4,000 3.0 22,600 24 26,600 2.7
Cesar Norte - Guajira 6,750 1.5 8,570 1.9 15,320 1.7
Cesar Sur - Sabana Torres 16,000 23 4,785 1.5 20,785 1.9
Santander Norte 1,900 33 860 35 2,760 34
Mcta 20,000 . 22 20,000 22
Caqucta 230 - 20 230 20
Uraba 60 3.0 60 3.0
Total: Hectares 106,250 164,205 270,455

Yicld (t/ha) 29 2.6 275

Production (1) 306,935 432,080 739,015

Source: FENALCE

Constraints of the Sorghum Regions

The major constraints to sorghum production in cach
region are presented in Table 2. The most prevalent sor-
ghum discascs arc the foliar discascs, anthracnose (Col-
letotrichum graminicola), ronate lcal spot
(Gloeocercospora sorghi), gray leal spot (Cercospora sor-
ghi) and leal blight (Exerohilum wrcicum); root and stalk
discascs, anthracnose stalk rot and charcoal rot (Macro-
phomina phascolina); panicle discases, grain mold
(Fusarium moniliforme), panicle anthracnose, Cunularia
sp.. Viruses include mottling (Sugarcane mosaic virus
strain H) and necrotic (Maize dwarf mosaic virus strain A ).
The major inscct pests arc midge (Contarinia sorghicola),
webworm (Celama sorghiella), Diatraea spp, and fall ar-
myworm (Spodoptera frugiperda).

Aluminum toxicity and acid soils arc major constraints
tosorghum production in the big potential zone called the
Llanos Oricntales (Eastern plains). Water stress is also a
major constraint in the sorghum arcas located in the
Atlédntico, Magdalena, Bolivar, Guajira and Cesar
Dcepartments. Marketing grain sorghum is the majo:
problem at the Caquetd and Uraba regions which are
potential zones of production,

Research Centers and Five Year Plan

The Colombian Agricultural Institute is conducting re-
scarch on sorghum at five rescarch centers and one loca-
tion in Arauca region. These sites represent the different
sorghum growing regions of the country (Figure 3).

A bricl summary of the major goals of the ICA five year
plan with specific inference to agricultural development

is as follows:

1. To increase or maintain the growth achicved so far
in production, yield, and arca sceded.

2. To reach sclf sufficiency in production and to intro-
duce composite flour in wheat flour substitution to make
bread.

3. To increasc overall productivity

4. To decrease production costs

5. To oricnt rescarch to solve the problems identified
in conjunction with farmer participation.

The research projects to accomplish these objectives
arc focused on the following aspects:



Table 2. Major Sorghum Constraints to Production in Each Region, 1988.
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&S

SORGHUM REGIONS

-

b

o ) x
CONSTRAINTS Cérdoba  Atldntico Guajira Cesar (S)  Valle Tolima Meta  Céqueta
Sucre Magdalena Cesar (N) Cicuta Quindfo Huila (East  Urab4
Bol(var Bolivar (N) plains)
FOLIAR DISEASE
Leaf anthracnose X X X X X X X X
Zonate leaf spot X X X X
Acremonium X
Gray leaf spot X X X X X X X
Leaf blight X X X X X X
ROOT AND STALK DISEASE
Antracnose stolk rot X X X X X
Charcoal ro¢ X X X
PANICLE DISEASES X X X X X
VIRUSES X X X
INSECTS
Midge X X X
Panicle moth X X X
Stem borers X X X
ALUMINUM TOXICITY X
ACID SOILS X
WATER STRESS X X
MARKETING X

TABLE 2. Major Sorghum Contraints to Production in Each Region, 1988,



W_73° 16

~

-L\ —— —t—
>
.

N-10° 20—~ - _

P

.. ‘ ; ,CRI _ NA'FAIMA ................ l
CNI — PALM " CNI — LA LIBERTAD

N - 30 31’ - :‘5 ’ : ———————

......

e
o

.
..,

s,
feey
-------

Figure 3. Colombian Agricultural Institute (ICA) Centers with Research on Sorghum,




1. Development of high yiclding varictics and hybrids

2, Incorporation of genetic sources of resistance to dis-
cascs and insect pests in promising and well adapted
genctic matcrials

3. Development of varietics and hybrids tolerant to
aluminum toxicity for production in the acid soils of the
castern plains,

4. Development of adapted varictics and hybrids for
the regions with water stress problems.

5. Development and implementation of agronomic
management practices specific for cach region and com-

mercial material.

6. Dctermination and prioritization of the most limit-
ing factors to cconomic production.

7. Reduction of production costs by means of ap-
propriate agrochcmical usc.

8. To develop low tannin food quality sorghum for use
in composite flour with wheat for bread production.

9. Intensify the diffusion of new technologics and the
participation of farmers in extension activities.

ICA and INTSORMIL Program

INTSORMIL can best assist ICA (o accomplish these
project objectives through the following collaboration:
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Providing germplasm with the following charac-
teristics:

a. Tolcrance to aluminum toxicity and acid soils

b. Resistance to discases and inscct pests which
arc prevalent in Colombia

c. Drought tolcrance.

Provision of Equipment

a. Electrophoresis (1)
b. Computer (1)

¢. Moisture tester (4)
d. Cold rooms (2)

c. Plot Threshers (4)

Test promising germplasm developed in Colom-
bia for downy mildew resistance.

Provide technical information and publications
Training: Short courses and scicntific visits.

a. Short courscs for 4 agronomists (2 - plant
breeding, 1 - cultural practices and 1 - grain
quality)

b. Scientific visits for 2 M.S. and 2 Ph.D.

c. Scholarships for 3 M.S. and 2 Ph.D level
trainecs.
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Honduras

Dr. Roduel Rodriguez
Honduras National Research Department

Introduction

Sorghum is the third most important cereal in Hon-
duras, aftcr maize and rice. It is grown for grain and
forage and is utilized for human consumption and animal
fceding, Sometimes it replaces maize for making tortillas.
Grain sorghum fecding value represents 96 percent cf-
ficicncy as compared to maize. Its forage is primarily used
for livestock feeding during the dry scason. Despite the
fact that sorghum is a profitable crop when appropriate
cultural practices arc used, its cultivation has remained at
the subsistence level. Nevertheless, sorghum grain con-
sumption shows a growing tendency, as a result of an in-
crcasing demand from the new animal feeding industries
cstablished during the last four years.

Background Information

Sorghum was introduced to Central America during
the colonial times. Since its introduction, sorghum has be-
come onc of the most important crops along the Pacific
Coasts of Nicaragua, Honduras, El Salvador and
Guatemala; where it is usually intercropped with maize
and somctimes with beans in different spatial and
chronological arrangements.

In the last few years, acreage planted to sorghum has
increased; however, production has decreased as a result
of low productivity (Table 1). National production has not
becn able o supply these industrics with all the sorghum
grain demanded; so that small grain imports has been re-
quired (Tablc 2).

Table 1. Tendencies in sorghum production in Ion-
duras 1970-1985
Year Hcectarcas Tons Kg/Ha
----- Thousands - - - - -

1970 33 47 1.424
1972 29 40 1.379
1974 55 39 0.709
1976 57 47 (0.825
1978 62 44 0.710
1980 56 42 0.750
1982 66 58 0.967
1984 66 56 (0.848
1985 48 60 1.250

Table 2. Sorghum imports to Honduras 1983 - 1987

Ycar Ton
1983 4.3
1984 0.6
1985 254
1986 678
1987 69.0

mostly sorghum sced.

Low productivity is dircctly related to the following
factors:

1. Planting in marginal lands or hillsides. Agricultural
lands arc devoted to grow high cash crops, such as can-
taloupe, sugarcanc and cattle raising.

2. A continuous and accclerated process of fertility
deterioration on the marginal lands planted with subsis-
tence crops. Soil conservation practices are scarce, which
in conjunction with a reduction in the number of years
with fallow, as a consequence of a growing food demand
by a fast increasing population (3.4% annual growth ratc)
demand socio-cconomic rcadjustments to reduce soil
crosion.

3. Usc of low yiclding cultivars with low response to
agricultural inputs, such as fertilizers, Maicillos criollos
donot represent the best sorghum type to maximize yicld.
Their low yicld potential make the adoption of improved
technologies difficult to implement.

4. Production and availability of improved cultivars,
Sced production of the improved cultivars released by the
NSIP is low duc to the lack of private sced industry invol-
vement,

Sorghum rescarch officially began carly in the sixties
with the cstablishment of Inter-American Scrvice of
Agricultural Cooperation (STICA). Different cultivars
were cvaluated and as a result some grain type sorghum
cultivars like Tempraneru 1 and Temprencro 2 (1969)
and forage types like Sart, were distributed among several
farmers in the southern arca. No cfforts were done to do



rescarch on maicillos criollos, their cropping systems and
production practices.

In the carly 70's germplasm collection of maicillos
criollos started. In 1975 a Pcace Corp volunteer was ap-
pointed to Choluteca. His activities arce to have a tremen-
dous impact on scicntific sorghum rescarch. From that
year on (1975), a multidisciplinary approach took place.
The breeding, agronomy, sced production and technol-
ogy transfer components were organized. Several
hundred of sorghvm entries were screened and the
hybrids D60 y D42, the line Wheatland (BTx399) and the
maicillos criollos Pcloton, Pespire I y San Bernardo 1V,
were sclected with yiclds between 2 and 4 T/ha.

In 1976 commercial sced of Centa S-1 was produced
for the first time. Emphasis at this time was to develop
varictics and hybrids for dual purpose, grain and forage,
photoinsensitive, and 2-3 dw. Discase resistance, good
quality grain for human consumption, drought tolerant
and good combining ability were considered. As a result
of this work, C§3541 was identificd as the most high yicld-
ing varicty (4 T/ha). Later on, CS3541, underwent mass
sclection, originating Tortillero varicty, named for its
good grain quality for human consumption,

From 1980 to 1981 , in-service (raining was initiated
with the collaboration of International Centers and
forcign Universitics (ICRISAT, TAMU, MSU, ICA). In
1980, a memorandum of agreement between SRN and
INTSORMIL was signed, and a full time sorghum
breeder was appointed to Honduras. Main objectives at
this time were o rejuvenate the National Sorghum Im-
provement Program and provide the infrastructural base
to sustain an cfficient and scientifically based rescarch
program according to the farmer needs.

Duc to the multidisciplinary character of INTSOR-
MIL, disciplines such as nutrition, sociology, entomology
and pathology were integrated. In 1983, sced production
of two released cultivars, became important,

Agronomic rescaren began late in the 70°s. The com-
plexity of the factors involved in the cropping systems with
sorghum, retarded the agronomic rescarch, nevertheless,
these studies helped obtain a better understanding of
these systems,

Research Accomplishments

Technical assistance provided by INTSORMIL to the
National Sorghum Improvement Project has been fun-
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damental in the achicvements obtained. This support has
consisted of:

Technical assistance
Germplasm exchange
Financial and logistic support
Training

el ol M

Technical assistance - Appointing of a full time sor-
ghum breeder with periodical visits of INTSORMIL
scientists.

Germplasm exchange - Elite germplasm possessing
high yicld potential, resistance to biotic and abiotic stres-
ses, has been introduced by INTSORMIL scicntists. At
the same time, maicillo germplasm has been distributed
to other sorghum breeding programs.

Financial and logistic supporl - Financial support has
been of great importance in strengthening and obtaining
cconomic independence. Such support has been effective
inthe form of direct and indircct donations. Logistic sup-
port has included operational costs, agricultural equip-
ment and computing systems,

Traiuing - A Ph.D. has been trained in an INTSOR-
MIL university and two B.S.s have been trained in service.
Severzl M S, theses and Ph.D. Disscrtations research
problems hove been conducted in collaboration with
several INTSORMIL universities and the EAP, which
has contributed to strengthening the multidisciplinary
character of the National Sorghum Improvement
Program,

As a result of this interaction, we can identify the fol-
lowing achicvements:

1. Strength of the National Sorghum Improvement
Program. Ongoing sorghum rescarch is accomplished by
INTSORMIL trained personncel. Honduras National
Sorghum Improver-znt Project has gained creditability
and leadership in the mesoamerican arca.

2. Cultivars with higher yicld potential are now avail-
able; Tortillero, Sureio y Catracho (4-7 T/ha range), in
contrast with the local maicillos (0.9-2 T/ha).

3. Development of a broad base maicillo improved
germplasm, represents a cornerstone for increasing sor-
ghum yiclds and utilization under local conditions.
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Constraints

1. Lack of a National development model which does
not emphasizc agricultural development policies ror the
rational utilization of availablc natural resources.

2. Slow administrative paper work (PL480). In addi-
tion to the administration delay, funds are not available
during the first four months cvery year.

3. Lack of good trained personncl. Personnel recruit-
ment is not based on performance.

4. Instability of the administrative staff. High ranked
officials at the Rescarch Department are appointed
based on political preferences.

5. Lack of understanding of INTSORMIL capabilitics
for cooperation and collaboration.

Because of the above mentioned constraints, PNS has
not taken full advantage of the icchnical and scientific col-
laboration offered by INTSORMIL.

Goals

L. To consolidate and strengthen the National Im-
provement Program into a multidisciplinary scope.

a. Maintain personnel continuity.

b. To strengthen the collaborative elforts with
INTSORMIL, ICRISAT and other public and
private national and international organizations.

¢. Hire qualified personnel.

d. Train young scicntists and technicians in
different agricultural disciplines such as:
sorghum breeding, pathology, entomology,
agronomy, physiology, cercal technology,
cconomics, tropical soil management,

2. Toincrease sorghum productivity, consumption and

utilization.

a.  To preinoie @ sorghurn market based on the
dilferent products snd by-products obtained.
This is to be accomplished by developing tech-
nologics, such as cultivars and production
procedures, for several utilization purposes.

b. Toincrease the yield plateau of 0.9 t/ha to 1.5 t/ha
through improved sorghum technology trans-
ference to sorghum growers.

c. Toalleviate food scarcity problems by promo-
ting food type sorghums to be used for human
consumption.



MALI

El Hadj Oumar Tall, Director General IER - Mali
Zana Sanogo, Head of Agronomic Research in IER, and
Moussa Traoré, IER - INTSORMIL Coordinator

Introduction

First of all, I would like to thank the Management En-
tity of INTSORMIL for having the collaborative
countrics participate in this important conference for in-
ternational sorghum/millet rescarch for the next ten
years.

Located in West Alfrica, the Republic of Mali is a
landlocked countryof about 1,240,00 km?. Mali is situated
between latitudes of 10° north and 16° north, and between
longitudes of 12° west and 4.15° cast. Rainfall in Mali
varics from practically zero in the Sahara Desert, up o
1,400 mm (4.8") in the Guincan Zone, in the South. In be-
tween thesce two extremes, are the Sahelian Region with
rainfall 200 mm (Timbuktu, Gao) to 700 mm (Ségou,
Kayces), and the Soudanian Zone with 700 to 1000 mm
rainfall (Bamako, Koutiala). About 90% of the Malian ac-
tive population work in agriculture which constitutes the
essence of the country’s cconomy. Like in other Sahelian
countries, here, a spectrum of drought has been hanging
over the last 15-20 years. The worst droughts occurred in
1971-74, and 1980-85.

In the higher rainfall zones of Mali, the main crops arc
cotton (for local industry and cxport), and sorghum,
maize and millet for food. Some groundnut is also grown
for export, especially in the western half of the country.
As rainfall decreases, and soils become sandier toward
the north, more millet is grown, less sorghum, and cven
less or no maize and colton. An important feature of sor-
ghum and millet for the Sahelian Region is their ability to
grow and produce under marginal land, climate and
management conditions. In fact, sorghum and millet oc-
cupy most of the cropped land in Mali, and constitute the
staple food for the populations. The land arca under sor-
ghum and millet has been increasing even more during
the drought cycle, as more marginal lands were brought
under cultivation. Differences in climate are largely de-
pendent on the amourt and distribution of rainfall, and
the fragile equilibrium present between population, food
production and ¢nvironment has been disrupted several
times because of the successive droughts, the process of
descrtification, and the rapid population increasc.

The Five Year Development Plan (1987-1991)

The ongoing Malian Five Ycar Development Plan for
the 1987-91 period, has set itself five priority objectives in
order to reach the major goal of economic development.
They arc:

e Obtain food sclf-sufficicncy.
e Fight against drought and desertification.

o Crcatc jobs through development of new ac-
tivitics that can bring about cconomic growth.

e Make drinking water, cducation and health
available to the entire population.

o Improve communications outside and within
the country.

With a population of about 8 million people, Mali has
a 2.85% population increasce rate. Eighty per cent of the
total population live in rural arcas and has, cssentially,
agriculture as their cconomic activity. In addition, most
of the little industry that cxists is bascd upon agricultural
products, thus making understandable that years of
drought have scverely slowed down cconomic growth in
the Sahel in general, and in Mali in particular. The
cconomy is strongly dependent on agricultural produc-
tion, which in turn is highly influenced by the amount and
distribution of rainfall. The main cash crops in Mali arc
cotton (first export product), and groundnut. Livestock
(cattle and sheep), which also occupics a significant place
in Malian cconomy, has cqually been severcely stricken by
drought. Food grain self-sufficicncy is almost rcached in
years of normal rainfall, in Mali. Large deficit years arc,
however, more frequent duce to severe droughts. Thus,
yicld stability and grain sccurity constitute the main ob-
jectives toward food self-sufficiency. Some examples of
deficitycars arc 1978 (110,000 metric tons of deficit), 1984
(300,000 metric tons of deficit), 1985 (370,000 metric tons
of deficit). To face the eavironmental constraints to crop
production, agricultural rescarch is to play a major role.
To reach the production levels of 2,000,000 tons by 1991,
and 2,500,000 tons by year 2,000, that arc projected to
cover the population increase, the Institute of Rural
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Economy (IER) has been assigned to generate technol-
ogy to increase and stabilize food production. Besides
agricultural rescarch, some political actions are
scheduled to case the adoption of improved technologies
through supporting an cconomic interest for farmers to
produce and invest more,

The second priority of the five year plan is to tackle
drought and desertification:

e stabilize crop yields through drought resistance
rescarch and breeding for yield stability,

e protect and restore agricultural lands subject to
crosion and soil degradation,

e usc natural resources more efficiently and
safely.

Present Status and Perspective of Sorghum/Millet Col-
laborative Research

Rescarch in the arca of sorghum and millet improve-
ment in Mali, is carried out by a multidisciplinary tcam of
rescarchers, and funded by different agencies collaborat-
ing with IER in a very well integrated rescarch program,
The collaborators are, among others: USAID, ICRISAT,
CIBA GEIGY Foundation, CIRAD-IRAT, TROP-
SOILS, and INTSORMIL.

The INTSORMIL collaborative rescarch program in
Maliis concentrated on one of the major objectives of the
development plan, thatis to develop high and stable yields
of sorghum and millet. INTSORMIL provided support to
IER through consultancy, training, and funding of
programs, in arcas of breeding, food quality, and physiol-
ogy. The 1ER sorghum breeding program has been sup-
ported by ICRISAT/Mali, and INTSORMIL.
INTSORMIL breeders have provided several breeding
lincs to be tested and used in Mali. Many of the introduc-
tions arc now being integrated into locals through cross-
ing. The cercal technology laboratory at Sotuba is
continuing to make progress in developing improved
techiques to selecet sorghums and millets for 16 quality.
Sorghum lincs in the breeding program are systematical-
ly cevaluated for decortication characteristics, and (6
propertics. Grain molds and hcad bugs were found to
causc significant damage to food quality, especially, of the
improved varictics. Alternative uses of sorghums and nul-
lets have been investigated, and good progress has been
made. The Sotuba technology laboratory has been and is
being equipped with INTSORMIL funding, while the
laboratory itself was built on USAID/ICRISAT/MALI

funding. A screening technique for seedling stage
drought resistance in sorghum and millet breeding
malcrial is conducted using the charcoal pit technique. A
screening technique for post flowering drought resistance
is being tested, and characteristics of local varictics that
influence adaptation to the different locations are being
studicd. The Nebraska project NE-123 has provided sig-
nificant support to INTSORMIL/Mali to help start a new
program in the arca of stress physiology. Several pieces
of cquipment were purchased and placed in Malito carry
out the physiology program, and two Malian students are
being trained at the University of Nebraska on this
project. Similar cfforts arc underway to start programs to
study nitrogen use efficiency, with NE-114, and head bugs
with TAM-125. The overall collaboration and support
from INTSORMIL is very highly rated by the Govern-
ment of Mali, as these programs contribute to reach food
sclf-sufficiency, and fight drought and desertification, the
two main objectives of the dive year development plan of
Mali.

To better tackle the problem of development, IER is
preparing an ecogeographic organization of its programs.
The need for well trained scientists will be greater, and
morc funds will be needed 10 adequatcely carry out the
necessary rescarch for the development of appropriate
technologics. An even stronger interest of INTSORMIL
Principal Investigators to the Mali program wiltbe neces-
sary to help train IER rescarchers, develop, with IER
scientists, collaborative programs in the different dis-
ciplines, while keeping the strong integration between
disciplines and also between funding sources, as a rule.
For the ncar future, funding is needed to train two scicn-
tists for cach of the following arcas of rescarch: Entomol-
ogy, Pathology, Breeding, Food Technology, Physiology,
Weed Science, and Soil Science. An extension of the
IER/INTSORMIL collaboration to arcas such as en-
tomology, pathology, weed scienee and soil science is
nceded. Institution building in the IER rescarch system,
will be continued through the joint cffort of the different
collaborators: USAID, ICRISAT, INTSORMIL, TROP-
SOILS, CIRAD, cte. Supy:ort from INTSORMIL to build
a physiology laboratory at the Cinzana station will be a
veryvaluable investment. The Cinzana station was funded
by the Ciba Geigy Foundation, USAID/ICRISAT, and
the Government of Mali. Much of INTSORMIL/Mali ac-
tivities are carried out at that station, including the stress
physiology program,

This is a good occasion to express our appreciation for
the help INTSORMIL has provided to Mali by training
many scicntists, and developing and funding a very <ffi-
cient collaborative rescarch program.



An cven more intensc collaboration will be desired by
the Malian Program when the Government has finalized
the indepth rest. ucturing of the national rescarch service
that is being implemented. Then, a long term research
program will be developed with INTSORMIL, and ade-
quatc funding rescarched by the Institute of Rural
Economy and its partners.
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Finally, I would like to extend our appreciation to all
U.S. collaborators who helped make the INTSOR-
MIL/Mali program a very cffective onc. May we all make
an cven better use of the great potentials of the Interna-
tional Sorghum and Millet rescarch in the Nincteen
Ninctics.



Niger Agriculture and INRAN-INTSORMIL Collaboration
Dr. Idrissa Soumana, Director General of the National
Institute of Agronomic Research of Niger

Introduction

Before the 1968 drought, Niger produced a food crop
of about 1.25 million metric tons, and was sclf-sufficicnt
becausc this level of production could sustain the food
nceds of its 3.89 million people. In addition, the agricul-
tural policy of the country during this first favorable
decadc after Niger’s independence was based on the
development of cash crops such as peanut, cotton, and
onion which ensurcd currency acquisition.

Since 1968, drought has been becoming more and
more frequent and severe, and has completely modified
Niger’s hopes and re-oriented the agricultural policy and
strategy of Niger. Alimentary self-sufficicncy has now be-
come the priority of prioritics; food deficiency has be-
comce a permancnt problem for the country. As a result,
all plans and all d~velopment programs since 1976 have
aimed at satisfying the food nceds of an increasing
population, facing unstable and insufficient food produc-
tion in an ¢nvironment which is becoming more and more
threatened by descrtification,

I. Some Basic Data about the Niger Economy and
Agriculture

Niger is a landlocked country spreading over 1.27 mil-
lion kmz, 75% of which is desert, and 159% semi-arid with
nomadic activitics. Only the southern part of the country
is arablc; it reccives an average annual rainfall greater
than 350 mm with high variability; soils are mostly sandy
in this region with some fertile and irrigated depressions
(20,000 ha, maximum potential: 200,000 ha) along the
Niger river and its valleys (Dallols, Bosso and Maouri,
Goulbi Marad, etc...).

Of Niger's estimated 1985 population of 6.5 million
people, 85% live in rural arcas, centered in the southern
part, with higher densitics around Niamey and the central
fronticr regions with Nigeria. Its annual population
growthrate is 2.8% for the entire nation and 7% for urban
areas.

The annual income per inhabitant was $300 in 1983,
However, after regular increases from 1973 to 1983, in-
come degraded because of the decrease in the interna-
tional pricc of uranium (the principal national ¢xport),
and the severe droughts of 1983 and 1984.

The Gross Agricultural Product (including forestry
and fishery) represents presently 33% of the Gross Na-
tional Product. From 1960 to 1986, it has incrcased at an
average rate of 3.2% per year, due only to the increase in
cultivated arca. This increase, however, led to natural
resource deterioration with reduced fallow, overgrazing,
intense soil erosion, and anincreased repartition between
agriculture and grazing in agro-pastoral transitional
zones.

Cercals occupy 90% of the cultivated arcas. Pearl mil-
let and sorghum, which are dryland crops, represent 75%
and 20% respectively of the cercal production which
remains very variable from year to year (for cxample,
production was 0.9 and 1.7 million metrictons in 1984 and
1985 respectively, yet national requirements were cs-
timated at 1.4 million metric tons); the remaining 5% of
cereal acreage is devoted to irrigated rice and sccondari-
ly by corn. Groundnut and cowpca are the main cash
crons. During the 1970s, the production of these legumies
decrcased pereeptibly (from 260,000 to 96,(6K) com-
pared to the latter (72,000 to 280,000 tons), mainly due to
the market price changes.

Yiclds in general are low: 400 kg/ha for pearl millet,
460 for sorghum, 250 for cowpea, cte. For the last twenty
years, yiclds have remained the same or have even
decreased slightly.

Livestock is numerically important (in 1983 cstimated
head counts were: 3.5 million cattle, 3.5 million sheep, 7.5
million goats, and 0.4 million camcls), but Iess productive.
In spite of the high reduction recorded during the last 12
years of drought, there is an incremental increase in num-
ber of animals, particularly for small ruminants.

During a normal ycar, the average food consumption
is 2400 calories per person per day of which 70% is fur-
nished by cereals, 12% by legumes (cowpea and peanut),
and 8% by animal products which play an important role
in the dict of agro-pastoral and nomad populations.

International agricultural cxchange, which opcrates
cssentially with Nigeria is slightly positive in normal years
with surplus varying respectively from 15 to 60 and from
4 to 12 million dollars for animal production and crop
production. (This data must be considered as not cffec-



tively correct duc to the insufficicney of statistical services
and the uncontrolled ways of animal trades.)

From this short presentation, we can retain the follow-
ing points, which arc important for future analyses,

-The high variability of climatic conditions from onc
year to another, and from one locality to another, requires
a greater continuity of rescarch efforts. Also, the high
variability calls for technical innovations capable of fitting
changing conditions (instcad of a simple innovation or
complicated onc i.c. "technological packets") proposed
for average ccological and climatic conditions of the
country.

-The relative low variability of soil types and the small
number of nationally important products (even if certain
products can have a great regional importance or local
importance marked [peanut, voandzou, corn, sesamel))
can justify a certain concentration of research efforts,
however limited by the immensity of the country and dis-
tances (with bad road conditions).

-Finally, the high fluctuations of basic commodity
prices, partly due to high climatic variability and thus
production, and the lack of the State intervention to con-
trol the market. These fluctuations increase the risks
caused by the adoption of new techniques, ereating a con-
text fess favorable to the efforts that farmers can attempt
to do in this arca.

I1. Advantages and Constraints of Niger Agriculture

Niger is a typical Sahcelian Country, located between
12° and 23° North Latitude. It is cssentially an agricul-
tural country inspitc of climatic constraints characterized
by severe droughts which have marked the history of the
country.

A. The Advantages of Agriculture

Here, the term agriculture has a restricted meaning. It
mcans crop production destined to satisfy human food
needs. In Niger, this type agriculture is blessed with three

main advantagcs.

1. A Young Agricultural Population

In 1985, the agricultural population was 4,461,000
people which represents 70.3% of the total population.
The population size structure is similar to that of the
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whole population br t cmphasized by its youth with 60%
under 25 ycars old. This situation is an important factor
in our favor, in light of a scctor which must be developed
and modernized,

2. Great Physical Potentialitics

The arable land represents 24% of the national ter-
ritory, almost 30 million hectares. Land under cultivation
occupics 50% of the arable land, 15 million:hectares, and
the cocfficient of growing-intensity of 25% leaves first of
all, a fallow of almost 5 ycars with an occupation ratc of 2
hectares for active agriculture.

Niger has the potential of irrigatable land estimated at
270,000 ha, 140,000 of which are located in the Niger river
valley. Only 11,000 ha arc under full irrigation manage-
ment, and 30,000 to 40,000 ha arc used with partial water
monitoring.

3. Important Water Resources

In addition to the Niger river, which is the main water
course, Niger has other rivers like the Komadougou,
Yob¢ and some lakes, like Lake Chad. Niger also has
numerous permanent and semi permanent water ponds,
some scasonal rivers and some artificial water reservoirs.

The amount of underground water is estimated to be
about 36 billion cubic meters while the present water con-
sumption is about 250 million cubic meters. However, this
underground water is of mostly fossil grainwater deeply
distributed whose exploitation requires expensive wells,

3. Agricultural Constraints

1. Water Constraints

Presently, Nigerien agriculture is a dryland agricul-
ture. 5,830,000 ha out of 5,908,000 cultivated in 1986 were
dryland. This type agriculture is fundamentally charac-
terized by high rainfall variability and irregular rainfall
distribution in time and space. Niger’s agricultural zone
receives from 250 mm in the North 1o 850 mm in the South.
Thesc rains full within 20 to 55 days in a very irregular
manner. During the same scason, the alternance of rainy
and drought periods is frequent and creates favorable
conditions for parasites and various plant cnemics and
unfavorable conditions for the development of crops.
Since 1931, there has been an average of one dry ycar out
of four.



2. Soil Degradation

Most Niger soils are ferruginous tropicrl soils also
called dunc sandy soils, and hydremorr scits, The
first type represent 80 to 85% of the wg - anal land
whilc the second type constitute only 15t0 20 ... 'The dunc
sandy soils originated from the wind and are very poor in
organic matter, phosphorous, and nitrogen. They also
posscss low water holding capacity. The hydromorphous
soils are clay soils with medium to high fertility which can
be irrigated to grow maize, cotton, and particularly
onions. Under the desertification process which is now
experienced by the country, these soils undergo wind and
water crosion. Again, they experience high human and
animal pressures and are exploited without restriction,
Evidently, the decrease in soil fertility has some implica-
tions on their production.

3. The Limited Scope of Agronomic Rescarch

Agronomic rescarch should remove all the above con-
straints. However, because of the tack of human resour-
ces in quality and quantity, insufficient diffusion of
agronomic results due to the formal relationship between
rescarch and extension service, today, the action of
agronomic rescarch is very weak,

Besides these constraints, one should recognize other
problems relevant to the rapid population growth rate,
such as cultural, social, cconomical, and financial
problems.

O Agriculture in the Five Year Plan 1987-1991

Elaborated to encourage Niger to overcome the new
constraints for its long-term development, the 1987-1991
plan objective is to establish the components of sustained
cconomic growth. Thus, growth will be the result of the
vigorous rebirth of agriculture. The agricultural policy
wittbe addressed, not only to consolidate and improve the
self food sufficiency, but to diversify our commodities.
Crop production should be the essential motor of social
development during the period of the plan. Therefore,
agriculture occupics not only a place of choice in the
1987-1991 plan, but should be the foundation of the
cconomical and social development of Niger.

1. Long Term Orientations

One of the three major orientations retained for the
sector of agriculture is the creation of an agriculture sys-
tem with surplus production.

Although it occupics 70% of the population, crop
production contributes only 25% of the Gross Domestic
Product (GDP). This activity conscrves a highly tradition-
alnature which is characterized by the maintenance of the
past cultural practices, low saving and investment
capability, and a system of production largely oriented
toward sclf-subsistence.

An agricultural system with surplus production is an
agricultural system which strives to increase and diversify
production. The creation of quantitative and qualitative
surpluses will permit us to improve the income of the
producer, which is uncertain today. The increase of
surpluses which lead to an increase in farmers’ income
will have a boosting effect on the national cconomy by en-
hancing the saving and investment capacity of the
producers. Finally, an agricultural system based on
surplus production should also reduce extensive
resource-depleting agnculture which damages a weak en-
vironment.

2. Objectives

The production objectives are determined according
1o three main preoccupations. (Tables 1 and 2.)

o A better satisfaction of domestic needs;

e A restriction to the increase of arcas intended
to dryland crops;

¢ The improvement of varieties to increase
farmers’ income.

For cereals, the increase of the production will be rela-
tively low because of trade problems, the lack of price
policics, and a relative yield decrease.

Table 1. Agricultural Productions - Objectives by 1991

Objociives Average Annual gromth rale
1991 1987-1991
Area Yield Production Area Yield Produclion
Products (1000 ha)  (Kg/ha) {1000T) (%) (%) (%)
Pearl Millet 3285.7 408 1334.0 1.1 00 1.1
Corghum 1182.8 219 330.0 2.2 2.0 0.1
Rice 2238 3200 730 1.9 35 54
Corn 11.4 5N 6.5 1.8 -1.0 06
Whaat 3 2320 73 37 26 71
Cowpea 1833.3 150 2750 4.7 -1.5 3.0
Other Leguminous 13.4 1120 150 49 20 a8
Cassava 233 8585 2000 0.5 1.0 1.5
Sweet Polatoe 3.0 12500 RYA:) 1.8 1.0 3.0
Peanut 3057 458 1400 18 00 18
Sugarcane 28 12700 37.0 1.0 0.0 18
Fruts 58.0 10.0
Cotton 12.0 700 8.4 37 0.0 3.7
Other Crops 11.9 10500 125.0 2.2 30 55
Tolal 8712.0 20 28

Source:Groupe Développement rutal
*Base de dépantmoyenne 1980-85 décentrée sur 1985




Table2. Agricultural resources: Excess and Shortage

in 1991
Necessary Production Excess or
Production Objectives Shortage
for satistying 1991 in 1991

Products National needs(*) (1000 T) {1000T)
Pearl Millet 1334.0 1334.0 0.0
Sorghum 364.9 330.0 -34.9
Rice 82.5 729 -9.6
Corn 38.1 6.5 -31.6
Wheat 68.5 7.3 61.2
Cowpea 241.2 275.0 338
Other Leguminous  15.0 15.0 0.0
Cassava 144.2 200.0 55.8
Sweet Potatoe 339 37.9 4.0
Potatoe 13.0 13.0 0.0
Peanut 214.6 140.0 -74.6
Sugar Cane 37.0 37.0 0.0
Fruits 56.0 56.0 0.0
Cotton 3.0 8.4 5.4
Other Crops 889 125.0 36.1

(*) Human Consumption + Seeds + Food Processing Source:
Groupe de Développement Rural

3. Programs to be Exccuted

Three programs are concerned in the crop production
sector.

¢ Descrtification control and improvement of the
food production system with the following ob-
jective; the reduction of the degradation of the
agronomic and pedologic potential and of the
cultivated soils, fertility, crops intensification by
soils management, and the use of fertilizers.

An ¢ssential component of this program is the
extension of the positive results of Agronomic
Rescarch.

e Water control and the diversification of produc-
tion in order to increase yields on irrigated
lands, to valorize the irrigable land potential.

e The construction and the control of the
cconomical channels in order to control im-
ports.

111 INRAN-INTSORMIL Collaboration
INTSORMIL, the USAID CRSP responsible for the

improvement of sorghum and millet, the two main crops
in Niger, interests the National Institute of Agronomic
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Research of Niger (INRAN) for morc than one good
rcason,

As shown by the collaboration program and the
INRAN-INTSORMIL 1984-1987 plan, the constraints of
these crops are;

Drought

Insects

Discascs

Wecds: Striga for instance

High soil temperature

Sandy winds

Low fertility and toxicity of soils

Inaddition to these physical and biological constraints,
there are some socio-cconomic constraints such as the
lowincome of farmers, the reduced price of products and
their high fluctuation. The agronomic research in charge
of solving those problems in order to increase quantita-
tively and qualitatively the production of these two crops
and to valorize them, is also facing problems related to
human and financial resources. In such a context, what
should we obtain from our collaboration with INTSOR-
MIL?

1. A Collaboration Concemed in Solving the Key
Problems of Nigerien Agriculture

The conditio; 2 created by a young institution like
INRAN, its characleristics, its needs, the multiplicity of
its research structures, the requirement to solve some
problems of Nigerien agriculture, ctc., will impose on the
institute to appeal to homologous institutions or to those
interested in contributing to the rescarch of adequate
solutions for these problems. Today’s inevitable reality
and the necessity to master agronomic rescarch in Niger,
will incite us to scek the best possible use of assistance
from institutions which would like to collaborate with us
to improve Nigerien Agriculture.

1.1. An Innovative Collaboration

Today, assistance is required and used (o provide
INRAN with capabilitics in arcas where the institute has
no specialist. Our lack of specialists makes it practically
impossible to supervise the work done by the expatriate
scienlist who conducts his activitics without any control
from the institute. Obviously, when the expatriate re-
scarcher leaves the institute, his work lcaves with him, and
therefore can be considered practically lost. In order to
~chicve a better contribution, the expatriate scientist
must be absolutely integrated into the INRAN program
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and the rescarch tcam. Considering this fact, the assis-
tance tcam must rccognize that criticism is necessary to
brcak the isolation of both national and intcrnational re-
scarchers. The facilitics of the international rescarcher
and his management by a parallel structurc independent
from the institute do not facilitatc at anytime his integra-
tion, and the institute with its infrastructures appear as
just a transit arca for him to reach his personal goals. This
situation leads us to further question the importance of
such a cooperation which definitely does not help
INRAN and even blocks the INTSORMIL potential con-
tribution destincd to INRAN. The activity then, of re-
scarch for the international rescarcher must be an
integral part of the national program and a support to it.
So, INTSORMIL must be aware of our national program
and contributc to its reinforcement by helping in its for-
mulation and identitication,

1.2, Collaborative Training of Young Rescarchers

INRAN, a young institution with only 13 years of cx-
pericnce has a very young, well motivated but inex-
perienced rescarch staff. INTSORMIL can and must play
an cssential role with its scicntists who must be willing to
cducate these young rescarchers at all levels. As instruc-
tors, they have the ability to communicate through their
ficld and laboratory visits. Their great ficld and lab exper-
tisc must motivate and stimulate our young rescarchers.
A veritable partnership must be set up between them and
INRAN rescarchers. We must even speak about the spon-
sorship to take charge in the cducation of young re-
scarchers.

2. A Collaboration Leading to a Confident Inter-
Institutional Relation

INTSORMIL, as an exccutive agency of the Sorghum
and Millet CRSP must be for INRAN a source of rela-
tions involving all universitics. These relations must be
confident without ulterior motives. This means the in-
tegration of scientists from both sides. So, the institution,
must be regularly informed of the evolution of the com-
mon scctor of interest. In the case of the presence of re-
searchers, all communications should circulate following
the normal procedures of circulation of information in the
institution. This means according to the normal official
channcls whick include the other responsible parties from
the level of General Director down to other levels such as
the departments, the leaders of rescarch programs and
rescarch station scientists. To summarize, gencrally, the
participant rescarchers are not integrated in the ad-
ministrative structure nor inthe rescarch structures, from
which they escape completely; partly because of INRAN

deficiencies in human i csources, but also because of the
lack of precisc instructions from INTSORMIL about the
implantation of rescarch and researchers into our struc-
tures. In the future, it is absolutely nccessary to think
about this inscrtion of rescarcher participants into the
structures of the institute. The present conditions do not
favour this integration. At the present time, the INTSOR-
MIL rescarcher is unfamiliar with INRAN problems. In
fact, INRAN is not fully aware of their instructions and
ficld plans for their trials. We need improved program in-
tegration and collaborative planning,

3. A Collaboration Concermed About the Role

David Bell, quoted by S. Wortman and R.W. Cum-
mings, Jr. said "le programme d'aide A Pétranger, c'est-
A-dirc cn fait Passistance doit étre un Partenariat.” This
means that the International Aid, in fact assistance must
be a partnership. He adds: "T'aide n’est pas quelque chose
que le donnateur fait pour le bénéficiaire, mais beaucoup
plus avec ui.” This means that the beneficiary is more con-
cerned about what he will learn from a giver than what he
will be given. The conditions of an cfficient collaboration
is frankness and the respect of the well known interest of
the partner. We must say that often our institutes are just
considered as structures through which one must go and
conduct his rescarch, then accumulate results, products
of which activity are transferred out of our control. In the
present conditions of general weakness of INRAN, we
consider the collaboration as assistance to reinforce the
rescarch capacities of INRAN in order to preparc it to be
a partner on which we cian count on in the achicvement
of all common research operations,

Conclusion

As written by PAPON, a developing and Saliclian
country like Niger is facing three major problems:

-The satisfaction of its basic needs (mainly food);

-The improvement of the conditions of living stand-
ards;

-The protection of natural resources which niay satis-
fy the present and the future needs.

The mission of INRAN is to contribute, through re-
scarch, to remove the constraints to the agricultural
development, and the collaboration with American
Universitics must help in its mission because, as written
by R.W. Cummings, Jr. "Les Universites Americaines
reconnaissent les séricux besoins des pays en voie de



développement, clles reconnaissent que les membres de
leurs staffs peuvent aider a réduire les problémes de la
faim et peuvent bénéficier du point de vuc professionnel
de leur expéricnce a I'étranger et clles reconnaissent que
quelques lccons appriscs ailleurs peuvent étre pertinen-
tes chez clles. §'il en est ainsi alors la politique de col-
laboration, de coopération scientifique prend toute son
importance. Il s’agit maintenant qu'elle soit assurée de
facon équitable 3 la satisfaction des deux partics et quelle
scrve au micux les intéréts du partenaire le plus faible™.
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This quotation means that American Universitics recog-
nizc the serious needs of developing countrics, that their
stalfs can helptoreduce hunger problems and can benefit
from the international and profcssional expericnee, and
they recognize that sometimes, lessons Icarned elsewhere
can be relevant to them. As such, the policy of collabora-
tion, of scicntilic cooperation becomes more important.
This policy must be sccured for the cqual satisfaction of
both partners but better serves the interest of the weakest
partner.
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Sudan

Dr. El Hilu Omer
INTSORMIL/ARC Coordinator
Gezira Agricuitural Research Station

Introduction

:

Sudan is a vast country occupying an arca ap-
proximately 2.5 million sq. Km. The potential cultivable
land is about 74 million ha, whereas the total cropped arca
is cstimated at 10 million ha. The remaining represents
grazing land, forests or uncultivated arca.

Sorghum and millet arc the main cereal food crops of
the population. Grain sorghum occupics about 40% of
the total cropped arca. It is mostly grown under rain and
only 7% of the sorghum arca is irrigated. The mechanized
farming contributes about 62% of grain sorghum
produce, 237 is harvested from the traditional sector and
the irrigated schemes yield about 159%..

Millet comes next to sorghum in arca (1.6 million ha).
Itis mainly produced in west Sudan (90-95% of the total
arca) Table 1 summarizes the arcas occupiced by the two
cereals, total production and average yicld in relation to
whcat during the scasons 1985-86).

Table 1. Grain area, production and average yield
(1985-86).
Arca Production Yicld
(000 ha) (000 M) (\g/ha)
Sorghum S184(74.5%) 3403(86.5%) 656
Millet 1039(23.6%) 351 (8.9%0) 214
Wheat 134 (1.9%) 178 (4.5%) 1328
Total 6957 3932

Rescarch policies shall continue oricnted towards
agricultural scctor objectives and overall development
and national goals. Thesc goals aim for:

. Sccuring sclf-sufficicncy in grain focd.

2. Maintaining strategic food reserve to offset the ef-
fects of instability in food production.

3. Increasc the country’s forcign carning,

4. Generate employment for the rural community.

5. Contribute to cqual distribution of wealth between
diffcrent regions.

6. Maintain, conscrve and develop natural resources.

Inbroad tcrms, the mandates of Sudan agricultural re-
scarch arc no diffcrent from mandates of any national or
regional rescarch organization and essentially aim for the
realization of national goals. These can be summarized as
follows:

1. To identify constraints to agricultural devclopment.

2. To devise means of alleviating these constraints
through technological advances,

3. To assist in the transfer of technology to the farmer
through cooperation with other institutions and national
and international rescarch organizations,

4. To participate and advise the government in draw-
ing its agricultural development policy.

Sorghum/Millet Research

Constraints affecting sorghum/millet production are
NUMCrous.

Prioritizing them is not an casy task, but somc of these
constraints mentioned here are over-riding problems,
ARC program in the next five years shall continue ad-
dressing these constraints.

1. Drought Resistance

The successive drought years that have affected Sudan,
among a number of African countries, greatly reduced
production, resulted in famine, caused decertification
and inappropriated producer prices.

The cffect of drought is exemplificd by examining yicld
data of scasons 1984 and 1985 (Tablc 2). The former was
a drought scason, whercas the latter is considered a nor-
mal scason.



Table 2.  Sorghum/Millet production (1984 and 1985).

Arca Production Yicld
(000 ha)  (00OM.T)  (kg/ha)
Sorghum
1984 (Drought) 3010 661 209
1985 (Normal) 4897 2864 587
% increase 63 333 181
Millet
1984 1280 161 122
1985 1720 417 238
% increase 34 159 95
B

ascd on datain current Agric. Statistics, Statistics Scction,
Dept. of Agric. Economics, Ministry of Agric. (1988).

Our collaborative cffort is giving the drought program
due attention and the lines that succeeded in making a
crop under the harsh conditions of the 1987 scason in
Gadambali hold promise that we may succeed in the next
five years in narrowing the gap between a drought scason
and an average scason,

2. Striga Rescarch

This is a most challenging arca of research, The
acrcage claimed by Strige is increasing from one scason
to the other. In badly affected arcas yield deficit may be
as high as 70-100%. A contributing factor to this increase
is the agricultural system adopted by farmers in the
country. Whether in mechanized farming or the tradition-
al scctor, sorghum is cultivated after sorghum,

In spite of the voluminous research published on Striga,
an casy solution to the problem is not within rcach. We
need to know more about the biology of the parasite,
devise better means of chemical and cultural control and
improve host plant resistance.

Our country program, with the help of INTSORMIL
and IDRC, is adopting an integrated control approach in
farmers ficlds where rescarcher-managed trials proved
the supcriority of using a resistant cultivar (SRN-39) or
(IS-9830), nitrogen in the form of urea (192 kg/ha) as
post-emergence,

The cffects of crop precursors, intercropping and
mixcd cropping are ongoing activitics of the program, We
hope through morcin depth investigation in collaboration
with INTSORMIL scientists and other interested or-
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ganizations, we accumulate more better understanding to
the solution of this problem.

3. Millet Improvement

Millet in the Sudan is a poor man’s crop. The cultivars
grown in the country are low yiclders. Millet rescarch in
the country is still very deficient in many respects. We
nced to strengthen the millet improvement program
through strengthening the research capabilities par-
ticularly with regard to rescarch manpower.

Future rescarch objectives should address improving
yiclds and prescribe the best cultural practices to suit the

harsh conditions of the west.

4. Pests and Discases

The most prominent pests affecting sorghum are the
stem borers and the central shoot fly. Aphids usually
come late during the scason and may become a problem
carlicr in drier scasons. American bollworms may oc-
casionally reach a worrying level.

Besides chemical control, the program aims at screen-
ing germplasm against pests.

Charcoal rot resistance, legitimately, is well connected
with breeding for drought resistance. Sclection for
drought tolerance should be based on a number of
desirable traizs including resistance to charcoal rot. Smut
discascs are still a priority in our discasc control strategy.
This shall included promotion of effective chemicals and
discasc resistance research. Leaf discases arc a problem
in_ high rain-fall arcas. A discase resistance program
needs to be initiated to meet our need in these locations.
Downy mildew and leaf discasces of millet need to be sur-
veyed and their damage be assessed. The appropriate dis-
casc control program can then be initiated.

5. Agronomic Rescarch

The recommended three-course rotation (Sorghum-
sesame/cotton-fallow) for the mechanized farming is not
adhered to by most farmers because sesame harvesting is
labor intensive and cotton requires expensive inputs, The
tendency is for continuous sorghum monoculture. Land
preparation is carried out by wide-level disk when the
land receives 120-150 mm rainfall. The number of disk-
ings varics from one to three depending on weed density,
During the last disking operation, planting is done with a
sceder box. The only subsequent cultural practice is a
light hand weeding. Fertilizer is not applied. Plant
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population is usually less than optimum and sorghum is
hand harvested but threshed with a stationary thresher or
combinc harvester.

Future rescarch plan should address the following

L. Improved method of land preparation for maximum
moisturc utilization

2. Adoption of herbicides for weed control in rainfed
arcas

3. Row planting compared to broadcasting

4. Optimum plant population for the different rainfall
arcas

5. Nutritional requirements of the crop in the
mcchanized farm

6. The best rotation for the rainfed crop

6. Socio-Economic Studics

The success of agricultural rescarch program is judged
by the acceptance and the rate of adoption of the tech-
nology generated by the producer. This is where socio-
cconomic rescarch is most needed. Socio-cconomic
rescarch is a recent addition to our collaborative activity.

The coming five year plan should witness more in
depth survey of target arcas, identify favorable factors
and constraints to the adoption of new technologies and
verify the economic profitability of new packages.

7. Food Rescarch

Previously, the input of the food scientists was con-
sidered a late activity of the cvaluation process. Now,
ARC policy is to encourage the integration of the food
technologistin all food research programs as carly as pos-
sible.

The program will continue addressing problems re-
lated to baking and nutritional qualitics of breeder
material.

Human Resource

Trainingis the priority of prioritics in rescarch. Admit-
tedly, Sudan ARC, compared to other African countrics
may be considered among those having the highest num-
ber of qualificd personnel, but ARC is the sole organiza-

tion in the country officially responsible for conducting
rescarch on ficld crops, horticultural crops, forestry, fish,
animal game and food rescarch. The country is vast with
many stations to mecet the nceds of the agricultural
devclopment in the different regions. Furthermore, ARC
is annually losing a big numbcr of its qualificd personncl
because of low salarics and attraction from ncighboring
rich countrics.

If we consider the two crops, sorghum and millet, we
find there is great need for more scientists. The greatest
cmphasis on sorghum is handled by Gezira Rescarch Sta-
tion. Apart from the two breeders in sorghum, all other
rescarch workers have obligations towards other crops
and/or administration. The situation in EI Obeid, where
millet rescarch is handled, is no better than GRS.

We would like in our next five year plan to train more
scicntists to fulfill our need in the different stations. In-
service training for both scicntists and supporting staff is
of utmost importance. Exposure of our scientists to ex-
perience, techniques and achievements of U.S. scientists
is vital to solving our own problems. Although govern-
ment policyis strongly for training, financial resources are
usually insufficicnt to meet the needs of the country, We
hope that USAID and INTSORMIL give this due con-
sideration,

Our prioritics in training for the next five years are:-

No. of Scicntists

Disciplinc (Ph.D.)
Breeding

Agronomy and Crop Physiology
Entomology

Pathology

Mcchanization

Economics

Striga (Biology)

e NN B W

Our Relation With INTSORMIL

I am particularly happy with the way our program has
been conceived and successfully developed as a model of
collaboration between INTSORMIL and our national
scientists. The scientist to scientist multidisciplinary ap-
proach which INTSORMIL adopts, in my judgement,
would reflect itself in the years ahead in a significant im-
pact of the results on improving sorghum and millet
production,



Mr. Chairman, [ would like to take this opportunity to
thank the organization, its former director, Dr. Glen
Vollmar, the present director, Dr. John Yohe and the col-
laborating scicntists for their continued help. We thank
Dr. Allen Kirleis, the country coordinator who,
throughout our association with INTSORMIL,
responded with a great sense of dedication. The prompt-
ness and elficiency of Katy Ibrahim and the staff of
USAID Mission of Khartoum deserves our praisc.
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Mr. Chairman, our presence here today in this impor-
tant meeting is an indication that INTSORMIL is deter-
mined to continuc its global mission in improving
sorghum and millet production. We in the Sudan feel that
INTSORMIL scicntists shared with us our responsibility
and provided invaluable scrvices to our country during
the 1980’s. We do look forward for continued strengthen-
ing of our national capabilitics in the decade ahcad.
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Southern Africa: Botswana

Dr. R.L. Vanderlip
Kansas State University

Botswana was designated as the prime site in the
Southern Africa ccogeographic zonc in the INTSORMIL
global plan (INTSORMIL, 1985). Sorghum and pearl
millet producing arcas in southern Africa are geographi-
cally removed from thosc in the cast and west Africa and
generally are characterized by extremely wide variation
in annual rainfall and patterns of annual rainfall. Choice
of Botswana as a prime sitc complements the
SADCC/ICRISAT Center at Bulawayo in Zimbabwe.
The two locations are close cnough together and acees-
sible for continued interaction but diverse cnough to
allow a range of environmental conditions to be encon.
passcd.

Norman ct al. (1987) have described the farming sys-
tems in Botswana. Table 1 shows sclected characteristics
of agriculture in the Mahalapyc arca. Sorghum and mil-
let production is o an extensive system in which the crop
is broadcast and plowed in with multiple plantings tc
reduce the risk of crop failure because of the extremely
variable rainfall patterns. Earlicr work has suggested
that..."the chance cffects of the weather tend to be
preduziaant over those of soil and technology, and the
potential of a site at planting may quitc literally be any-
thing between 0 and 2 T/ha more depending upon sub-
sequent weather” (DLFRS, 1978).

Table 1. Botswana agriculture, Mahalapye (from Nor-
man et al. 1987).

Climate
Rainfall - 47¢ mm/yr
Rainfall >.5 pet - 0 months
Farm size
Cultivated land - 5 ha
Total land - 17 ha
Residences
Village
Lands arca
Cattle post
Cropping Systcm
Crops - sorghum, millet, cowpea, mclons
Sorghum yicld - 74 kg/ha
Power - animal
Planting system - broadcast and plow in
Pcak labor - weeding, harvesting

Major constraints to sorghum and millet production in
Botswana arc identificd in the Global Plan (INTSOR-
MIL 1985) and include limited moisture, stand cstab-
lishment, insccts, discases and price policies. I think it is
obvious why the constraints to production list limited
moisturc as the first constraint. | would suggest that we
should add to this list trained personnel. This training
nceds to be both at the B.S. and postgraduate levels. In-
itiation of the agricultural program at the University of
Botswana should help in this regard, however, this will
take some time before the impact is felt in the rescarch
and extension programs,

Collaboration in this region s excellent with a very sup-
portive AID mission in Botswana, the Southern African
Center for Cooperation and Agricultural Rescarch
(SACCAR) being in Botswana and the
SADCC/ICRISAT Center at Bulawayo, Zimbabwe com-
plementing the Department of Agricultural Rescarch at
Botswana and the INTSORMIL program. Collaborative
work in Botswana is carried out in two very different but
complementary ways. First, there are two INTSORMIL
cmploycees stationed in Botswana, the first, Dr. Doug
Carter, being stationed there as a complement to the
Agricultural Technology Improvement Project (ATIP)
and the other P, Dr. Naraine Persaud, being added to
provide assistance in the arca of soil-water relations, Ob-
jectives for the INTSORMIL Pls are 1) provide interim
personnel while DAR personnel are away for training, 2)
determine cffects of mulch and manure on sorghum yiclds
and 3) dctermine feasibility of water harversting, The
sccond type of collaboration is through U.S. based PI
projects conducted in Botswana in collaboration with
DAR scicntists. Arcas of research are sorghum and mil-
let breeding, entomology, plant pathology and stand cs-
tablishment.

Major accomplishments resulting from the total IN-
TSORMIL cffort in Botswana arc as follows:

e Waynce Youngquist replaced Lucas Gakale
while he was completing a Ph.D. at the Univer-
sity of Ncbraska.

e Usc of mulch produced mixed results, ranging
from decreased yiclds to increased yiclds,
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¢ Use of manure increased yields, with incrcases
becoming greater as yicld levels increased. An-
nual applications arc not nccessary.

e Both macro- and microwatershed water harvest-
ing can increasc yields. Other considerations
such as flooding and nuiricnt availability must
be considered.

e Closc collaboration between Louis Mazhani,
DAR sorghum breeder, and David Andrevs,
University of Ncbraska. Louis is presently com-
plcting a Ph.D. at the University of Nebraska.

o Chris Manthe, Ph.D. student at Texas A&M, in
collaboration with Geaorge Teeles, has iden-
tified resistance to the sugarcanc aphid and col-
lected local predators.

e Baikabilc Motalaote, plant pathologist, com-
pleted M.S. at Texas A&M and continucs to
collaborate with Gary Qdvody.

e Miranda Mortlock, Ph.D. student at Kansas
State University, conducted stand cstab-
lishment studics on sced quality effects in col-
lat.oration with the ATIP and ADNP Farming
Systems projects in Botswana, She now is teach-
ing at the University of Botswana.

Future plans for the BotswanasUS collaboration an-
ticipatc the continued presence of in-country col-
laborators as well as Botswana/US scientists-to-scientists
ccllaboration. In addition, a greater effort should be
made to train the DAR scientific staff and better coor-
dination with SADCC/ICRISAT and SACCAR should

be pursucd. Because the in-country collaboration is tied
by Mcmorandum of Understanding to the ATIP project
which will terminate in 1990, it is imperative that the fu-
turc of in-country collaboration be evaluated and jointly
planncd by DAR, AID/Botswana and INTSORMIL.

Sorghum and millet production in Botswana is under
extremely severe climatic conditions. Sorghum yiclds in
Botswana frcquently average less than 500 kg/ha, even
though rainfall in castern Botswana should be sufficicnt
to allow production of 2,000 kg/ha in most ycars
(Lightfoot, 1979; Thompson, 1988). Botswana has the
resources and the historical record of using these in
agricultural schemes if practices for increasing produc-
tion could be developed. INTSORMIL, thus, has the
potential for making significant impacts on food produc-
tion in Botswana if significant alleviations to the con-
straints can be identified.
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CIAT/South America: Colombia

Dr. Lynn M. Gourley
Mississippi State University

Background

Located in the northwest corner of South America,
Colombia is bordered by Venczucla, Brazil, Peru,
Ecuador, and Panama. It is the continent’s fourth largest
country with 114 million hectares land of which only 5%
is cultivated. Colombia, with 26.5 million pcople, is ex-
pected to surpass Argentina by 1990 to become the third
most populous nation in Latin American after Brazil and
Mecxico. About 30% of the total population lives in rural
arcas, which represents a work force of about 8.8% of the
total population.

Gross domestic product of Culombia was $32.0 billion
in 1985 of which agriculturce contributed 21.9%. Major
agricultural products include coffee, bananas, cut
flowers, cotton, sugarcanc, livestock, rice, corn, tobacco,
potatocs, soybeans, and sorghum. Per capita income is
slightly morc than $1200.

Coffce is the main stay of Colombia’s export scctor,
representing 46% of the 4.03 billion dollars of total export
carnings. Overall, agricultural exports contribute over
70% of Colombia’s foreign cxchange carnings. The
United States received 43% of Colombia’s exports in 1985
and supplicd 35% of her imports.

Cciombia has three main topographical regions: flat
coastal arcas, central highlands, and castern plains or
Llanos. The climate varics from hot and humid on the
coast and the Llanos to cool weather with frequent light
rains in the highlands. The highlands cxperience two dry
scasons, from December to February and from June to
August. The Llanos at Villavicencio has an average an-
nual precipitation of 2614 mm with a pronounced dry
scason from December through March,

The ninc castern departments (states) and territorics,
constituting about 54% of Colombia’s arca, have Icss than
3% of the population and a density of fewer than one per-
son per squarc kilometer. This is the target zone of
Colombia for cxpanding the arca planted to sorghum and
pearl millet.

Production Cons traints

The most important constraint to increascd sorghum
and pcarl millet arca of production in Colombia and

gencrally throughout South America is soil acidity. South
Amecrica has the largest arca of acid soils in the world.
These unproductive acid soils contain toxic levels of Al
and somctimes Mn, cnough to inhibit the growth of major
cercal crops. In addition, they arc characterized by low P
content and availability due to high chemical fixation.
They arc also deficicnt in various other plant nutricnts.
Subsoil acidity, with subsoil being defined as those layers
of soil immediatcly below the layer disturbed by cultiva-
tion, is really what is being addressed in estimates of the
extent of acid soil. This subsoil acidity is important be-
causc it limits the depth of rooting of Al-sensitive cul-
tivars, thereby, reducing both the amount of available
watcr during rainless periods and the subsoil nutrient up-
take. It has not been possible to apply traditional agricul-
tural practices successfully in these arcas because of
limiting factors including: lack of access to capital; inade-
quatc transportation and marketing systems; and the high
cost and incquitable supply of production inputs for
resource-poor farmers. To initiate sustainable agricul-
turc, a technology based on low-inputs of soil amend-
ments is required.

The second most important constraint to sorghum and
pcarl millct production is drought. In many parts of the
South Amecrican ccogeographic zone, drought duc to
variablc rainfall patterns is an annual problem, The north
coast of Colombia is the most consistent drought prone
arca of this prime site during normal production periods.

Other production constraints include plant discascs,
insccts, and birds. A lack of adapted germplasm, posscss-
ing stress tolerant characteristics, has also been a produc-
tion constraint. As previously mentioned, the low
population density in the Llanos can be considered a
production constraint because of limited roads, markets,
and other infrastructure,

Collaboration

Collaborative rescarch in the Prime Site of Colombia
operates under two formal agreements. In 1981, a
Mcmorandum of Intention was signed by the Directors of
INTSORMIL, ICRISAT, and CIAT. Research started in.
1982 was formalized by a Memorandum of Agreement
between the National Program of Colombia (ICA) and



INTSORMIL which was signcd in 1988. CIAT invited IN-
TSORMIL to conduct sorghum and millet rescarch at
their facilitics after the question of mandated crop
specics had been cleared with ICRISAT. CIAT has
provided infrastructure, a core of professional staff re-
scarching production problems of other crop species on
acid soil, rescarch supply import and finance privileges,
cquipment, various rescarch laboratories and substa-
tions. CIAT’s outreach programs throughout South
Amcrica have saved INTSORMIL time and moncey in the
pursuit of rescarch objectives. CIAT is an ideal base of
operations, but ICA is the primary collaborating institu-
tion. ICRISAT has supported INTSORMIL's rescarch
objectives in Latin America, both from ICRISAT Center
and from its outrcach program at CIMMYT, financially
in the case of workshops and with sorghum and pear! mil-
let germplasm. ICRISAT has requested that INTSOR-
MIL. continue breeding sorghum for tolerance to acid soit
constraints and to take the lead in this rescarch in Africa
as well as Latin America.

Colombia docs not have a USAID Mission, only arep-
resentative. Funding for this Prime Site is from the IN-
TSORMIL MS-111 budget and funds allocated by ICA.
The acid soils rescarch initiated at this Prime Site has at-
tracted outside funding to INTSORMIL by several or-
ganizations. The El Alcaravan Foundation along with
commercial sced company financial support will assist fu-
ture collaborative rescarch of ICA and INTSORMIL in
Colombia. The production and cxtension oriented or-
ganization, FENALCE, has also provided funds in the
arca of drought tolerant rescarch. INTSORMIL is col-
laborating with the National Agriculture Universitics at
Palmira and Villavicencio by assisting Colombian stu-
dents, working for their B.S. degrees, with their thesis re-
scarch in sorghum. This helps INTSORMIL and ICA to
conduct sorghum research at a very reasonable cost.

Collaboration withthe TROPSOILS CRSP and the In-
ternational Board for Soil Rescarch and Management
(IBSRAM) has been initiated, but not formalized. Net-
working through these international organizations and
the Colombian Prime Site, INTSORMIL has cstablished
collaborative rescarch linkages with EMBRAPA-Brazil,
FONAIAP-Venczucla, and INITPA-Peru in the major
acid soils arcas in South Amcrica. Within INTSORMIL
institutions, most plant breeders have had plant
germplasm cvaluated in Colombia through germplasm
exchange. Specific long-range rescarch goals in Colom-
bia now include pearl millet (NE-118 and KS$-101),
drought tolerance (TAM-122), pathology (TAM-124),
and grain quality (TAM-126 and PRF-103B) investiga-
tions. Some entomology input is also provided by MS-105.

Objectives

The specific rescarch objectives of the Prime Site
project (MS-111) arc as follows: (1) To establish a
rcgional program for the development of sorghum and
pearl millet germplasm with tolerance to low pH tropical
soils with phytotoxic levels of Al (2) To screen and
cvaluate a portion of the world sorghum and pearl millet
collections for tolerance to Al and Mn toxicities, and low
P availability; (3) To incorporatc sources of tolerance to
Aland Mn toxicities, and low P availability into clite U.S.
and tropical sorghum genotypes; (4) To develop mini-
mum-input technology strategics for the evaluation of Al-
tolcrant sorghum lincs grown on tropical savanna soils;
(5) To distribute sorghum and pearl millet germplasm
developed from INTSORMIL and ICRISAT projects to
national programs in Latin America and Africa; (6) To
train and assist Latin American and African scicntists in
the usc of effective breeding and screening methods for
the adaptation of sorghum and pearl millet to acid soils;
and (7) To assist other INTSORMIL projects in the ac-
complishment of their Colombian Prime Site objectives.
Gencral regional objectives are to develop sorghum and
pearl millet rescarch networks throughout South
Amcrica, conduct research and other training activitics,
distribute germplasm, consult on problems and oppor-
tunitics, and to transfer any technology developed by IN-
TSORMIL, ICRISAT, CIAT, or INTSORMIL
Universilies.

Accomplishments

The list of accomplishments for the six years INTSOR-
MIL has been involved at the Colombian Prime Site is im-
pressive. In outline form, some of the major
accomplishments of the rescarch conducted in Colombia
arc as follows:

1. Germplasm released or near release includes 11
pairs of brown midrib (low lignin) A and B-lincs, three
pairs of Al-tolerant A and B-lincs, two random-mating
Al-tolcrant (B-linc and R-line) populations, and seven
photoperiod sensitive tropically adapted R-lines, and
three photoperiod insensitive temperate zone adapted
Al-tolcrant R-lincs.

2. A reliable and repeatable ficld screening technique
for Al toxicity as represented in the humid tropics has
been developed.

3. About 400 Al-tolerant lines from the Sorghum
World Collection have been identified.



4. A few mangancse-tolerant lines from the Sorghum
World Collection have been identificd.

5. An Intcrnational Acid Soil Workshop, funded by
ICRISAT, INTSORMIL, and CIAT, was conducted in
Colombia and helped to establish a network of scientists
working with the problems of acid soils in Latin America.

6. The proccedings of the above workshop were
published in English and will soon be published in
Spanish. The first printing of the English cdition of 600
copics has sold out.

7. INTSORMIL introduced pearl millet and finger
millct into Colombia as acid soil tolerant specics.

8. Wc have screened about one-half of the 5000 entry
Ethiopian sorghum collection for tolerance to Altoxicity.

9. INTSORMIL and ICA arc presented evaluating Al-
tolerant by tolerunt sorghum hybrids in Colombia.

10. Two books, nine chaptcers in books, and 23 referced
journal articles have been published by staff in this
project. Project personnel have been invited to make 15
formal presentations and have presented 12 additional
papers at professional mectings.

11. The acid soil rescarch conducted under this project
has attracted outside funding to INTSORMIL and ICA.
The El Alcaravan Foundation, a consortium of petroleum
companics in Colombia, has agrced to provide funds for
five years to conduct sorghum and pearl millet breeding
and cvaluation rescarch in the Northeastern Territory of
Arauca.

12. Eleven graduate students have received advanced
degrees with INTSORMIL projects associated with the
Colombian Prime Sitc. Ninc graduate students are cur-
rently being traincd at INTSORMIL Universitics. Dr.
Guillermo Munoz (Ph.D., MSU, 1988) is currently the
INTSORMIL Prime Site Coordinator. Mr. Cesar Ruiz
(M.S,, MSU, 1987) has rcturned to Colombia as ICA’s
sorghum breeder at the La Libertad station. The IN-
TSORMIL Colombian Prime Site Project is using IN-
TSORMIL and outside funds to aid ten Colombian
students working toward their B.S. degrees with their
thesis rescarch in sorghum,

The Future

Are the Prime Site objectives still valid? Changes have
bcen made as the need became apparent during the last
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six years. Pearl millet has becn added to the list of acid
soils spccics. Pearl millet will exceed sorghum yields at
higher Al saturation levels and requirces less fertilizer than
sorghum. Finger millet is a very acid soil tolerant specics
which will be cvaluated in the future. An additional
change in the sorghum breeding rescarch is the progres-
sion from the short and mid-term goals of screening and
cvaluating Al-tolerant genotypes as varicties to the long-
term and ultimate goal of developing Al-tolerant high
yiclding grain sorghum hybrids.

The reduction of INTSORMIL funds required the dis-
continuation of the cvaluation site in tke decp Llanos at
Carimagua, Colombia. Outside funding from the El Al-
caravan Foundation has allowed INTSORMIL and ICA
to evaluate sorghum and pearl millet at several locations
in Arauca. The results of INTSORMILs collaborative re-
scarch cffort with ICA has attracted this outside source
of funding,.

The answer to the question raised in the first part of
this scction is no. ICA’s long-range goals involve all IN-
TSORMIL disciplines. Original objeclives were con-
cerned only with the breeding discipline to solve the
production constraints of acid soils.

New strategics have been developed to help INTSOR-
MIL accomplish collaborative objectives. When you have
budget cuts you are forced to focus and prioritize. Annual
in-country planning sessions with most host country or-
ganizations (commercial sced companices have not been
invited to participate) and INTSORMIL have madc the
wholc collaborative cffort more cfficient. Specific re-
scarch problems are first prioritized and then assigned to
the in-country research organization with the besct
capability of solving this problem.

Another new strategy is to use the expertise found in
INTSORMIL to attract outside funding. Host country or-
ganizations other than the National Program, for cxample
FENALCE, will pay transportation and per dicm costs of
INTSORMIL PI’s to go to Colombia to help with specific
problems. Foundations involved with agriculture such as
the El Alcaravan can help fund INTSORMIL and ICA
rescarch and training goals. Mr. Luis Fernando Angulo,
El Alcaravan representative, has provided funds to obtain
equipment and to train National University students in
sorghum rescarch in Arauca. He has also agreed to help
INTSORMIL obtain the funds to conduct a sorghum and
millet workshop in South America.

Another untapped source of outside funding is the
multi-national commercial companics in the host country,
INTSORMIL is developing plans to involve the commer-



cial sced companies in Colombia to help cvaluate the
products of our collaborative rescarch. They arc willing
to provide funds to INTSORMIL and ICA for the
privilege of being involved at an carly stage in this process.
Ifthe commercial sced companics are not involved in the
process of getting this material to the farmers, the im-
plementation of this new technology will be delayed. If the
commercial companics are convinced that there is a sale-
able product, their demonsiration plots at ficld days will
help sell this technology to the farmers.

As the National Program becomes more acquainted
with the research programs and capability that INTSOR-
MIL has to offer and as INTSORMIL becomes more ac-
quainted with national program long-range goals and
production constraints within the country, collaboration
improves., INTSORMIL has provided advanced training,
opportunitics for not only ICA personnel, but also IN-
TSORMIL personnel. The last two in-country INTSOR-

MIL PI’s have been trained in INTSORMIL projects. IN-
TSORMIL linkages arc strengthened by maintaining
contact with National Program stafi' trained at INTSOR-
MIL universitics. This is perhaps the most long lasting
contribution that INTSORMIL can make to the host
country. New linkages have been established with the El
Alcaravan Foundation and the commercial sced com-
panics in Colombia. Many of the production constraints
in Colombia are also found in Venezuela, Brazil, Peru,
and Bolivia. The regional network of sorghum and millet
rescarch scientists needs to be maintained and
strengthened.

INTSORMIL’s collaborative rescarch effort in
Colombia has a high potential payoff for the USAID dol-
lars invested. The Colombian Prime Site can make valu-
able contributions to the goals of INTSORMIL in the
1990's.
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Central America: Honduras

Dr. D2=rell T. Rosenow
Texas A&M University

Background

Honduras serves as INTSORMIL’s Prime Site for its
collaborative activitics in the Central America-Mexico-
Caribbean Ecogceographic Zone., Sorghum is an impor-
tant drought tolerant, risk-aversion crop in Honduras as
well as other countries of the region. Sorghum is impor-
tant as both a food and feed crop. The proportion going
into human food varics with the supply of maize, but can
be high in years of a poor maize crop. The major food use
is as tortillas.

There are two distinetly different types of sorghum
grown in the arca. Onc is photoperiod inscensitive com-
binc height hybrids or improved varieties which are used
primarily by larger mechanized farmers in Central
America and over all of Mexico. The other type is called
maicillo criollos and these constitute the majority of the
sorghum in Central America. These are tall, highly
photoperiod sensitive sorghum varictics grown primarily
in intercropping systems with maize on small, hillside,
often steeply sloping farms on the Pacific side of Central
America. The areq extends from Southeast Guatemala to
Lake Nicaragua, with the heaviest concentrations in El
Salvador and Southern Honduras. In Honduras, ap-
proximately 56,000 ha are planted annually to maicillo
criollos out of a total of 62,000 ha for all sorghums. In all
of Central America, out of 330,000 ha of total sorghum
planted annually, 235,000 ha arc of the maicillo criollos
type. The maicillo criollos are planted at the beginning of
the long, but often very cerratic, rainy season in May, with
harvest during the dry scason in late December or
January.

Production and Utilization Constraints

Many of the constraints to sorghum production and
utilization in Honduras are related to the fact that most
sorghum is grown by small, resource poor, subsistence
farmers on steep hillsides. Major specific constraints are:
(1) Low yicld potential of the Maicillos Criollos; (2) In-
sects (fall armyworm, sced and scedling pests, stem
borers, midge) (3) Discases (downy mildew, grain mold,
acremonium wilt, foliar discases; (4) Food grain quality;
(5) Drought; (6) Soil, topography and related problems;
and (7) Availability of sced of improved types.

Collaboration

The major collaboration of INTSORMIL in Honduras
is with the National Sorghum Program in the SRN
(Sccretary of Natural Resources), and is covered by a
MOU signed in 1982, In 1988, a MOU with the
Panamerican Agricultural School (EAP) was signed to
formalize the officing of Dr. Dan Mcckenstock at the
school, collaborative activitics involving INTSORMIL
graduate students and EAP/USAID/SRN collaboration
and rescarch activitics supported by USAID. The Hon-
duras USAID Mission has made major contributions in
local currency to INTSORMIL/SRN/EAP collaborative
sorghum rescarch activitics. Major collaboration and net-
working activities has existed between INTSORMIL and
the ICRISAT/CIMMYT program in this arca as well as
with countries in the region. This includes co-sponsoring
regional workshops and the annual CLAIS (Central
Amcrican Sorghum Workers) meetings, participation in
regional CLAIS trials, sced and germplasm exchange,
and scicentist travel. Major networking activities exist with
El Salvador (CENTA and UES) and Guatemala (ICTA
and INCAP), as well as with Mexico.

Objectives
Overall objectives of the program in Honduras are:

A.Reduceyield loss and increase sorghum production
and utilization thru breeding, agronomy, entomology,
pathology, and ccreal technology.

B. Support sorghum rescarch programs in the region
thru:

1. Planning and coordinating rescarch

2. Developing and distributing germplasm

3. Developing and releasing improved varietics and
hybrids

4. Joint workshops

5. Graduate study and rescarch

6. On job training

C.Enhance (echnology transfer thru on-farm trials and
sced production.



The program in Honduras is multi-disciplinary and
multi-institutional. Specific scientists, institutions, and re-
search activitics in Honduras to carry out the collabora-
tive program includc:

Breeding
1. F. Gomez - breeder at Choluteca with SRN-all

breeding aspects plus the major host-country col-
laborator.

2.D. Mcckenstock - INTSORMIL/SRN/EAP/TAMU
breeder at EAP-all breeding aspects plus overall coor-

dination in Honduras and networking in region.

3.D. Roscnow - TAMU  discasc resistance, drought,
germplasm,

4. G. Peterson - TAMU - midge resistance.

5. F. Miller - TAMU - food type varictics and hybrids
- F. Gomez (Ph.D))

Pathology

L. R. Frederiksen - TAMU - downy mildew - other dis-
cases - (5. Wall (Ph.D.).

Entomology

L. H. Pitrc - MSU - sced, scedling, and foliage pests -
M. Castro (M.S. and Ph.D.) and C. Trabanino (M.S)).

2.F.Gilstrap- TAMU - biological control - R.Sequeira
(MS.).

Grain Quality

1.L.Rooney - TAMU - food, tortilla quality - C. Choto
(deccased).

Socio - Economic

1. B. and K. DeWalt - UK, 1981-83 - farming systems,
sociology, -anthropology, nutrition.

2. M. Futrell - MSU, 1981-82-sociology, nutrition.

3.J. Sanders - PU-agricultural cconomics, technology
transfer.

Agronomy
L. E. Ovicdo - intercropping.

2. D. Mcckenstock and F. Gomez - on farm trials-ex-
tension trials,

Accomplishments

INTSORMIL activitics in Honduras began in Oc-
tober, 1981 with the placement of Dr. Dan Meckenstock,
INTSORMIL/TAMU sorghum brecder, at Choluteca in
southern Honduras. He renovated the La Lujosa Experi-
ment Station near Choluteca, and rejuvenated the Hon-
duran National Sorghum Program.

A landmark study of the sorghum-maize intercropping
farming systems in the subsistence farm, hillside agricul-
tural arca of southern Honduras was completed and
found sorghum to be an important risk-aversion, multi-
purposc crop. The major constraints to production and
utilization were identified.

Sociological and nutritional ficld rescarch studies in
three localities in southern Honduras determined that
with the usc of sorghun in the dict, it is possible to grow
cnough maize, sorghum, and beans to meet energy and
protein requircments.

Three releases of photoperiod insensitive improved
sorghums have resulted from the SRN/INTSORMIL col-
laborative program. The varicty Tortillero was released
in 1982, the hybrid Catracho was released in 1984, and the
varicty Surciio was released in 1985, All are white sceded,
food type sorghums that produce good quality tortillas.
Sureio is a dual purpose varicty with good discasc resis-
tance, and grain with resistance to the maize weevil, grain
mold, and weathering,

Major emphasis in the breeding program is to improve
the traditional maicillos criollos. Improved photoperiod
sensitive maicillos breeding lines have been developed
and arc undcr intensive station and on-farm testing in
Honduras as well as in El Salvador and Guatemala, Some
lincs appear very promising and should be released soon.
Objectives arc to improve yicld potential, discasc resis-
tance, and grain quality.

Hybrid maicillos have shown a tremendous yield ad-
vantage over local maicillos criollos varictics. Breeding
for hybrid maicillos has become a priority breeding ob-
jective. Some B-linc improved maicillos have been iden-
tificd and arc being sterilized.



Numcrous on-farm trials have been established in
cooperation with Extension and USAID to cvaluate im-
proved varicties and management,

Seed production has been encouraged and enhanced
with an estimated 245,000 pounds produced in 1987 for
planting in 1988, of which 51,000 pounds were of the IN-
TSORMIL/SRN developed varicty, Sureio.

Breeding for sorghum sudan hybrid forages has been
initiated with emphasis on downy mildew resistance.

Grain quality rescarch indicates that sorghum grain
with certain traits can produce tortillas of comparable
quality to those of maize. Important traits were found to
be white grain with an absence of pigment or staining,
grain with little or no grain mold or weathering, grain with
a thick pericarp to facilitate pericarp removal, and grain
which retains a light color in the presence of alkali. Tan
plant color and tan or straw colored glumes are also
desirable. Quick quality tests and cooking trials have been
developed to sereen breeding material for these traits.

Discases of sorghum in Honduras have been iden-
tificd, and their importance determined through in-
cidence, severity, and loss assessment studices. Diseaes of
major importance are downy mildew, MDM, grain mold,
acremonium wilt, and foliar discases such as gray lcaf
spot, rust, zonate, and oval leaf spot. Local and intro-
duced germplasm has been sereened for resistance, and
resistance sources have been incorporated into the
breeding program. Acremonium wilt, a new discasc of
sorghum, was identified as a potentially serious discase in
Honduras.

Downy mildew has been identified as a serious discase
in scveral arcas in Honduras. A new, virulent pathotype
(P5) was identified in 1986 at Comayagua which attacks
most of the commonly used sources of resistance in the
U.S. New sources of resistance have been identified. A
downy mildew screening nursery has been established at
Comayagua.

Studics on biological control of the fall armyworm and
stem borers have been completed, and an exotic parasite
effective in controlling stem borers was mass reared and
released in Honduras and El Salvador and apparently has
become established in both countries, but at tow numbers.

The complex of insect pests, especially seed and sce-
dling pests, on intercropped sorghum and corn in
southern Honduras has been identified, studied, and con-
trol strategics developed. Important seed and scedling
pests inclade several soil inhabiting arthropods: white
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grubs, wircworms, rootworms, ants, and millipedes. The
"Longosta”, a lepidopterous larval pest complex which
ravages young sorghum and maize plants in Southern
Honduras in May and June, was identified to include
southern armyworm, fall armyworm, and two grass
loopers. A sorghum line, AF28, TAM 428, and scveral
maicillos criollos were identified as possessing a good
level of resistance (antibiosis) to the fall armyworm.
Midge resistant sorghums from the U.S. also show good
resistance in Honduras.

Over 200 native maicillos criollos (local sorghums)
have been collected from Honduras and neighboring
countrics. Over 75 have been introduced into the U S, and
44 have been entered into the cooperative TAES/USDA-
ARS Sorghum Conversion Program.

A close nctworking of sorghum rescarchers has
developed in the Central America, Mexico, Caribbean
arcaasarcsult of the INTSORMIL activitics. Infate 1987,
a major regional workshop emphasizing research on the
maicillos criollos was held in Honduras, cosponsored by
INTSORMIL, SRN, and ICRISAT/CLALIS.

Several Honduran and Central American students
have been trained, with several conducting their rescarch
in Honduras. Francisco Gomez (Flonduran) received his
Ph.D.in plant breeding at Texas A&M University and IN-
TSORMIL assisted in his placement as a sorghum
breeder with the Honduran government (SRN). He now
serves as Head of the Honduran National Sorghum
Program. Carlos Trabanino (Honduras) received a M.S,
in entomology at MSU and is now on the faculty at the
Panamerican Agricultural School (EAP) at Zamarano.
Other students include: Marco Castro (Honduras) - MLS.
and Ph.D. in entomalogy at MSU - currently working on
Ph.D. in entomology, Ronaldo Scqueira (Nicaraqua) -
M.S. in entomology at TAMU; and George Wall (El Sal-
vador) - Ph.D. in pathology at TAMU. U.S. students
receiving advanced degrees involving rescarch in Hon-
duras include: Miriam Fordham (M.S.), Karen
Thompson (M.S.), and Susan Duda (Ph.D.) in sociol-
ogy/anthropology from UK; Robert Jones (Ph.D.) and
Eunice McCullock (Ph.D.) in sociology from MSU; and
RobertJones (M.S.) in entomology from TAMU, Several
Central Amcrican rescarchers have been involved in
short term training missions to the U.S.

Current graduate students include Miguel Lopez,in
Ag. Economics with Sandcers (Ph.D.), Hector Portilloand
Julio Lopez in Entomology with Pitre (M.S.), and Lorena
Lastres in Entomology with Gilstrap (M.S.).
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The Future

The overall objectives of INTSORMIL in Honduras
and the region remain valid, but shifts in emphasis will
occur. Rescarch on the improved maicillos will continue
to be the major thrust of the program. Work on hybrid
maicillos will increase as will the on-farm testing and
agronomy programs. A poltcntial Honduran student has
been identificd to work on agronomy with Dr, Clegg at
Nebraska.

In addition to specific rescarch needs, special em-
phasis is nceded in several arcas: (1) Strengthen SRN in

research capability and number of collaborators; (2)
Strengthen SRN/EAP collaboration; (3) Develop col-
laboration with the USAID/H LUPE Projcct; (4)
Strengthen regional networking; (5) Improve student
identification and training; (6) Enhancing the role of
privatc industry in sorghum improvement and seed
production; (7) Develop appropriate seed policies to per-
mit and encourage private seed industry; and (8) Con-
tinuc to procure USAID/H local currency support. The
political and cconomic crisis in Central America is a
powerful force in the region and will continue to impact
futurc INTSORMIL activitics.
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West Africa: Mali

Dr. L.W. Rooney
Texas A&M University
and
Dr. Moussa Traore
Institute Economic Rurale, Bamako, Mali

Production and Utilization Constraints

Yicld stability in sorghum/millet production s of major
importance in Mali where food production is marginal
relative to population, Low soil fertility, drought, discases
and insccts are major contributors to yicld instability.
Grain is consumed as thick porridge (to) or couscous.
Milling properties are critically important. Head bugs
and molds adversely affeet grain quality, sometimes
rendering it unfit for human food. Food quality is critical-
ly important for acceptance of new varieties in Mali and
in W. Africa because producers consume sorghum or mil-
let at every meal,

Drought resistance and tolerance are affected by low
soil fertility. Due to a lack of nutrients, principally N and
P, usable watcer is left in the soil profile even by native
range plants in the Malian Sahel. Thus, work continuces
on the relationship between soil nutrients and water usc
cfficicncy in sorghum and millets grown at various fertility
levels. To make the best possible progress in grain
production in Mali, the development of an effective
knowledge of soil propertics and management is re-
quired. Hence, the strong interaction between TROP-
SOILS and INTSORMIL has been developed from the
inception of the Malian program.

The local sorghums are tall, have extremely loose
heads, leng black glumes that cover much of the kernel
and the stalks bend over at maturity. The kernels often
have thick pericarp with a hard kernel. These locals
produce low but consistent yields of grain with good seed
viability and good food quality. In contrast, the higher
yiclding improved types are affected by head bugs, grain
molds and weathering which together reduce yields or
markedly lower planting sced as well as lood quality.
Then the poor seed quality gives poor stand estab-
lishment and low grain yiclds from the improved types.
Stand establishment is a critically important constraint
cxacerbated by poor seed quality.

Discases arc critical constraints in Mali. Long smut is
present in western Mali, anthracnose in southern Mali,
and various other foliar discases. Striga is an important

constraint and downy mildew of millet is critically impor-
tant.

Sorghum/millet utilization is an important constraint
in good crop years when surplus production significantly
reduces grain prices. Transformation of the grain into
shelf stable more acceptable food products would
provide local employment, reduce importation of cercals
and stabilize grain prices. The poor image and (edious
labor required for daily processing of sorghum and mil-
let arc significant constraints for all sorghum/millet arcas
in the world.

Collaboration

Institutions/Agencics Involved:

Institute of Rural Economy (1ER), Bamako, Mali

Texas A&M University, College Station, Texas

University of Nebraska, Lincoln, Nebraska

TROPSOILS CRSP, Texas A&M University,
College Station, Texas

ICRISAT - Mali

ICRISAT

USAID - Mali

The Ciba-Geigy Foundation has finaiicially supported
the development of the CINZANA station since 1979.
The IDRC donated critically important milling equip-
ment to the laboratory carly in its development. The
program in Mali is an integrated cifort among INTSOR-
MIL, TROPSOILS, ICRISAT-Mali and the IER. The ef-
fort is so totally integrated that it is difficult to separate
the programs into specific scetions supported by any onc
agency. This vital collaboration among INTSORMIL,
TROPSOILS and ICRISAT-Mali continues to provide
cfficient use of limited resources.

In Mali, cach Malian scientist develops rescarch plans
cooperatively with their INTSORMIL counterpart which
provides lor effective rescarch planning, communications
and coordination. Major INTSORMIL collaborators



travel to Mali annually during the critical period of the
crop ycar to consult, conduct research and review
progress with their counterparts in Mali. Most Malian
scientists have been to the ULS. to iateract with their
counterparts.,

INTSORMIL has been in Mali informally since
November 1979. An initial Memorandum of Agreement
wassigned in 1981 with a formal rescarch contract for sor-
ghum and millet production and soil management studies
completed in 1984. The program has always intcracted
closcly with ICRISAT-Mali, TROPSOILS and IER.
USAID-Mali has strongly supported the efforts morally
and financially through additional small allocation for
funds to sponsor various activitics, i.c., cenglish training
for students, short term training/consultants and cquip-
ment.

Objectives

L Introduce new germplasm and evaluate their dis-
case, inscet, drought and genceral adaptation and food
quality under Malian conditions.

2. Identify breeding lines for various types of drought
and other stress resistance, study the underlying
physiological mechanisms through which such resistance
is obtained, and utilize the information gained in breed-
ing adapted high yiclding varictics.

3. Determine the interaction between soil fertility and
cfficicnt water use with different sorghum and millet
genotypes.

4. Define factors affecting desirable quality of sor-
ghunm/millet and how to sclect for them in breeding
programs.

5. Transform sorghum and millet into shelfl stable
products with enhanced value and acceptability as food.

Accomplishments
Training

INTSORMIL has provided short term and graduate
training for several key Malian scientists, Short term
trainee subjects include Physiology, Breeding and Food
Technology, The INTSORMIL coordinator, Dr, M.
Traore, completed a Ph.D. degree in physiology at the
University of Nebraska. Scientists trained in Food Tech-
nology, Pathology and Agronomy have returned to Mali
and collaborate in the program. Eight graduate students

arc training in INTSORMIL universitics to provide per-
sonncl to continuc the programs. They include
Agronomy, Breeding, Physiology, Soil Fertility and Soil
Chemistry.

Technical assistance to develop the Cinzana station, to
map the soils and obtain detailed physical and chemical
analysis of the soil profiles has been provided jointly with
TROPSOILS.

Equipment and short term consultants were supplied
to cstablish and install sprinkler systems and screening
procedures for drought tolerance rescarch at Cinzana.

Germplasm from U.S. breeders and the sorghum con-
version program has been incorporated into the Malian
breeding programs.

Sorghum and millet postharvest technology systems in
Maliwere documentedin 1979 and strategices for evaluat-
ing the quality of cereals, especially sorghum, for thick
porridge (10) were devised. Mini tests for testing milling
and 16 properties were developed and currently arc used
to evaluate breeding materials.

Sorghum dchlling propertics were defined by com-
bincdvillage trials in Mali and laboratory work in the U.S.
Sorghum with hard endosperm and thick pericarps was
definitely preferred for traditional hand pounding.

Equipment for the new food technology laboratory
was provided and personnel were provided short term
training programs in the U.S. Somne key milling cquip-
ment was provided by LD.R.C. of Canada during the carly
stages of the program.

Peart millet quality is affected most by variation in
dehulling characteristics. The size and shape of pearl mil-
let affects dehulling propertics significantly. Souna pearl
millets in general have reduced yields of decorticated
grain. The 6 doces not vary in quality among millet cul-
tivars as much as among sorghums.

The importance of head bugs on food quality of many
introduced sorghums was first recognized in Mali. Head
bugs are critically important factors affecting sorghum
yiclds and reducing food quality significantly in West
Africa, Malisor-84-7 appears to have some resistance to
head bugs perhaps because of its hardness.

A strong program in Agro-physiology has been
developed in Mali under the direction of Dr. Moussa
Traore in collaboration with Dr. Sullivan (NE-1 15). IN-



TSORMIL financing is supplemented by a USAID-
PSTC grant to Dr. Traurc as P.I,

Accomplishments to date arc:

1. A screeaing technique using charcoal pits for seed-
ing stage drought resistance is used on all breeding
malcrials including locals, introductions, new varictics
and crosscs.

2. Abscisic acid (ABA) sced treatment improves the
scedling survival rate of some sorghum genotypes., Sor-
ghums responding to ABA treatment generally have poor
scedling survival rates. Thus response 1o ABA may be a
usclul screcning test. Work continues in this arca.

3. A potential new technique for determining post
flowering drought resistance in the off scason is being
developed.

4. Differences in planting sced quality exist in Mali,
Sced viability differences significantly confound (he
results of performance trials cte. Sceds should be
produced in the off season or at a location where seed
quality is likely to be good, i.c., Bema. Seed quality of im-
proved types is a major constraint.

S.Ingencral, local varietics and well adapted sorghums
outyicld others through higher plant densities. Seed
quality in relation to stand establishment is critically im-
portant especially in harsh environments. Head bugs and
molds significantly affect sced quality as well as food
quality.

Progress has been made to determine factors alfecting
the "soils problems” in Mali through joint INTSOR-
MIL/TROPSOILS collaboration. Some "dune varictics”
originating in Niger appear tolerant.

Soil nutricnt water relationships are critically impor-
tant. Lack of nutricnts severely limits the ability o plants
to use available soil moisture. Phosphorous and nits Hgen
arc critical.

Seven improved sorghum lines from the Malian
program have been released. These Malisor lines 84-1 to
84-7 have different maturitics and characteristics for use
in specific regions of Mali. Malisor 84-7 has shown some
advantages in multiple cropping systems and is very hard
with some tolerance to head bugs. It has outstanding mill-
ing and td quality. Others better adaptedto rorthern Mali
arc more usclul for couscous, the major food system in
that arca.
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Some Malisor varictics arc grown by farmers under
different names especially in western Mali.,

An clfective interdisciplinary tcam of Malian scientists
now cxists in Mali. A spirit of cooperation cxists among
the key scientists involved which will Iead to many more
significant accomplishments in the immediate future. Ten
years ago that was not the casc.

These accomplishments arc the results of the coi-
bined cfforts of INTSORMIL, 1ER, ICRISAT-Mali and
TROPSOILS. It has truly been an integrated effort in-
volving multidisciplines. Especially in the carlystages, key
leadership was provided by ICRISAT-Mali.

The Future-Building on Accomplishments and linkages
Objectives

The current objectives are still valid; but they can be
refined to focus on more specific opportunitics that can
be attacked because of additional strengths in Malian
IER personnel. For example, work on pathology is cur-
rently being expanded because Mr. Diourte, IER
pathologist, returned to Mali after M.S. training. He
worked closcly with the breeding program this past crop
ycar and interacted with long smut rescarch being done
in Niger. Interaction with INTSORMIL pathologists is
planned.

Research on the head bug grain mold complex will be
expanded by an integrated approach of entomologists,
pathologists, breeders and food technologists. It includes
IER, INTSORMIL and ICRISAT. Head bugs arc a criti-
cally important constraint limiting sorghum improvement
in Niger, Burkina and other arcas of W. Africa. Mr.
Doumbia IER entomologist is available to collaborate
with Dr. Tcetes.

Millet breeding will be strengthened by interaction of
Andrews through Mr. Karim Traore who is working on a
M.S. at the University of Nebraska.

New Strategies

The USAID-PSTC grant terminated in 1988 and the
ICRISAT/Mali bilateral program terminates in 19%)
which will cause considerable change in operations and
mor¢ demands on an INTSORMIL budget that is inade-
quate to meet current demands. Continued funding of an
AID supported program beyond 1990 is essential to har-
vest the fruits and basic infra structure of the previous ten
years of cffort.
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We belicve it is necessary to design the next program
(Phasc II) to capitalize on strengths. It is clear that the
ICRISAT Sorghum Center for the subhumid tropics lo-
cated at Samako ncar Bamako will not adequately sup-
port the National IER program during (his critical Phasc
IT development. Perhaps, a program combining IN-
TSORMIL, TROPSOILS and ICRISAT could be
designed to build on the existing infrastructure including
the farming systems project.

The next program could focus on the transformation
of sorghum and millet into new food products based on
low level village scale processing technologics. The
cvaluation and testing of SORI and MILRI acceptability
is an example. If the products prove acceptable, after ad-
ditional laboratory and village trials the cconomics and
marketing aspects will require evaluation, To be success-
ful, an adequate, consistent supply of grain of the right
quality would be required. Thus, the need for improved
food quality varictics and inputs to produce adequate
supplics of grain would require continuation of essential
parts of the current program objectives. A constant supp-
ly of grain would be the basis for expanding the poultry
fceding industry.

Training Requirements

There is a significant need for additional trained per-
sonnclin Mali. After evaluation of existing personnel and
current trainees, the following arcas for training were
identified: Food Technology (1), Physiology (1), Soil
Science (1) Agronomy (1), Breedir 7 (2), Cercal Quality
(2), Entomology (2), Weed Control (2) and Pathology (2).
The Food Technology program will urgently need more
trained personnel with skills in chemistry and processing
technology if progress on utilization is expected.

Equipment

The current INTSORMIL vehicle will need replacing
in 1989 or 90. The laboratory will require significantly
more cquipment. Priority should be given to processing
cquipment and to develop chemical analyses in conjunc-
tion with other laboratories. A need exists for a physiol-
ogy laboratory at the Cinzana station.

Networking

Malian personnel have interacted with the Burkinan
Sorghum/Millet and Corn rescarch program through
Nursery Field Days in Burkina. Dr. Da, leader, Burkinan
Cereals Rescarch, spent a week in Mali in 1988,

Dr. Da has 15 scientists in his interdisciplinary tcams
located at three locations in Burkina. The headquarters
at Bobo Dioulasso is relatively close to Bamako, His team
contains cntomologists, pathologists, agronomists,
breeders and a food technologist. The problems in
Burkina are ncarly the same as those in Mali. Over the
long term, the needs and advantages of cooperation
coupled with personnel who like and respect cach other
cncourages coliaboration. A modest amount of funds
from international agencies could greatly facilitate this
cooperation.

The key to continued suceess in Mali is continued
training of key personnel and support for them when they
return to Mali. The INTSORMIL program had provided
continuing scicentific support and modest financial sup-
port to catalyze cfficient use of existing funds in Mali.
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West Africa: Niger

Dr. John Axtell
Purdue University

There arc several interdisciplinary activitics involved
in the INTSORMIL/INRAN/Niger Collaborative
Rescarch Program. In the past, the program had involved
participation by senior graduate students and post doc-
torates from INTSORMIL projects working in Niger
during the crop scason. A shift is now in progress to sup-
port INRAN collaborative research projects by returning
newly trained INRAN staff similar to the mode! that IN-
TSORMIL has developed in Sudan. The INRAN Dirce-
tor General and INRAN scientists are in agreement that
more of the collaborative rescarch support will go direet-
ly to INRAN scientists with collaborative tics to U.S.
based INTSORMIL principal investigators.

The following collaborative rescarch projects will be
continued for 1989/91).

Agronomy and Cropping Systems: Stand Establish-
ment of Grain Sorghum Linces. Issoufou Kapran, INRAN;
John Clark, NAAR/Nigcr; Steve Mason, Nebraska;
Gebisa Ejeta, Purdue; Richard Vanderlip, Kansas Statce;
and Helen Kasalu, Nebraska,

Agronomy and Cropping Systems: Contribution of In-
tercropped Cowpeas to Pearl Millet. Ibrahim
Mohamadou, INRAN; Maman Nouri, INRAN:; Chandra
Reddy, NAAR; Steve Mason, Nebraska; and Minamba
Bagayoko, Ncbraska.

Combining Ability of Aluminum Tolerant Sorghum
Hybrids in Niger. Moussa Adamou, INRAN; John Clark,
NAAR/Niger; Lynn Gourley, Mississippi State; and John
Axtcll, Purdue.

Development of Sorghum Varietics and Hybrids for
Use in Niger. Issoufou Kapran, INRAN; Charif Ari,
INRAN; and Gebisa Ejeta, Purduc.

Economic Evaluation of New Technologies in
Sorghum and Millet Production in Niger. Maliki Kadi,
DECOR/INRAN; Mahaman Issa, INRAN; O. Zarifa,
INRAN; Barry Shapiro, Purduc; and John Sanders, Pur-
duc.

Evaluation of Sorghuny/Millet Food Quality. Moussa
Qumarou, INRAN; Issoufou Kapran, INRAN; John
Clark, NAAR; and Allcn Kirleis, Purdue.

Genetic Studies on Pearl Millet Varieties from Niger
and_Other Countrics. Ouendeba Botorou, INRAN;
Waync Hanna, Georgia; and Gebisa Ejeta, Purdue.

Sorghum and Millet Pathology Program. Idrissa
Soumana, INRAN; Issoufou Kolo, INRAN; Omer El
Hilu, ARC/Sudan; and Richard A. Frederiksen, Texas
A&M

Influence of Nitrogen and/or Phosphorus on Total
Water Use and Water Use Efficicncy of Pearl Millet,
Charil Ari, INRAN; Jerry Maranville, Ncebraska; and
Goube Gaoh, INRAN,

Physiology Program. Abdourahmane Alou, INRAN;
Parcsh Verma, Nebraska; and Jerry Eastin, Nebraska.,

Drought, inscct pests, long smut and Striga are the
major constraints in Niger, Extremely high soil lempera-
ture leads to difficult problems in crop cstablishment.
Sand blasting of young scedlings is also a complicating
factor. Plant breeding for tolerance to these major con-
straints is onc of the most feasible solutions. New cultivars
must be acceptable for 16 preparation. For example, the
varicty L-30 has been the highest yiclding sorghum varicty
in (hie Sahelian trials for the past 10 years, but is not ac-
cepted by farmers because of poor food grain quality.

A number of useful collaborative rescarch activitics
have been developed in Niger between INTSORMIL
principal investigators and INRAN scientists. Because of
time constraints only four of these rescarch projects can
be mentioned in this presentation. They are intended to
be illustrative of the ongoing collaborative rescarch,
Detailed comments by cach of the following can be found
in the 1988 INTSORMIL Annual Report.

Moussa Adamou, INRAN, Mississippi State; Issoufou
Kapran, INRAN, Purdue; Ouendeba Botorou, INRAN,
Purdue, Georgia, ICRISAT; and Frank Gilstrap,
INRAN, Texas A&M.,

The major activity for disscminating rescarch results
within Niger has been the INTSORMIL/INRAN/NCRP
Sorghum and Millet Workshop, which was implemented
during Ycar 7. The workshop proceedings were dis-
tribuicd throughout the U.S. and LDCs. Additional re-
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scarch information exchanges have taken place through
INTSORMIL scicntist visits to Niger.

Continual dialoguc between INTSORMIL and
INRAN scicntists must continuc over scveral years in the
designated rescarch arcas. Joint rescarch planning and
joint nurscry visits in both the host country and U.S. are
essential.

Two principal problems will facc INTSORMIL during
1989 and they both involve funding levels. When the IN-
TSORMIL/Niger budget was first cstablished the ex-
change rate was 400 cfa/$1.00 and it has since declined to
300 cfa/1 dollar. This has significantly reduced our pur-
chasing power of those dollars spent in-country for such
items as gasoline, housing, labor costs and other expen-
ses. The Purduce contract for Niger has been renewed for
four years and INTSORMIL/NAAR cooperation will
continue 1n 1989 as in the past. We are hopeful INRAN
will appoint an INRAN scientist in 1989 to serve as host
country coordinator which will significantly improve re-
scarch coordination.

Dr. Omer El Hilu, (ARC/Sudan) working with
Richard Frederiksen, (Texas A&M) and John Clark
(Purdue/INRAN NAAR Project) will initiate an All
Africa Long Smut Discase Nursery (AALSN). Different
rescarch organizations in East and West Africa, for the
last few scasons, have supported a discase screening
program. Hence, it is essential at this stage to combine
promising lines coming out of the different programs and
INTSGRMIL IDIN in one nursery to be tested in various
countrics affected by the discase. The suggested nursery
can be tested using artificial inoculation and, in thosc ¢n-
demic arcas, may also be left for natural infection. The
result of this test will serve the objectives of: 1) detecting
heterogencity within the population of T. chrenbergii in
the African continent; and 2) sclecting the most suited
cultivars for the breeder.

Significant advances have been made in the breeding
program at INRAN, primarily on sorghum, as a result of
collaboration with INTSORMIL. A functional sorghum
breeding program with an array of activitics including
varictal and hybrid development with carcfully monitored

screening and selection of genotypes, nursery manage-
ment, and regional evaluation has been installed in place
of a varictal testing routine that was practiced carlicr. In-
tercrossing of adapted cxotic germplasm with local
Nigerien varictics has yiclded uscful sclections that arc
currently under regional evaluation. One entry from a
scelection made by Dr, John Clark from the cross P967083
by SEPON 46 yiclded, 2,098 kg/ha in comparison with the
check variety L-30 which yiclded 802 kg/ha. Other entrics
sclected by INRAN breeders from progeny of crosses be-
tween Tanzania rice type sorghums and SEPON sclec-
tions also look promising,.

A hybrid sorghum breeding program initiated at
INRAN in collaboration with INTSORMIL has also
made uscful contributions. A wide array of parcntai
germplasm pool (which is essential in developing a func-
tional breeding program) has been accumulated and
made available to INRAN sorghum breeders. Two excel-
lent M.S. thesis projects, supervised by INTSORMIL
principal investigators, have just been completed on
cevaluating potential of sorghum hybrids in Niger. Is-
soufou Kapran, working with Gebisa Ejeta, evaluated 90
hybrids under contrasting cnvironment over two scasons
and identificd five experimental sorghum hybrids with cx-
ccllent adaptation and yield potential in Niger. Kapran
found that sorghum hybrids yiclded much higher than
local varieties both under rainfed (149%) and irrigated
(161%) locations in Niger; and that heterosis (the supe-
riority of hybrids over parents) of experimental sorghum
hybrids was higher under rainfed (166%) than under ir-
rigated (145%) conditions.

Expceriments arc in progress by Dr. Paresh Verma and
Dr. Jerry Eastin which will provide information nceded
to optimize water-use cfficicncy of the cercal/legume
(millet/cowpea) intercropping system. Studies are being
conducted to determine scasonal and instantancous
water-use cfficiencies of both millet and cowpea. Once
the watcer extraction patterns of the two crops and the op-
timum shadc level needed to maximize photosynthesis
but minimize transpiration for maximum watcr-usc cf-
ficicney in cowpea are known, we will be able to alter the
time of cowpca planting and hence shading 18vel, to in-
crease overall production of the intercropping systems.
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East Africa: Sudan

Dr. Allen W. Kirleis and Dr. Gebisa Ejeta
Purdue University

Background Information

Sudan is the largest country in Africa with about 2.5
million squarc km of land. It covers regions of vast
ccological variation ranging from a typical desert climate
in the North with little or no precipitation to tropical
forest zones of the South region where precipitation up
to 1500 mm is often recorded. With a significant portion
of Sahclian Africa occupying Sudan, cfforts (o produce
food for the poorest of the poor in semi-arid tropics is of
major importance.

Sorghum is grown throughout the country where it is
possible to raisc a crop; it is produced in all provinces of
the country, from the arid region of the North to the high
rainfall climatc of the Southern region. However, the bulk
of the crop is grown mainly in the Central Clay Plains
which include the provinces of Kassala, Gezira, Blue Nile,
White Nile and Southern Kordofan, This arca which is es-
scntially the sorghum-belt of the country accounts for
over 65% of the total sorghum production in the country.
Over %% of the total sorghum acreage is under rainfed
conditions and most of that is mechanized.

Millet is the second most important cereal to sorghum
and is mainly produced in Western Sudan under rainfed
conditions. In the western provinces of Darfur and Kor-
dofan about 1.6 million ha is devoted to millet with an
average yicld of 656 kg/ha.

The first sorghum improvement program in Sudan
came into existence in 1952 with the establishment of the
Central Rainland Rescarch Station at Tozi. The national
responsibility to undertake rescarch on all aspects of sor-
ghum and millet improvement today, resides with the
Agricultural Rescarch Corporation (ARC). The ARC is
a scmi-autonomous organization which comes dircctly
under The Ministry of Agriculture. It deals with all re-
scarch pertaining to plant and animal production and
utilization. Several rescarch stations, rescarch centers,
and sub-stations, sprcad throughout the country, arc
dircctly administered by the corporation hcadquarters at
Wad Mcdani. The Gerira (Wad Mecdani) and Abu
Naama Rescarch Stations (on the western side of the Blue
Nile abiout 200 miles south of Wad Mcdani) conduct re-
scarch on sorghum. Where as stations at El Obeid and
Kadugli (located in Western Sudan) conduct rescarch on
sorghum as well as millet.

Major Constraints of Sorghum and Millet Production
in Sudan

The major constraints of sorghum and millet produc-
tion were previously covered in a presentation by Dr.
Hilu. These constraints will, therefore, only be listed in
outlinc form here.

A. Lack of good drought tolcrant sorghum and millet
cultivars to meet the need in low rainfall arcas of Sudan.

B. Lack of available sorghum and millet cultivars
tolcrant to Striga,discascs, insects, and bird pests.

C. Agronomic constraints.

e Lack of improved methods of land preparation
for maximum moisturc utilizaion.

o Lack an understanding of the nutritional re-
quircments of sorghum in the mechanized farm-
ing region.

e Bencfits of row planting compared to broad-
casting not known.

¢ Optimum plant population for diffcrent rainfall
arcas.

¢ Limited use of fertilizers for soil fertility main-
tenance and obtaining high yields of sorghum
and millet,

e Farms arc under utilized for cropping purposes
and no soil conservation measures are adopted
to prevent soil crosion.,

D. Lack of cooperatives and credit facilitics to small
sorghuin and millet growers,

£. Lack of combinable high yiclding sorghum cultivars
with excellent food qualitics.
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Linkage and Coordination with Nor-ARC Research
Program

The ARC has a closc association with the two
Sudanesc Universities offering degrees in Agriculture.
The Facuity of Agriculturc of the University of Khartoum
at Shambat is the oldest of all institutions giving formal
training in agriculturc. Most of ARC scicntists arc
graduates of that institution. A number of ARC scientists
have contributed in joint feasibility studies with Univer-
sity membecrs. The University relies heavily on ARCin as-
sessing and modifying its curriculum. In addition rescarch
workers arc often invited Lo teach courses and act as ex-
ternal examiners, Other ARC scientisls assume a more
active role as co-supcervisors to graduate students.

The University of Gezira, located in Wad Medani was
established in 1976. The Faculty of Agricultural Sciences
at the beginning was, almost entirely made up of ARC
scientists working at the University cither on secondment
or as part-timers. In fact ARC scientists are, officially
recognized as teaching faculty for some graduate coursces.
In addition graduate students conduct their thesis re-
search at the GRS under the direction of an ARC scien-
tist. Some of these students are working on sorghum and
Striga related problems.

Linkages With Other National Agricultural Research
Projects in Sudan

German Agency for Techaical Cooperation (GTZ).
GTZ functioned in Nuba Mountains arca (1980-85) and
the main emphasis of this Agency has been on seed bed
preparation and rotation. The GTZ program is head-
quartcred in Kadugh. This agency normally produces a
final report and distributes it to scientists in ARC.

The Canadian Farm Mcchanization Project. The
Project works with the Mcchanized Crop Production
Corporation conducting adaptive research on rainfed
sorghum production.

The Agricultural Scrvices Department, Adaptive
Rescarch Division of Hunting Technical Services
Limited. This firm started functioning in 1981 to serve the
Jebel Marra arca in West Sudan with headquarters at
Zalingi. Adaptive rescarch of Hunting covers a diversity
of activitics on ficld crops, horticultural crops, forestry,
credit and marketing, cultivation systera and processing,
Hunting scicntists arc concerned with sorghum and mil-
let as well as a number of other crops. Their studices on
sorghum and millct involved varicty tests, national varicty
triais, agronomic studics, pests and weed control in addi-

tion (o testing entrics obtained from international or-
ganizations for a varicty of traits. The major emphasis is
devoted to extension with more than 30 active subeentres
working dircctly with farmers.

Linkages With Other International Agencies

The ARC has a long history of linkages with regional
and international agricultural research organizations.
Prior 10 1972 the ARC reccived international variety tri-
als from the Food and Agriculture Organization and Pur-
duc University but the Arid Lands Agricultural
Development (ALAD) was the first international or-
ganization functioning in the Sudan. ALAD initiated a
large introduction of a wide range of sorghum germplasm
with good yicld potential and good grain quality charac-
teristics. The program also promoted increased interac-
tion and exchange of germplasm with other groups - the
Ethiopia Sorghum Improvement Program, Purduc
University and Texas A&M.

In addition to their research programs, scicatists from
ALAD trained some of the ARC technical staff from the
breeding section both in country and at the Centre in
Beirut. A number of ARC scientists also received ad-
vanc.t graduate training in the U.S. on Ford Foundation
scholarstai;ss throizgh ALAD.

The International Crop Rescarch Institute for the
Semi Arid Tropics (ICRISAT), financed by the United
Nations Development Program, established a coopera-
tive program for sorghum and millet improvement in the
Sudan in 1977. The Institute had two resident scientists;
a sorghum breeder stationed at Wad Medani and a mil-
let breeder stationed at EFObeid in Western Sudan, The
assistance received from ICRISAT terminated in 1985, A
number of significant achievements were accomplished
from the cooperalive program.

o Threugh the ICRISAT program buildings,
cquipments, transport and operating costs were
furnished for the ARC breeding section.,
Morcover, the program was, in part providing
financial support to the plant breeding section
and other cooperating scientists.

¢ The organization sponsored workshops and at-
tendance of Sudancsce inside and outside the
country. Furthermore, ficld days were annual
cevents of ICRISAT staff at the station,

e Thc ICRISAT sorghum breeder introduced a
popular hybrid sorghum (HD-1) and developed



advanced breeding lincs while working in
Sudan,

o ICRISAT has helped train Sudanesc personnel
at various levels.

o ICRISAT sorghum breeders collaborated with
IDRC Sudancsc workers on Striga and iden-
tificd genotypes with good levels of Striga resis-
tance.

The International Development Rescarch Centre
(IDRC). IDRC funded a joint Striga rescarch program
between ARC and the University of Khartoum Faculty of
Agriculture. The Striga program was active from 1978-
1985. The IDRC program was a multidisciplinary cffort
involving breeders, biochemists, botar.ists, agronomists,
and biologists. The program included both research and
training components. Rescarch accomplishments from
the project are listed below.

e Sclection of Striga tolerant sorghum and millet
cultivars.

e Cultural practices for controlling Striga, c.g., fer-
tilization, rotation, watering and population
density,

o Chemical Striga control using herbicides,
cthylenc and other germination stimulants,

e Studies on the biological control of Striga in-
sects.

The International Sorghum Millet Collaborative
Rescarch Support Program (INTSORMIL). A
memorandum of agreement between INTSORMIL and
the Sudan was signed in 1980. Since then cxchange visits
of U.S. and ARC scientists has taken place. Activity of the
program include breeding, weed rescarch, plant discases
and physiology at the GRS. The Food Rescarch Centre
which is part of ARC s also involved in the INTSORMIL
program. The program functions on collaborative basis
involving U.S. and Sudanesc scicntists for the common
goal of improving the productivity of sorghum and millet
in the country. Thus far, the Sudan program has been
mainly confincd to sorghum. During its short active
period in Sudan INTSORMIL has made significant con-
tributions to the ARC sorghum and millet rescarch
program. Spccific contributions arc listed in a late section
of this paper.
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General Objectives of INTSORMIL/ARC Programs:

The INTSORMIL/ARC Sudan cooperative program
for sorghum and millet improvement and utilization was
cstablished in 1980 with the overall objective of cooperat-
ing with and assisting in the strengthening of the national
rescarch cfforts in the development and utilization of im-
proved cultivars of sorghum and millets. The program has
been guided by the following specific project objectives,

Sorghum Breeding

o Decvelop high yiclding, sorghum varictics and
hybrids with good grain quality for both ir-
rigated and rain-fed production sectors.

o Devclop sorghum cultivars with high levels of
resistance to the major pests (stem borers,
shoot flies, head bugs) and discases (longsmut,
charcoal rot).

e Todevelop cultivars with high levels of drought
tolcrance, and higher grain yicld.

o Develop Striga resistant cultivars and par-
ticipate in an integrated approach to Striga con-
trol.

o Undcrtake recurrent scleetion using random-
maturing populations (Striga resistant, drought
resistant, ctc.) witk broad genetic base to be
uscd as a source of new inbred lines for release
as varictics, pollen parents for synthesis of new
cxperimental hybrids or as breeding material.

Millet Breeding

e Dcvelopment of pearl millet varictics adapted
to nutricnt and moisture stress conditions.

e Evaluation of local and introduced varictics
and populations for resistance to pest and dis-
casc.

¢ Dectermination of the genetic variability for
responsc to modcrate nutrient supply and/or
soil moisture conscrvation.

Agronomy and Water Management
e Effccts of plant spacing and arrangement on

grain yicld and watcr usc efficicncy of sorghum
under rain-fed conditions,



¢ Devclop more detailed information on the rcac-
tions of availablc genotypes to post anthesis im-
poscd water stress.

e Dctermine the effects of nitrogen and phos-
phorus levels on sorghum grain yiclds.

e Dctermine the effects of rotation of crops with
sorghum on grain yicld, and nitrogen and water
usc cfficicncy under rain-fed conditions.

Plant Pathology

e Scrcening sorghum cultivars for charcoal rot
tolerance undcr imposed stress and in drought
arcas.

e Screening cultivars for anthracnose resistance
and differences in virulence among isolatcs.

e Scrcening of sorghum cultivars for long smut
resistance.

¢ Study the epidemiology of the long smut
pathogen.

e Survival of long smut, factors affecting germina-
tion of chlamydospores and screening of new
cultivars.

Striga

e Dctcrmine the effects of soil and environmental
conditions on Striga sccds biology.

e Dctermine the cffects of Striga sceds popula-
tion on tolerance limits and/or resistance of
some sclected sorghum varictics.

e Dcterminc the optimum application time of
nitrogenous fertilizers, and herbicides for con-
trolling Striga on sorghum.

Entomology

¢ Idcntify chemical inscceticides with outstanding
performances to alternate with Sevin, the only
chemical currently recommended against sor-
ghum stem borers.

e Idcntify sorghum lincs with resistance to stem
borers.

Sorghum Food Quality

e Dcvclop laboratory procedures for evaluating
ncw sorghum varicties and hybrids for Kisra
quality.

e Develop new food uses for sorghum and millet.

e Evaluate the nutritional quality of traditional
and introduced sorghum and millet foods.

Economics

e Evaluatc the potential impact of Hageen Dura-
1 and other new technologics (new cultivars,
fertilization, crop rotation, ctc.) to increase sor-
ghum production.

Library Improvement

e To provide ARC librarics with current sorghum
and millet reference material.

Major Accomplishments in Sudan 1980-1987

INTSORMIL activitics in Sudan began in November
1980, with the signing of a Memorandum of Understand-
ing with the Agricultural Rescarch Corporation (ARC)
and the University of Khartoum, Faculty of Agriculture.
This agrecment led to the placement of Edward B.
Rceves and Timothy Frankenberger (University of Ken-
tucky Economic Anthropologist) in El Obcid from July
1981 through August 1982. Thesc social scientists carried
out farming and marketing system studies in 15 villages
located within 50 km of El Obe:id to collcct bascline data
for the Western Sudan Agriculture Rescarch Project,
Kordofan Regional Ministry of Agriculturc, and IN-
TSORMIL. They identificd wind crosion, pests and dis-
cascs, low soil fertility and inadequate rainfall as the most
important natural constraints limiting crop production in
the region. To combat inadequate rainfall, they recom-
mcnded the introduction of carly-maturing drought-
rcsistant varictics of present crops as well as new
drought-resistant crops.

In March 1982, scicntists and rescarch administrators
associated with ARC werc intervicwed and documentary
data on rescarch plans were collected by Larry Bush and
William Lacy (University of Kentucky). They found that
the ARC scicntific community is well trained. The re-
scarch conducted by ARC scicntists is generally of an ap-
plicd naturc. They also found that while ARC scicntists
consider financial support and opcrating supplics and



malerial the most important resources for their work,
these same resources were also generally regarded cither
as the least adequate or often inadequate. Many of the
findings from this study were used to develop the
ARC/INTSORMIL cooperative scientist to scicntist re-
scarch program,

During the 1982 through 1984 cropping scasons
Tarcke Berhe (Kansas State University) carried out
agronomic rescarch in the El Obeid arca of North Kor-
dofan. This agronomic work targctcd many of the natural
constraints identificd by Reeves and Frankenberger.
Major accomplishments of the rescarch work included;
(1) identification of an carly maturing millet varicty
(Ugandi, developed by ICRISAT/Sudan program)
having good yicld potential with limited rainfall, and
bristles rendering protection from the birds, mice and
grasshoppers and (2) establishment of an on-farm sor-
ghum/millet testing program in cooperation with the Kor-
dofan Regional Ministry of Agriculture. This on-farm
testing program continucs to be used by the Regional
Ministry today as a mcasure of introducing new crop
varictics and technologics to farms.

In collaboration with scientists at ARC and INTSOR-
MIL, ICRISAT’s Sudan coopcrative breeding program
released the first sorghum hybrid (Hageen Dura-1) in
January 1983, Hageen Dura-1 (HD-1) is asuperior hybrid
with yiclds of over 150% of those of improved local
varictics under irrigated and rainfed conditions. HD-1
possesses scveral important attributes including high
yiclds, drought tolerance, and good grain quality charac-
teristics that helped its rapid spread and wide acceptance
by farmers,

The Food Rescarch Centre has since demonstrated
that HD-1 grain is casily decorticated. Thus, it produces
a high yicld of whitc sorghum flour suitable for making
good quality bread with a composite flour containing up
to 40% HD-1 decorticated flour.,

INTSORMIL sponsored a workshop on hybrid sor-
ghum sced at Wad Medani in November 1983. Detailed
discussions at the workshop, involving scicntists, ad-
ministrators, policy makers and intcrested private
entreprencurs, focused on cffective marketing and
government policy considerations that would encourage
sced industry development in the Sudan. Concrete
rccommendations for developing a sced industry were
submitted to the Government of Sudan.

A study of the communication of agricultural informa-
tion in Sudancsc villages was donc by C. Milton
Coughenour (University of Kentucky) and Saadi M. Naz-
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hat (graduatc student) around El Obeid in 1984. They
found that INTSORMIL’s farm trials conducted by
Tarcke Berhe provided an cxcellent means of informing
farmers about the characteristics of new sorghum/millet
varictics. They also learned that information about an in-
novation sprcads among Sudanese farmers much like that
found in more developed « mmunitics (an S-shaped
growth curve over time).

The ARC/INTSORMIL research program at the
Gezira Rescarch Station has been designed tostrengthen
ARC sorghum/millet rescarch and training activitics.
Thesc have been combined to facilitate attainment of the
long-tcrm ARC objcctives. Although the program started
in 1980, INTSORMIL funds were not transferred to ARC
until 1984, The primary disciplines involved in ARC/IN-
TSORMIL collaboration are breeding, stress physiology,
plant pathology, entomology, Striga, cereal quality and
agricultural cconomics. Some of the major accomplish-
ments from the ARC/INTSORMIL program are listed
below,

Coopcrative ARC/INTSORMIL crop physiology and
breeding work on drought tolerance of sorghum has led
to a better understanding of crop adaptation to stress.
Sorghum lines with pre-flowering stress tolerance were
found to accumulate significantly higher concentration of
certain metabolic osmolytes than drought susceptible cul-
tivars. Sudan is an excelient location for screcning for
drought stress. Some of the best new sources of drought
tolerance for use in the ARC and U.S. sorghum improve-
ment programs have come from screening INTSORMIL
germplasm in Sudan.,

In 1981/82 over forty Sudan sorghum varictics were
collected in the Kadugli and El Obeid arca and intro-
duced in the U.S. for conversion and biceding lines. In
addition, a number of clite Sudanese breeding lines have
been sclected and transported to the U.S. for the same
purpose. These lines should be very uscful in broadening
the sorghum germplasm base available in the U.S., and as
sources of desirable grain quality traits,

An inoculation technique for long smut has been
developed in Sudan. This long smut inoculation techni-
quc provides sorghum improvement programs with a
mcthod of cvaluating germplasm for host resistance and
is the first of its kind in the world. The inoculation tech-
nology was cxtended to Niger during the 1987 crop year.
Work in Sudan on the histology of the infection has shown
that long smut is not a sced born pathogen and can only
infect sorghum flowers,
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Work on the food quality of sorghum by ARC/IN-
TSORMIL has shown that a fermentation process, com-
monly used to prepare most Sudanese sorghum foods,
improves the protein digestibility of cooked sorghum
products. This work has led to a better understanding of
the factors that influcnce sorghum protein digestibility
and work is now in progress to apply this new knowledge
to improve the digestibility of sorghum when used as an
animal feed in the U S,

The Future
New Strategies To Accomplish Objectives

INTSORMIL must continuc to develep a multidis-
ciplinary sorghum rescarch team in Sudan. In collabora-
tion with ARC scientists, INTSORMIL must strive to
develop an integrated, multidisciplinary rescarch team
addressing sorghum improvement and utilization ac-
tivities in the areas of breeding, pathology, cntomology,
agronomy, Stnga, food quality, and cconomics. In addi-
tion INTSORMIL must participate and encourage the
development of inter-institutional cooperation involving
other agencics, c.g., IDRC, USAID/Khartoum, ctc.

INTSORMIL. should expand the millet improvement
and utilization activitics in the SUDAN. A cooperative
ARC/INTSORMIL millet breeding project was estab-
lished in 1988 at the El Obeid Rescarch Station. However,
increased cfforts on the part of ARC and INTSORMIL
arcrequircdto accelerate the breeding rescarch activitics
and cxpand the millet work into arcas of entomology,
agronomy, Striga, and food quality. Thisis nceded as there
is considerable potential for increasing millet production
in Western Sudan through development of better cultural
and pest management practices and identification of

highcryiclding drought tolcrant millet varictics with good
food quality.

Additional funding will be necessary just to continuc
the present level of INTSORMIL activity in Sudan. The
INTSORMIL Sudan budget has remained the same since
1984/85. Thus, substantial funding incrcases will be
nceded to expand future INTSORMIL activities in
Sudan. One possibility for additional funds is from the IN-
TSORMIL core budget. A sccond possibility currently
under consideration for sccuring additional funds for IN-
TSORMIL/ARC Sudan activitics exists through a
USAID/Khartoum buyin program. The mission buyin
program remains a good possibility provided INTSOR-
MIL continucs to align their sorghum/millet rescarch ob-
jeetives to conform with USAID Khartoum Strategic
Objectives for its agricultural project, which are:

¢ Raise income of the rural poor farmers by im-
proving productivity of the cultivated crop par-
ticularly the rain-fed traditional sector in
Western Sudan.

o Improve food sccurity by improving food grain
productivity of the rain-fed traditional and rain-
fed mechanized system through improved tech-
nology, improving sclected parts of the road
nctwork and by encouraging better post-harvest
storage at village level.

e Protecting natural resources by developing im-
proved technology and management system to
cncourage farmers, particularly in the rain-fed
sector, (o maintain a sustained agricultural sys-
tem,
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INTSORMIL Student Training: Accomplishments

Dr. Timothy T. Schilling
Associate INTSORMIL Program Director

As you know, and have probably alrcady heard several
times during this conference: The major thrust of any
CRSP is the generation of solutions to priority problems
through rescarch. However, this goal is not really all that
different than that of the IARCs, nor many of the AID
Mission projects or other forcign funded agricultural
development projects. What makes the CRSPs unique is
our concomitant objective to enhance national rescarch
system capabilitics in our prime sites through long-term,
collaborative US to Host Country Institutional linkagc.
Although we gencrally refer to this linkage as being
“Inter-Institution”™ it is in fact, a relationship among
people: scientists from American Universitics and scien-
tists from host country national rescarch institutions.
When we talk about "Institution-Building”, what we real-
ly mcan is "People-Building”; After all, rarcly can we pin
the success of a rescarch endeavor solely on the presence
of glamorous laboratorics. Rather, our successes are at-
tributable to the concerted cffort among people.

[tis cvident that over the past nine years, a very posi-
tive and natural change has occurred within INTSOR-
MIL. It has allowed usto achiceve a greater level of success
than other similar programs. The change I am referring
tois the gradual establishment of strong professional and
personal relationships between our American University
scicntists and their Host Country Counterparts. Nowhere
is this relationship stronger and more productive than
when initially established through an INTSORMIL
graduatc student training program.

One such relationship of which I am familiar, although
there arc many, is that between Dr. Charles Sullivan,
Physiologist at Ncbraska, and his former student, Dr.
Moussa Traore, Physiologist at IER in Mali. Upon com-
pletion of Moussa’s training at Ncbraska, he went back to
Mali and headed up the Sorghum Agronomy/Physiology
scction at IER. He continues to work in this capacity and
has also assumed additional responsibilitics as
INTSORMIL’s Mali Coordinator.

On a professional level, the accomplishments of this
joint Ncbraska-Mali/Physiology projec: are both
numerous and outstanding. These accomplishments are
altributable to the interaction which continues between
these twosscientists. These relations and others like it have

playced and will continuc to play a key role in the success
of INTSORMIL and the enhancement of NARS.

The two basic clements that make a relationship like
this productive and cffective are:

1) A Continuous Dialogue - These two scientists com-
municalc frequently, on a monthly and sometimes even
wecekly basis by Electronic Mail and International Post.
Because of this dialogue, they arc able to avoid typical
problems due to great gaps in communication.

2) Peer cquality - Both scientists feel as if they are
working together on a priority problem of mutual inter-
est. There is no Genius-to-Idiot quality or stigma in their
relationship. Professional or Personal.

Thesc two scientists and all others who have made such
avaliant effort to collaborate are to be commended. This
is what makes a CRSP work like no other Agricultural
Developinent Program can.

Notsurprisingly, as I said carlicr: the best relationships
arc almost without exception, those established initially
through a graduate training program. I think this is truc
simply because it allows both people a considerable
amount of time (2-4 years) to get to know cach other.

Because of this, INTSORMIL's graduate training
program is cxtremely important to the success of the
CRSP and (o our mutual benefit in sorghum and millet
research,

I would now like to disscct our training program and
look at what we have donc; to whom, where, and how.

Table 1 shows a total of 527 students or participants
have been trained since the beginning of INTSORMIL in
1979,

Table 1. INTSORMIL Student Training by Origin and

Gerder.
Men Women Total
U.S. Students 107 59 166
Non-U.S. 289 72 361
Total 396 131 527
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361 of those were international students and the
remaining 166 were from the US. It is therefore evident
that INTSORMIL places a priority on training students
from other countrics.

Table 2 shows that about half of our training is to the
Ph.D. level and the other hall to the M.S. level.

Table 2. INTSORMIL Student Training by Degree
Dcgree/Type Number
Ph.D. 226
M.S. 208
B.S. 21
Short Term Technical 44
Post Doctoral 2)
Visiting Scicntist 8
Total 527

Short term technical training has often been designed
specifically for enhancing particular skills like lcarning an
inoculation technique, breeding method, cte. A total of
20 post-doctorates have been funded and a few visiting
scientists have been provided U.S. tours of agricultural
rescarch in sorghum and millet.

Not all these training participants, however, are
funded by INTSORMIL.

Table 3 presents the statistics on training funding sour-
ces.

Table3. INTSORMIL Student Training by Funding

Source
Source of Number of
Funding Students
INTSORMIL 242
SADCC 43
Other 242
Total 527

About onc half the total, or 242 students, over the last
10 years were funded by INTSORMIL which means
project funds were utilized to provide assistantships.

Forty-three students were funded by the SADCC
program which beganin 1985: Dr. Lee House will be talk-
ing morc about this program shortly, but basically IN-
TSORMIL has an agreement with ICRISAT to organize
and manage the advanced degree program for the
rcgional project. At the end of the first phase, INTSOR-

MIL successfully placed 43 SADCC students in ap-
propriatc universitics for advanced long-term training

The other half, or 242, students were funded through
other sources. These have traditionally been students
from other AID Mission programs, foundation scholar-
ships, and private sources. These students work on IN-
TSORMIL projects but come from countrics where
INTSORMIL doces not have an active program. However,
itis a very beneficial program for them because they be-
come acquainted with INTSORMIL and iinks arc some-
times formed which blossom into collaborative programs.

Also some of these students are American and it gives
them an opportunity to become acquainted with interna-
tional agriculture and programs like INTSORMIL.

Now, lets look at our budget by line item and see what
it tells (Table 4).

Table 4. INTSORMIL Budget by Line Item
Expense % Total
Equipment 5.0
Fringe Benefits 4.9
Graduate Students 124
Other Direct Costs 5.1
Other Salarics 6.9
Overhead 23.4
Post Doctlorates 8.0
Stalf Benefits 2.0
Supplics 6.9
Travel 12.7
University Staff 12.6

As you sce, we spend more money on student training
through assistantships than practically any other single
budgetitem. 12.4% of our total budgct in Fiscal 1987 was
speni on graduate training and these figures are almost
identical for Fiscal 1988. Thesc figures represent the cost
of assistantships and not the other related costs such as
transportation, rescarch cquipment, conferences, ete. In
clfect, 12% is a conservative estimate, its really more on
the ovder of 15-17%. Inany casc, the figures show that we
view student training as a very important, necessary in-
vestment.

While obscrving the cost of our student training
program, I should point out that since the beginning of
the program in 1979, INTSORMIL has spent 6 million to
train about 242 students. For those of you familiar with
student training, some quick arithmetic should tell you
that these figures are extremely cost effective: For



USAID to train the same number of students through
OIT or through USDA it would cost about 15 million.
That’s almost three times what it cost us, not including
managcement fces. In addition, INTSORMIL provides a
level of high quality, personal training which is almost
non-cxistent in most training programs.

If we look at where our prioritics have been concern-
ing our training cfforts by discipline we see that of the 527
INTSORMIL related students (Table 5) most of our par-
ticipants have been trained inbreeding and agronomy fol-
lowed by food scicnce, plant pathology and catomology.
Table 5. INTSORMIL Budget by Discipline vs Stu-
dents Trained by Discipline

% Total SoTotul
Discipline Budget Students
Agronomy ’ 17.7 255
Breeding 40.7 25.0
Economics 33 21
Entomology 8.0 9.7
Food Science 114 203
Piant Pathology 56 11.2
Other 5.9 1.0

You will note however, that we are very deficient, in
our training in the social sciences. Only, 2% or 6 students
have been trained in agricultural cconomics; this is very
slim considcring the importance of agricultural
cconomics in farming systems rescarch and marketing,
Also, sociology represents a very small picee of the pic
considering its importance when introducing new tech-
nologics into vastly different cultures. We, therefore need
to make greater cfforts in identifying and recruiting stu-
dents interested in these ficlds.

However, the way we are currently structured, we can-
not expect to train individuals in certain disciplines, like
ag cconomics and sociology if those disciplines are not
being sufficicntly supported from AID Washington. In
order to train students in these arcas, projects must be
adequatcly funded.

Note that in Table 5, those disciplines which are so
severely undertrained are not, surprisingly, those which
arc shown to take the least of the budget pic.

We sce that for most practical purposes there is a
dircet correlation between % Students Trained by Dis-
cipline and % Total Budget a Disciplinc commands. The
exceptions to this trend are agronomy and food scicnce
which devote on an average a greater relative proportion
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of their budget to training. Breeding, on the other hand
devotes on an average relatively less of their budget to
training.

Finally, INTSORMIL’s training cfforts arc probably
best summarized by the following world maps. Note that
in [llustration 1, cach dot represents a student trained be-
tween 1979 and 1984,

We can therefore quickly observe that most of our
training cffort during the first five ycars of INTSORMIL
was concentrated in Mexico, Colombia, East Africa,
Botswana, India and the Philippincs. Sccondly, we can
casily sce that training among the disciplines of brecding,
agronomy and food science were equal at about 60-70 stu-
dents cach. In addition, you will note that our training cf-
fort also reflects the importance of sorghum and millet
throughout the world.

In comparison, Illustration 2 shows all INTSORMIL
related students trained between 1979 and 1989, Now you
will note that a significant change has occurred: A much
higher proportion of African students arc now being
traincd. Especially in West and Southern Africa. This
trend reflects AID’s response to the urgent need for train-
ing in these important sorghum/millet arcas of Africa
which were brought to the attention of a greater audience
in 1984 duc to the drought. Also a higher proportion of
students from Latin America are being trained duringthe
sccond five year phase. On the other hand, training in
India and the Philippinces has almost been terminated due
to the absence of projects in those countries after the
budget cuts of 1984 and 1985,

In conclusion, I hope that I have presented you with a
clear picture on 1) how important student training is to
our broader program objectives 2) how extensive the IN-
TSORMIL program is and 3) how successful the program
has been.

The only arca which warrants some improvement in
the 1990s is the orchestration of our training cfforts
through a dedicated and defined system. A system which
allows INTSORMIL to fit into the larger Manpower
Development Schemes in the countries and regions
where we work,

In the ncar future we should formulate a strategy, in
concert with USAID Missions and their plans, and Host
country rescarch institutions and their needs o ensure
the highest quality of training without duplication. I look
forward to working with our Board, EZC and TC on the
development of this system.



lllustration 1. INTSORMIL Student Training

1979 - 1984

Illustration 2. INTSORMIL Student Tmlniﬁg

1979 - 1989
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Strategies for Manpower Development in Sorghum
and Millet Improvement in the SADCC Region

Dr. L.R. House
Executive Director for ICRISAT in Southern Africa

Introduction

As I look back at my stay in India during the 1960,
two significant events took place in their agriculture. One
was the introduction and exploitation of germplasm in an
array of important crops. This has contributed in moving
the country from a deficit situation to onc of sufficicncy
and export. The second, and in the long term possibly the
morc important, was the development of an educational
program that brought onc or more agricultural univer-
sitics to cach of the states of the country. This has con-
tributed a creative scientific capability that sustains their
agricultural development.

The focus of the SADCC/ICRISAT program for the
improvement of sorghum and millets has as it’s primary
objective the strengthening of national research
capability. There are three strategies to approach this ob-
jective: rescarch, education and training, and service type
activities (strengthening experiment stations, off-scason
nurscry, cle.).

The education training component of the program is
substantial. It's contribution in the SADCC Region is ap-
preciated.

Objective of the Education/Training Program

For the sorghum and millet improvement program for
SADCC, the objective of the education program was to
have, after tenyears, the relevant team of scientists in cach
national program. Numbers to be cducated were twice
the required number accepting attrition along the way.
The general objective was clearly stated and serves as a
uscful guide.

To begin to implement the educational program Drs,
Panagides and Ericsen came to the region and developed
a strategy in consultation with national programs. There
was somc modification and approval by the then Coor-
dination Technical Committee (CTC) with two stipula-
tions: that they would not hold exactly to cither the
distribution of cducation across disciplines or to the
timetable. They were recognizing both changes in their
nceds for trained manpower and the availability of people
at a particular time in a particular discipline. In short,

flexibility was deemed desirable. Significantly, the
program of cducation was developed with national
authority and carried their approval.

The education/training component of the program is
substantial. The first five years of the sub contract with
INTSORMIL for education has involved 40 people at a
cost of 2.7 million dollars. It is anticipated that 46 people
will go for degree studies during the second five year
period at a cost in the neighborhood of six million dollars.
Accomplishment to date is reflected in Tables 1 and 2.

Table 1. SADCC Training by Discipline
Discipline BSc MSc PhD Total

Ag Economics 0 1 0 1
Agronomy Physiology 7 6 1 14
Entomology 0 1 2 3
Food Technology 0 1 0 1
Breeding 0 6 4 10
Pathology 0 3 3 6
Rural Extension 0 0 1 1
Seed Technology 0 0 1 1
Soil Fertility 0 1 0 1
Total 7 19 12 38

Thirty-cight students are involved in B.Sc., M.Sc. and
Ph.D. programs across the array of relevant disciplines:
breeding, agronomy, crop protection, crop utilization,
cconomics, sced production, and extension. This is a
broader array of disciplines than originally anticipated.

Table2. Curreat Status of SADCC Training Com-
ponent by Country and Degree as of Septem-
ber 1988,
Country BSc MSc PhD ET Total
Angola 0 2 0 0 2
Botswana 1 1 1 0 3
Lesotho 2 3 1 0 6
Malawi 0 3 6 0 9
Mozambique 0 1 0 0 1
Swaziland 0 1 1 0 2
Tanzania 2 3 1 1 7
Zambia 2 4 0 1 7
Zimbabwe 0 2 i 0 3
Total 7 20 11 2 40




The strategy for ceducation in the various SADCC
countrics was designed anticipating the nceds of cach
country. The distributions presented in Tables 1 and 2
deviates some from the original plan. Students from
Mozambique and Angola arc recently participating,

The program implcmentation has basically been
limited by the availability of people. I might add several
points. Initially we received USAID authorization to in-
clude candidates for the B.Sc. This has now pretty much
changed so that all B.Sc. training should, in as much as
possible, be undertaken in the region. There has also been
the question of the adequacy of the M.Sc. vs the Ph.D. A
look at our future strategy would indicate that we are sup-
porting cducation to the Ph.D. to bring regional scientists
better into the international community of scientific
knowledge and interaction. Improving SADCC Regional
opportunity for cducation is occurring. There is a gradual
rising interest in local opportunity for students from the
region studying clsewhere to do their thesis rescarch in
the region. This interest will increase as newly qualificd
scicntists gain stature.

We arce in the beginning stages of our sccond five year
period. INTSORMIL has contributed a strategy for
cducation in keeping with original objectives. Our four
year review felt that developments during the first phasc
dictated aslight shift in strategy - primarily in the arcas of

food technology and cconomics - and that the stratcgy
should be reevaluated in consultation with people in the
rcgion. We anticipate that this will be undertaken by IN-
TSORMIL during the year and we will be happy to col-
laboratc. A general outline of numbers of individuals (o
be cducated from cach SADCC country during the next
five years is estimated to be 35 to the Ph.D. and 16 to the
M.Sc. (Table 3)

Again, I feel it worthwhile to point to our established
strategy, developed in consultation with concerned
authority in the region, that is flexible and responding to
change. The fact that INTSORMIL has the capabiiity to
cffectively assist with strategy and contribute appropriate
cducation makes the effort possible and cffective,

Training

We visualize two components to our manpower
development program - cducation and training. We have
discussed the education program, implemented by IN-
TSORMIL, and leading to a degree. The other com-
ponent is training which has been undertaken at both the
ICRISAT Center and at our Regional Center at Matopos
in Zimbabwe. | would like to include discussion of this
training component because I feel that INTSORMIL has
been involved but could be much more involved.

Table 3. SMIP Phase IT (1 May 1989 thru 30 April 1994) Training Program - Schedule.
Total No.
Components 1989 1990 191 1992 1993 1994 1995 of Students
(9 Mths) MSc Phd
INTSORMIL Students
Angola 1 2 1 1 1 1 1 2 1
Botswana 1 3 3 2 3 2 2 4 2
Lesotho 1 2 2 2 1 1 - 3 -
Malawi 2 4 3 2 1 1 1 4 1
Mozambique 1 2 3 3 3 3 1 2 5
Swaziland 1 - 1 - 1 - - 2 1
Tanzania 2 5 5 5 6 4 4 9 2
Zambia 2 v 3 3 4 3 2 - 5 1
Zimbabwe 2 4 3 3 3 2 1 4 3
Students per Year
PhD 4 13 19 20 20 15 10 35 16
MSc 9 12 5 2 2 1 -
Total Students 13 25 24 22 22 16 10




Our accomplishment in training during Phasc 1 is
presented in Table 4.

Table 4. Training of SADCC technicians during the
first phase (1985-1988) of the regional

program.
1986 1987 1988 Total
ICRISAT Center 4 9 4 17
Reyional Center 9 7 16
Station Superintendents
at Regional Center 16 15 31

The focus was on a practical training for technicians
and two (raining scssions were added for experiment sta-
tion superintendents. We were limited in numbers be-
cause of manpower availability. The availability of
technicians was additionally complicated because so
many scicntists were away for education. We want to or-
ganize to do much more training during the off scason.
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Our anticipated training program for Phase II is
presented in Table 5.

Three additional arcas of manpower development are
being added in Phase I1. We arc anticipating a post doc-
toral program. Dr. Monyo, from Purduc, is currently with
us and we anticipate increasing interest in this oppor-
tunity. We arc also planning for a Rescarch Associate
Program where countrics can send their staff for a six
month to two ycar period to the Regional Program,
Rescarch Associates will be supported by the Regional
Program and work across the SADCC Region. We have
been requested and plan that returning students spend
onc to threc months with the Regional Program shortly
after they return. We feel that these opportunitics will
broaden individual awarencss of sorghum and millets in
the region, enhance appreciation of rescarch capability
within diffcrent SADCC countrics, and build personal
rclationships among scientists in the region.,

Table 5. Sorghum and Millet Improvement Program Phase I (1 May 1989 thru 30 April 1994) Training Programs.
Number of
Description Course Duralion Trainces in a year
1. Foundation coursc in Experiment Station Management,
Development and Operations at ICRISAT Center 6 Months 4
2. Oricntation/refresher course on Experiment
Station Management Development and Operations 6 Wecks 15
3. Oricntation/refresher course for Research Technicians 6 Weceks 10
4. In-service training for SADCC/ICRISAT Rescarch Technicians 6 Months 2
5. Vacation training for University Students 3 Months 14
6. In-Scrvice training for Scicntists in SADCC Region 4 Months 10
7. In-Scrvice training for Rescarch Technicians at ICRISAT Center 6 Months 6
8. Oricntation/refresher Course on crop utilization 6 Weceks 8
(from 1990)
9. Oricntation coursc on Experimental Design 2 Weceks 10
(twicc in 5 years)
10. Oricntation coursc on forage rescarch 2 Weceks 5

(from 1990)
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The training programs in station development and
management and in design arc dirccted toward improv-
ing the quality of rescarch results. The program was
reviewed after it’s first eightcen months and it was recom-
mendced that students studying in the USA cither avail of
short courses there in station management and/or gain
familiarity of the management of the university station
and the intcraction between station managers and user
scicntists. Station development and management is of
keen interest in the SADCC region. Generally, station
managers and directors are drawn from their scientific
pool. Their educational experience does not include con-
ceptualization of the organization and management of ex-
periment stations. 1 would encourage INTSORMIL to
look at this issuc, and cvolve i scries of seminars, oppor-
tunitics for students to participate as obscrvers in plan-
ning mcetings within the various departments, or cven
organize a short course that would ¢: nose students in all
disciplines to this issuc and create both awareness of and
mcthods for experiment station organization and
management.

Participation of INTSORMIL staif in lraining
programsin the region on experimental design to improve
the quality of results would be welcome and we can inter-
act with INTSORMIL on time and curriculum. They
would be most welcome to participate in such training,
The same is true of our training in food technology and
forages. INTSORMIL has participated witls ICRISAT
and CIMMYT in training programs for Central America.
Weare thinking about a somewhat different type of train-
ing involving few people, for more time, and in more
detail.

Pcriodically, we have scientists from the region at
Matopos to work individually with one of our scicntists.
As scientists return from their educational expericnces
we want to work closcly with them. An example, is the
return of Mr. Kaula, a pathologist in Zambia. There is a
problem of sooty stripc and we have contacted Dr. Od-
vody to spend some time with us in Zambia to better
oricnt our rescarch. We expect that the opportunity for
this type of interaction will expand.

Availability of sced is a problem of scrious concern in
thc SADCC Region and DENAGRO with DANIDA
funding has recently concluded an exhaustive study of the
situation. Training and consultation figurcs with
prominence in their report. We are currently working
with SACCAR to cnhance this activity possibly through a
projcct on sced production. Again, recalling recommen-
dations of the 18 month review that an cffort be made to
cxpssc SADCC students to the seed industry so that they
conceptualize quality control, production, and marketing

and their inter-relationships. This is generally not part of
academic training, but a number of these students will be
moved into positions where they will be confronted by
these issucs. An exposure, conceptualization, whilc stu-
dents could be of great value later on. 1 would encourags
INTSORMIL to explore various avenucs in whish
SADCC students, possibly others, could gain a
reasonablc insight into the sced industry in the USA.

INTSORMIL should be concerned about follow up of
their cfforts to educate. This is not only in response 1o i
teraction with returned students but on opportunitics for
cducated people. Atarccent SADCC Conference a com-
ment was made that more educated people were not re-
quired because all government positions were full. The
rationalization of educated people in the community of
agricultural activitics could be a rewarding sharing of ex-
periences with our national collcagucs.

The integration of rescarch, education, and extension
is a topic of current concern in the SADCC Region, In
many countrics these are in separate departments or
agencies and inter-relationships are informal and at times
straincd. The Land Grant System is one recognized way
of closely associating these functions and student under-
standing of this relationship would be valuable. India,
during the 1960’s made major changes to develop a sys-
tem similar in many ways to the Land Grant Systems and
a sharing of experiences was of value,

Conclusion

INTSORMIL has and continucs to be involved with
cducation. In southern Africa they have contributed to a
strategy of education against a define goal of having the
relevant team of scicntists in cach SADCC country in a
ten year period. INTSORMIL continues to participate in
the educational program and in the future needs to assist
tn modifying the strategy in the light of recent develop-
ments. There is regional concern, that as local capability
increases, that the opportunity also expand to undertake
thesis rescarch in the region.

Recognizing that many students rapidly advance in
position when they return home and face issues not in-
cludedin formal cducation. INTSORMIL could provide
additional scrvice by providing cxposure, training, to
SADCC students (others as well) in such arcas as station
management and sced production. They might also be
aware of opportunitics for educated people to uplift
agriculture in their home countrics, and the cffective in-
tegration of rescarch, education, and extension by shar-
ing cxpericnces.
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Strategy for the CRSP’s in the 1990’s

Robert E. Schaffert
Senior Agronomist AID/S&T/AGR/AP

I am not here today to tell you what should be in the
INTSORMIL project portfolio. The Agency for Interna-
tional Development looks to the CRSP’s as a knowledge-
able resource basc of expertise. The Technical
Committce of cach CRSP is the onc that should be advis-
ing the Agency regarding the coursc of action that should
be taken during the next decade and beyond. However, 1
would like to share with you today some of my personal
thoughts about the CRSP’s and especially about IN-
TSORMIL.

A.LD. Focus

A.LD.’s agriculyge focus statement has three interre-
lated parts; 1) increase the income of the poor majority,
2) incrcasc food consumption and availability, and 3)
maintaining or enhancing the natural resource base. The
objcctives of the Office of Agriculture of the Burcau for
Scicnce and Technology is to implement this focus as cf-
ficicntly as possible with the limited amount of resources
available. The CRSP model, a result of Title XII of the
Forcign Assistance Act of 1975 (o provide for "long-term
collaborative rescarch on food production, distribution,
storage, marketing, and consumption”, involves Laznd-
grant Universitics using their expertisc to contribute to
the development process of developing countrics. The
CRSP model is considered by many as being very effec-
tive and onc that may be improved upon and duplicated
for other commodities and services where universitics
have a comparative advantage.

Population Growth

The world population continues to expand by about
two percent a ycar and the population of the world is ex-
peceted to reach six billion before the end of this century.
Much of this growth, of which about 90% is in develop-
ing countrics, is occurring in urban arcas. The income of
the people in the developing countrics is also expected to
increasc, furthering the demand for food as well as chang-
ing the pattern of food demands, i.c., more demand for
fruits, vegetables and animal products.

Integrated Production System

Inrceent years, a trend has been evolving where ALLD.
and other donors arc including in their objcctives cash
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crops and income, gencrating projects involving the
transformation of agriculture raw matcrials into higher
value products. Today, forages is an acceptable topic in
the corridors of a development agency, it has been real-
ized that we need a whole package for the farmer, cven
the small farmer; a farming system or as some prefer
today, integrated livestock and cropping systems. In the
futurc there will need to be a significant increase in the
production of agriculturc commoditics as well as an in-
creasc in the personal income of the poor so that they can
purchasc the food and agriculture products they need.

Environment

There is much concern today, about the prescrvation
of the environment. The recent flooding in Asia highlights
the urgency of this aspect of development. The pressures
of an cxpanding population on the environment is ever
present, usually involving the destruction of the forests for
firewood, and in the unproductive tilling and cventual loss
of extremely fragile lands in an attempt to produce
cnough to cat. A major thrust of agriculturc development
today is sustainable production.

Technology Generation

In the words of Dr. John Mellor, Dircctor of IFPRI
"There arc two fronts of development to resolve these en-
vironmental problems. The first is to increasc the agricul-
tural productivity on the most productive lands in order
to lower the demands or pressure on the marginal or nen-
productive lands. The sccond is to transform nonprog..
tive arcas into productive arcas". The first we know is
donc by generating and using new technology, that what
you all have been doing throughout your professional
carcers. The second is not quite so casy, we're not talking
about massive inputs to alter the environment, but some-
thing like what INTSORMIL has had as part of its objcc-
tives since its inception, transforming the plant to
produce over a scrics of abiotic and biotic stresses and
developing appropriate production systems for thesce
stress conditions. I feel that this is one of the KEY re-
scarch arcas for thc 1990’s and beyond.
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Research and Development

We arc talking about "high-tcch”, "low-input", reduced
cost, sustainable production. More research, both basic
and applicd, is nceded inthe arca of abiotic stress physiol-
ogy including that at the molecular level. Biotechnology
tools to develop screening and sclection methodology for
usc in genctic improvement of crop cultivars are also
nccded. With the development of acid tolerant -
aluminum toxic cultivars we have also seen an improved
cfficicncy in the use of soil and fertilizer phosphorous,
why not then develop more efficient genotypes in the use
of nitrogen, potassium and other limiting plant nutricnts
to lower the amount of fertilizer necessary and the cost of
production.

RFLP (restricted fragment length polymorphism) is a
genetic data-base system that needs to be developed to
make the genctic improvement program more cfficient.
This system together with the new knowledge of abiotic
stresses, improved plant nutrient cfficiencices, "yield
genes’, tolerance to plant diseases, inscct resistance,
resistance 1o other pests (Striga and birds), improved
biological valuc traits, ctc. will all be key factors in
developing crop cultivar: for the marginal and previously
unproductive lands,

Another arca of great potential is the development of
biological control of insccts for use in integrated pest
management programs. A number on natural cnemics
and discases have recently been found in the tropics for
agrowing list of damaging insccts in a wide range of crops.
Thesc need to be developed into usable systems for the
control of damaging pests. In many cases lower produc-
tion costs arc a result as well as less damage to the en-
vironment.

A maintcnance program for genctic resistance and
tolerance to discascs is an important factor for both high-
ly productive and stressed environments.

Agronomic practices frequently can be modified to
give greater sceurity of production, higher yiclds, more
cfficient usc of labor, greater benefit for the next crop,
greater protection of the environment, cte. Some old time
practices have actually been rediscovered.

A 10 or 20 percent gain in the biological value of the
final product is as important, actually supcrior to a 10 or
20 perceent gain in production. It took 25 years from the
discovery of an improved quality maize protein (opaque-
2) until the development of QPM a product that appears
cqual to normal maize, but with improved levels of lysinc

and tryptophan. It scems logical that the same progress
could now bc madc with sorghum in a much reducedtime
frame. This to me is tremendously important for sorghum
as it has onc of the poorest quality proteins of all the
cercals. The evidence strongly suggests genctic variation
exists for this in sorghum.

Market development is extremely important with
crops like sorghum and millet. These cereals have a low
value per volume ratio and are costly to transport for long,
distances. Market development is extremely important in
arcas where there is a comparative advantage for sor-
ghum or millet production and a great production poten-
tial. The transformation of these cereals into higher value
animal products is income generating and results in o
rclatively lower transportation cost for domestic urban
consumption or ¢xport.

CRSPs and the Future

In recent years we have seen a declining trend in th,
proportion of funds coming from the Unnited States £
development work in the poorer developing countric -
This has not been an actual reduction in dollars, bt .
larger share of the costs being taken up by other donar-
The U.S. domestic monctary policy is to reduce its spend-
ing deficit and balance the budget. The incoming ad-
ministration has said it will not increase taxes to arrive at
a balanced budget, but reduce spending. The “wise”
people of Washingtoen teli me this all leads to at the mosi
optimistic level of projection, no or at the best, little new
or additional rcsources. In other words we'll be lucky to
hold our own. In gencral it appears that old programs will
nced to be terminated before new programs can be set in
place.

The CRSP modcl is once that has and is receiving good
reviews, one that is producing remarkable results with
fairly small investments. It has been designed to yield
returns for the American farmer, and several positive ex-
amples can be cited from the last 10 years, since the first
CRSPs were structured. Also, within the Regional
Burcaus of A.LD. some missions arc much better in-
tegrated with the CRSPs than others. We need to con-
tinuc working with the missions to improve working
rclationships and to improve the developmental process.
The missions frequently have the same objectives as the
CRSPs and the developmental process could be en-
hanccd through mission "buy-ins” of a CRSP program. A
good rclationship with a host country is through the mis-
sion, therefore good communications arc a necessity.
Cable clecarance is important before traveling, always



check-in with the mission when you arrive and check out
again when you lcave a country.

An arca of concern within the Agency is if the technol-
ogy being generated is really getting down to the final
uscr, the farmer. Many feel that the extension process is
not working. The CRSP modcl was developed principal-
ly 1o generate new technology, but technology transfer
and extension can't be divorced completely from the tech-
nology generation process. Onc of the basic ideas of Title
XII was to usc the expertise of the land grant universities
in the developmental process. It scems logical that re-
scarch in the technology transfer mechanisms and
processes could be a part of the CRSP program. There is
a growing concern in the Burcau for Science and Tech-
nology that the technology being generated gets into use.
I would like to see the Technical Committee address this
as INTSORMIL prepares for its grant renewal. 1 am sure
it will reecive attention within the S&T Burcau.

Another concern is if the CRSP scicentists and dircec-
tors are cffectively demonstrating their results. Have you
been informing your congressmen and senators as to the
benefits of the forcign assistance funds you arce using, for
US agriculture or more specifically for Texas agriculture,
or Ncbraska agriculture cte. It secems as though this
professional courtesy would be in line.,

There has been concern that the CRSPs could be more
cffective in the technology developmment and transfer
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process if there was morce interaction and/or cooperation
between the CRSPs. A general consensus is that it should
be productive, but exactly how this might be ac-
complished is still being debated. There is definitely an
interaction between the CRSP commodities and services.
I think this is another arca that the technical committees
of the various CRSPs could make a contribution. A think
tank approach might be a productive way to look at this.
The new "Science & Technology Agriculture Reporter”
or "STAR" of the Office of Agriculture of the Burcau for
Science and Technology is a vehicle that was developed
for this usc and I hope that you will usc it.

I've been asked by some of you if there will be addi-
tional resources for new projects during the coming years.
That is a very difficult question to respond to. I think the
proper process would be for the technical committee,
with the recommendations of the external evaluation
committee set the agenda and prioritics for the INTSOR-
MIL program in the 1990’s. I you, INTSORMIL, fcel that
there arc gaps in the program make the appropriate
recommendations and project alterations together with
the necessary justifications. I think it would be good to
keep in mind that cach project, cither continuing or new,
produce a tangible product. That is the driving force be-
hind future funding. New projects need to address,
preferablydirectly or indirectly, the concepts; sustainable
agriculture, enhancement of the natural resources and
gencrate income for the poor, the principal concerns in
agricultural development today.
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INTSORMIL and the Seed Industry

Dr. Bruce Maunder
Vice President, Agronomic Research
DeKalb-Pfizer Genetics

The rclationship of INTSORMIL and the sced in-
dustry, whether on a domestic or intcrnational basis,
bencefits from mutual respect and support. The topic was
considered by five rescarch leaders, representing four
multi-national sced organizations, with the following an
attcmpt to summarize their comments and to illustrate
mutual opportunitics.

Domestic Relationship

Gencrally, industry has benefitted from the increased
availability of germplasm which more importantly has in-
country descriptors. As we all know, working world col-
lection material is all too often a random activity with little
or no information associated with the PI. I would urge,
however, that more cffort needs to be initiated regarding
the role of INTSORMIL in regards to germplasm,

This brings up name recognition (public relations)
which, as might be expected, suggests ICRISAT to have
morc recognition than INTSORMIL but to a lesser de-
gree on the domestic scene. Obviously, the cvaluation of
such awarencss will be determined by the scope and suc-
cess of your activitics as well as duration of the program.
The impact of the training component should also con-
tribute significantly.

Responsces suggest the sced trade supports the concept
of INTSORMIL with restrictions. There is agreement
that the philosophy of passing funds through U.S. institu-
tions is morc cffective thar less controlled overscas "give-
a-ways". Support was given to the training program,
assuming the scientists return to their home country, al-
though one response favored international centers for
this activity. Concern was expressed as to the high propor-
tion of the budget related to overseas travel by U.S. scien-
tists as well as the dilution of research activitics affecting
U.S. producers. Since U.S. research locations involved
with INTSORMIL do not necessarily relate environmen-
tally to situations, overseas training should best be done
on basic concepts. If ascicntist wants to make a significant
rescarch contribution which is product oricnted he real-
ly nceds to live in the third world site where research can
best be directed toward product development.

International Relationship

The multi-nationals, at least through their internation-
al department, have contacts with overscas collaborators
of INTSORMIL. Additionally, thesc collaborators may
visit industry rescarch operations in the U S, as a part of
their training or during planning visits with PI's, Certain-
ly, schedules permitting, the seed industry welcomes
these opportunitics to exchange ideas on germplasm and
breeding methods.

There seems to be general agreement, within the seed
trade, that overseas cfforts by the Principal Investigators
have in fact diluted their support of the domestic sorghum
industry, possible more on the short term. To the con-
trary, companics with overscas activity are likely, or soon
should, benefit from materials developed through col-
laborative rescarch which fit the neceds of LDC'’s such as
the taller, food types. The industry has concern for con-
tinued state/federal support of domestic programs where
obviously much of the rescarch is internationally
oricnted. Will not the same criticisms be raised in this
regard that surfaced in pre-CRSP days concerning inter-
nationally oricnted support for Land Grant institutions
and hcavy cmphasis on foreign student graduatc training?

In general, the sced trade on a national level, is rela-
tively new or non-existent in many third world countrics,
but will allow a means of production, conditioning, and
distribution, This scrvice is often not available within na-
tional programs where cultivars have long been main-
tained on a family or community basis. At times this same
developing industry may recrnit rescarch and manage-
ment staff from your traincces, a less frequent and serious
loss perhaps than the all too often clevation of these
people into administrative positions.

Mutual Opportunities for INTSORMIL and the Seed
Industry

Both INTSORMIL and the seed industry developed
considerably within host countries over the past nin. plus
years. While neither has progressed as well as would scem
desirable during this time-frame both will benefit and
makc grealer progress towards increasing production



and improving quality by working together. Some of these
opportunitics would be:

1. Collection, characterization, and introduction of
clite "exotic” germplasm from around the world. Release
of uscful germplasm on a regular basis rather than the
dclayed relcasc of finished inbred lines would be a real
contribution. Obviously, a wcakness of INTSORMIL
conlinues to be any sort of organized ger.aplasm system.

2. Much joint product cvaluation would be possible
through cooperative testing, a necessary but expensive ac-
tivity. This would improve the likelihood of a new release
being adapted to the varying stresses which may oceur,

3. Recognition of the PI's and collaborators as well as
their many contributions needs to go beyond the ME,
Board, and EEP. Prescntations on INTSORMIL ac-
tivitics/accomplishments should be explained at meetines
such as the Bicnnial Sorghum Conference (GSPA,
SICNA), ASA mcctings, and wherever the opportunity
exists overscas. Publications can be circulated to ap-
propriatc organizations. Ficld Days discussing INTSOR-
MIL activitics should be held both domestically as well as
oversceas. In brief, more public relations will benefit IN-
TSORMIL.
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4. Countrics lacking an infrastructure to cffcctively or
cfficicntly condition and distribute sced may often find
the seed trade their best alternative. In a similar manner
an organization with pcople in daily contact with
produccrs can serve as an "extension service” to introduce
new mcthods and products.

5. The transition from varictics to hybrids may be a
time for transition from public to private sced operations
dcpending on market size, complexity and cost of con-
ditioning, and casc as well as type of distribution.

6. Training will be an opportunity with dual inputs. An
established seed industry will be willing to train scientists
from LDC's that intend to operate their own seed in-
dustry as a public function just as INTSORMIL will train
people who may choose to make their career in the private
scctor.

While many more opportunitics could, and perhaps
should, be listed this bricf discussion would be remiss in
nol encouraging both public and private input as the most
effective way to carry out the mandate of INTSORMIL
and achicve the go:Is of the host country. Only when the
producer and consumer benefit have cither INTSOR-
MIL or the Sced Trade made any measurable progress.
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Basic Ordering Agreement

Dr. Wm. Fred Johnson
BIFAD

The Basic Ordering Agreement (BOA) is an agree-
ment between an agency of the United States Govern-
ment and a U.S. Land Grant University. In this case, the
agency is the Agency for International Development and
the University is one of the universitics which serves as
the Management Entity for a Collaborative Rescarch
Support Program (CRSP. The BOA provides the
framework and scts forth the terms and conditions under
which "delivery orders™ may be developed for all ALD.
Missions or officc to request a CRSP university to provide
technical assistance or applicd rescarch serviees, related
to the CRSP research.

The BOA is not a contract. Rather it s a legal agree-
ment similar to a "Memorandum of Understanding” used
between a CRSP and a host government, or a "coopera-
tive agreement” between AID and a university. A BOA
can be signed between AID and a CRSP Management
Entity of any of the cight CRSPs,

BOA's have existed for somie time for such programs
as the Mississippi State University seed technology assis-
tance and training program, and the Kansas State Univer-
sity grain storage rescarch and technical assistance
program. The usc of the BOA has recently been extended
to include the University of Idaho's post harvest preser-
vation and storage program for fruit and vegetables, and
the University of Hawaii’s International Benchmark Sites
Network for Agrotechnology Transfer (IBSNAT).

It has taken several years of effort 1o resolve legal is-
sues to apply the BOA to CRSP universitics. The develop-
ment of the BOA mechanism was conceived as a solution
to the buy-in problems. The last hurdle to be overcome
was a market survey which was conducted by AID’s Con-
tract Office. This was done through a notice published in
the Commerce and Business Daily, advising that A.LD.
was proposing to sign BOAs with CRSP Management
Entitics for applying "delivery orders” to U.S. CRSP in-
stitutions for providing applicd rescarch and technical as-
sistance services to AID Missions, This would be done by
waiving class competition. The notice invited expressions
of interest and objections to the class waiver of competi-
tion. A fixed period of time was allowed for responsc.
Only onc response was received and this was not relevant
to the arcas of rescarch of the eight CRSPs. Therefore,
the Contract Oftice concluded that it was appropriate for

that office to grant a class waiver to competition for CRSP
institutions to provide the applied rescarch and technical
services to AID Missions in arcas related to the rescarch
of the respective CRSPs,

Once AID and a CRSP Management Entity signs a
BOA, the stage is set for signing delivery orders under
that particular CRSP. In order to extend the authority of
a BOA, the ME must sign a sub-BOA with cach inter-
ested ULS. institutions participating in the CRSP.
However, no services are provided until a delivery order
is requested and signed. An individual delivery order is
required for cach requesting entity, be that an AID Mis-
sion or a regional office of AID, or a regional or central
burcau of AID-Washington.

The delivery order is a legal contract. The ME signs
the delivery order and sub-delivery or orders with cach
interested ULS. institution whose services arc requested.
However, participation by a CRSP institution is not
obligatory, even though the ME may have signed a BOA
and dclivery order, and the CRSP inslitution may also
have signed the sub-BOA. Such institution has the option
to decline the request and not enter into a contract,

Itis important to understand that the delivery order is
a legal contract, and although it is associated with the
grant document, the rules of a contract apply. AID is re-
questing a specific service which is to be provided for a
given, limited time. Performance is based on the service
being provided within the given time frame which might
run up to two years.

After the BOA is signed between AID and the ME of
a CRSP, and the ME has exccuted sub-BOA’s with cach
U.S. CRSP institution, the availability of the services is
made known to missions and AID offices.

An interested AID Mission, regional, or central office
of AID may write a P10-T requesting the service. The
P10-T is submitted to the CRSP Project Officer in the
Burcau for Scicnce and Technology's Office of Agricul-
ture (or Nutrition Office for Nutrition CRSP) who sub-
mits the P10-T to the Contract Office. The latter and the
Project Officer decide on the relevance of the P10-T re-
questto the CRSP Program. If the decision is positive, the
Contract Office requests a proposal from the AID Mis-



sion or officc which issued the P10-T. The proposal must
include a cost estimate, a scope of work, a budget, and the
general terms of the contract. Once there is agreement, a
delivery order is signed by the ME and a sub-dclivery
order or orders arc signed by the CRSP institution, or in-
stitutions, by the AID Project Officer, and the requesting
AID Mission or office. The delivery order is comprised
of two to three pages. The prime delivery order con-
stitutes a contract as doces cach sub-delivery order.

The duration of the term of services is spelled out in
the delivery order and sub-dclivery order. However, the
term relates to the term of the grant document and can-
not extend beyond the grant termination date by more
than 120 days.

Thereis a limit to the accumulated value of delivery or-
ders or sub-delivery orders under cach CRSP. The
amount cannot exceed the value of the CRSP during the
life of the program. The limit estimated on the Sorghum
and Millet CRSP by the Contract Office of AID is $5.5
million for the current life estimate for the CRSP. There
is also a fixed limit to allowable overhead payable to the
ME on a "delivery order”. The MEs overhead rate would
be applicable to the first cumulative $25,000 of "sub-
delivery orders” with cach participating institution. That
is, cach sub-BOA would constitute a sub-contract, ac-
cording to the Contract Office. This interpretation was
made as a mcans of encouraging mission use of this
mcthod of buy-ins. Payment of overhead on the first
$25,000 to cach sub-delivery order could become very ex-
pensive, which could be a dis-incentive to missions to use
this method, the Coatract Office maintains. To offsct this
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rule, the cost to the ME and to the sub-contractor for ad-
ministering the program, and the overhead cost would be
factored into the buy-in costs. Such costs, if not paid,
could be counted as maiversity match required in the
grant.

This mcthod of buy-ins is provided for U.S. univer-
sitics. Sub-BOAs and sub-dclivery orders also can be
signed with international agricultural rescarch centers
(IARCs). For this purpese, such centers have been
defined in legislation to be of U.S. nationality. Non-U.S.
nationals of LARC:s retained by U.S. universities would be
classificd as Third Country Nationals or Cooperating
Country Nationals,

The method of payment would be by advance letter of
creditif the Mission or AID office requesting the services
is using grant funds. However, if the funds are bi-lateral
loan funds, as might occasionally be true, payment would
have to be made on a reimbursement basis. This is be-
cause interest is accrued on loan funds.

Provisions are made in the BOA for the use by Mis-
sions of local currency to pay for logistic support that
might be providedin licu of "in-kind” for the visiting scien-
tists and other university members, Disbursement of local
currency would be made by the Mission dircctly to the
visitors for purchase of the iegistic support.

No overruns are allowable in delivery orders unless
prior written approval is requested of the Contract Office
and the AID-Washington Project Officer. The Mission
cannot authorize an overrun,
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Other Sources of Funding

Dr. John M. Yohe
INTSORMIL Program Director

The INTSORMIL ME Office frequently receives in-
quirics from IN"SORMIL scicntists about potential new
sources of funds to accomplish specific rescarch tasks or
for new funds to augment their on going rescarch. This
presentation will outline four different programs which
arc compeltitive in nature but which arc available to all IN-
TSORMIL scicntists.

AID Program in Science and Technology Cooperation
(PSTC)

The PSTC program sceks to stimulate new and innova-
tive scientific rescarch on problems which confront
developing countrics. The programis administered by the
Office of the Science Advisor (AID/SCI), and provides
highly competitive rescarch grants which arc subject to
cexternal scientific peer review.

The PSTC program gives highest priority to submis-
sions from scicentists in those developing countries which
receive USAID development assistance. Cooperation
with U.S. scicntists is strongly reccommended but not re-
quircd. The grants competition is also open to U.S. inves-
tigators and scicntists from middle income countrics,
such as Brazil, Colombia, Mexico, Nigeria, or Malaysia,
when the rescarch is particularly relevant, unusually in-
novative and there is strong scicntific collaboration with
developing country investigators. The PSTC docs not
support rescarch in other developed countries.

The PSTC seeks new rescarch ideas in the natural
scicnces, such as chemistry and biology and in engincer-
ing. Innovative ideas that will cventually lead to solutions
to serious developing country problems are accorded
highest priority. The PSTC program presently accepts
proposals under six modules:

e Biotcchnology/Immunology in Human and/or
Animal Systems.

¢ Plant Biotcchnology

e Chemistry for World Nceds

o Biomass Resources and Conversion Technology
¢ Biological Control

o Diversity of Biological Resources.

Contact the INTSORMIL ME regarding procedures
for submitting proposals to this program.

The International Foundation for Science (IFS)

The IFS supports developing country scientists of out-
standing merit for their rescarch cfforts in agricultural
and biological sciences and related techrology.

IFS supportis primarily financial and in the form of re-
scarch grants normally not inore than U.S. $10,000 per
granting period and renewable up to three more times.
IFS funds arce to be used to purchase the basic tools of re-
scarch: cquipment, expendable supplics, and literature.

IFS granting criteria require that a applicant shall be:
e native to a developing country

e in possession of an academic degree or
cquivalent

o currently employed at a university or rescarch
institution in a developing country

e young or at the beginning of his or her carcer
Rescarch proposed by the applicant shall be:

o conducted in a developing country

o rclevant to the needs of a developing country

e on a specific project which falls within the IFS
rescarch arcas:

Aquaculture

Natural Products

Animal Production

Rural Technology

Food Crops

Afforestation and Mycorrhiza
Fermentation and Applied Microbiology

Contact the ME about procedures for applying to this
program.



African Dissertation Internship Awards

The Rockefeller Foundation announced a program in
1977 which enables African graduate students enrolled in
United States universitics to undertake supervised disser-
tation rescarch in Africa.

The primary aim of the program is to increase the
quality and relevance of overseas advanced training for
outstanding African scholars and, thereby, to facilitate
their transition into a productive scientific carcer when
they return (o Africa. T ¢ scope of the program is for
Rockefeller to support approximately 25 young African
men and women who are enrolled in U.S. universities to
return to Africa for a period of 12-18 months to carry out
doctoral rescarch cither in their home countries or in
another country where a local university or rescarch in-
stitute can provide adequate supervision in the student’s

ficld.

These awards are open to citizens of sub-Saharan
African countries studying in the United States who are
about to embark on dissertation rescarch in the fields of
agricultural scicnces health and life sciences, related so-
cial sciences and history. Rescarch projects must require
ficld obscrvation or use of primary sources only available
in Africa,

The ME can provide copics of the guidelines for ap-
plication or interested students can contact:
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African Disscrtation Internships
The Rockefeller Foundation
1133 Avenue of the Americas
Ncéw York, New York 10036

AID/Science and Technology (S&T) Bureau Small Ac-
tivities Program

The S&T Burcau has a limited amount of resources (o
fund activitics of special interest which contribute to the
furthcrance of rescarch goals and objectives of the
Burcau. Activitics which can be considered for funding
are:

e Workshops/Confcrences

e Innovative Rescarch Ideas

e Other

In all cascs, a proposal with supporting budgets is re-

quired for requesting support from this source of funds.
For allINTSORMIL related activitics, requests from this
source should be coordinated through the INTSORMIL
S&T/AGR Project Manager, Dr, Robert Scaalfert.

The Management Entity can help with guidance for
proposal preparation from this source of funds.
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The Role of Basic Research in Development

Dr. Darrell W, Nelson
Dean and Director, Agricultural Research Division
University of Nebraska-Lincoln

Most cffort in INTSORMIL has been directed at ap-
plicd rescarch to solve production and utilization
problems for sorghum and millet in selected developing
countrics. Increasing cmphasis was placed on applicd re-
scarch as budgets were reduced, as cfforts were con-
centrated on prime site countrics, and as USAID policy
became more focused on problem solving approaches.
The INTSORMIL Board of Directors has long recog-
nized the imbalance in the basic-applied research com-
poncnts of the program and have become increasingly
concerned about the future of the program in 5-10 years
from now when much of the current sorghum-millet tech-
nology has been exploited and little new technology has
been generated. This paper attempts to provide a
framework for including basic rescarch as a part of an
agriculturat development program.

The Research Continuum

Rescarch is conducted over a wide continuum that
spans from basic rescarch (o maintenance rescarch
(Figurc ). There are not sharp divisions between the dif-
ferent types of rescarch or between the types of agricul-
tural scicntists conducting the rescarch. For example,

both "basic rescarch scientists” and "applicd rescarch
scientists” carry out developmental rescarch, depending
upon the problem and the interest of the scientist.

Don Holt! has defined basic, developmental, and
adaptive rescarch in the context of the agricultural re-
scarch and development system as:

Basic Research - Rescarch conducted to better under-
stand the physical, chemical, biological, and cconomic
principles which govern agricultural systems. Basic re-
scarch gencrates ideas for new products and practices.

Dcevelopmental Rescarch - Rescarch conducted to
cevolve a product or practice from an ideca. Developmen-
tal rescarch will optimize performance of the product or
practice and establish its usefulness in defined situations.

Adaptive Rescarch - Rescarch conducted totest, com-
parc, and integraie new products or practices into opera-
tional systems tailored to the specific soil, environmental,
and sociocconomic situations that make up agriculture,
Site- and siivation-specific information is developed for
farmers.

Basic
Rescarch

Developmental
Rescarch

Adaptive
Research

Maintenance
Research

Technology
Transfer

Basic Research Scientists

Extension Spe sialists

Appiicd Rescarch Scientists

Applicd Scientists

Idcas

On Farm Application

Figure 1. A model for agricultural research.

'Don Holt, 1987. Where will agricultural production efficicncy research come from in the future? Address to the 1987
Annual Mceting of the North Central Branch of the American Socicty of Agronomy.



Many biological scicntists now assume that the only
basic rescarch in plant and animal scicnces is that deal-
ing with subccllular processes. Dr. Holt’s definition is
much broader and can include research with whole or-
ganisms. The broad definition of basic rescarch is used in
this paper. Technology transfer and maintenance re-
search can be defined as follows:

Technology Transfer - The transfer of information on
new products or practices to users, cither dircetly or in-
dircctly, through agricultural extension or other educa-
tional programs.

Maintenance Rescarch - Rescarch conducted to
determine why a new product or practice is not perform-
ing as expected on a farm or within a region. Additional
rescarch is conducted to modify the use of the product or
practice to ensure satisfactory performance under farm
situations,

It is clear that INTSORMIL scientists have a strong
record in carrying out developmental and adaptive re-
scarch on many aspects of grain sorghum and pearl mil-
let production and utilization. INTSORMIL
collaborating scicentists in prime site countrics have been
actively engaged in developmental rescarch, adaptive re-
scarch, technology transfer, and maintenance rescarch.
The INTSORMIL rescarch program has been highly suc-
cessfultodate because of the storchouse of basic rescarch
information developed over the past twenty years and the
expertise and dedicztion of all scientists participating in
the program.

The Role of Basic Research in INTSORMIL

The Board of Dircctors has become increasingly con-
cerned about the future of INTSORMIL programs 5-10
years from now when much of our current technology has
been exploited. There is relatively little basic rescarch
currently under way on grain sorghum or pearl millet by
public or private rescarch organizations. There are no in-
dications that significant increases in federal or state in-
vestments in basic rescarch on these two crops is planned.
Thercfore, the Board of Directors is faced with answer-
ing the following questions:

Should INTSORMIL scientists undertake basic re-
scarch projects?

Should INTSORMIL funds be used to support basic
rescarch?
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Ibelicve that INTSORMIL must have a basic rescarch
componcnt if we arc to have the knowledge base to solve
the difficult preduction and utilization problems that will
be faced by the organizationin the next decade. INTSOR-
MIL scicntists and other scientists with special rescarch
skills should undertake focused basic rescarch on grain
sorghum and pearl millet. A basic rescarch component
should be built into the base budget (perhaps 109 of the
total budget) and funds should be awarded on a competi-
tive basis to conduct research on priority topics. Projects
to be undertaken are those providing essential informa-
tion that can be used to eventually solve difficult practi-
cal problems, c.g., biology of Striga, pest resistance
mechanisms, mechanisms for tolerance to drought or acid
soils, and principles underlying the digestibility and nutri-
tive value of sorghum and millet grain.

INTSORMIL basic rescarch should be directed at
those critical projects that are unlikely to be funded by
national competitive grant programs or by regular federal
and state appropriations for agricultural rescarch, Strong
linkages must be developed between basic and applied
scientists to ensure that basic rescarch is used at the car-
licst possible time in problem solving rescarch.

"Mainstreaming” Basic Rescarch in INTSORMIL

Building a significant basic rescarch capacity within
INTSORMIL will represent a change in program orien-
tation. A number of activitics must be accomplished
before abasic rescarch component can be fully integrated
into the INTSORMIL Plan of Work. The Technical Com-
mittee and the Board of Dircctors must agree that the
development of a basic research component is important
for the continued success of INTSORMIL. We must also
convince USAID and other federal agencies to support
critical basic rescarch projects because INTSORMIL
funds will always be inadequate for attacking cven the
highest priority problems. Specific actions that are
needed to implement a hasic rescarch component in IN-
TSORMIL include:

L. Preparation of a "white”™ paper on the role of basic
rescarch in solving food production problems. The
"white” paper must emphasize the advantages to the
CRSPs of involvemeut in basic rescarch.

2. A far reaching discussion of basic rescarch needs
and expected outcomes at a CRSP Council meeting.

3. Regular input to USAID administrators on the ad-
vantages resulting from incorporating basic rescarch
components into CRSPs,
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4. Testimony and informal input of Congressiona:
Committces which dcal with USAID funding and
programs. The objective should be to increasc the ap-
propriations from CRSPs and to cstablish a competitive
basic rescarch grant program at USAID.

5. Mcctings with appropriatc commodily organiza-
tions to explain how investments in basic rescarch will
benefit United States agriculturc.

This is not a complete list of appropriate actions, but
the list scrves as a starting point. We nced to begin the
proccss of "mainstrcaming” basic rescarch into the IN-
TSORMIL program. All of us will nced io work diligent-
ly and in concert to accomplish this goal.
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INTSORMIL and the American Farmer

Dr. John R. Abernathy
Texas Agricultural Experiment Station
Lubbock, Texas

The support from INTSORMIL has cnabled U.S.
scicntists to make significant advances and contributions
for sorghum and millet production/utilization in the
United States as well as for LDC’s. There are many
developments and contributions that can be traced
dircctly to the activitiecs of INTSORMIL which are
bencficial for the American farmer. For purposcs of this
presentation, I shall try to discuss some of these contribu-
tions by the respective INTSORMIL disciplines.

The respective rescarch disciplines of INTSORMIL
arc:

Agronomy/Physiology

¢ Plant Breeding

Entomology

e Food Quality and Nutrition
« Pathology
e Sociocconomics

These respective disciplines have received economic
support dircctly to the participating universitics in the
United States, including Purdue, Kansas State, Ncbras-
ka, Mississippi Statc, Texas A&M and the University of
Kentucky. INTSORMIL activitics have cnabled these
support do'lars to target and coordinate the best scicn-
tists in the United States that conduct sorghum and mil-
let rescarch. As U.S. scientists have worked in many of
the targeted countrics, they have obtained a glimpse and
window of future problems for U.S. agricultural sorghum
and millet production/utilization. By addressing these
problems, U.S. scicntists have in turn benefited the
Amcrican farmer.,

Specifically, in the agronomic/physiology arca, sig-
nificant results have been obtained in crop rotation
studics with sorghum/millet and soybean/millet rotations.
These have cconomic implications for the U.S. farmer as
he deals with water, fertility, row spacings, microbial
dynamics of soils and of lower input/improved
profitability. Rotations also have implications for sig-

nificant contributions from an cnvironmental standpoint,
that is, specifically maximizing the usc of nitrate fertilizers
and impact on groundwatcr. Rotations and genctically
improved droaght tolerance have incrcased sorghun
profitability under scmi-arid climates.

Considcrable contributions have also resulted in im-
provement of the stand establishment of sorghums and
millets. One of the major problems facing Amecrican
farmers in production of these crops is the carly scason
stand establishment.

In plant breeding, major contributions have occurred
with U.S. breeders being able to tap the germplasms of
the world and incorporate that germplasm into U.S. sor-
ghum production. Sorghum is not native of the United
States; therefore, the scientist must go to those countrics
where it is native to find the diverse sorghum germplasm
pool. Contributions from this arca include the develop-
ment of sorghums with resistance to many discascs, in-
sccts, to aluminum and iron toxicitics in the soil,
resistance to drought, and yicld ecnhancement. This
genctic diversity has also provided the basis for food
quality grain development by sclecting high quality low
tannin sorghums.

Major contributions also from the entomological area
go hand in hand with the breeding cffort in developing the
sorghums and incorporating the germplasm identified by
cntomologists on a world basis to the key inscct pests,
whether thosce pests are in the LDCs or whether they pose
a problem for entrance into U.S. agriculture. The ability
to predict these problems internationally and to incor-
poratc resistance probably has saved the American
farmer millions of dollars in terms of pest control
mcasures within U.S. sorghum production.

In the arca of food quality and nutrition, significant ad-
vances in analytical proccdures have been developed by
U.S. scicntists that serve the U.S. food and feed industry.
Many of the analytical tools for determining tannins,
phenols, and starch and proteins in sorghums and millets
camc dircctly from involvement of INTSORMIL ac-
tivitics by U.S. scientists. These analytical tools have set
the standards for the industry. The entire arca of human
and anir.al nutrition involves sorghum and millet quality
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and the development of sorghums that have higher quality
nutrition levels. The programs are also linked back to the
respective breeding programs to increase food quality on
a worldwidc basis. As American farmers continuc to
produce sorghum, the market demand will increase for
better quality sorghums,

The discipline of pathology has also been heavily in-
volved in identifying new discase organisms around the
world and in the United States and to provide the back-
grouad information to genetically and biologically
manipulatc sorghums and millets to be discasc resistant.
Pathologists have developed diseese strategics for major
U.S. and International discascs.

The arca of sociocconomics has developed technol-
ogy, knowledge, and models which have direct benefit to
U.S. farmers as they seck international markets.

Throughout all the disciplines, a key advantage is the
ability of U.S. institutions to train scicntists on a
worldwide basis. These scientists as they come to the
United States provide manpower to work on U.S.
problcms also. They then return home to countries that
do not compete with the United States to help develop
their own food supply.

These arc a few of the major contributions to the U.S.
farmer from INTSORMIL/CRSP as reflected by the
respective principal investigators that deal in the IN-
TSORMIL arena. Itisimportant that we all try to develop
better cooperation within our commodity Icaderships,
universitics and U.S. AID programs and to be able to ar-
ticulate the benefits of CRSP’s to the American farmer.
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Mission Relations and Protocols

Mr. Flynn Fuller
Agricultural Development Officer
USAID, Niamey, Niger

As your program stales, I'm here to talk to you regard-
ing Mission relations and protocols as they reiate to
CRSP management. However, 1 will be confining my
comments to "How We at USAID/Niger Perccive the
Rolc of the Mission in CRSP Management from Our Ex-
periences Working with CRSP’s” and I'll also add a few
personal comments of my own that  hope might help both
the CRSP and host country governments to better under-
stand cach other and AID and thus be better prepared as
you collaborate to address your rescarch prioritics.

USAID/Niger has substantial expericnce working with
CRSP’s by being fortunate to have three active CRSP’s in
Niger for some time now, including:

1.) The Pcanut CRSP - mainly providing seed for varic-
tal trials by INRAN and some collaborative work with
ICRISAT;

2.) TROPSOILS - addressing soil and water conserva-
tion, crop residue management, fertility management, soil
variability, windbreaks and climatology; and of course,

3.) INTSORMIL - who is working on various aspects
of breeding, entomology, stress physiology, agronomy,
cercal quality and plant pathology.

With each CRSP, we've had differing experiences -
mostly positive, but from time (o time management
headaches of concern to the Mission do occur.

USAID/Niger sces its role in CRSP management,
mainly as onc of facilitator and advisor, particularly in
support of the host countrygovernment and as AID's rep-
resentative in the ficld looking after AID’s investment and
helping to integrate the CRSP’s into the national rescarch
program. AID/Washington has dclegated management
responsibility of the CRSP’s to the lcad universities and
holds them responsible for the programs and accountable
for AID funds. There is also a project manager in
Washington designated to monitor the global programs,
Within our rolc there are times tha, if problems arisc, the
Mission may have to step in and play a more active part
in helping to resolve issucs. We don't like to play the
hcavy, but the Mission docs represent USAID's intercsts
in the host country, and if the Mission feels those inter-

ests arc threatened due to issues that have arisen within
any USAID sponsored program, the Mission will step in
with dircctives appropriate to the situation to resolve that
threat. Even then we see oursclves as advisors to the two
partics (host country government and the CRSP institu-
tion), and as an information link with Washington.

Itis vitallv important that if the Mission is to fulfill its
part (again as advisor, as broxer, as facilitator) we must
be kept within the communication loop between the host
country government and the CRSP institution, so that
when issues do arise, no matter how minor or how severe,
we arc betler cquipped to assist in resolving them. Or bet-
ter yet, we may be able to foresee a problem developing
and be able to help resolve it before it actually becomes
an issuc.

Again in the casc of Niger, cach of the three CRSP’s
have a memo of understanding that was developed and
ncgotiated between the CRSP entity and the host zountry
government. During this negotiation phase the Mission is
very active in advising both partics to assure that an
amicable and workable agrcement is reached. We have
found that the key factor the CRSP’s must keep in mind
(and we do have to remind them from time (o time, espe-
cially during this ncgotiation stage and during and up-
datcs), is that their major purpose for being in Niger is to
address Niger priority rescarch objectives as determined
in consultation with the National Rescarch Institute
(INRAN). Developing countrics cannot afford to devote
their limited resources to address non-priority rescarch
topics. On the other hand, INRAN needs to be fully aware
that the CRSP’s do have global and zonal plans, with
global and zonal goals and objcctives and that research
activitics agreed upon will, in most cascs, nccessarily be
thosce that can transcend national boundarics. The trick
therefore, isto be able to identify and agree uponrescarch
activities that address both - the host country prioritics,
as well as the more global prioritics.

Somcthing clsc that I personally think should be ex-
plained to the host country government at the beginning,
but I'm afraid is often ignored, is that the U.S. institution
is not involved for purcly sclfless recasons. CRSP’s have a
dual goal of improving agriculture i the developing
countrics and in the United States. In fact, participating
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U.S. institutions agree to contribute at least 25% of the
cost of thc CRSP, justificd on the basis of benefits that
can accruc totheir state’s agriculture and their institution.
In other words, it is cnvisioned that results obtained
through addressing rescarch prioritics in developing
countrics, will also have a positive impact at home.

Another aspect that, if not clarificd in the beginning,
may crcate hard feclings later, is the topic of publishing
of rescarch results. For example, does the host country
have the right to edit a document and grant concurrence
on content prior to publication? Remember the rescarch
was conductedin the host country, using host country col-
laborators and other host country resources. If the answer
is ycs, all relevant personnel should be informed accord-

ingly.

Ithas been our experience that the best CRSP relation-
ships evolve when CRSP activitics and administration can
be facilitated through close association with an estab-
lishcd Mission bilateral program heing implemented with
assistancc from a member CRSP institution ( i.c., IN-
TSORMIL with in-country assistance from Purduc
University). This also fits in well with the Africa Bureau’s
plan for supporting agricultural rescarch in Africa by in-
tegrating CRSP’s into the national rescarch programs,
which is also a priority of our mission. In this particular
case, it is often difficult to distinguish between
INRAN/INTSORMIL activitics and INRAN activilics

supported by our bilateral program. This kind of arran-
gement also reduces substantially, the administrative bur-
den on the host country government, the
USAID/Mission, as well as the CRSP institution,

Our cxpcericnce also shows that if such a relationship
like the INTSORMIL/Purduc/INRAN rclationship is not
fcasible, yet the CRSP activity warrants an in-country
presence by institutional personncl, the activity should be
adcquatcly funded to support both the scientific as well
as the administrative aspects of the in-country program.
In other words, the scicntist is there to do rescarch and
should not be expected to deal with all of the day to day
administrative (both aomestic and work related) difficul-
tics onc faces in an obviously unfamiliai third world cn-
vironment. Such tasks take an inordinatc amount of time,
which results in scientific work being unduly neglected,
and at no fault oi the scientist. So we would urge you (o
sclect your people well, and then give them the support
required to do their job. If not, you may find yoursell
losing support from key players (such as the USAID mis-
sion) and thus find it hard to justify a continued presence.

In closing, I would like to say that I personally have
rcally appreciated the professional and personal manner
in which INTSORMIL operates, and to say that the mis-
sion looks forward to a continued profitable and long last-
ing working relationship between INRAN, INTSORMIL
and USAID/Niger.
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Advances in INTSORMIL Pearl Millet Research

Professor David J. Andrews
University of Nebraska

INTSORMIL has conducted rescarch on pearl millet
(Penniseturn glaucum (L.) R and Br.; USDA, 1986 and
IBPGR, 1987) in thc arcas of agronomy, cntomology,
pathology, food quality, socio-cconomics, and genctic im-
provement. Collaborative rescarch on pearl millet has in-
volved Botswana, Burkina Faso, Colombia, India, Mali,
Niger, Scncgal, and the Sudan. Thirty-five scicntists
have/arce receiving post-graduate training in pearl millet
from Botswana, India, Lesotho, Malawi, Mali, Niger,
Scncgal, Sudan, Tanzania, Zambia, Zimbabwe, and the
U.S.

INTSORMIL’s collaborative rescarch focus on pearl
millct has mainly been on Africa, where pearl millet is the
traditional staplc food crop in hot dry zones with uncer-
tain rainfall and sandy soils. These zoncs, where soil and
agroclimatic conditions arc too stressful for sorghum to
be the major cercal, are among the most fragile cnviron-
ments for arable cultivation. Recent droughts, accom-
panicd by increasing human and animal populations and
deforestation have produced situations where rescarch
on sustainablc agriculturc has become an urgent primary
nced. The rescarch topics investigated by INTSORMIL
in diffcrent countrics/regions arc decided in relation to
cxisting national rescarch needs, and international re-
scarch activitics, particularly those of ICRISAT, with
whom scveral international workshops have been jointly
sponsored.

Almost as much pearl millet is planted on the Indian
subcontinent (12 m/ha) as in Africa, and here genetic and
agronomic rescarch coupled with strong markets have
contributed to increased production. Because of budget
constraints, INTSORMIL’s collaboration in Asia is
presently confined to germplasm exchange and
workshops; however, sources of regional funds are being
sought for pathology and stress rescarch.

Pcarl millet, with an inherently morce nutritious grain
than sorghum and a high growth ratc, also has the poten-
tial to be a feed grain crop in the Americas (and clse-
where). Rescarch in this direction in INTSORMIL is
facilitaicd by the Title XII Icgislation requiring that re-
scarchin the CRSP’s should also benefit U.S. agriculture.
Pcarl millet is grown for forage in the southern U.S., but
the plant type required for grain production is cntircly
diffcrent. Pearl millet is in a somewhat analogous position

tosoybeans 30 ycars ago, which were cntircly too late, tall,
and low yiclding for cultivation in thc Midwest and
without a local market. As we shall sce, considerable
progress has been made towards developing high yield-
ing combinc grain types in pearl millet. It should be noted
that the development of yicld potential per se as needed
in the U.S.A. is a major requirement for uscful genctic
contributions in collaborative rescarch in environments
where yicld is limited by stress.

Review of research (see Table 1).

This bricf review has been compiled from project
reports and personal communications with scicntists in
collaborating countrics and INTSORMIL P.I.’s who con-
ducted the rescarch; for more details see INTSORMIL
Annual Reports.

Agronomy

Sced size and millet agronomy (KSU 101-106). Effccts
of sced sizc and density, mesocotyl and colcoptile length
werc studicd in Kansas and Botswana. Sced of medium
sizc was beltter able to germinaltc at higher temperaturcs;
however, evaluation of sced characlteristics in Botswana
showed no advantage from physical scparation of sced.
Genctic differences in mesocotyl and coleoptile lengths
also did not result in significant cffccts in the ficld.
Mortlock and Vanderlip, 1988.

Agronomy trials in western Sudan, where rainfall has
declined steadily over the last twenty years, bave shown
the need (and farmers’ preference for) for carlicr matur-
ing millet varictics such as 'Ugandi’. Rotations with
legume intercrops with new cowpcea or other varictics of
Icgumes which arc also carlicr maturing than traditional
types, may help in stabilizing crop production in condi-
tions where fertilizer application is risky because of un-
rcliable moisturc regimes. Berhe and Jain, 1986.

Adaptation of pcarl millet to acid soils (MSU-111). A
rangc of pearl millet genotypes were tested against acid
tolerant sorghum cultivar checks on acid soils (53-60% Al
saturation) in castern Colombia. All pearl millet
genotypes grew faster, were carlier to bloom, and
produced higher forage and grain vields than the sor-
ghum. Pcarl millct grain yiclds averaged 2700 to 3500
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Table 1. INTSORMIL collaborative research in pearl millet improvement.

Projcct Number Country Discipline Topic
KSU-106 Botswana Agronomy/Physiology Sced quality
KSU-101-1 Sudan Agronomy/Physiology Production agronomy
NU-113 Botswana Agronomy/Physiology Millet vs. sorghum
Niger Agrenomy/Physiology Millet legume rotation
NU-114 Niger Agronomy/Physiology Nutricnt utilization
NU-116 Niger Agronomy/Physiology Water-use efficiency
in millet intercrops
Residue management
MSU-111 Colombia Agronomy/Physiology Acid soil tolerance
AZ-101 US.A. Agronomy/Physiology Drought resistance
TAM-125 Niger Entomology Millet stemborer and
head girdler
KSU-108 Nigeria Pathology Bactcrial discases
Niger Pathology
TAM-128 Botswana Pathology Charcoal rot
KY-101 Sudan Sociocconomics Technology diffusion
PRF-105 Niger Sociocconomics Constraints to
Sudan Sociocconomics technology adoption
NU-119° Sencgal Food Quality Mcchanization of
food products
TAM-126 Mali Food Quality Grain quality
characteristics
KSU-101 India Plant Breeding Yicld breeding/
Kenya Plant Breeding germplasm
Scnegal Plant Brecding exchange
Zimbabwe Plant Breeding
PRF-103A US.A. Plant Brecding Forage quality
NU-118 Botswana Plant Breeding Yicld/germplasm
India Plant Breeding exchange and
Mali Plant Breeding selection
Sencgal Plant Breeding techniques
Sudan Plant Breeding

"Project discontinucd in last budget reduction.




kg/ha, sorghum 1200 to 1600. Pcarl millet appears to be
ablc to tolerate higher levels of Si, 'Ca, and Mg in Icaf tis-
suc than sorghum. Itis cvident that pearl millet has poten -
tial as a feed grain (or fodder) crop on acid soils in South
Amcrica. Tolerance to acid soils is probably a tradition-
al adaptation factor for pearl millet on the leached sandy
soils in west and parlicularly southern Africa.

Millet vs. sorghum at low rainfall levels (NU-113).
Adapted sorghum and millet cultivars were compared in
Botswana at diffcrent fertility levels and planting dates.
At rainfzli levels of less than 350 mm, millet was a higher
yiclding crop and produced more stover. Youngquist,
1988.

Cereal/legume effects (NU-113). At Mcad, NE, yiclds
of millet grown after alegume (soyabean) benefited to the
equivalent of the addition of 45 kg/ha N fertilizer. Similar
longer term trials with sorghum indicated similar benefits
and a gradual increasc of yiclds indicating a sustainable
improved production cnvironment. In arcas of low fer-
tility, cereal/legume rotations should be emphasized.
Gakale and Clegg, 1987.

Pcarl millet intercropping and fertilizer cffects (NU-

113). Grain yiclds increased from 700 to 1190 kg/ha and
stover yiclds from 2800 to 3840 kg/ha as N rat=s were in-
creascd from 0 to 150 kg/ha in Niger. Increasing plant
densitics increased yields in millet/cowpeaintercrops and
100 kg N further increased millet grain yields by 100 o
390 kg/ha.

Mincral uptake and utilization (NU-114). Millet and
cowpcea cropping is being examined in Niger for N & P
fertilizer responses in relation to light interception,
biomass production and yicld. The nitrogen usc cfficien-
¢y for a) biomass production (NE1), and b) grain yicld
(NEz), were compared in Lincoln between millet cultivars
and sorghum. Under N stress, millet NE values were
gencrally lower than sorghum but higher for NE;.
Alagarswamy, ct al., 1988.

Waltcr-usc cficiency in pearl millet/cowpea intercrops
(NU-116). Earlicr planting of higher yiclding short
scason dual purposc cowpcas is recommended in pearl
millct/cowpea intercrops in Niger where moisture often
limits production. Using various degrees of shading and
determining watcer-use cfficicncy (WUE = photosyn-
thesis:transpiration) of millet and cowpea canopics, it was
found that light intensity was the major component limit-
ing cowpcea production in the currently recommended
millct/cowpea intercropping system. Altering the cowpea
row arrangement and spacing between hills allowed more
light on the cowpea canopy and increased cowpea grain
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and total dry maltter yiclds by 15 and 24%, respectively.
Reducing millet shading cffects (without reducing millet
yiclds) through the usc of shorter varictics would also be
beneficial. The dircct and residval effects of cowpeas on
intercropped millet yielas are also being investigated.
Leaving crop residucs on the soil surface had dramatic
cffects on the millet crop in the following year in Niger.
Two t/ha of residue increased grain yields from 200 to
1060 kg/ha and total dry matter from 740 to 3320 kg/ha.
Eastin and Verma, 1988,

Water-stress cffects (AZ-101). Using a Kansas hybrid
and its two parents under line source irrigation in
Arizona, it was shown that lcaf waler or crop water stress
indices, based on canopy or leaf temperatures were bet-
ter indicators of photosynthesis and yicld than other
mcasurcs. Osman, 1987,

Entomology

Millet stalkborer and millet head girdler (TAM-125).
Work was conducted in Niger on the biology of these two
common pests of millet to cestablish a basis for control.
Haimbiacha (= Acigona) ignefusalis was the most impor-
tant species of stemborer on pearl millet and was morc
frequent in carlier plantings in 1986 when populations
were high, Lower populations in 1987 did nnt show the
same pattern, Incontrast, attack by the millet head girdler
Raghuva (= Heiliochiclus) albipunctella was higher on
carly plantings that were carlier to flower. Though
parasites attack the borer in millet and in non-crop plants,
natural parasites/predators do not give effective control,
indicating that cxotic parasites might be better. A natural-
ly occurring parasite (Bracon hebetor) had good potential
to reduce millet head girdler populations and methods to
incrcase numbers of this parasite could provide good con-
trol. Crop and non-crop refuse management can reduce
the diapause larvac populations and maximize effects of
parasitcs.

Pathology

Causal agents of bacterial discascs in pearl millet
(KSU-108). Bacterial stripe of pearl millet, common in
West Africa, was found to be caused by Pseudomonas
avenae which can also affcct maize, sorghum, and sugar-
canc (diffcrent from P. rubrilineans). Bacterial leaf streak,
found in Niger and Nigeria, is caused by Xanthomonas
campestris var. pennamericanum. Claflin, Ramundo,
Leach and Erinle, 1987,

Charcoal rot on pearl millet (TAM-128). Charcoal rot
was found associated with several crop species in
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Botswana including pearl millet; however, pycnidia for-
mation was not obscrved in pearl millet. Strong varicty
differences were tabulated. Diourte, 1987.

Soclo-economics

Constraints to communication and adoption of ncw

technologies (KY 101-102). In a study in N, Kordofan,
Sudan, iaformation about sorghum and millet technology
sprcad morc rapidly via male farmers and the market
placc was the most important source of information. Ficld
demonstrations and cxtension programs on market days
would be cffective. Coughenour, Reeves, and Bidegaray,
1987.

Economic cvaluation of ncw technologics (PRF-105).
Bascd on modcling activitics in Niger and Burkina Faso,
the riskiness of fertilizer use in millet pre.duction was evi-
dent. The reduction in subsidies, lack of credit and low
cercal market prices have further depressed the little use
of fertilizer there was. Modcling studies in Niger show
ncw varictics increasing incomes 10% but a fer-
tilizer/varicty/plant density package increased incomes
27%. It is apparent that the development of new cultivars
can bc made morc rapid if low moisturc and nutricnt
stress cffects can be reduced by agronomic interventions.
However, the instability of cercal markets discourages the
adoption of even low cost technologics. If the new tech-
nologics and (for the good years) a price floor of 50
CFA/kg were combined, then farmers’ incomes would be
incrcased by 42%. Adesina and Brorsen, 1987; Habash,
1987; Nagy, Sanders, and Ohm, 1987 and 1988,

Grain Quality

Evaluating pcarl millet germplasm for good quality
(NU-119). In conjunction with the Institut de Tech-
nologic Alimentaire Dakar, Scnegal, making millet arraw
was successfully me chanized using a 'V’ blender. A taste
pancl could not detect substantial differences between
arraw madc from 4 pcarl millet varictics grown inthe U.S.
All were rated acceptable. Analysis of millet cultivars
grown in Ncbraska and Kansas showed bushel weights be-
tween 57-61 Ib./bu, crude protein 9.7-15.7%, and fatty
acids from 4.7 to 7.7%.

Food nutritional quality of sorghum and millct (TAM-

generally mill better than Souna (early maturing) varietics
and produce better couscous.

In continuing rescarch on producing shelf-stable mil-
lct products, parboiling appcars promising. The decor-
tication process is casier and less wastcful after
parboiling. The product can be quickly cooked, like rice.
Storage tests continuc,

The composition of pearl millet grain suggests it has
potential as a feed grain. The "in vitro” protein digest-
ibility of pearl millet is higher than that of sorghum and
maize.

Plant Breeding

Pcarl millet breeding (KSU-101). The KSU pearl mil-
lct breeding program was started by Dr. A. J. Casady in
1969 at Manhattan. The Fort Hays program started in
1971. USAID strengthening grant, obtained in 1978, was
phased into the INTSORMIL program in 1979-80. Col-
laboration with ICRISAT personnel and Sencgal, Zim-
babwe, Botswana, Kenya, and India have resulted in
exchanges of germplasm. KSU materials derived from
crosses between clite Kansas lines and improved impor-
tations arc sclected for desirable plant type, large sced
sizc, and improved stand cstablishment capability, lodg-
ing resistance, yield potential, and food quality. Materials
arc returned to collaborators as F2 familics, advanced in-
bred lines and as components of populations. KSU
matcrials resclecied by ICRISAT are being used in near-
ly all Indian breeding programs and at lcast one KSU-101
A-linc s uscd in large-scale hybrid sced production by an
intcrnaiicnal sced company. Breeding materials cycled
between ICRISAT and KSU show improvements benefi-
cial to both partics. The performance of F hybrids indi-
cates pearl millet yicld potential approaches or cquals
that of sorghum; grain yiclds in cxcess of 5000 kg/ha have
been obtained.

Forage quality in brown midrib pearl millet (PRF-
103A). A bmr mutation which reduces plant lignin con-
centration 20% and increascs forage quality was induced
in pearl millet with mutagens. Cherney, ct al., 1988,

Breeding pearl millet for developing countrics (NU-
118). The principal objectives of this project are to supp-

126). The microstructure of pearl millet kernels has been
investigated by light, fluorescence and scanning clectron
microscopy. Spherical kernels gencrally decorticate more
casily. Poor decortication has a stronger adversc effect on
T (thick porridge) quality than do varicty differences.
Rescarch in Mali found that Sanio (late maturing) millets

ly collaborating scientists at LDC locations with both
uscful genctic material and information on how best to
sclect the required types of varieties or hybrids for grain
production. In order to develop genctic material uscful to
most collaborating scicntists in African situations, cros-
scs must be made between their best varictics and clite



USS. lines and the carly gencration progeny used in the
collaborative rescarch.

The main cmphasis in NU-118 has been the continued
develepment of clite inbred lines which will be used in
both custom crosses with kost country varictics and to
producc parental lines and varictics for the U.S. Over one
thousand F4-Fg lincs from tropical x carly parcnt crosses
were cvaluated and sclfed in 1988, and backcrossing com-
menced on male sterile testerosses. Some sclection was
possible for lodging resistance. Backcrossing, sclfing and
hybrid production was continucd on clite lincs sent to the
winter nurscry. Custom crossing commenced using ninc
lcading Mali varictics in the winter greenhouse and Fz
sccd produced.

Recurrent sclection continued through modificd mass
sclection on the Nebraska Dwarf Pearl Millet Population
and on testing varictics EDS and MLS produced from it.
Topcrossing these varicties to a seed parent increased
yiclds 20-30%. Such topcross hybrids arc likely to be more
stable in LDC cenditions and casier to develop.

Past-graduate thesis rescarch studies were com-
menced on lodging resistance, cffects of a recessive
chlorophyll mutant on growth and yicld, and on the
relationship of the performance of a synthetic varicty with
a given sct of parent lines, cvalu-ting these per scand as
hybrids. In 1988, a regional pearl millet grain yicld trial
was conducted for the first time in the U.S. in Mississip-
pi, Indiana, Kansas, and Ncbraska as an M.S. thesis for a
MSU student from Zimbabwe, and contained KS and NU
varictics and hybrids. Andrews, 1986; Andrews and Steg-
meicr, 1985,

Future

Results obtained to date, and more expericence of the
constraints, give clear indications to rescarch required in
Africa to improve pearl millet production. The value of
traincd scientists returning to work in their countrics can-
not be over-cstimated and they are a key component in
collaborative rescarch,

Morc emphasis is nceded on "production agronomy”
rescarch--on technologics which will improve soil mois-
turc and nutricnt status. This will involve experiments at
farmers production levels on rotation, intercropping, fer-
tilizer application, cultivation and cspecially residuc
management. The effects of residue are so dramatic (and
have been also demonstrated independently with similar
results by IFDC/ICRISAT) that they must be further in-
vestigated. As pointed out by PRF-105 new cultivars will
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be easicr to produce and will perform better if the prob-
abilitics of moisturc and nutricnt stress are reduced
agronomically. Genetic tolerance to various pathogens
and inscct pests will be required as before, but it has be-
come apparcnt that unless the millet head girdler can be
controlled, or resistance identificd, the strategy of using
carlicr maturing varictics which arc severely attacked,
will be denied. Losses of 40% have been reported in Mali
and therc is an opinion that hcad girdler incidence has
generally increased in the last decade. It is crucial, there-
fore, that more work be done on control of this pest.

Socio-cconomic studics have highlighted poor markets
and disastrous drops in millet grain prices in good ycars
as scrious constrainis to the adoption of new production
technologics, particularly purchased inputs, Traditional
mcthods of millet production (whose productivity are
now being affected by environmental degradation) are
low cost/high return situations. Farmers simply will not
take the investment risk of relatively costly technology
when the outcome is uncertain even in good years, par-
ticularly if they have the choice of an alternative safer
(partly because of more stable market prices) enterprise,
such as a cash crop--sesame, roselle, groundnuts, ctc. The
main changes needed to strengthen markets are institu-
tional and infrastructural and thus arc largely beyond the
scope of INTSORMIL (cxcept to highlight the problem).
However, diversification of products made from pearl
millet can assist in strengthening markets. Rescarch is
nceded on products which have a long shelf-life and from
which it is casy to prepare attractive food (such as arraw).
If food product research is not pursucd, we will have a
deteriorating situation where the utilization of a natural
food production resource in pearl millet growing
countrics is croded by a shift in peoples food preferences
(particularlyin urban arcas) to imported or higher priced
cercals like wheat and rice.

Since the "green revolution” in wheat and rice, plant
breeding has been thought to be the prerequisite to im-
proved production. In stressful dryland production, the
situation is much morc synergistic. Clearly in stressful
conditions, agronomic practices which reduce stress ef-
fects become very important. Genetic improvement then
becomes a component inthe total package and it can have
more impact as productivity levels rise. Once accepted,
new varictics arc the most cost effective technology avail-
able. Yicld potential is important at any level of produc-
tion and it is in the arca of increasing yield potential that
U.S. pearl millet breeding programs can make important
contributions (as has been the case in other crops). The
process by which this will be achieved has commenced,
that is making crosses between the best developing
country varictics and high yiclding U.S. lincs, and will be
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realized through selection in the resulting populations in
collaborative hreeding projects in developing countries,
where adapted scgregates can be identified. Hybrids are
potentially uscful in parts of some African countrics, and
some rescarch on these is desirable. New male sterility
systems as have been developed by Marchais and Tostain
(1985), Hanna (1987), and Hanna ct al. (1987) may
provide more scope in hybrid breeding. Indeed the usc of
apomixis, if it cver can be transferred from Pennisetum
squamulatum (Dujardin and Hanna, 1988) would
revolutionize pearl millet breeding, seecd multiplication
and control of smut and ergot. These examples show the
velue of basic research and INTSORMIL should be more
involved at this level.

In the U.S,, breeding for higher yiclds and adequate
lodging resistance will be continued. Good progress has
been made recently both in Kansas and Ncbraska in
dcveloping combine hybrids. A 15 ha dryland ficld in
Kansas produccd 65 metric tonnes of grain at 16%
protein. A prerequisite to adoption by farmers is market
development and more rescarch is underway to charac-
terize the comparative advantages of pearl millet in steer
and poultry feeding tests. Commercial interest has also
been recently expressed in cooperative feeding tests.

Adecsina, A. A, and B. W. Brorsen. 1987. A risk-responsive acreage
response function for millet in Niger. Agricultural Economics
1:229-239.

Alagarswamy, G., J. C. Gardner, J. W. Maranville, and R. B. Clark.
1988. Mcasurement of instantancous nitrogen use efficiency among
pearl millet genotypes. Crop Sci. 28:681-5684.

Andrews, D. J. 1986. Current results and prospects in sorghum and
pearl millet breeding. In T. J. Davis (cd.) Sixth Agriculture Scctor
Symposium: Development of Rainfed Agriculture Under Arid and
Semi-Arid Conditions. World Bank, Washington, DC.

Andrews, D. J,, and W. Stegmeicr. 1985. INTSORI 1. pearl millet
breeding rescarch, In Sorghum and Millet Workshop, pp. 61-71,
INRAN/INTSORMIL/NCRP, Niamcy, Niger, Oct. 14-17, 1985,

Purdue University.

Berhe, T.,and R. P. Jain. 1986. A pearl millet variety for western Sudan.
Agron, Dept. Report 86-17-D AES, Kansas State University.

Chemney, J. H,, J. D. Axtell, M. M. Hassen, and K. S. Anliker. 1988,
Forage qualitycharacterization of chemically induced brown midrib
mutant in pearl millet. Crop Sci. 28:7¢3-787.

Claflin, L. E., B. A. Ramundo, J. B Leach,and 1. D. Erinle. 1987. Pseu-
domonas avenac, the causal agent of bacterial lcaf strip- of pearl
millet in Nigeria. Phytopathology 77 (abstr.):

Coughcenour, C. M., Edward B. Reeves, and Picrre Bidegaray. 1987. The
function of tribal membership in the flows cf agricultural informa-
tion. Paper presented at meetings of the Sudan Studics Association,
Houston, TX.

Diourte, M. 1987, Pathogenic variation and morphological studics of
Macrophomina phaseolina. M. S. thesis. Texas A&M University,
Collcge Station. 48 pp.

Dujardin, M., and W. W. Ilanna. 1988. Cy*ogenctics of BC3 and BC4
derivatives of pearl millet x . squamulatum crosses.millet. Agron.
Abstr. p. 64.

Hanna, W. W,, H. D. Wells, and G. W. Burton. 1987. Registration of
pearl millet inbred parental lines TifB8SD2A1 and Tift85D2B1.
Crop Sci. 27:1324-1325.

IBPGR. 1987. Working group on Pennisctum. The Herbarium, Royal
Botanic Gardens, Kew, United Kingdom.

Marchais, L., and S. Tostain. 1985. Genetic divergence between wild
and cultivated pearl millets (Pennisctum typhoides) 1. Malessterility.
Z. Pflanzenzught 95:245-261.

Mortlock, M. Y., and R. L.. Vanderlip. 1988. Effect of sced quality on
stand establishment in pearl millet: on farm trials. INTSORMIL
Tech. Rept. No. 1.

Nagy, J., J. 11. Sanders, and I1. Ohm. 1987. Ccreal technology develop-
ment--West African Semi-Arid Tropics: A farming systems
perspective. International Programs in Agriculture, Purdue Univer-
sity, West Lafayette, IN.

Nagy,J. G.,J. 11. Sanders, and H. W. Ohm. 1988. Cereal technology in-
tervention for the West African Semi-Arid Tropics. Agric. Econ.
1:179-208.

Osman, M. A. 1987. Effect of walter stress on the physiology, growth,
and morphology of three pearl mitlet genotypes. Ph.D. dissertation.
Dep. of Plant Sciences, University of ssrizona, Tucson.

Rooney, L. W,, and C. M. McDonough. 1987. T'ood quality and con-
sumer acceptance of pearl millet. Proc. International Pearl Millet
Workshop, April 7-11, 1986, ICRISAT. Hydcrabad, India.

USDA. 1986. A checklist of names for 3000 vascular plants of cconomic
importance. Ilandbook No. 505, Government Printing Office,
Washington, D.C.

Youngquist,J. B. 1987. Maximizing cereal crop production in Botswana
during years of drought. Ph.D. Thesis, Univ. of Nebraska- Lincoln.



119

Striga: A Model for Collaborative Interdisciplinary Research

Dr. Larry Butler, Dr. Gebisa Ejeta and Dr. Dale Hess
Purdue University

Introduction

Striga specics arc cndemic to the semi-arid tropics, oc-
curring on a wide range of wild host plants and produc-
ing large quantities of tiny, long-lived sceds, which render
their climination impossible (Doggett, 1984; Edmunds, ct
al., 1970). Where cercals arc monocropped, Striga
damagc and not ¢xhaustion of soil fertility is responsible
for deterioration of yicld (Basinski, 1955; Wilson-Joncs,
1953). As population pressures result in more continuous
cereal cultivation the Striga problem is increasing (Ayen-
su, ct al., 1984). Conscquently, rescarchers arc secking
ways to improve crop yiclds and reduce Strige damage on
Striga-infested lands,

One control method advocaled since carlicst times is
hand pulling of acrial stcms as they emerge (Wilson-
Joncs, 1953), but young shoots may break off below the
soil surface and regrow rapidly (Ramaiah and Parker,
1982). In addition, removal of emerged plants may reduce
compclition among Striga plants on the host root system
and stimulate growth of uncmerged plants (Ogborn,
1972). To be cffective, removal of Striga must begin carly
(Bcbawi and Farah, 1981a; Egley, 1971), should continue
throughout the growing scason (Tarr, 1962) and uprooted
flowering plants must be destroyed to prevent immature
ovarics from producing sced (Andrews, 1945). Although
there is once report to the contrary (Ramaiah, 1985), hand
pulling of Striga in densc infestations is gencrally con-
sidered to be impractical due to the intensive labor in-
volved and the absence of immediate return in the form
of increased yicld (Doggelt, 1970; Ogborn, 1972; Wilson
Jones, 1953).

Varictal Rezistance to Striga

Varictal resistance may be the most promising
cconomic control measure since adapted, resistant cul-
tivars can be grown under conditions or crratic rainfall
and low soil fertility and require no costly inputs on the
part of subsistence farmers (King and Zummo, 1977,
Mussclman, 1980; Ramaiah and Parker, 1982). Sorghums
resistant to S. hermonthica in Africa have been identified
(Doggett, 1965; Ejeta and Jain, 1982; Kambal, 1979; King,
1975; Ramaiah, 1987) bul resistance frequently does not
hold up across gcographical regions. The varial.le perfor-
mance of host resistance in different arcas may be duc to
the existence of intraspecific physiological variants of the

parasitc (Bebawi, 1981b; King and Zummo, 1977; Parker
and Reid, 1979).

We compared six introduced sorghum varicties for
yicld and Striga resistance at several locations in Niger
during the 1986 and 1987 cropping scasons. Yicld and
Striga number per hill are summarized in Table 1 for the
best resistant varicty (SRN39) and the local checks.

Under conditions of heavy Striga infestation in 1986 the
local cultivars were ncarly destroyed (yiclding 0-77 kg/ha)
whercas SRN39 yiclded 1,626 kg/ha. The mean grain yield
of the local cultivars under Striga-free conditions was only
1,071 kg/ha. In 1987 Striga infestation was considerably
rcduced and the performance of the infested local cul-
tivars greatly improved. Even the, SRN39 outyiclded the
mcan of the local cultivars, producing 2,503 kg of grain/ha
compared to 1,606 kg/ha for the local cultivars. In both
ycars Striga number was dramatically reduced on cultivar
SRN39 compared to the mean of the local cultivars (12.1
vs 37.5 and 0.03 vs 7.6 Striga/hill in 1986 and 1987, respec-
tively).

Geneties of Striga Resistance

Few reports of investigations into the genctics of resis-
tance to Striga in sorghum have been published. Kulkar-
ni and Shinde (1985) reported ficld tolerance to S.
asiatica to bc governed by non-additive genc action.
Obilana (1984), defining resistance as "low total number
of Striga per sorghum plant”, reported high (78%) broad
sensc heritability of this trait. He found gene action to be
non-additive with over-dominarice of susceptibility and
estimated that two to five genes control reaction to Striga.

We investigated the genetics of resistance in sorghum
cultivar SRN39 in an outdoor pot trial during the 1987
growing scason. SRN39 is a tan plant zcrazera derivative
and P954063, the susceptible parent, is a colored plant
zerazera derivative, We worked with 30 pots of cach
parcnt and of their Fy, 100 pots of the F2 and 50 pots cach
of the backcrosscs to both parents. Pot soil was prepared
by hand mixing two parts of clay to onc part cach of sand
and cow manure. The top five cm of soil in cach pot was
uniformly infested with approximately 70,000 Striga sceds
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Table 1. Performance of resistant sorghum cultivar SRN39 compared to four local cultivars under Striga-free and
Striga-infested conditions in Niger in 1986-87.
198 1987
Grain Yield Grain Yield
(kg/ha) (kg/ha)
Striga Striga

Cultivar u! 12 no/hill® U’ I no/hill®
BDF 886 45 20.5 1,874 2,387 5.0
Bagoba 1,324 0 39.1 2,096 1,765 133
Tcholori 1,077 24 326 1,790 984 58
L-30 996 77 573 1,754 1,288 6.3
SRN39 926 1,626 12.1 1,807 2,503 0.0
Mcan of

4 local 1,071 37 37.5 1,879 1,606 7.6
cultivars

1 Mcan of threc uninfested locations: Kolo, Lossa and Bengou.

2 Infested location; Birni N’Konni.
3 Mcan of ten hills at harvest.

4 Mcan of four uninfested locations: Kolo, Lossa, Bengou and Birni N’Konni.

which were conditionced by watcring pots one week prior
to sowing sorghum.

The superior resistance of cultivar SRN39 was evident
in pots as it had been in the ficld. Genotypic differences
existed for days to Striga emergence and Striga number at
the various counts. Broad sense heritabilitics for Striga
number at 37 and 44 days after sowing were 43 and 38%,
respectively. Increasing Striga number was significantly
corrclated with increasing days to sorghum flowering and
decreasing sorghum yicld. Mather and Jinks’ scaling test
showed that obscrved variation could be explained by its
additive and dominance components. Decrease in Striga
number was inhcrited recessively and curve fitting
showed that this trait may be governed by a single gene.

Cultural Contro! of Striga

Application of nitrogenous fertilizers is a short-term
cultural measure which may result in immediate reduc-
tion of Striga infestation. Nitrogen in the form of sulphate
of ammonia was reported to delay emergence of Striga
hermonthica (Agabawi and Younis, 1965) and reduce its
incidence (Last, 1961) and dry weight (Last, 1960b, 1961)
onsorghum. Application of urcaalso reduced S. hermon-
thica incidence (Last, 1960a) and dry weight (i 1wi,
1981a, 1988; Last, 1960a) on sorghum. Nitrogcn in the
form of ammonium nitrate reduced incidence of S.

asiatica on maize in South Africa and the United States
(Farina, ct al., 1965; Shaw ct al., 1962).

We conducted ficld studies addressing the cffect of
nitrogen [ertilizer and tillage treatments on levels of Striga
infestation on sorghum, Results from 1986 were reported
carlicr (Hess and Ejeta, 1987). Application of 100 kg/ha
of nitrogen (in the form of urea) reduced the number of
emerged Striga plants, delayed Striga flowering and in-
creascd sorghum straw and grain yiclds. Tillage by animal
traction did not bury Striga sced sufficiently deep to
reduce the sced bank in the soil, but nitrogen fertilization
used in combination with varietal resistance could reduce
the damaging cffect of Striga in naturally-infec.cd ficlds
in Niger.

Striga Biochemistry and Biotechnology

Although few details arc known of the fundamental
biology and biochemistry of Striga, some unique features
arc apparent (Riopel, 1983). Because of its complete
adaptation to the lifestyle of an obligatory parasite, Striga
has given up control of its carly development to its host
plant. Only in responsce to a chemical signal from the host
plant will the Striga sced begin the developmental process
and germinate. Genes activated by this signal are turned
off by another chemical signal, again from the host plant.
This sccond signal also activates another set of genes con-



trolling the second developmental stage, the formation of
the haustorium by which thc Striga radicle attaches to the
host root. It is likely that other chemical signals are ex-
changed at later stages of the host-parasitc relationship.
There arc indications, for cxample, that Striga may
produce a toxin which gets transported throughout the
host causing the characteristic symptoms of Striga infes-
tation (Graves, ct al, 1988).

Recently both of these signals controlling initial stages
of Striga development have been identified from sorghum,
the first natural host of Striga to yield this information. We
reported that sorghum root hairs cxude an oily
polyphcnol/quinone which has various aliclochcmical ac-
tivitics (Nctzly & Butler, 1986). Dr. J, Riopel of the
University of Virginia helped us establish that this
matcrial contains a germination stimulant for Striga. With
help from Dr. D. Lynn of the University of Chicago we
determined the structure of the major component and
found it to be a unique quinonc unlike anything previously
reported from sorghum or any other cercal (Chang, ct al,
1986). It is the unstable hydroquinone precursor of this
quinonc which is active as a germination stimulant for
Striga. We have identificd three additional minor com-
ponents of the sorghum root cxudate as close analogs of
the major quinonc/hydroquinone pairs all are active as
Striga germination stimulants, and also have other ac-
tivitics more likely to benefit the sorghum plant. We have
collectively named these materials "sorgoleonc” (Netzly,
ct al, 1988).

The chemical instability of the active hydroquinone of
sorgolconc as well as its low water solubility confinc its
activity as a Striga germination stimulant to a narrow zone
closc tothe sorghumroot (Chang, ct al, 1986). Striga sceds
arc so tiny that only those in close proximity to the host
root have any change to reach it, so these characteristics
of the stimulant are favorable to Striga because the sceds
not ncar the root remain viable for subscquent scasons,
making Striga control more difficult.

The signal for haustorium initiation, the second
developmental signal from the sorghum host, has been
identified by Dr. Lynn as a simpler quinone, 2,6-
dimcthoxy-p-benzoquinone (2,6-DMBQ) (Chang &
Lynn, 1986). It has been suggested that this is not direct-
ly produced by the sorghum root, but is a brecakdown
product of sorghum root lignin causcd by an enzyme from
the ncarby Striga root (Chang & Lynn, 1986).

Thus we have broken the chemical code of the carly,
crucial signals upon which Striga depends for develop-
ment. Because of Striga’s complete dependence upon an
external source of thesc signals, it is uniquely vulncrable
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to their disruption. Interruption of the signals should
prevent development of the parasite; introduction of
spurious signals in the abscnce of the host should cause it
to commit tosuicidal development (Striga can survive only
afew days in the absence of the host). There is reason for
hope that the new chemical information represented in
the structures of these signals can be developed into more
effective methods for controlling Striga.

Sorgolconc is too unstable and not sufficicntly watcr
solublc to utilize in Striga control by treatment of infested
ficlds to stimulate germination in the abscnce of a host,
but appropriatc analogs should be readily obtaincd. Some
analogs, both synthctic and natural materials, arc alrcady
commercially availablc. We anticipate the development
of both germination stimulants and germination in-
hibitors based on sorgolcone. Inhibitors would not clcan
up an irfested ficld, but would have the virtue of applica-
tion as a sced treatment rather than the more laborious
soil trcatment necessary for germination stimulants, and
inhibitors should permit normal crop development in an
infested ficld. Inhibitors of haustorium development
based on 2,6-DMBQ should also be cffective. One sor-
ghum cultivar relativcly resisiant to Striga apparently
overproduces 2,6-DMBQ so that haustoria develop fur-
ther from the root and cannot attach.

The new tools of biotcchnology offer potential for
Striga control. We arc adapting our in vitro sorghum tis-
suc culturc program to sclect for somaclonal variants
having characteristics such as low sorgolcone production
which should contribute to resistance or tolerance to
Striga. A diffcrent approach might be the charactcrization
of the receptor sites for sorgolcone on the Striga sceds. It
should be possible with appropriatc techniques such as
fluorescent labelled antibodics to identify and charac-
terize these sites in order to design more cffective in-
hibitors to block them. Eventually we would like to
identify and characterize the protein products of the
genes activated during the carly stages of Striga develop-
ment, and go on to the biology of Striga-host intcractions
at the molecular level of the gene. For this basic rescarch
it will be nccessary to obtain support from other agencies
such as NSF.
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Breeding for Drought Tolerance
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Introduction

Drought is the most important constraint to sorghum
and millet production worldwide. Breeding for drought
tolerance is a major cffort within INTSORMIL involving
many scientists, institutions, locations, and all major host
countrics. In this paper, I will deal csscntially only with
sorghum,

Investigators and Projects

The major U.S. Principal Investigators involved with
drought and breeding for drought tolerance, the major
thrust of their program, and their primary host country
collaborative sites are:

D.T. Roscnow and L.E. Clark (TAM-122) - Ficld
breeding and screening nurscrics in West Texas and
germplasm development - Sudan, Mali, Niger, plus some
in Honduras, Colombia, and Botswana.

G. Ejeta (PRF-107) - Germplasm development and
screening in Indiana and Texas - Niger, Sudan.

D.J. Andrews (NU-115) and NU-118) - Sorghum and
Millet - Sorghum (drought cooperative with Kansas-
Botswana). Millct (germplasm development - Mali,
Senegal).

W.D. Stegmeicr (KSU-101) - Millet only - Kansas -
Germplasm development - Niger.

F.R. Miller (TAM-121) - Yiceld, adaptation, food types
- rates when drought occurs.

G.C. Pcterson (TAM-123) - Insect resistance - rates
when drought occurs.

J.D. Axtell (PRF-103A) - McKnight Foundation
Grant-Niger.

L.M. Gourley (MSU-104) - Drought aluminum as-
sociations - Colombia.

J.D. Easlin (NU-116) - Ficld screening techniques -
Ncbraska and Kansas - Niger, Sudan.

C.Y. Sullivan (NU-123) - Physiology of drought - Mali.
Host Countries

The major host country sites involved in drought
breeding rescarch include:

Sudan - Major cffort

Niger - Large cffort

Mali - Large cffort

Botswana - Modcrate cffort

Honduras - Some cffort

Colombia - New initiative in Northern Colombia

Concepts

Drought tolerarce is a very complex phenomena in
sorghum. Until recent years, little effort has been directed
specifically to breeding for drought tolerance. Recent
developments in the understanding of drought and in
ficld screcning techniques have contributed to an in-
creased emphasis on breeding for improved drought
tolerance in sorghum in the U.S. and internationally.

When discussing drought tolerance in sorghury, it is cs-
scntial to consider stage of growth. Three important
growth stages arc recognized in sorghum as they relate to
drought stress:

(1) Secdling cstablishment - vegctative stage (GS1)

(2) Pre-flowering stage (head differcentiation to flower-
ing) (GS2)

(3) Post-flowcring stage (flowering to physiological
maturity-grain development (GS3).

Most of the INTSORMIL’s drought tolerance breed-
ing rescarch on sorghum has been at the pre- and post-
flowering stage.
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Two distinctly different types of stress responsc have
been identified in the Texas program. One type (pre-
flowering) is cxpressed when plants are stressed prior to
flowering during panicle development (GS2), while the
other (post-flowering) is expressed when severe moisture
stress occurs during the grain filling stage (GS3). Plant
symptoms indicating cither a desirabic or undesirable
response to stress at these two stages have been described
and can be visually rated in the field. Symptoms of pre-
flowering drought stress susceptibility include: leaf roll-
ing; uncharacteristic leaf ercctness; leaf bleaching; lcaf
tip and margin burn; delayed flowering; "saddlc effcct” -
only cnd plants next to alleyways producc a panicle; poor
panicle cxcrtion; panicle blasting and floret abortion; and
reduced paniclessize. Tolerance to pre- flowering drought
stress is indicated by the alternative condition in cach in-
stancc,

Symptoms of post-flowering drought stress suscep-
tibility include premature plant (leaf and stem) death or
plant sencscence, stalk collapse and lodging, stalk rot
(charcoal rot, Macrophomina phaseolina), and some-
times a significant reduction in seed size, particularly at
the basc of the panicle. Tolerance is indicated when
plants rcmain green and fill grain normally. Such green
stalks arc resistant to charcoal rot and stalk lodging. The
cultivars arc referred (o as having good "stay-green” or as
"non-scnescing”, The post-flowering responsc is most ob-
vious and distinct in planis which have been grown under
favorable soil moisture and growth conditions until
flowering, with a severe water deficit developing during
the late grain fill stage. When water stress deveiops
gradually and occurs over the entire scason, these distinct
stress responscs may not be as obvious.

High yiclding sorghum genotypes with a large grain
sink size relative to the vegetative portion of the plant arc
morc susceptible to post-flowering drought stress than
arc low grain producing genotypes. Susceptibility to char-
coal rot is predisposcd by severe water stress during the
latter stages of grain fill. Because of this relationship,
charcoal rot is treated in the Texas program primarily a
post-flowering drought stress problem.

Exccllent sources of tol=rance to cach type of stress
have been identificd. Many cultivars which possess a high
level of tolerance at onc stage tend to be susceptible at
the other stage; however, some genotypes posscss
modcrale to good tolcrance at both stages. Breeding cf-
forts arc underway to enhance the pre- or post-flowering
drought tolerance in sorghum genotypes as well as com-
bining good levels of both pre- and post-flowering
drought tolerance into the same varicty or hybrid.

Breeding and Screening Techniques

The association of physiological traits with drought
tolerance in sorghum has been studied by scveral
workers. Technology exists for such cvaluation, but
breeders have made little uss of physiological parameters
to sclect for improved drought tolerance in sorghum. It
appears that individual physiological traits identified to
date arc not sufficiently related to drought response to
merit sclection bascd on that trait. Distinct plant respon-
ses such as those described in the previous section appear
to be the best method of evaluating drought response in
sorghum,

Many sorghum breceders belicve that progress is most
rapid when carly gencration sclection is practiced under
optimum or ncar optimum conditions, prior to evaluation
under biotic or biotic stresses. This enhances expression
ol yicld and reduces cnvironment x genotype interactions
during carly gencrations. Regarding drought tolerance in
sorghum, the extreme variability in timing and amount of
rainfall, along with soil variability in such traits as soil
type, depth, fertility, pH, water content, and nutricnt
toxicitics contribute to a large genotype x year or
genotype x location interaction, particularly under low
rainfall conditions. The present understanding of the dis-
tinctly different reactions to drought stress at different
growth stages explains much of the lack of progressin the
past when sclecting sorghum under low rainfall, dryland
conditions.

The approach to breeding for drought tolerance in IN-
TSORMIL is primarily an cmpirical onc utilizing natural
stress in large ficld screcning nurseries along with subjec-
tive visual scoring of symptoms or actual yicld measure-
ments. Regulation of moisture stress at different stages of
growth is cssential to significant progress in breeding for
drought tolerance. Control over the timing and degrec of
moisturc stress can be achieved through varying the
amount and timing of irrigation, varying planting datcs,
and through the usc of multiple locations with differing
cnvironments. Irrigation differential is best used in dry
cnvironments and can be achicved in the same or in ad-
jacent nurserics.

The approach in Texas to breeding for drought
tolerance is to practice carly gencration sclection in large
ficld screcning nurscrics under naturally occurring
dryland or limited irrigation conditions. As gencrations
arc advanced, nurseries and tests are duplicated under
two or morc conditions, with one being under favorable
moisture conditions where yield potential is expressed.
We cvaluate a large amount of diverse germplasm in ficld



screening nurscrics at several locations having differing
stress environments, different planting dates, and dif-
ferent water regimes. This approach helps to insure stress
at diffcrent stages of growth. From this, the precise type
of drought tolerance in a particular genotype can be
defined, and genotypes which combinc tolerance over a
wide range of stress conditions can be identificd.

In the pre-flowering screening nurscries (Lubbock
Dryland, Wellman, Chillicothe), the combination of
sandy soil (Wcllman), high summer temperatures, and
low mid-summer rainfall usually creates drought stress
during the pre-flowering growth stage, especially in mid
or late Junc plantings. In our post-flowering screening
nurscrics (Lubbock, Halfway), ample irrigation water is
applicd during the carly growth stages o induce good
growth and yicld cxpression. Irrigation is terminated
prior to anthesis to allow moisture stress to develop near
the flowering stage and intensifying during grain fill,

In nurscrics where severe watcer deficits occur prior to
flowering during the panicle development stage, subjec-
tive ratings can be recorded whenever distinct differen-
ces in drought response appear. Rating is donc on a 1-5
scalec where 1 = cxcellent and 5 = very poor response.
Prior to hcading, ratings can be made on lcaf stress
symptoms indicating drought susceptibility such as roll-
ing, excessive erectness, blcaching, and firing, Ratings can
be made on cach trait separatcly, but arc often combined
into a single overall drought susceptibility rating. Some
cultivars arc very susceptible to another kind of leaf
nccrosis called leaf firing, where large scections of the leaf
dic rapidly and usually at about flowering time. This type
of leaf firing is different from the leaf margin and tip burn
described previously and appears to be primarly a heat
responsc. Later appearing symptoms caused by moisture
stress prior to flowering include dclay in flowering,
panicle and florct blasting, poor panicle exscrtion,
reduced panicle size, and the "saddle" effect. These
symptoms can be rated individually or in combination.
Delay in flowering is evaluated by comparison with non-
stressed plantings. These late-appearing symptoms are
the best cvaluation of pre-flowering drought tolerance.
Such ratings may be made at or after maturity.

In nurscries where post-flowering drought tolerance is
cvaluated, cach entry or plot is subjectively rated for the
amount of premature leaf and plant dcath. Ratings arc
madc on a 1 to 5 scale where 1 = completely green, to 5
= dcad. Ratings arc normally made at or soon after
physiological maturity, but can be madc anytime that dif-
ferences among genotypes appear. Percentage of plant
lodged duc tostress is also taken. in West Texas, the nurs-
cry is often left standing for an extended period following
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maturity to allow stalk lodging to occur. This facilitatcs
the identification of entrics which have stalks weakened
by moisture stress. It also allows for selection of genotypes
with anatomical stalk strength traits.

Quantitative data such as number of sceds per arca or
head, grain sizc, grain yicld, grain yicld of standing plants,
ctc., can be taken in drought screening nurseries, It may
be uscful on advanced materials, however, visual cvalua-
tion of these traits is quitce casy, accurate, and quick, and
is reccommended for breeding progeny.

Knowlcdge of maturity is critical when cvaluating sor-
ghum for drought tolcrance. Sorghum is particularly sus-
ceptible to pancile and floret abortion or blasting when
moisture stress is severe just prior o hcading. Also, sor-
ghum is very susceptible to post-flowering stress in the
period just prior to physiological maturity of the grain. In
both cascs, plants a few days carlicr or later in maturity
may show little damage. Therefore, maturity should be
considcred carcfully when cvaluating for drought
tolerance. Flowering notes should be taken on all plots of
advanced materials and comparisons made only among
entrics of similar maturitics.

The use of alternating standard checks every 5 or 10
plots in drought scrcening nurserics is also important.
The checks should varyin drought response and maturity.
Short (5-6m), single row plots are adequate in screening
nurserics.

Irrigation gradient systems can be very uscful for
drought tolcrance screening in dry environments. They
allow cvaluation of response to a range of stress under
otherwise identical conditions and allow manipulation of
the onsct, cessation, and degree of stress. Disadvantages
arc the inability to control rainfall and with sprinkler sys-
tems, the amount and timing of irrigation may be less than
idcal. They are of only limited value in arcas where rain-
fallis high during the main portion of the growing scason.
Usc of gradicents during the dry, off-scason is not recom-
mended duce to day length differences which can have
major cffects on yicld responses, especially on
photoperiod sensitive sorghums,

Rainout shelters arc very useful to supplement evalua-
tions made in field nurserics. Untimely rains often
prevent evaluation or restrict cvaluations to short periods
during the growing scason. Rainout shelters can be used
to greatly accelerate and improve the efficiency of selec-
tion by controlling both timing and amount of water ap-
pliecd, while otherwise maintaining a ncar-normal
cnvironment,
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In Sudan, drought screening nurscries similar in many
respects to those used in West Texas have been success-
fully used in breeding for drought resistance. Breeding
material is screencd in large ficld screening nurserics and
subjectively rated. Onc nursery is under sandy soil, low
(350 mm or less) rainfall, and stress prior to flowering is
usually severe. The other is under heavy soil and higher
rainfall, with stress often becoming very severe late in the
scason during grain fill,

The drought breeding program at Purdue uses many
of the same principles regarding screcning, rating for pre-
and post-flowering drought tolerance, ctc. as arc used in
Texas. At Nebraska, screening has been primarily for
tolerance at the GS2 (pre-flowering) stage. In Texas, em-
phasis is on both pre- and post-flowering tolerance, com-
bining both into the same cultivar, and yicld stability over
a broad range of stress environments.

Through germplasm cxchange and cvaluation, it has
been proven that U S. developed and identified drought
tolerant germplasm has dircct relevance (o use in LDC’s.
Drought tolerant lines selected in the Sudan and the U.S.
(Texas and Purduc) perform very much as expected at the
other location. Pre-flowering tolerant lines developed in
Texas perform very well on the pre-stress location (El
Obcid) in Sudan, while post-flowering tolcrant lines iden-
tificd in Texas also possess very good "stay green” under
hcavy soil (Gadambalia and Wad Mcdani) in Sudan. This
also appcears to be truc in West Africa (Niger, Mali) and
Botswana. In some parts of West Africa, care must be
taken to not confuse drought responsc with "soil toxicity"
problems.

The extreme importance of drought tolerance in the
scedling establishrucnt - carly vegetative stage in much of
the developing world is recognized. However, it is not im-
portant in the U.S., and genotypic differences have not
been observed in field nurscrics in Texas. Off-scason
screening should be very uscful and some has been done
in Mali as part of the INTSORMIL/MALI collaborative
activitics. Morc information is nceded on drought
tolerance at this stage, including sced, rooting, clc., cf-
feets, and the relationship of seedling drought tolerance
to that at morc advanced growth stages.

A major portion of INTSORMIL'’s drought tolcrance
breeding program aclivitics is in developing clite
germplasm for usc in LDC host countries. This involves
crossing introduced drought tolerant x U.S. clite and x
U.S. drought tolcrant, and subsequent distribution of Fa,
F3, or F4 sced to the host country for selection and use. It
also involves dircct use of U.S. drought tolerant lines in
Host Country breeding programs.

It is suspected that drought tolerance in pearl millet
may be very similar to that in sorghum, with different and
specific responses depending on the stage of erowth at
which the stress occurs.

Summary and Conclusions

1. The empirical approach, utilizing large ficld screen-
ing and breeding nurserics, subjective scoring, and the
principles described in this paper, is a drought breeding
and screening technique that has proven successful.

2. For drought tolerance screening, the following is en-
couraged: multi-locations with differing stress, diverse
germplasm, quick visual ratings, screening in carly as well
as in advanced gencrations, exchange of drought tolerant
germplasm among sorghum workers, and constant ex-
change of information. Look for stability of yicld across
cnvironments,

2. Utilization should be made whenever possible of the
local environment in the regular growing scason. It is im-
portant to be familiar with the normal rainfall pattern, soil
type, soil problems, and with other major constraints to
growth and production, so that the effect of moisture
stress will not be confused with or confounded with
problems caused by other biotic or abiotic factors.

4. Be familiar with and be able to recognize the various
drought responses of sorghum at the three major stages
of growth. Know the stage of growth when stress occurs
in cach nursery, by recording flowering date, rainfall data,
ctc..., and make sclections and interpretations according-

ly.

5. The excellent drought tolerance, yicld stability, and
other adaption traits found in many local cultivars in
LDC’s should be utilized extensively in drought breeding
programs.

6. There is a nced for a better understanding of the
genetic and physiological mechanisms of drought resis-
tance. Basic studies are cncouraged and should con-
tribute to the drought breeding program and the
development of more rapid and cfficient screening tech-
niques.

7.Morc rescarch is nceded on drought tolerance at the
scedling stage.
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Utilization Research: An Interscience Approach

Dr. L.W. Rooney
Texas A&M University

Sorghum and millet utilization research activitics in
INTSORMIL were initially designed to be integrated into
the overall sorghum and millet improvement programs.
Thus, the utilization PI’s have collaborated extensively
with sorghum and millet breeders, pathologists, en-
tomologists, cconomists and sociologists as required to
solve major constraints that limit sorghum and millet
utilization. At the same time, more fundamental aspects
of the chemistry of tannins, structure of sorghum and mil-
let, digestibilitics and fundamental chemistry of major
processes have been partially elucidated. The CRSP con-
cept has truly accentuated interdisciplinary rescarch ac-
tivitics which have Icad to the release of new improved
cultivars with acceptable grain quality as well as yield and
agronomic qualities.

Major sorghum and millet utilization constraints
(Table 1) relate to the fact that sorghum and millets are
produced and consumed as food mainly by very poor
people. Therefore, until recently very little rescarch was
donc to improve their quality for food and as incomes in-
crease, consumers buy wheat or rice foods because ac-
ceptable processed foods from sorghum and millet do not
exist. These constraints can be overcome by judicious re-
scarch but it requires a long term approach. INTSOR-
MIL has taken a multifaccted long term approach that is
answering essential questions and providing potential
solutions. INTSORMIL rescarchers have closely col-
laborated with ICRISAT and many other agencics on all
aspects of utilization with mutually rewarding benefits.

Table 1. Sorghum and Millet Utilization Constraints

1. Sorghum and millct arc considered coarse grains or
poor people’s food.

2. Very little rescarch has been accomplished on sor-
ghum and millet.

3. Incxpensive, subsidized imported grains adversely
affect prices.

4. Inconsistent supply of grain for processing,

5. Difficult to process sorghum and millet into stable

products.

No infrastructure to support modern technologies.

Need innovative low technology processes that can

be applicd at village levels.

No

Utilization Research Objectives of INTSORMIL

The general objectives of the INTSORMIL program
on utilization (Table 2) are designed to address the most
important rescarchable major constraints. The program
ranges from very applicd work of documenting major
traditional processes and developing methods of testing
for their quality in breeding programs to dectailed
chemistry of tannins and phenols as related to Striga and
mold resistance. It includes basic factors affecting the di-
gestibility of sorghum and innovative low technology
mcthods of converting sorghum into SORI, a rice-lika
product. Each PI has specific objectives that relate to the
broad objectives, cach Pl interacts with the others in IN-
TSORMIL to avoid ncedless duplication of cfforts.

Table 2. INTSORMIL’s Objectives
for Utilization Research

1. Identify and evaluate traditional sorghum and millet
food systems.

2. Devcelop practical methods to sclect for quality in the
breeding programs.

3. Dectermine physical, chemical and structural factors
affccting food processing methods and nutritional
quality.

4. Dcterminc factors affecting grain weathering (mold)
resistance and how to select for resistant types.

5. Develop modified or new processes to produce ac-
ceptable shelf-stable food products.

6. Dectermine the chemistry of tannins and phenols and
their relation to pest resistance.

Accomplishments

IN” SORMIL has made significant progress on all of
the major research objectives. A large number of publi-
cations in referred journals have documented many ac-
complishments. Table 3 contains a partial list of
accomplishments according to the various research ob-
jectives. Workshops, conferences, symposia and field
days have been used to get the information to potential
users.
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Table 3. Some General Accomplishments of
INTSORMIL Utilization Research

Objective 1 - Traditional Food Systems

1. Classificd traditional sorghum and millct foods into
major categorics.

2. Decfincd important process paramcters affccting
processing quality and nutritional value of tradition-
al food systems.

3. Postulated kernel characteristics required or desired
for acceptable sorghum/millct cultivars.

Objective 2 - Methods of Selecting for Quality

1. Lab procedures for producing the major categorics
of traditional foods were developed, standardized
and uscd to determine cssential factors affecting
quality.

2. Equipment and mcthods for decortication of sor-
ghum and millet were standardized and applied in
breeding programs to sclect for quality.

3. Newsimple methods for determining hardness, den-
sity, kerncl texture and other propertics were applicd
and developed.

Objective 3 - Factors Affecting Food and Nutritional
Quality

1. Protcin digestibility of cooked sorghum is lower than
other cercals.

2. Traditional village processcs, especially thosc involv-
ing fermentation and malting, improve protein di-
gestibility significantly.

3. High shcer extrusion processes improve In vitro and
In vivo protcin digestibilitics.

4. Limc cooked and raw sorghum fed to swine had 95%
of the protcin digestibility of lime cooked and raw
corn. Lime cooking slightly decrcascd digestibility.

5. The cross linked kafirin protcin fraction surrounds
the starch granules affecting the digestibility of
cooked sorghum. Addition of reducing agents im-
proved in vitro protein digestibility significantly.

6. Protein matrix and protein bodics surrounding
starch granules affect starch cooking propertics
which affccts porridge quality.

7. Thick porridge quality is optimum for a sorghum with
rclatively hard endosperm texture.

Objective 4 - Grain Weathering and Molds

1. Grain weathering and molds significantly affect the
milling propertics and food quality of sorghum.

Brown, high tannin tvpes arc most resistant. Some
tan, whitc types have tolerance to molds.

Hcad bugs affect food quality of improved sorghums
in W, Africa. An improved sorghum (Malisor-7) has
tolerance to head bugs and exccllent food quality.
Ficld sclection procedures for improving weather-
ing/mold resistance arc more cffective than lab
screening techniques.

Objective 5 - Product/Process Development

1.

Protolype sorghum foods have been produced in-
cluding breakfast cercals, snacks, composite flours
for baked products and flours for precooked por-
ridges.

Micronized sorghum for dry masa flours, breakfast
cereals and snacks.

Processes for using sorghum and pearled sorghum
for alkaline processing into tortillas and related
products.

Development of a parboiling process using village
level technology to manufacture shelf stable sorghum
and millets for cooking like rice.

Objective 6 - Tannins and Phenols of Sorghum

1.

6.

Developed improved analytical methods for phenols
and tannins.

Documented cffects of tannins on nutritional valuc
of sorghum,

Documented traditional village scale processing
mcthods that inactivale tannins.

Determined that condensed tannins are located in
the pigmented testa and outer pericarp of sorghum
with By B2 S genotypes.

Developed a good understanding of the genetics/in-
heritance of tannins.

Documented the changes in tannins during kernel
development,

Obtaincd information on the biosynthcsis of tannins
and the mechanisms causing their nutritional effects.
Isolated and identified Sorgolcon a phenolic that is
rclated to Striga germination and may lead toits con-
trol.

Identificd and determined quantities of nontannin
phenolic compound in sorghum. Flavan-4-ols in red
sorghums appcar related to improved mold resis-
tancc. Efforts to related specific phenols to mold and
inscct resistance continue.

Many sorghum and millet programs now have im-

provement of grain quality as a major, high priority objec-
tive. More cfforts to integrate post harvest technology



into the National Improvement programs are required;
but, progress has been made. For example, the feod tech-
nology lab in Mali monitors grain quality of cultivars from
the breeding program on a continuing basis. Several new
cultivars released in Mali have exceptionally high food
quality.

Future Utilization Research Activities

The current general research objectives are ap-
propriate, relevant and address the critical constraints.
We have identified the major food systems so Objective
1 hasbeen phased out; but, rescarch activities on the other
objcctives must be continued as rapidly as possible.
Restricted budgets have slowed progress in several arcas.
Tablc 4 contains alist of objectives that require significant
additional future rescarch.

Table 4. Future Needs: Utilization for Food,
Feed and Industrial Products.

1. Develop micromalting laboratory and analytical pro-
ccedures to determine sorghum and millet malt
quality for usc in beer, porridges, and weaning foods.

2. Introduce new low technology the mecthods for
producing rice substitutes into sorghum and millet
consuming arcas.

3. Develop innovative low technology processes to in-
creasc the utilization of sorghum and millet,

4. Devclop sorghums with improved digestibility,
higher lysine and good processing propertics.

5. Develop white grain with resistance to weathering
and molds.

6. Develop specific kinds of sorghum for food process-
ing, i.c., high lysinc, sorghum for developing special
weaning foods.

7. Improve the forage and stover quality of sorghum
and millet.

8. Dcmonstrate usc of sorghum and millet for livestock
feeds.

9. Evaluate sorghum residue for fuel pellets, paper,
building matcrials and other industrial products.

Recent developments in Nigeria and other arcas have
increased the usc of sorghum in malting. Sorghum and
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millct malts generally have low levels of enzymes, varicties
with high diastatic power arc necded. Effective cvaluat-
ing malting propertics arc not available.

Increasing the lysine and tryptophan content of sor-
ghum has been an clusive goal for many years. Currently,
quality protcin maize (QPM) which has a hard cn-
dosperm and very significant increasc in lysine and tryp-
tophan is available in open pollinated varictics; hybrids
arc being developed. This demonstrates that cercals with
improved cssential amino acid content and good hard tex-
turc can be developed. Thus, we need to reexamine the
opportunitics to increase lysine content of sorghum. Suc-
cessful QPM development will significantly decreasc the
nutritional valuc of sorghum relative to that of corn.
Lysinc can be increased in a hard endosperm sorghum;
but to do so requires a significant commitment of time
and funds.

More rescarch on development of low technology
processes to convert sorghum/millet into shelf stable
processed foods is a very high future priority. Our
preliminary work with parboiled sorghum looks promis-
ing. The practicality and cconomics of modified parboil-
ing processes to cnhance the value -f sorghum and millet
is a specific process that should be pursucd.

Sorghum and millet stover and forage quality will be-
come cven more important. The use of sorghum and mil-
let as feed grains for poultry requires only local
adaptation and a consistent low cost supply of grain to
cnable the local poultry industry to prosper. Forage,
stover and biomass propertics of sorghum arc similar and
will require significant improvements in the future.

Utilization rescarch is critically needed if sorghum and
millet continue to be of major importance in the world.
Rescarch on food, feed and industrial use will improve
sorghum and millet for many uses depending upon
cconomics and government policies. For example, sor-
ghum and millet usc in Nigeria has expanded into many
uncxpected arcas since the government restricted im-
ports of wheat and barley. The INTSORMIL program is
well designed to meet most of the needs; but, funding is
short., Nevertheless, much has been accomplished by ef-
ficient usc of existing resources.
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Agronomy/Physiology

Dr. Charles Sullivan
University of Nebraska

Mecmbers of the discipline did not clearly scparate
goals into short or long-term. Since attaining goals is a
continuous process, some progress is expected in the
short-term even with goals that appear to be long-term,

The following goals have been identified:

1. To better define the environment in which our ex-
periments are conducted, with emphasis on soils - their
physical and chemical propertics, type, classification,
structure, fertility levels, and related factors, and also to
improve on climatic and micro-climatic definition near
the specific experimental sites. This is necessary for im-
proved interpretation and comparative, critical evalua-
tion of responscs from site-to site and from time-to time.

2. To improve cooperation among CRSPs, for ex-
ample, with TROPSOILS, in the soil component of
agronomy, with the cowpcea and peanut CRSPs in inter-
cropping and rotations, and the small ruminant CRSP in
relation to forage needs. Tt is also our goal to enhance
cooperative cfforts among disciplines within the IN-
TSORMIL CRSP.

3. Toincrease on-farm rescarch and utilization of farm
resources to the extent possible, and with farmer par-
ticipation promote the advancement of technology trans-
fer.

4. To better utilize improved germplasm in agronomic
and physiological cxperimentation,

5. To introduce and utilize other tools for ¢nhancing
objective realization, such as the usc of crop models, or
"success predicting systems”.  Modeling cfforts would
start with a simplificd input and progress as nceded for
this tool to be of maximum usc.
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6. To cstablish cxpanded collaborative research
projects on sorghum/millet, e.g., with legume rotations,
and cvaluate complex intercropping systems that bear on
sorghum and millet production.

7. To broaden nitrogen utilization and nitrogen-cf-
ficiency studics by more closcly examining the interaction
of water supply and genotype relative to acute nitrogen
stress often encountered in subSahara Africa.

8. To further evaluate residue management as related
to grain and forage yiclds.

9. To more widely utilize stress screening techniques
currently defined, and continue development of im-
proved screening methodology for specific aspects of
stress resistance.

10. To more clearly define the characteristics of root
systems as related to responses in different soils and as
rclated to water and mineral use and usc cfficicncy, inter-
actions with soil micro-flora, and genotype differences -
with particular emphasis on differences between
sorghum and millet root systems relative to the above fac-
tors and growth responses.

11. To continue cfforts to attain a better understanding
of mechanisms of plant growth, development and respon-
scs, particularly as associated with cnvironmental stress
at the site of growth. It scems logical that the more basic
knowledge that is accumulated about a system, the more
likely it can be manipulated to the desired purpose.

12. A final goal is to place increased emphasis on stu-
dent training and follow with establishment of collabora-
tion with the trained scientist upon return to his country,
Agronomy/physiology presently has 20 students in train-
ing who will finish their training in the next onc to three
years,



Breeding Program

Dr. Gebisa Ejeta
Purdue University

Accomplishments

1. The release for commercial cultivation of numerous
sorghum cultivars, by our collaborators in scveral
countrics.

2. The development and releasc of midge resistant sor-
ghum cultivars for usc by public and privale agencics.

3. The identification of grain mold resistant genotypes
in germplasm backgrounds of good food quality grain.

4. The identification of sorghum lines with resistance
to Striga both under Sudan and Niger conditions.

5. The dcfinition of sorghum genotype reaction to
drought as pre- flowering and post-flowering stress resis-
tant has facilitated a practical screening for drought
based on the type of the growing conditions in different
zones. Germplasm thus developed has been mutually use-
ful for both domestic and international collaborators.

6. Onc of the major contributions of INTSORMIL
plant breeders is the generation of genetic variants for re-
scarch by other collcagues towards understanding of
various mechanisms affecting the productivity, stability,
and quality of the sorghum/millct plant.

Coopcrative rescarch by sorghum breeders with other
collcagucs have led to a better understanding of the
processes of improving productivity, nutritional quality,
and responscs to various kinds of stresses.

7. The development and release of Al-tolerant, A, B,
and R lincs and the promisc this offers to wider use of Al-
tolerant sorghum hybrids in acid soil zoncs.

8. Cooperative work with plant pathologists has con-
tributed to the incorporation of high levels of host plant
resistance to various discascs in sorghum.

9. Training of graduate students (both national and in-
ternational) continues to be an important and successful
function of INTSORMIL plant brecders.

New Areas of Priority Research

1. The arca of whole plant utilization (alternative use,
cnd usc, ctc.) of sorghum is recognized as a high priority
area.

2. Dcvelopment of appropriate germplasm for col-
laborative research towards a better understanding of
cconomically important plant traits.

3. Understanding of the physiological and biochemical
basis of drought resistance.

4. Basic understanding of the hormonal mechanisms
associated with the major maturity genes in sorghum.

5. Pursuc work in cxploitation of the Az cytoplasm, to
cxpand the usc of the different taxonomic group in com-
mercial hybrids,

6. Utilization of different cytoplasm backgrounds in
pearlmillet from related species for commercial exploita-
tion of hybrid millets.

7. Expand the testing and development of Al-tolerant
sorghum/millet genotypes to Africa.

8. An cxcellent potential exists towards use of Al-
tolerant sorghum/millet hybrids in the U.S. and Latin
America.

9. With proper funding, INTSORMIL rescarch in
Striga can be cxpandcd for a potentially great pay off.
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Entomology

Dr. George L. Teetes
Texas A&M University

The two cntomology projects basically arc designed
and have objectives to provide intcgrated management
systems for scveral insccts pests of sorghum/millet in
three LDC prime sites and the US.A.

The Mississippi State entomology project of which Dr.
HenryPitreis the P. 1. has prime site involvement in Hon-
duras.

Major accomplishments of the MSU entomology
project in Honduras are:

1. The identification of sorghum sced and seedling pest
sprcics, assessment o their severity and methods for
management,

2. Identification of Lepidopterous "Longosta” complex
on scedling and whorl stage sorghum, asscssment of their
severity, and methods for management such as the impact
of burning vegetation prior to planting on these pests in
intercropped maize and sorghum (burning increases the
incidence of the inseet pest complex).

3. Population dynamics of the fall armyworm.

4. Identification of the antibiosis resistance characters
of maicillos.

New arcas of priority rescarch will be (o identify and
assess the severity of panicle-feeding insect pests of sor-
ghum in Honduras.

The inscct pest identification and asscssment objec-
tives have been completed. The next step will be to
validate the management strategics by incorporation into
on-farm demonstrations.

Short term goals include putting into place and prac-
ticc the knowledge gained on seed and seedling insect
pests with extension personnel, and to provide recom-
mendation for control of the Longosta complex to include
weed control and limited pesticide use. A long term goal
is to provide complete management systems for inscct
pests encountered by subsistence farmers with minimal
input.

The Texas entomology project focuses on the usc of
plant resistance and biological control to manage inscct
pests of sorghum and millet in Honduras, Botswana, and
West Africa (Mali and Niger). Drs. George Teetes and
Frank Gilstrap arc the P. Ls,

Major accomplishments have been the identification,
cvaluation and, with some, value assessment of sorghum
resistance to sorghum midge, greenbug, spider mites, and
sugarcanc aphid. The resistance mechanisms have been
determined and the role of these cultivars as a component
ofintegrated pest management and the level of resistance
bascd on economic injury levels have been assessed, This
rescarch has been supported by basic biological and
ceological studics, and for some insects such as sorghum
midge, even to the point of providing temperature driven
mathematically models to simulate rates of biological
cvents and population dynamics models that have pest
predictive capabilitics. Although screening, cvaluation,
agronomicimprovement of resistant cultivars occur in the
U.S,, allaccomplishments are directly applicable to LDC
situations based on on-site trials. One inscct for which
resistance has been identified, the sugarcane aphid, docs
not occur in the U.S.

Major parasites and predators of aphid and stem borer
pests of both sorghum and millet have been identified and
the efficacy of several of them has been assessed. Inscet
pest and natural enemy biology and population dynamics
have been studied. The pest/natural encmy relationship
has been assessed and the foundation has been set for the
colonization and release of natural enemies in selected
arcas of selected prime sites.

New arcas of priority rescarch will be to identify new
sources of plant resistance to sorghum inscet pests and
stack genes for resistance to clevate the resistance level,
colonize and release parasites of aphids and stalkborers,
and rcestablish a sorghum panicle-feeding bug research
project from Niger to Mail.

Objectives that have been accomplished inctude those
dealing with the identification of sorghum resistance to
sorghum midge and greenbug as germplasm has been
released, and the identification of major natural enemies
and an assessment of their efficacy.
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Short term goals are to improve the acceptance of in-
scct resistant sorghum through demonstration and work-
ing with the commercial sced industry, and asscssing the
impact of colonized and released parasites of aphids and
stalkborers. Long term goals arc to incorporate the ac-

complishments in plant resistance and biological control
into sorghum and/or millet production systems in the U.S.
and the thrce LDC prime sitcs. A major goal is to put
more trained entomologists into LDC,S‘fé
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Food Quality/Utilization

Dr. Larry Butler, Purdue University and
Dr. Ralph Waniska, Texas A&M University

Accomplishments

1. Identification, publication and understanding of the
gross grain characteristic (genctics of kernel characteris-
tics).

2. Documentation of sorghum foods and what types of
sorghum arc used in these foods.

3. Tannin analysis and composition and documenta-
tion of affcets during processing and digestion.

4. Incorporation of sorghum flour into common foods
- bread, cookics, cake, etc.

5. Multidisciplinary perspective/interactions with en-
tomology, pathology and breeding (cg,, headbug and
grain mold cffect on grain quality).

6. Publication of Cereal Quality Laboratory Manual
for West Africa (supportcd by INRAN).

7. Training students, particularly by Dr. Rooncy’s
projcct and Dr. Kirleis’s projects.

Sociocconomic study of increascd sorghum and millet
production, processing (small decortication mills) and
utilization in traditional and new food/livestock feed.

New Areas

L. Determine genctics of kernel characteristics of mil-
let and how this affects food products.

2. Sociocconomic studics involving (sorghum and mil-
let).

a.  processing (dchulling, milling and parboiling)

b. utilization (traditional and new foods and live-
stock fceds and industrial uscs).

3. Integration of basic scicnce studics (protcins, tissuc
culture, tannins, starch) with current problems in foods.

4. Development of nutritionally enhanced foods using
available legumes (cowpea, peanut, banbara groundnut,
cte).

Areas Completed

Genetics of gross kernel characteristics of sorghum.

Goals

Five year

Commercialization of sorghum and millet food
products at competitive prices (Sori, couscous).

Ten year

Improve the nutritional value of sorghum and millet to
be cqual to maize.

Development of sorghums with good nutritional
quality, high digestibility, yet resistant to weathering.

Continuous

Assurc that released sorghum/millet cultivars have ac-
ceptable processing and food product qualitics.
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Plant Pathology

Dr. R.A. Frederiksen
Teixas A&M University

Major Accomplishments:

A. Dcvelopment of an international nctwork of sor-
ghum/millet plant pathologists through training,
germplasm deployment, and nursery cvaluation of dis-
cascs such as sorghum downy mildew, hcad smut,
anthracnosc, and long smut.

B. Establishment of a program and policy of interdis-
ciplinary rescarch for the control and management of sor-
ghum and millet discascs.

C. Crcation of an awarcness that changes in plant dis-
casc importance arc often associated with cultural and
other changes in sorghum and millet production. Ex-
amples include dwarfing of sorghum or millet increast:s
(grain mold, foliar discascs) fertility cffects on some dis-
cascs and the cnhancement of discascs by some cropping
systems (maize and sorghum, for example). Most of these
can be reduced or controlled.

D. Graduate student training has produced scicntists
who arc located at rescarch institutions around the world
and make significant contributions to sorghum and millet
pathology rescarch. This was documented at the 2nd
Global Conference on Sorghum and Millet Discascs in
Harare, Zimbabwe where about 25 participants were
graduates of, or recipicnts of, specific rescarch training
in discasc management at INTSORMIL Institutions.

E. Development of global, regional, or specific subject
mattcr conferences with ICRISAT and national
programs. Examples arc the 2nd Global Conference
(1988), thc Sorghum Root and Stalk Rot Workshop
(1983), Sorghum and Millet Grain Quality, and the
Regional Discasc Workshop for Central America (1981).

New Areas of Priority Research:

A. Wc arc attcmpling to balance the disciplinary
responsibilitics with the problem solving needs for cach

commodityand cach prime site and country. This balance
is extremely critical for workers in both developing and
developed countrics. Because of extremely limited
resources and becausc our quality of the science is great-
ly dependent upon the independent approach brought by
cach disciplinc to the solving of a production problem.

B. Morc attention should be focused on soilborne
pathogens, including ncmatodes, organisms associated
with stand cstablishment, and root rotting fungi.

C. The rccognition of cereal viruses and their vectors
was recently determined as a major deterrent to produc-
tion in the tropics.

D. Networking to establish more cooperation and col-
laboration among pathology and associated rescarchers
in the developing countrics.

Project Termination:

Many projects, which in our opinion were vital to IN-
TSORMIL, were terminated prematurcly. Some goals in
pathology projccts involve identification of discasc
management strategics consistent with cxisting and
potential germplasm and production systems. This type
of intcraction by pathology projccts with associated
country and other programs is most consistent with cffce-
tive management and monitoring of constraints rather
than spccific alleviation of constraints.

What are the short term (5 years) and long term (10
years) goals for this discipline?

The short and long term goals for pathology have been
cxplicitly detailed by discasc and ccogcographic zonc in
the Proceeding from the 2nd Global Conference on Sor-
ghum Discasc.
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Socio-Economics

John H. Sanders
Purdue University

Major Accomplishments

The University of Kentucky’s work in Sudan and Hon-
duras provided excellent bascline studics of the farming
systems and nutritional situations. The Jabara-Thompson
Ag. Scctor study in Sencgal and the Roth-Abbott Ag Scc-
tor study in Burkina were excellent applicd macro model-

ing.

Presently the program emphasizes farm-level evalua-
tion of the potential cffects of new sorghum and millet
technologics and the constraints to their introduction.
Ficld rescarch is ongoing in four INTSORMIL priority
countrics -- Sudan, Niger, Honduras, and Burkina Faso
(sccondary country to INTSORMIL). Mathcmatical
programming includcs risk. Other sources of funding arc
found to supplement the programming activitics with
ficld surveys of farmers in the priority regions. Ph.D.
theses arc being written on Niger, Sudan, and Honduras.
Rescarch activity is continuing in Burkina Faso through
involvement in a World Bank financed project.

New Areas of Priority Research

In the Sudan, modeling is trying to cstimatc the long-
run cconomic impact of various technologics, including
soil-mining cffccts from not replacing chemical nutricnts.
InBurkina the project is involved in the evaluation of new
technologics in the river valleys recently cleared of river
blindness. An important issue in Niger is whether, with
high-risk levels, the rational producer would be interested
in making investments in new agricultural technologics.

In the *90s the cconomic ¢ ‘aluation of the potential
cffects of new technologies and related agricultural
policics will be expanded to also include long-run con-
cerns with sustainability.,

Project Termination

Two Ph.D. thescs will be finished shortly on technol-
ogy cvaluation in different regions of Niger. We plant to
synthesize and publish this work. Another thesis is being
finishcd on Honduras. We plan to put less emphasis on
rescarchin these tvio countrics and more emphasis on the
Sudan as cooperation with the ARC s presently progress-
ing very well. We plan to continue our long-term involve-
ment with Burkina,

Goals
Short-tenm (next five years):

1. Continuc involvement in economic evaluation of
agricultural rescarch in the four INTSORMIL priority

countrics.

2. Continuc publishing and training graduate students
in this rescarch program,

3. Improve tics to national agricultural rescarch in-
stitutions and other institutions in these countrics.

4, Extend our ficld involvement to Mali.

5. Improve our modcling and conceptual under-
standing of the technology introduction process.

Long-term (10 years)

1. Evaluate the diffusion of INTSORMIL technologics
and identify the barricrs to morc rapid introduction.

2. Estimatc the costs and benefits to specific INTSOR-
MIL technologics intcrnationally and domestically.
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INTSORMIL EXTERNAL EVALUATION REPORT - 1988

July-Scptember, 1988, reviews of all U.S. INTSOR-
MIL programs were conducted and discussed by Exter-
nal Evaluation Pancl (EEP) mcmbers with some 23
individual project cvaluations to be found in the appen-
dixof this report. This review essentially covered progress
througn year 9 of the CRSP which ended Junc 30, 1988,
Previous reviews available for reference include 1980,
1982, 1984, 1986, and on-silc reviews as recently as 1987.
Since country reviews comprisc most of the 1986-87
reports i.c. Mali, Niger, Honduras, and Botswana, most
of the attached report deals with projects at the five
primary U.S. institutions, namely Kansas Statc Univer-
sity, Mississippi Statc University, the University of
Nebraska, Purduc University and Texas A&M Univer-
sity. Reviews and those participating were as follows:

Texas A&M University July 11-15, 1988

College Station/S. Texas

Dr. Glenn L. Johnson, Team lcader
Dr. N.G.P. Rao
Dr. Ricardo Bressani
(Yohe and Schilling of ME)

University of Nebraska Sept. 12-14, 1988
Lincoln

Dr. Clarence Gray, Team lcader
Dr. Orrin Webster
(Yohe of ME)

Kansas State University Sept. 15-16, 1988

Hays/Manhattan

Dr. Bruce Maunder, Team leader
Dr. Clarence Gray
(Yohe of ME)

Mississippi State University Sept. 15-16, 1988
Starkville

Dr. Glenn L, Johnson, Tcam lcader
Dr. N.G.P. Rao
(Schilling of ME)

Purdue University Sept. 19-21, 1988

West Lafayette

Dr. Bruce Maundcr, Team lcader
Dr. Ricardo Bressani
Dr. Glenn L. Johnson
(Yohc of ME)
Texas A&M University Sept. 19-21, 1988
Dr. Clarcnce Gray, Team leader
Dr. N.G.P. Rao
(Yohe of ME)

Unfortunately, an original and current tcam member,
Dr. Brhanc Gebrekidan, was unable to participate in the
1988 review duc to an accident. We, however, greatly ap-
preciate the assistance given by his replacements, Dr.
N.G.P. Rao and Dr. O.J. Webster, both outstanding sor-
ghum scicntists,

The beginning of the year 10 appears to be a new phase
and ccrtainly a period of opportunity for this CRSP to (1)
put its many INTSORMIL accomplishments to usc and
(2) restructure itsclf for maximum future accomplish-
ments. By cncouraging more involvement in host country
planning and priority setting, the PI’s have promoted col-
laborator cnthusiasm and progress. More qualificd col-
laborators are also the result of extensive training cfforts
the first ninc ycars. Activity with Striga continucs to in-
crcasc and we applaud the Board for dedicating more
funding to solving this costly weed problem of Africa and
Asia. Two positive developments include: biochemical
results on Striga germination by means of a sorghum root
cxudatc, sorgolence, and the able work on resistant strains
conducted by graduate student (Dale Hess). Finally, we
sce a significant shift out of arcas of the world in which
sorghum is limitcd into regions of greater economic op-
portunity. Market development rescarch is now needed.
Also, possibilitics exist for using INTSORMIL in the
Lake States and in the Southcastern part of the U.S. to
develop new phases of the sorghum industry in the U.S.

In recent years, INTSORMIL has brought the objec-
tives of its social scicnce cfforts into line with its limited
funding of such work. The result is a smaller, but more
rclevant and leancr, social scicnce component that is
generating uscful information on the relevance of dif-
ferent kinds of sorghum and millet technologics in
specific on-farm environments,
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This cvaluation looks first at accomplishments and
then at constraints and opportunitics. Finally, given the
constraints and opportunities, the EEP’s rccommenda-
tions are prescnted.

Accomplishments

Kcey changes and progress following the last review
have been noted in the preceding paragraph. However,
some broadcr generalizations about accomplishments
are pertinent. The prime site/global plan concept that is
continuing to build is a wisc routc to follow especially
under reduced funding. The effective SADCC (Southern
Africa Development Coordination Conference) training
program brings overseas monics into the CRSP while the
conventional INTSORMIL student programs continuc to
increase the available pool of collaborators. The
germplasm/technology transfer must certainly be con-
sidered an important success. So too, are the productive
workshops and such publications as the food quality
manual for West Africa. Inter-institutional as well as
multi-disciplinary « noperation and tcam efforts continue
to illustrate how r1 objectives successfully channel per-
sonal ambitions and nceds for recognition into highly
productive and well coordinated group outputs. General-
ly and most importantly, U.S. inputs overscas have been
kept at levels that can probably be sustained should
US/AID be forced to pull out. Another accomplishment
is improved undcrstanding, often from basic, relevant re-
scarch in such disciplines as biochemistry, of the biologi-
cal limitations to sorghum and millet around the world.

The collaborative Research Support Projects (CRSPs)
arc an important U.S. institutional innovation now being
emulated by Australia and West Germany. Unfortunate-
ly, this valuable way of organizing agricultural rescarch is
now being "whittled away” in AID budget processes to the
extent thatitis in danger of becoming AID’s latest forgot-
ten"fad.” As onc of the very successful CRSPs, INTSOR-
MIL has an important story to tell. Combined with stories
from othcr CRSPs, the INTSORMIL story can be used
outside of AID’s project planning and budgctary proces-
ses to help build broad support for the CRSPs in scicn-
tific, political, academic and industry circles.

An important factor contributing to the ongoing sup-
port of the International Agricultural Rescarch Centers
(IARC:s) is the analytical cvaluation work done outside
that system to assess its productivity. Some of the CRSPs
now have historics long enough to permit similar quan-
titative- qualitative assessments of their performances
and potential contributions. Such assessments would help
opcen new, highly legitimate, public relations channels and
financing opportunitics for INTSORMIL and thc CRSPs.
These opportunitics should not be missed.

The following subscctions deal with more specific ac-
complishments in subject matter areas involving sorghum
and millet:

Agronomy/Physiology:--Through INTSORMIL re-
scarch, nine water stress-resistant sorghums have been
rcleascd and are being tested in Niger. Water and
nitrogen availabilitics are major bottlenecks to increasing
sorghum and millet production in developing nations,
especially in food-deficit nations of Africa. This is sig-
nificant progress, given the period of operation of IN-
TSORMIL. Further, INTSORMIL research has shown
clear improvements in nitrogen availabilities and in-
crecased water usc cfficiency when sorghum is inter-
cropped with cowpcas and/or grown in rotation with
cowpcas. These rescarch results show that there are ex-
cellent opportunitics to significantly increase sorghum
and millet production in the difficult environments of
Asia, Africa, and Central and South America through the
usc of water and fertilizer nutricnts and stress-tolerant
genotypes used alone or in combination with certain
agronomic practices. A casc in point is identification of
genotypes that can be productive on high aluminum soils
where few crops can now be successfully grown. The basic
rescarch on sorgolenc, an exudate from sorghum that
triggers Striga sced germination, promises to produce
agronomic rccommendations to help control that
parasitic weed in Africa. On-farm economic rescarch in
Niger continues carlier Burkino-Faso research on
agronomic practices to produce important results for
conserving water and making effective use of fertilizer in
West Africa.

Plant Breeding:--Cooperative cfforts in the area of
sorghum breeding have furnished data and breeding
maltcrials valuable to producers in the U.S. as well as in
the less developed participating countries, some of the
morc promincnt being:

a. The release of Hageen-Dura 1 sorghum hybrid in
Sudan and Surcno for some Latin American situations;

b. The development and release of lines highly resis-
tant to midge that can be used by public and private agen-
cics all over the world; further contributions to the
understanding and incorporation of resistance to various
biotypes of greenbug; and the development of integrated
inscct management strategics for sorghum pests;

c. Significant contributions towards the incorporation
of high levels of host plant resistance to the prevalent dis-
cascs and the development of diseasc management
strategies (see pathology below);

d. The development and release of Al-tolerant A, B,
and R lincs and promising advance generation progenics
for the acid soil situations of Latin America;



¢. A better understanding of the processes governing
productivity, nutritional quality, and responscs to the
various kinds of stresses encountered;

I. Training of graduate students with exposure to ap-
plicd problem situations in their respective countrics as
well as to basic scicnce aspects. Such students will even-
tually provide the personal and scientific linkages as col-
laborators at the prime sites.

The above accomplishments arc ongoing and hence in-
dicative of opportunitics to be exploited.

Entomology:--The midge screening nurserics in Texas
have made important contributions to the development
of the midge resistant varictics reported as "item b under
Plant Breeding above., Matcerials are also screened for
head bug resistance in Niger. Entomological studics at
Texas, Mississippi and in Africa of stem borers, the sugar
canc aphid, the full armyworm, and millet head girdlers
have increased knowledge of pest life cycles, the popula-
tion dynamics of pest parasites and the damage done by
pests as conditioned by plant characteristics. Such studies
contribute to breeding programs and the development of
integrated pest management programs of which the
release and cstablishment of Cotesia flavipes (a stem
borer parasite) in Honduras is an example.

Food Quality and Nutrition:--The review of the dif-
ferent projects under the arca of food quality and nutri-
tion revealed that significant advances have been made in
our understanding of the potentials and limitations of
grain sorghums as food and feed. Although this under-
standing and knowledge is still short relative to that for
maiz¢ and more so for wheat, such information suggests
opportunitics to expand the uses of grain sorghum and is
removing it from the category of the "poor man’s food.”
Accomplishments may be divided for purposes of presen-
tation into basic and applicd.

a. Among the important basic results, which can be ap-
plicd arc those on tannins and phenols; the detailed study
of protcins during grain development and in the mature
grain; the roles of carbohydrates and proteins in the nutri-
tional functions of food products; the important impacts
of food processing on protein digestibility; the possible
association of the low digestibility with protein fraction
IIE; and the protein differences between the hard and soft
endosperm to mention a few,

b. Accomplishments on the applicd side include: the
usc of sorghum flour to extend wheat flour; the sorghum
quality laboratory manual on mcthods for physical,
chemical, and food quality analysis; the development of
sorghum food products for Latin America and Africa; the
development of parboiled sorghum to be consumed
similar to parboiled rice; factors affecting food quality
and acceptability of sorghums; and high quality foods (in-
cluding fermented products) made from sorghum and
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food legumes. Increased knowledge of the break-down of
tannins after treatment with ash is also important.

Biochemistry:--Important basic biochemical ac-
complishments by INTSORMIL include new knowledge
and understanding of the synthesis of cytokinins as a way
lo increase resistance to charcoal rot; sorgolenc as a
potential Striga germination stimulant/inhibitor; flavan-4-
ols and/or precursors in weathering; polyphenols and
bird resistance; osmolytes for drought resistance; tannins
or other biochemical compounds for storage resistance
as they have recently been studied for beans; and chemi-
cal substances which aid against midge.

Pathology:--Regional discase nurseries have been
developed to screen exotic varicties in southern Africa.
Discase surveys and studies have been conducted for
charcoal rot, sooty stripe, leal blight, anthracnose and
sorghum viruses in southern Africa. These and other
results contributed to the suceesses reported above under
Flant Breeding, "scction ¢."

Socioeconomies:--1n 1983, INTSORMIL social
seienee work was extensive, underfinanced and, in some
instances, of questionable relevance. What is left is
relevant and well focused with financing at levels ap-
propriate to the remaining project. Substantial ac-
complishments have been attained by rural social
scientists in farm-level technology assessments in Niger
and Burkina Faso. While these assessments are superior
to those commonly used in administering and planning
INTSORMIL agricultural rescarch, difficultics still exist
with respect to data quality and the logical structures of
assessment models. Present work indicates that water
conserving and fertilization practices are important in the
adaptation of INTSORMIL technologics. This work
complements the plant breeding work on the develop-
ment of stress resistant variceties of sorghum reported
above in Plant Breeding "scction ¢” while also increasing
millet yiclds.

Constraints

Farmers, INTSORMIL administrators, and re-
scarchers encounter more than biological and physical
constraints to sorghum and millet production. One such
constraint is budgcetary; other constraints involve poor in-
stitutions, inappropriate policies, undeveloped markets,
lack of trained personnel (collaborators), inadequatcely
developed and maintained natural and man-made
resoures bases. Also important are social unrest and
political and militury instability that constrain ongoing
productionsystems and particularly with the introduction
of new technologies such as Hageen-Dura 1. Probably,
the most severe constraint faced by INTSORMIL is the
budgetary onc. This constraint is the concern of
INTSORMIL’s administrators: Its ME, Board of Dircc-
tors, Pls, and EEP as wcll as of the administrators of
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INTSORMIL'’s U.S. and intcrnational collaborating in-
stitutions.

Biological and physical constraints have been the main
focus of INTSORMIL's crop and soil science research.
Sorghum and millet production is biologically and physi-
cally constraincd by:

Inadcquate varictics for coping with drought,
high and low temperature, insccts, discascs, and
weeds; tastes and preferences; human and
animal nutritional (particularly protcin com-
poncnts) nceds; polyphenol limitations on di-
gestibility and acceptability; and bird damage.
These constraints are the concerns of plant
breeders.

Discases such as anthracnose, ergot, charcoal
rol, long smut, sooty stripe, fusarium, and downy
mildew arce the concerns of the pathologists.
Common domecstic and international discascs
make it important that pathological research on
thesc constraints be conducted at both domestic
and overseas locations.

Constraints of concern to entomologists in-
clude: sorghum head bugs, shoot fly, stem borer,
greenbugs, armyworms, midge, head girdlers,
and sugarcanc aphids.

Poor food quality and acceptability traits are of
particular concern to nutritionists (both human
and animal) and food technologists. Included
here are digestibility, protein composition, cook-
ing characteristics and a vast number of other
constraints on the usability of sorghum and (to a
less extent) millet that influence the welfare of
thc world’s poor and both international and
domestic food and feed grain markets. U.S. sor-
ghum producers have a vital stake in the climina-
tion of these constraints.

Market, demand, social and political instability,
international trade, human and entreprencurial,
capital (natural and produced) and institutional
and rclated constraints are allimportant for U.S.
and LDC sorghum and millet productivity and
utilization. These important constraints arc the
concerns of rural social scientists.

Opportunities

Progress reveals additional opportunitics and
INTSORMIL's progress to date is no exception:

Agronomy/Physiology:--INTSORMIL has generated
matcrials and methods ready or near-ready to be used
that have a potential for achieving progressive increases

in millct and sorghum production in collaborating
countrics over the next decade, At this time, there is an
opportunity to concentratc INTSORMIL’s activitics in
scveral priority prime sites for ficld testing and
dcmonstrating the use of yicld-increasing agronomic
practices with improved cultivars. INTSORMIL must
take advantage of this opportunity which will be noted
also under sociocconomics.

Entomological opportunitics for INTSORMIL in-
cludc the establishment of a head bug screening nursery
in West Africa. Establishment of this much nceded
facility has been inordinately delayed by administrative
and other difficultics in Niger and Mali. There is now
danger that ATD's budget fimits may permancntly
postpong it. The opportunity to establish this nursery is
in addition to continuing the cxcellent entomological
work being done abroad and at such U.S. sites as thosce in
Texas.

Opportunitics for pathologists consist largely of a con-
tinuation of the present good work with an important ex-
ception--a long smut nursery is needed in West Africa for
screening new materials for resistance,

Biochemistry:--The important biochemistry ac-
complishments summarized in the carlier scction il-
lustrate continued opportunitics to exploit the important
synergism between basic, more disciplinary rescarch and
INTSORMIL'’s prime concern with the practical objec-
tives of its breeding and related practical supporting
programs. Undoubtedly, besides training, the greatest
U.S. input will very likely be problem solving of a
basic/biochemical nature.

INTSORMIL’s basic and applicd rescarch results are
increasing opportunities for greater use of sorghum as a
food and as a fecd. The identification of the reason for
the low protein digestibility will make it possible to
develop better quality human food and animal feeds with
greater bio-utilization. This will make it possible to util-
ize more cffectively the high lysine sorghums. Greater un-
derstanding of the cffects of different methods of food
processing will make it possible to incorporate greater
amounts of sorghum flour into composite flours for
breadmaking, It will be possible, also, to develop better
quality weaning foods and foods for pregnant and lactat-
ing women and to usc higher yiclding varietics for produc-
ing such traditional foods as basha and tortilla as well as
new products to be made in developed countrics, With
respect Lo food quality and nutrition, there are extensive
opportunitics to continue and expand the excellent
breeding and food technology work now underway. Work
on tastes, preferences, and nutritional values constitutes
building blocks for demand analysis and market develop-
ment work by social scientists.

INTSORMIL’s present socio-economic component is
sparsc and lean to the extent of being almost non-cxistent,
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However, INTSORMIL’s successes have gencrated mul-
tiple opportunitics for socio-cconomic work.
INTSORMIL’s contributions to world and domestic
agricultural nced to be analyzed on a cost and returns
basis. Domestic contributions nced analysis to answer
potential "Bumpers Amendment questions” that could
thrcaten INTSORMIL's AID funding. Opportunitics
cxist to do feasibility studics for "CRSP-like" activitics to
help develop sorghum/millet production in the SE states
of the U.S. and in more northern, short season regions.

Atycar 10, INTSORMIL is well positioned Lo initiate
forced-paced increases in sorghum and millet production
through applicd rescarch at one or more sclected prime
sites. INTSORMIL now has improved materials and
mcthods which need to be tesied/adapted rapidly and
madc available for use as soon as possible in priority
Ecogeographic zones. Such materials and methods can
impact production significantly if put to use. The arran-
gements and resources are available. Adjustments in
priorilics, operations, and budgets will be required. What
is lacking is a specially designed rescarch strategy and the
will and sense of urgency to put it into effect. Over the
next several years, INTSORMIL has an opportunity to
demonstrate the role of its rescarch in accelerating food
and agricultural development.

Inaddition to the biological and physical opportunitics
for sorghum and millet production are the opportunitics
to help overcome marketing, institutional, policy, and
human constraints on production, distribution, and
utilization of sorghum and millet. World developed
countrics and LDC’s and the U.S. domestic food and feed
grain markets for sorghum arc underdeveloped in view of
the great improvements being made in sorghum grain
quality. Rescarch, extension, price, input, and production
programs arc so inadequate as to severely constrain re-
scarchers, producers and consumecrs. Poor national
policics and inadequate human development programs
arc also constraining. Sorghum production and storage
arc constrained by managerial limitation of LDC
producers.

INTSCRMIL biological and physical rescarchers are
increasingly constrained by lack of budget just as the
CRSP is attaining major capacity to contribute both in-
ternationally and domestically. Socio-cconomic analyti-
cal and cvaluation rescarch is needed on the CRSP to
help overcome these budgcetary constraints.

In the AID context these is the constraining danger
that the so called Bumpers Amendment (Congressional
Record Scnale, June 6, 1986) might be invoked to limit
expenditures on INTSORMIL's sorghum rescarch even
if it is beneficial to domestic producers. As indicated
above INTSORMIL has many opportunitics to initiate
market development, strategic planning, and technology
asscssment of its own; fortunately niuch such work canbe
donc cooperaltively with rural social scicnce departments
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of its member universitics and collaborating institutions.
Many U.S. rural social scicnce departments are alrcady
funded to do the kinds of work required.

Recommendations

The following arc general, rather procedural recom-
mendations. They, like the subsequent, more specific
rccommendations, are bascd on INTSORMILs
demonstrated or avidlable skills, accomplishments, and
the opportunitics and constraints considered above:

a.  INTSORMIL must continue to upgrade its over-
scas linkages to assure maximum productivity,
application, and utilization of its results, Effec-
tive communication and two-way feed back
concerning rescarch activities and problem
recognition should be stressed.

b. A more aggressive approach to funding from
within or outside AID resources is recom-
mended. We commend this activity where it
alrcady exists.

c.  The EEP must again recommend as much col-
laborator involvement in planning as possible to
insure cffective conduct of on-site rescarch.
Also, more rescarch activities should be con-
ducted under host country conditions.

d.  Activitics of the Technical Committee, the
Ecogeographic Zone Council, and the ME need
to be coordinated in depth rather than in a
peripheral manner. Two or more projects for the
same scicnce require cffective workplans to at-
tain productivity while avoiding unproductive
duplication. These committees should be the
best source of recommendations for the PI’s and
cooperating institution’s of INTSORMIL. For
example, the EEP sees substantial reasons to in-
clude Dr. Wayne Hanna of Tifton, Georgia in
INTSORMIL activity; he has an outstanding
reputation and record in millet rescarch. Also
the EEP has previously suggested Dr. Ronny
Duncan of the same state as a logical source of
acid soil expertise in sorghum improvement,

c.  While grain storage rescarch within INTSOR-
MIL has been inadequate certainly much has
been done by the IARC’s which may suggest a
greater input now as an cconomic issuc. The
samc could be said for "value added” input by the
CRSP (o enhance greater support through ap-
propriate public relations.
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Formula reduction or cxpansion of budgets
should be avoided. Budget changes should be on
the basis of contribution or opportunity for suc-
cess. Discipline or state bias should be avoided.
The need for prioritization is there, the oppor-
tunitics arc great, and no better group of
sorghum scicntists have cver been assembled
into onc program,

We encourage basic inputs including biotechnol-
ogy to help solve some of the challenges
confronting PI's and collaborators. Programs in
place at INTSORMIL institutions or clscwhere,
il nccessary, may be required for cffective
progress on topics c.g. acid soil adaptation, dis-
casc and insccl resistance, and nutritional
improvement. h. An cffort to present the objec-
tives and accomplishments of INTSORMIL for
better seed industry relations is essential. Cur-
rent opinion by the seed industry suggests
INTSORMIL may have diiuted U.S. sorghum
improvement.

Agronomy/Physiology:--The EEP suggests that:

d.

b.

INTSORMIL should sclect priority prime sites
for testing and demonstrating the use of im-
proved agronomic practices with the improved
cultivars being produced by INTSORMIL.

Increased physiological rescarch will benefit
both millet and sorghum improvement.

Breeding:--The EEP rccommends the following:

d.

INTSORMIL should critically assess the current
status of its germplasm utilization and the breed-
ing mcthods it employs to devise ways and means
of attaining further breakthroughs in qualitative
and quantitative improvements of sorghum. Qur
understanding of the gencetics of height and
maturity genes, the discovery of cytoplasmic-
genetic male sterility, and its exploitation in
developing commercial hybrids, and the use of
tropical germplasm through the conversion
program arc coasidered the major milestones
that have contributed to progressive qualitative
and quantitative improvements in sorghum
production and productivity. In recent years, the
zerazeras and the yellow endosperm caudatums,
in particular, have contributed a large share of
the advances in quality as welt as yicld.

A testing nctwork should be established to
cnable identification of materials with broad
adaptation and high yicld, important clements in
cooperative programs. Such a network should be
designed to promote cooperation between par-
ticipating scientists and to sclect materials for
further enrichment through incorporation of
multiple resistances. Weather and climate re-
lated parameters should be incorporated into
the network studics. INTSORMIL scicntists
could look into the establishment of an adapta-
tion nctwork for sorghum. Except for those
imposcd by maturity gences, genotype alterations
diminish the barriers to adaptation per se. This
was true for the use of hybrids bascd on combina-
tions of Kafir 60 and similar females, the
performance of lines and hybrids based on
derived zerazeras, and the use of yellow en-
dosperm caudatums on a global basis.

Whole plant, food grain, and feed grain utiliza-
tion should receive greater attention in the
INTSORMIL programs. Developed countries
look at grain sorghums as fced grains and
developing countries as food grains. INTSOR-
MIL programs designate breeding nurserics
accordingly. The good quality, white grain types,
devoid of tannins should be good for both food
and feed; they now command a premium in
sceveral markets. The use of sorghum grain for
direct food use is on the decline in several
countrics. It is, thercfore, necessary that sor-
ghum improvement programs also be oriented
towards whole plant utilization of silage, stalks
for forage, hay, energy source, ctc., and grain for
food, feed, malting and other industrial uses, The
protein profile of the grain, the digestibility of
starch and protcin, the brown mid rib, the tan
pian, etc., are all compatible and amenable for
breeding to fill specific needs.

Pcart millet breeding programs in the U.S.
universities should have a strong orientation
towards discasc resistance, particularly downy
mildew and crgot. Since these discases are not
scrious in the U.S,, experiment station rescarch
may concentrate on basic aspects including bio-
technological approaches with emphasis on ficld
screening at overscas prime sites.

As India has vast acrcages of sorghum and mil-
let, it is recommended that INTSORMIL
develop cooperative rescarch projects with the
Indian National Program. Some suggested arcas
for cooperation are food and feed quality, alter-
native uscs, cytoplasms, apomixis, head bugs,
crgot, and drought, cte. Both basic and applicd
aspects could be included.



f.  An organized effort at germplasm collection,
cvaluation, maintenance and distribution should
be established within INTSORMIL. This ob-
vious ingredient in a total cffort for
sorghum/millet improvement will result in a
closer, more appreciated support from the sced
industry and will make INTSORMIL morec cf-
fective.

Entomology:--For this discipline the following rccom-
mendations are made:

a. INTSORMIL should supplement its effective
U.S. inscct screening nurseries with a head bug
nursery in West AFRICA,

b.  continuc the excellent work being done at Texas.

¢.  rcoricnt the entomological work at Mississippi
to major insects of the Southeastern U.S. and (o
millet as well as sorghum,

Food Quality and Nutrition:--A number of specific
reccommcndations follow:

a.  INTSORMIL should rescarch and study storage
facilitics to decrease grain damage; the factors
responsible for resistance to insect attack (sce
next section) in storage; the effects of storage on
function and nutritive value of sorghums in the
dict using more in vivo nutritional evaluations of
both highly productive varictics and processed
sorghum foods. Itis important to include storage
studies in the rescarch program as they arc an
important component for LDC food chains.

b.  High grain production should not be achicved at
the expensc of lost nutritive value. Also, process-
ing may casily affcct biological value. There is
nced to implement some of the technologics
which have been developed, for example, “par-
boiled sorghum” to be used as with rice.

c.  Other food products from sorghum should be
developed besides those already known, with at-
tention to the bioavailability of such nutrients as
oil, mincral and vitamins.

d.  Non-food uses for sorghum should be re-
scarched--for cxample, the use of sorghum as a
source of starch would leave the germ available
as a by-product for oil extraction.

Biochemistry:--INTSORMIL should continue and ex-
pand its emphasis on basic biochemical and biotech-
nological rescarch of known and suspected relevance for
INTSORMIL’s applicd objectives for sorghum and mil-
let. Such work has contributed substantially to
INTSORMIL’s important successes to date (sce ac-
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complishments) and is expected to make increasing con-
tributions in the future. It is reasonable to expect such re-
scarch to be supported from central university sources,
the NSF, as well as the US/AID and the experiment sta-
tions. There is synergism between basic disciplinary and
plant breeding work that INTSORMIL is beginning tocx-
ploit.

Pathology:--The following is rccommended:

a.  INTSORMILs good pathological work for sor-
ghum should be continucd in close collaboration
with its plant breeders. This work should be ex-
pandced to include a long smut screening nurscry
in West Africa.

b.  INTSORMIL should emphasizc millet discascs
with collaborators in millet producing countrics.

¢.  The EEP c¢ncourages a continued and strong
awarencss of cconomic prioritics with response
often only possible in the collaborating country.

Sociocconomics:--1t is now time to cxpand
INTSORMIL’s social scicnce work. Much of the needed
relevant rescarch outlined here can likely be financed
outside of regular INTSORMIL funds. INTSORMIL
should take steps to initiate rural social science and re-
lated rescarch in the opportunity arcas mentioned at
various poirts in this report and summarized here:

a.  possible foreign market expansions for the
higher quality feed and food sorghums being
morc rapidly developed as a result of
INTSORMIL’s domestic and international col-
laboration,

b.  possible domestic market developments for both
food and feed grain based on INTSORMIL’s
contributions to scighum grain quality,

c.  the feasibility of further development of sor-
ghum and millet production in the southcastern
states of the U.S. with publicly supported re-
scarch and cxtension. Both Mississippi and
Georgia arc interested in developing grain sor-
ghum and millet production in the southcastern
states of the U.S.

The above socio-cconomic recommendations car
probably be carricd out at low cost to INTSORMIL
through collaboration with domestic agencies and per-
sonncl having responsibilitics and funding for doing such
work. Texas A&M, for instance, has an cffective Agricul-
tural Economics Department with personnel capable of
collaborating with other INTSORMIL agricultural
cconomics departments and industry, including the Na-
tional Grain Sorghum Producers Association, in doing
foreign and domestic market development research. So
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do Kansas, Oklahoma and Ncbraska, all large sorghum
producing states. Such rescarch would help leaders in the
domestic sorghum industry such as The National Grain
Sorghum Producers Association realize the benefits they
arc deriving from INTSORMIL, thus legitimatcly fore-
stalling Bumpers Amendment questions about
INTSORMIL's research.,

d.  INTSORMIL should also support and help mo-
bilize support for relevant basic, conceptual and
theorctical work by cconomists and other social

scientists rescarching farming systems, doing
technology assessment studics and the adoption
of new technologics. Basic discriptionary re-
scarch is nceded on, (1) improved measure-
ments of thc non-monctary values associated
with food quality, food sccurity, family size, en-
vironmental degradation, institutional reform
and cducation and the like, (2)managerial
processcs, (3) ensuring (control of cvents) as
contrasted toinsuring and chance taking (adjust-
ing to existing probability distributions).

Conclusion

INTSORMIL nceds to claborate and publicize their
very significant accomplishments. Combined with stories
from other CRSPs the INTSORMIL story should also be
uscd outside of AID’s project planning and budgetary
processes to build broad legitimate support for the
CRSPs in scicntific, political, academic and industry
circles to help overcome funding constraints. Two broad
approachces arc needed--one by the CRSPs collectively
and onc by the individual CRSP including, specifically,
INTSORMIL. Morce than the recounting of success
storiesis nccded. There is homework to be done. Current
and prospective costs and bencefits--nonmonetary as well
as monctary and social as well as private--nced analysis.
While the accomplishments to date have been remark-
able their appreciation and recognition has for too long
gone mostly unnoticed. Now is the time to put these prac-
tices and products in front of LDC producers. Also, now
morc cffort must also be made to sccure the under-
standing and support of the sced industry throughout the
world.

INTSORMIL should proceed within its own institu-
tions to first analyzc the significance of what has been
donc, i.c. "situations and outlook" analysis should be donc
for the different phasces of INTSORMIL’s biological and
physical scicnce cfforts--grain quality, inscct and discase
resistance, cold tolerance, drought resistance, aluminum
toxicity tolerance and the like. Second the momentum of
what is underway must be described and communicated.

We must describe and cffectively communicate prospec-
tive benefits zad payoffs both for domestic producers and
the disadvantaged hungry of the LDCs who depend on
sorghum and millet for subsistence. With respect to
domestic sorghum producers, the seed industry and U.S.
consumers, it is particularly important to document past
and prospective accomplishments.

Finally, we of the EEP recognize and value the strong
support for INTSORMIL by the Management Entity
(Ncbraska) and certainly from the Board representing
Texas A&M, Mississippi, Kansas, Purduc, and Nebraska.
Only with their universal effort and backing could this
program have come so far the first nine years yet have so
much opportunity 1. make even greater progress in the
immediate future.

Respectfully submitted,
1988 EEP members:

Dr. Bruce Maunder, Chair
Dr. Clarence Gray, Vice Chair
Dr. Glenn Johnson

Dr. Ricardo Bressani

Dr. N.G.P. Rao

Dr. O.J. Wcbster
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Global Plan Subcommittee Report

D.T. Rosenow, L. Gourley, D.J. Andrews, J. Axtell

The INTSORMIL Board of Direclors instructed the
ME to work with a Subcommittce in preparing a draft
process and policy paper for discussion by P.1’s at the P.I.
Conference, January 3-5, 1989. Accordingly, the EZC
Chair, Dr. L.W. Rooncy appointed D.T. Rosenow, L.
Gourley, D. Andrews and J. Axtell to serve on a Subcom-
mittee "to evaluate the Global Plan and recommend any
changes which might be needed in the INTSORMIL
Global Plan for the next five years." The mandate of the
Subcommittee was to identify the issucs and present them
to the P.Ls in Arizona for their input and discussion.

The Subcommittee identified the following principal
issues for discussion:

1. The CRSP mode of collaborative research is now
firmly established within USAID, however, funding levels
continuc to be inadequate to support development of the
full potential of those CRSP’s which are operating well.

2. The Subcommittee recommends that the Board con-
sider the addition of Mali as a prime site, since the col-

laborative rescarch program has developed very well and
now merits cqual consideration with other prime sites.

3. The rclationship between INTSORMIL and several
AID "graduate” countries continucs to be an unresolved
issuc. This is a mutual benefit for the development of re-
scarch relationships with India, Brazil and Mexico for ex-
ample, but no mechanism exists to expedite this
relationship.

4. David Aadrews reported on the opportunitics for
INTSORMIL in Sencgal. There are excellent oppor-
tunitics in the arcas of millet breeding, sorghum breeding
and food quality rescarch in Senegal. A new AID contract
with Michigan State University may provide oppor-
tunitics for funding this collaborative research.

A ncew subcommiittee headed by D.T. Roscnow will in-
corporate the P.I. suggestions into the revised Global
Plan.
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Improving Sorghum Yiclds in Botswana through Collaborative Rescarch on Tillage, Crop Rotation, Rainfall
Harvesting, and Residuc Management - D.C. Carter, L. Gakale and N. Persaud

Grain Sorghum Yiclds as Influcnced by Soil Fertility under Low Rainfall (< 300 mm) Conditions in Botswana
- M.D. Clcgg, J.B. Youngquist, D.C. Cartcr

Sorghum Stress Screening - J.D. Eastin, P.K. Verma, P. Bramel-Cox and D.J. Andrews

Increasing N Usc Efficicney by Dryland Sorghum under Conventional Spring Disk and No-Tillage Systcms -
M.V. Marake, D.T. Walters and D.H. Sander

A Population Study on Pcarl Millet - M.Y. Mortlock and R.L. Vanderlip

Effect of Pcarl Millet and Sorghum Sced Quality on Stand Establishment in Botswana - M.Y. Mortlock and
R.L. Vanderlip

Effect of High Temperature on Germination and Establishment of Pearl Millet of Different Seed Sizes and
Densitics - M.Y. Mortlock and R.L. Vanderlip

Elfcct of Rotation and Fertilizer Treatment on Density and Dry Weight of Sorghum and Soybean Roots - W,
Rodcr, §.C. Mason and M.D. Clegg

Responses of Sorghum to Applied Abscisic Acid - M. Traore, C. Sullivan, S. Dione and B. Coulibaly

Millet/Cowpca Intercropping and Crop Residue Rescarch in Niger - P.K. Verma, J.D. Eastin, M. Nouri, C.
Reddy and 1. Mohamadou

Breeding

Stand Establishment in Relation to Scedling Mesocotyl and Colcoptile Length in Pearl Millet - B. Khaleeq
and W.D. Stegmeicr

Pcarl Millet: A Potential Early Maturing Dryland Feed Grain Crop - William D., Stegmeicr, B. Khalceq, R.L.
Vanderlip and D.J. Andrews

Entomelogy
Biological Control of Millet Stalk Borer in Niger - F.E. Gilstrap and O. Youm

Sorghum Resistance to Sorghum Midge - George L. Teetes and Gary C. Peterson
Sugarcanc Aphid Resistance Screening in Botswana - George L. Teetes, Chris Manthe and Gary C. Petcrson
Sorghum Hcad Bug Rescarch in Niger - Gary J. Steck and George L. Tectes

Fall Armyworm/Stemborer Rescarch in Honduras - F.E. Gilstrap, K.L. Andrews, D. Meckenstock, L. Lastres,
and R.W, Joncs
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Food Quality and Utilization

Water Solubility and Protcin Digestibility of T8, a Sorghum Porridge - A.B. Bello, A. Kante, L.W. Rooncy and
R.D. Waniska

Somaclonal Variation i» High Tannin Sorghum - T. Cai and L.G. Butler

Charactcrization of Native Sorghum Starch and Starch from Extruded Decorticated Sorghum by HPLC-Size
Exclusion Chromatography - D.S. Jackson, M.H: Gomcz, R.D. Waniska and L. W, Rooncy

Traditional Food Processing Technologics in East Africa Improve Nutritive Value of High Tannin Sorghums
- S. Mukuru, E. Monyo, G. Ejcta, M. Hasscn, E. Mertz and J. Axtell

Mcchanism of Antinutritional Effccts of High Tannin Sorghum - John C. Rogler, Simon Molc and Larry G.
Butler

Elfccts of Prolamin Protcin Fractions on Sorghum and Maizc Digestibilitics - R.M. Sikabbubba and C.F. Klop-
fenstein

Effect of Weathering and Fungi on Phenolic Acids in Sorghum - R.D. Waniska, J.H. Poc, G.A. Forbcs, R.
Bandyopadhyah and R.A. Frederikson

Processing Characteristics of Parboiled Sorghum - R. Young, L.W. Rooney and R.D. Waniska

Plant Pathology

Effccts of Maizc Dwarfl Mosaic Virus Strain B on Growth and Yicld of Sorghum - J.D. Alexander and R.W,
Toler

Unusual Fusarium Isolates from Sorghum - C.J.R. Klittich and J.F. Leslic

Vegetative Compatibility Groups as a Mcasure of Population Diversity in Fusarium - J.F. Leslic and CJR.
Klittich
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AGRONOMY

Improving Suighum Yiclds in Botswana through Collaborative Rescarch on Tillage, Crop Rotation, Rainfall Harvest-
ing, and Residuc Management. D.C. Carter, L. Gakalc and N. Persaud, DAR, Gaboronc, Botswana.

Sorghum yiclds in Botswana arc constrained primarily by the rainfall, climatc, and soil characteristics. The low, ir-
regular, low usc-cfficicncy rainfall pattern results in intra-scasonal drought and crop stress. The luvisols and arcnosols
uscd for sorghum production have low organic matter, P, and N content and an unstable surface structure. They are
often shallow with low profile moisturc storage capacity and become massive and hard when dry. These factors con-
tribute to the low and variable yiclds of sorghum obtained by traditional Botswana farmers. INTSORMIL collabora-
tive rescarch in Botswana was founded on the philosophy that sorghum grain yiclds must be stabilized at a higher level
than currently exists. This will encourage farmers to invest higher levels of labor and other resources in their otherwise
marginal ccrcal production farms. Rescarch cfforts concentrated on tillage practices, cercal/legume crop rotation,
macro- and micro- rainfall harvesting systems, and management of crop residues and manure. Results have shown that
responsc (o tillage practices appeared to be strongly influenced by scasonal rainfall pattern and any soil management
factor such as weed control operations that dircetly affect the soil moisture content. The rotation experiments showed
that soil productivity for sorghum was improved following groundnut or cowpca. Results from the macro-rainfall runoff
harvesling investigations have demonstrated grain yields of over 2 T/ha. compared with the traditional check of less
than 1T/ha. Sorghum grain yiclds responded positively to manure and to the incorporation or surface mulching of crop
residucs. The response was, however, not uniform over ali sites.

Grain Sorghum Yiclds as Influenced by Soil Fertility under Low Rainfall (<300 mm) Conditions in Botswana. M.D.
Clegg, J.B. Youngquist and D.C. Carter, NU, Lincoln, NE.

Inmany developing countrics available watcr is considered the major constraint for crop production. However, when
soil fertility is not adequate to support desired plant growth low crop yiclds occur even when ample watcr is present.
Therefore, low fertility (particularly nitrogen) is often a major constraint for production of cercal crops. The objective
of this rescarch was to determine the effect of improved soil fertility on grain sorghum [Sorghum bicolor (L.) Mocench]
productivity grown in low rainfall cnvironments. Grain sorghum was grown in Botswana in 1984/85 and 1985/86 under
a total of 12 cnvironments of varying rainfall (259-350 mm). Fertility was improved with the application of 9 Mg/ha of
manurc. Sorghum productivity as influcnced by fertility was compared using an cnvironmental model to minimize or
normalize the cffects of cnvironment. Grain and total biomass (grain + stover) yields ranged from 0.16 to 3.1 Mg/ha
and 1.2 to 6.7 Mg/ha respectively. Grain yicld was increased in only scven of the environments by increased fertility
whercas total biomass was increased in cleven of the environments. The model indicated that improved fertility was
morec cffective in increasing both grain and total biomass yiclds when the environments were capable of supporting
yiclds greater than 1.0 Mg/ha, At yicld levels below this, improved fertility was incffective or even detrimental. This last
obscrvation may indicate why fertility isn’t considered limiting because many farmers’ cereal grain yiclds arc not above
1.0 Mg/ha.

Sorghum Stress Screening, J.D. Eastin, P.K. Verma, P, Bramel-Cox and D J. Andrews, NU, Lincoln, NE.

Developmental stage rescarch has exposed microsporogenesis and mcgasporogenesis to be the two most sensitive
preflowering stress periods. Stress during these periods has an adverse cffect on yicld through a reduction in the sced
number compeucnt of yicld. Also, the seed number component of yicld correlates more positively with grain yicld than
docs sced size. Based on this knowledge, a ficld overplanting technique has been used to exhaust soil water premature-
ly and exert ex ra water stress pressure at the late panicle development stage. Definite genotype differences in stress
resistance have been exposed as shown by yicld data. Three A/B pairs, N94, N95 and N96, plus 2 R lincs, N91 and N92,
have been rele: sed.
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There are, no doubt, a varicty of contributing stress resistance mechanisms for which individual stress screening
techniques are cither unavailable or impractical on a plant breeding scale. However, onc paramcter, the canopy
temperature - air temperature differential, during mid to late panicle development may reflect the cumulative cffect of
several pertinent stress resistance mechanisms and merits further rescarch. The pros and cons of such rescarch will be
discussed. Anatomical invesiications probing specific stress resistance mechanisms point to damage rclating to the
tapetum during the tetrad stage of meiosis plus some ovule damagc at a slightly later time since these injurics can be
inflicted by cither 17 C or 29 C night t2mperatures (considering 22 C near optimal respiration related events are of in-
terest). Conscquently ficld carbon balaice experiments as opposed to photosynthesis cxperiments alone may be use-
ful in further understanding and modcling yicld limitations under stress.

Increasing N Usc Efficicncy by Dryland Sorghum under Conventional Spring Disk and No-Tillagc Systcms. M.V.
Marake, D.T. Walters and D.H. Sander, NU, Lincoln, NE,

No-tillage systems have the potential for increasing grain production of dry-land sorghum in Ncbraska. Nitrogen
management is complicatcd by changes in the soil cnvironment that cffect plant development and soil N transforma-
tions. A experiment was conducted to evaluate the interaction of two tillage systems: a conventional spring disk and
no-tillage with N source/placement (anhydrous ammonia and urca ammonium nitrate 28% N cither surface dribbled
or knifed), N application time (preplant or sidedress) and N rate (0, 40, 80 and 120 kg/ha) on grain production, fer-
tilizer N usc cfficicncy and water usc. Maximum grain yicld required an additional 40 kg/ha of N under no-till regard-
less of time and an additional 40 kg N /ha when N was applicd at sidedress regardless of tillage. A 17 day dry period
following siacdress resulted in a significant yield loss surface applicd N under disk tillage with no apparent yicld reduc-
tion under no-till. Fertilizer usc efficicncy was increased by sidedress for knifed N placcment but reduced at sidedress
for surface applicd N. Significant N mincralization under no-till resulted in very low fertilizer usc efficiency for surface
applicd N. Mcasurcment of soil water content indicated greater usc of watcr below 45¢m under conventional spring
disk.

A Population Study on Pcarl Millet. M.Y. Mortlock and R.L. Vanderlip, KSU, Manhattan, KS.

Pcarl millet [Pennisetum glaucum (L.)] is one of the most important subsistence crops in the dricr semi-arid regions
in the world. It often is grown in the same arca as sorghum but is more tolerant of nutricnt poor soil and low rainfall
than sorghum. It is capable of rapid growth and tillering under favorable conditions and has a well developed compen-
satory ability. Similar yiclds and dry matter productivitics have been reported over a wide range of plant populations.
Millet, however, is absent in commerce as a grain crop in the U.S. It was on this basis that studics were conducted in
1985 and 1986 at the Agronomy Farm, Manhattan, and the Sandyland Experiment Ficeld, St. John, Kansas, to deter-
minc millet yicld response to plant population. Randomized complete block experiments with populations of 25, 49,
99, 198, and 395 thousand plants/ha of Sencgal bulk millet were used in all studics. There was no effect of population
on yield at cither location cither year. Most of the yicld compcnsation was through heads/plant, some by sceds/head,
and least by sced weight.

Effcct of Pearl Millet and Sorghum Secd Quality on Stand Establishment in Botswana. M.Y. Mortlock and R.L. Vander-
lip, KSU, Manhattan, KS.

Poor stands of pearl millet often oceur due to low seed vigor and high soil temperatures. On-farm experiments ex-
amined the contribution of seed characteristics to stand establishment in Botswana. Five farmers hill planted millet on
three dates. Bold, >2.58 mm diameter and > 1.26 g/cc, and control ‘Serere 6A’ millet was planted by hand and with a
jab planter. Establishment was measured on 20% of the plot arca at 4, 6, and 8 days after planting (DAP). Plants cs-
tablished carlicr from the hand planted bold seed with 12,500 hill/ha at 6 DAP compared to 6,500 hill/ha for control
sced. Thirty-seven percent of viable sceds emerged with hand planting. There were no sced cffects with jab planting
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and only 16% of viable sced emerged. Six farmers broadcast planted bold (as above) and control ‘Sererc 6A’ and dense,
>1.29 g/cc, and control ‘Scgaolanc’ sorghum on two dates. Establishment was measured on 5, 8, and 12 DAP. Bold
millet secd emerged faster (32,000 plants/ha at 8 DAP) than control (13,500 plants/ha). By 12 DAP, 10.6% of viable
millet secd had emerged. Sorghum had 18.4% of the viable sced emerged by 12 DAP, with no sced effects.

Effcct of High Temperature on Germination and Establishment of Pearl Millet of Different Sced Sizes and Densitics.
M.Y. Mortlock and R.L. Vanderlip, KSU, Manhattan, KS.

Three sclected seed diameters (1.79-2.18, 2.18-2.38 and >2.78 mm and two densitics (> or <1.12 g/cc) of pearl
millet (Pennisetum americanum L.) were planted in trays of 98 pots per treatment in growth chambers at temperatures
of 35, 42.5, and 50°C. Emergence was counted on 7 days and sceds dug up on the 7th day and germination assessed.
Average germination was 81%. Larger sceds had higher germination (85%) compared to the smaller two seedlots. The
higher density had higher germination, 84% compared to 79% for low density. Emergence was 82% for the 35°C and
down o 15.5% for 50°C temperature. Large sced had higher emergence than small; medium was not significantly dif-
ferent from large or small. When adjusted for pereent germinated, density and size effects were no longer significant.
The establishment index (speed of establishment) showed seeds emerged faster from the lower temperature and from
dense sced. Plant development was faster for large and medium compared to small sced. Plants from high density sced
also devcloped faster. At 42.5°C, 18% were chlorotic by six days after planting compared to 50% at 50°C. Shoot dry
weights at 7 days reflected seed size and density with no size by density interaction. Root weights also reflected the seed
sizc. There were no differences in the shoot:root ratio.

Effcct of Rotation and Fertilizer Treatment on Density and Dry Weight of Sorghum and Soybean Roots. W. Roder,
S.C. Mason and M.D. Clegg, NU, Lincoln, NE.

Root distribution of soybean [Glycine max (L.) Merr.] and sorghum [Sorghum bicolor (L.) Mocnch] were measured
in a cropping cxperiment with a 6-year history of continued soybcan, continuous sorghum, sorghum-soybcan, and
soybcan-sorghum rotation. Fertilizer treatments consisted of control, nitrogen (44.8 kg ha' on sorghum plots), and
89.7kg ha on sorghum plots), and manure (15.8 Mg dry matter ha'l). Mcasurements were made from core samples.
Root densities for the depths 0-7.5, 7.5-15, 15-30, 30-60, 60-90 and 90-120 cm were 4.4, 3.5, 2.0, 1.2 and 1.1 and 1.2 ¢cm
em™ for soybcan and 6.9, 4.8,3.4, 1.8, 1.5 and 1.5 cm cm™ for sorghum, respectively. Root dry weights were 1.09, 1.42,
1.81and 1.10 Mg ha™! for continuous soybean, soybean after sorghvm, continuous sorghum and sorghum after soybean,
respectively. Average root density and root dry weight was 62 and 30% higher for soybean and 39 and 63% higher for
sorghum, respectively, if the previous crop was sorghum instead of soybean. Manurc and nitrogen treatment was as-
sociated with an 8.6 and 13.3% decreasc in sorghum root density, while soybean root density was reduced by 10.3%
under manure trcatment.

Responses of Sorghum to Applied Abscisic Acid. M. Traore, IER, Bamako, Mali; C. Sullivan, S. Dionc and B. Couliba-
ly, NU, Lincoln, NE.

The plant metabolite abscisic acid (ABA) reportedly has many influcnces on plant growth. In our studics a scrics of
experiments were conducted on the responses of sorghum to small quantitics of ABA applicd as a seed pretreatment,
spraycd on the foliage, or watcred into the soil. Differences were found in genotype responsc to the ABA, but in general
sced germination was cnhanced and root growth stimulated by the ABA treatment. Germinated sced and scedlings
grown from ABA trcated sced had greater stress resistance and survival than water treated controls in both control-
led conditions and a ficld cnvironment with soil filled charcoal pits. When dilute ABA solutions were sprayed on plants
in the vegetative stage, gencerally nonstressed plants had increased shoot-to-root ratios, shoot hcight and shoot dry mat-
ter. Total grain weight and sced numbers were reduced. Grain and root weights were essentially unaffected. However,
when plants were drought stressed and compared to controls, the ABA treatment did not affect shoot height or shoot
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and root dry weights, but grain yiclds were significantly increascd. This was duc primarily to increased sced numbers
and to some extent sced weight. Applied gibberellic acid and kinctin both had an antagonistic cffcct on the ABA, Solu-
tions of ABA applicd to the soil immediatcely after sceding also resulted in increasced stress tolerance and greater dry
matlter yiclds of greenhouse pot experiments. These results have the implication of practical sced treatment for im-
proved stress tolerance, or genotype sclection for increased inherent levels of ABA in the seed or scedling stage.

Millet/Cowpcea Intercropping and Crop Residuc Rescarch in Niger. P.K. Verma, J.D. Eastin, NU, Lincoln, NE; M.
Nouri, C. Reddy and 1. Mohamadou, INRAN, Niger.

Millet/cowpca intercropping is the most common practice in Niger. The best way toincrease the agricultural produc-
tion scems to be the usc of improved cropping systems and cultural practices.

Reduced light duc to the shading from the millet canopy perhaps limits the growth of cowpea is the recommended
millet/cowpca intercropping system. Water-use cfficicncy (WUE) responses of millet and cowpea were characterized.
Using artificial shades it was determined that the WUE and production of cowpea was maximum at full sunlight. An
alternative system consisting of alternate millet and cowpea rows, an arrangement that increased light availability to
the cowpea canopy, was proposcd. The cowpea is this system seemed 1o have a highcr WUE compared to the cowpea
in the rccommended intercropping system.

Scveral millet/cowpea intercrop arrangements were tested for grain and total dry matter yiclds to identify the inter-
cropping systcms that might be more productive than the oncs currently being used or recommended under both high
and low input situations. The alternative to the recommended intercropping system referred to above increased cow-
pea grain and total dry weights by 15% and 24%, respectively. While millet arrangement and millet and cowpea popula-
tions were the same in this system as in the recommended one, it had alternate millet/cowpea rows as opposed to 2
rows of cowpea between millet rows in the recommended system. For the low input situations another system consist-
ing of paircd millct rows alternating with a cowpca row scemed promising. Millet grain and total dry matter yields were
24% and 42% highcr, respectively, and cowpea total dry weight was 53% higher compared to the farmers’ traditional
system. Thesc systems should be further rescarched to confirm their advantage over the oncs that arc currently being
uscd.

An cxperiment to quantify the beneficial effects of crop residue on crop production was initiated. Application of 1,
2and3tha of crop residuc increased millet grain yicld by 306%, 458% and 545%, respectively, compared to the no
residuc treatment. Corresponding increasces for total dry weight were 253%, 347% and 382%, respectively, for the three
trcatments. During the first 5 weeks after planting, the daily mean, maximum and minimum soil temperatures at 30 cm
depth were higher by 1-2 Cin the no residue treatment compared to the 2 t ha™! treatment. Soil temperaturces at 2 and
15 e¢m depths were not different in these two treatments.

BREEDING

Stand Establishment in Relation to Seedling Mesocotyl and Colcoptile Length in Pearl Millet. B. Khaleeq, W.D. Steg-
meicr, KSU, Hays, KS. and R.L. Vanderlip, KSU, Manhattan, KS.

Stand cstablishmeat problems of pearl millet (Pennisetum glaucum (L.) R. and Br.) arc severe constraints to suc-
cessful production under subsistence farming conditions in the dry tropics and with mechanized farming practices in
the Great Plains of the U.S. Failure to obtain adequate plant populations is often associated with adverse weather con-
ditions occurring at critical times during the germination process; i. ¢, rapid soil drying prevents germination, soil crust-
ing prevents emergence, and rainstorms during cmergence flatten and bury scedlings in the wet soil. Studics were
initiated 1) to examine germination temperature cffects on scedling clongation in the germinator, and 2) to determine
if deep planting (75 or 100 mm) under ficld conditions of materials previously sclected for increased scedling length
and rapid clongation in the germinator and greenhousc would identify lines possessing improved stand establishment
capabilitics. Sceds were germinated in rolled paper dolls in a dark germinator at desired temperaturcs for 8-day periods,
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allowing maximum clongation of mesocotyl (MC) and coleoptile (CL) organs and rupture of the CL rclcasing the first
leaf. Sceds were planted in greenhousc and ficld beds at 75 or 100 mm depths and compared to controls planted 37 or
50 mm dccp. Germination of 100 lincs at temperatures of 30, 35, and 40°C showed maximum MC clongation occurred
at 35°C, but CL clongation at 35°C was not significantly diffcrent from clongation at 30°C. A significant reduction in
bothMC and CL clongation occurred when thesc lines were germinated at 40°C. Highly significant differences in clon-
gation of MC and CL organs were fousd among 1100 entrics germinated at 30°C with MC and CL lengths ranging from
14 to 130 mm and 6 o 40 mm, respectively. Scedling emergence was significantly higher under ficld conditions for those
cntrics with long seedling length (MC + CL) in 75 mm depths-of-planting in comparison toshort scedling length entrics.

Pearl Millet: A Potential Early Maturing Dryland Feed Grain Crop. W.D. Stegmeier, B. Khalceg, KSU, Hays, KS.,
R.L. Vandecrlip, KSU, Manhattan, KS. and D.J. Andrews, NU, Lincoln, NE.

Pcarl millet (Pennisetum glaucum (L.) R. & Br.) an carly maturing cereal of African origin, is widely grown (25 m.
ha) as a staple food crop in drought pronc arcas of Africa and India. Pearl millet is potentially a feed grain in arcas of
the U.S. where drought, soil type (low pH, or very sandy soils), short scason or excessive heat reduce the yicld poten-
tial for sorghum, for cxample, in parts of western Nebraska and Kansas. The huskless grain is nutritious, contains 5-7%
oil, no tannin, has higher protcin and energy levels than corn or sorghum and has been tested with advantage in feed
rations of chickens and stcers. Breeding programs at the University of Nebraska and Kansas State University, sup-
ported by INTSORMIL (USAID, Title XII funds) have produced cxperimental dwarf combine hybrids yiclding 80-
90% of sorghums of a comparable maturity. Rescarch continues on yicld, lodging resistance, and herbicides. Sorghum
planting, cultivating, and harvest machincry can readily be used to manage pearl millet.

ENTOMOLOGY

Biological Control of Millet Stalk Borer in Niger. F.E. Gilstrap and O. Youm, TAM, Collcge Station, TX.

The millet stalk borer (MSB), Haimbachia ignefusalis (Hampson), was collected in Niger from 14 plant species and
seven gramincous and non-gramincous familics, with Andropogon gayanus being the most commonly infected plant
over locations studied. MSB apparently utilizes these non-crop plants primarily as a diapause rcfuge. Euvipio sp. at-
tacked MSB on morc host plant specics than other parasites. Though several parasites attacked MSB in millet, den-
sitics of MSB arc not suppressed by these parasites supporting a decision to import additional parasites from other
parts of the world into Niger. Bracon hebetor, a common parasite of MSB in millet has a short lifc cycle and a high ratc
of population incrcasc, is casy (o culturc in the laboratory, and if released in large numbers has potential for reducing
prediapausing populations of MSB. Our studics indicate that MSB causcs scrious damagc to both carly and late planted
millet, though greater numbers of MSB occurred in carly millet. Studics on MSB preference for ovipositional sitcs in-
dicatcd that green millet stalks with intact lcaf sheaths were more preferred than flat green or dry leaves. This behavior
would probably complicate attempts to control MSB with insccticides because larvae bore into the stalks immediate-
ly after hatching, Studics on MSB damage versus millet grain production showed a ncgative corrclation between grain
weight and numbers of cxit holes in mature plants, diapausing MSB larvac occurred in all stalk internodes but were
most numerous in intcrnodes distal to the plant base, and damage was greatest when MSB occurred on internodes dis-

tal to the plant basc. .

Sorghum Resistance to Sorghum Midge. George L. Teetes and Gary C. Peterson, TAM, College Station, TX.

Sorghuin midge is the most widcly distributed of all sorghum inscct pests, occurring in almost all sorghum produc-
ing regions. Early, uniform planting and flowcring is the most effcctive management tactic, and successive planting
favors the pest. Resistant sorghum cultivars would provide an additional, significant and much nceded management
componcnt. The cooperative cntomology/breeding program in Texas has defined sorghum midge biology, clucidated
its population dynamics, and is developing resistant cultivars along with ancillary, support information that will definc
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their role and function in integrated pest management strategies in cither develeped or developing agricultural produc-
tion systems. Resistant cultivars arc provided to any LDC scicntist upon request, and direct collaboration exists in Hon-
duras. New resistance sources arc continually screened for newly converted lines and genes from different sources are
combincd. Resistance mechanisms have been identified as nonpreference for adult visitation and oviposition, and an-
tibiosis to larvac. Inheritance is complicated and quantitative. Agronomically improved cultivars are damaged at lcast
five times less than susceptible cultivars under the same midge density, and are compatible with insccticide use, reduc-
ing the number of needed applications and improving their cffectivencss.

Sugarcanc Aphid Resistance Screcning in Botswana. George L. Teeles, Gary C. Peterson, TAM, College Station, TX.,
and Chris Manthe, DAR, Gaborone, Botswana,

Ofthe three aphid species, namely, corn leaf aphid, greenbug, and sugarcanc aphid, that infest sorghum in Botswana,
the sugarcanc aphid is the most abundant and persistently present specices. A collaborative rescarch project with the
Department of Agricultural Rescarch exists to screen sorghums for resistance to the aphid, determine resistance
mechanisms and inheritance, and assess natural aphid enemics. The rescarch project constitutes a Ph.D. dissertation
rescarch problem. At least 38 sorghum lines show modcrate to high levels of resistance. Many of the resistant lines
show moderate to high levels of resistance. Many of the resistant lines are of the zera zera group. An improved zcra
zera line from the Texas sorghum breeding program, TAMY28 is highly resistant and is used as a standard resistant
check for screening purposes. Sorghum lines show nonpreference, tolerance and antibiosis types of resistance and
aphids rcarcd on TAM428 sorghum have a higher mortality rate than aphids on susceptible sorghums. Most lines resis-
tant to sugarcanc aphid arc susceptible to greenbug. The most important aphid natu-al enemics are Xenthogramma
aegyptium (Weid) (Diptera: Syrphidac) and Leucous sp. (Diptera: Chamaemyiidac). Natural enemics most affect the
abundance of greenbug and appear to suppress its ability to reach damaging levels. Density regulation of the sugar-
canc aphid appcars to be brought about by joint action of plant condition, aphid dispersal and action of natural ¢nemics.
The introduction of a resistant cultivar into the local production system would likely relegate the sugarcane aphid to
an occasional pest,

Sorghum Head Bug Rescarch in Niger. Gary J. Steck and George L. Tectes, TAM, College Station, TX.

A collaborative rescarch project on sorghum panicle-feeding bugs was conducted in Niger with INRAN en-
tomologists. Eurystylus marginatus QOdhiambo (Hemiptera: Miridac) is the most important and abundant inscct pest of
sorghum panicles in West Africa. First generation adults initially infest sorghum panicles in late August, and two suc-
cceding gencrations develop on sorghum. Economic losses are manifested in yield and grain quality reduction Yield
losscs from natural infestations to certain local sorghum cultivars range from 14 (0 19%. Losses in vitrosity are the best
indication of the cffect on grain quality. Using cages with 20 introduced female/male pairs causes losses ranging from
19 to 62% of grain weight, 1000-kernel weight, pereent low density grain, and vitrosity. Damage results from both
oviposition and feeding. The percentage coverage of the grain surface by glumes, and the time from anthesis to open-
ing of the glumes were significantly correlated with reduced head bug numbers and kernel damage. Mcasurable damage
occurred with as few as five female/male head bug pairs per panicle. Most cggs are oviposited into exposed, apical por-
tions of sorghum grains during the milky stage of kernel development.

Fall Armyworm/Stemborer Rescarch in Honduras. F.E. Gilstrap, K.L. Andrews, D. Meckenstock, L. Lastres, and R.W.
Jones, TAM, College Station, TX.

Rescarchin Honduras has focused on Spodoptera frugiperda (3. E. Smith) (the fall armyworm or FAW) and Diatraca
lincolata (Walker) (the ncotropical cornstalk borer or NCB). Rescarch objectives were to evaluate and colonize
parasites of NCB, characterize and evaluate sources of mortality to FAW, and determine effects of cropping systems
on pests/biological control agents. Regarding parasites of NCB, Cotesia flavipes was colonized in 1986-87 in Honduras
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and El Salvador. Evaluations of the parasite’s spread and impact are continuing in Honduras to learn how important
this new parasite is compared to previously cxisting parasites and whether additional parasite specics should be
colonizedin the futurc., Regarding characterizing and evaluating predatory mortality to FAW, Solenopsis geminata (F.)
(the tropical fircant) and Donu taeniatum (the yellow-stripped carwig) were identificd were previously identified as im-
portant for carly and late season mortality to FAW, Ficld studics revealed lower infestation by FAW in plots where
Solenopsis sp. was present. Solenopsis also secemed to reduce infestation by Listronotus, a weevil pest of corn and sor-
ghum scedlings. In the ficld, D. taeniatum caused no reduction in infestation by FAW. This was probably due to the
low numbers present at the time of the experiments. Five Hymenoptera and two tachinid parasitoids, a parasilic
nematode, and two fungi were identified as mortality agents of FAW. Chelonus insularis (Hymenoptera:Braconidace)
was the most abundant parasitoid recovered from field-collected larvac. Percentage parasitism was highest during the
first planting scason, rcaching 80%. FAW infestations were lower during the sccond planting scason than during the
first. This was probably due to mortality of FAW caused by heavy rain and to the abundance of predators. Under cage-
study <onditions, D. taeniatnum did not feed on second instar FAW larvace infested to sorghum or corn plants when
plants were younger than three weeks old. D. taeniatum did stay in the whorls of plants three weeks old and older, and
preyed on small FAW larvae thereafter. On the ground, mortality of second instar FAW larvace in a reduced tillage
corn ficld averaged 93%. The most abundant and ground predator of sccgnd instar FAW larvac was Solenopsis
geminata, accounting for a mean 79%. mortality at a density of 67 ants per m=. Other ant species accounted for 13%
mortality at a density of 45 ants per m®, and spiders accounted for 1% mortality. Additional studies on Doru are in
progress. Cropping systems scems (o have very little impact on pests or their potential biological control agents. Num-
bers of FAW and NCB in monocultures versus mixed plantings were usually more abundant in maize than in sorghum,
usually greatest in mixed sorghum/maize plantings than i sorghum mnonoculture, and essentially the same in mixed
maize/sorghum as in maize monoculture. These results suggest that differences among the cropping systems arc not
sufficiently important to recommend cither monoculture or mixed plantings of maize and sorghum as a way of mini-
mizing damage from pests.

FOOD QUALITY AND UTILIZATION

Watcr Solubility and Protcin Digestibility of T6, a Sorghum Porridge. A.B. Bello, A. Kante, L.W. Rooncy, and R.D.
Waniska, TAM, College Station, TX.

A good quality thick porridge (To) is firm and non-sticky, can be molded between the fingers, and doces not
deteriorate in texture upon overnight storage. To samples were prepared under acid and alkali conditions using flour
from two varicties of sorghum that were decorticated i.e. $C205 (good quality To) and SC605 (poor quality To). Water
soluble materials (WSM) were prepared by dispersing fresh To in water (1:4 w/iv), blending, and centrifuging, The water
insoluble materials (WIM) were dispersed in 509 cthanol and sieved on standard U.S. sieve No. 20, 40, 60, 80, 100 and
325 under vacuum. In vitro protein digestibility was determined using a pepsin digestion method.

§C265 (thick pericarp) had an intermediate endosperm texture while SC605 (thin pericarp) had a very corncous
texture. Grit yields after decortication were similar; however, the amount of pericarp removed was %% for SC265 and
50% for SC605. The gel structure of poor quality To may have been disrupted pericarp in the flour,

Acidic(pH4.6) To was firmer in texture than alkaline (pHS8.4) To. The WSM of the alkaline To (80-709%) were higher
than that of the acidic Té (40-50%). The good quality Té had more WSM (50-70%) than the poor quality To (40-60%).
The WSM were rich in starch (> 50%2). The fraction of WIM greater than 150 microns in diameter was more in the
alkalinc Té (40-509%) than in the acidic To (15-25%). Also, th: WIM of good quality To had larger particles (> 150 u)
than the poor quality T.

In vitro protein digestibility of uncooked sorghum flour was 8-13% higher than that of the T6. Similarly, the digest-
ibility of the good quality Td was 2-5% higher than that of the poor quality T, The digestibility of acidic and alkaline
To were not significantly different.
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Somaclonal Variation in High Tannin Sorghum. T. Cai and L.G. Butler, Purduc University, West Lafayettc, IN,

Over 6,000 plants (R1) were regencerated from embryogenic calli derived from mature or immature cmbryos or from
developing inflorescences of cight sorghum cultivars sclected for their high levels of tannin. Ficld asscssment of
somaclonal variation has progressed to the R2 population, with over 48,000 R3 scedlings (27,000 plants) in 1,126 rows
from 1055 R1 plants and to the R3 genceration of 72 Rz plants. Grain from over 2,000 sclected heads of Ry and R2 plants
have been analyzed for total phenols, condensed tannins and flavan-4-ols. Most of these tested somaclones originally
derived from calli which had been maintained for 7-10 months. Variants with significantly incrcased and deccreased
levels of these polyphenols were selected, as well as qualitative variants with respect to the flavan-4-ols and tannins
produced. A wide range of morphological and developmental variants such as ragged leaf, multi-branched heads and
“crazy” sorghum previously unreported, were also observed. Variant production greatly depends on parent genotype
and appcars to increasc with increasing time in culture. The average somaclonal variation rate (bascd on Ry plants)
and somaclonal variant frequency (based on R2 plants) estimated in the tested population were 24.0 per 100 Ry plants
and 7.7 per 100 R2 plants for polyphenolic variation, as well as 11.0 and 1.6 for morphological and developmental
variants, respectively. Estimated size of the mutated sector ranged from the whole plant to 3.3% of a single head. In
chimeric Ry plants very small scctor mutations do not appear until the R3 generation. Some of these variants may be
uscful for further study or for usc in breeding programs.

Characterization of Native Sorghum Starch and Starch from Extruded Decorticated Sorghum by HPLC-Sizc Exclusion
Chromatography. D.S. Jackson, M.H. Gomez, R.D. Waniska, and L.W. Rooncy, TAM, College Station, TX.,

The characterization of starch by HPLC-Size Exclusion Chromatography (HPLC-SEC) has proven uscful for the
study of amylosc structure, separation and quantification of amylosc and amylopectin, and the characterization of starch
extracted from food products. Laboratory isolated waxy, heterowaxy (2 types), and non-waxy sorghum starches, from
crosscs made with very closely related Kafir sorghums (non-waxy TX3197 and waxy TX615), were characterized by
HPLC-SEC. Thesc starches contained < 1,17, 23, and 24% amylose (AMY). Also, starch suspensions from extruded
decorticated sorghums (a food system model) with 27, 22, and 12% AMY were analyzed. The decorticated sorghum
were cach extruded at 45, 32, and 18% moisture, dricd and ground prior to HPLC-SEC sample preparation.

One pereent (1%) starch (or exudate) suspensions were prepared by bringing 1.0g of starch and 0.5m! methanol to
avolume of 100ml with watcr. Ten (10)ml of this suspension was gelatinized by placing a test tube of the sample in boil-
ing watcr for 10min and then autoclaving for 10min. After the suspension cooled to 65°C, the starch was further dis-
persed by an ultrasonic processor (Vibra-cell VC40, Sonics and Materials, Danbury, CT). The solution was then
centrifuged and filtered through a Spm nylon filter, Twenty-five (25) wl of starch solution was injected into four S-serics
Shodex lonpack columns connected in scrics. Water was used as the mobile phase, and the separated compounds were
detected using a Waters 410 refractive index detector. Apparent molecular weight (MW) calibration was performed
using pullulan MW standards.

Soluble AMY from native sorghum starches higher in total AMY has a lower apparent MW than does AMY from
sorghum with less total AMY. Also, AMY from sorghum with more amylopectin (AMP}) is, on a percentage basis, more
solublc than AMY from sorghum with less AMP. As the "waxy character” of the sorghum starch increased, the solubility
of AMP dccreased.

The starch from decorticated sorghum extruded at 45% moisture was less damaged than that extruded at 18% mois-
ture. HPLC-SEC fractionation showed two populations of AMP, The apparcnt MW of AMP fractions decreased as
the total percentage of AMP in the starches increased. Harsh extrusion (15% moisturc) greatly increased the solubility
of the larger apparcnt MW AMP, while the solubility of the lower MW AMP was not appreciably increased. At low
extraction temperatures, and/or high extrusion moisture, the majority of soluble AMP was the low MW fraction. At
higher extraction temperatures, and/or low extrusion moisture, morc of the total AMP was solubilized as high apparent
MW AMP. As the cxtraction temperature increased, AMY solubility also increased. Harsher extrusion conditions in-
creascd AMY solubility above that found in raw or mildly cooked material. Aqucous HPLC-SEC can be used to study
sorghum starches, and the cffects of food processing on starch propertics.
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Traditional Food Processing Technologics in East Africa Improve Nutritive Value of High Tannin Sorghums. S.
Mukuru, E. Monyo, G. Ejcta, M. Hassen, E. Mcriz and J. Axtcll, ICRISAT, Hydcrabad, India and Purduc Univ.

High tannin sorghum [Sorghum bicolor (L.) Mocnch] is grown in many rcgions where birds and fungi causing grain
mold arc major production constraints. The objective of this study was to evaluate the cffectivencss of two traditional
sorghum processing methods in improving the digestibility of high tannin grain. Kabale, a Uganda varicty of high tan-
nin sorghum, was trcated with wood-ash according to a Uganda village method. This removed over 97% of the tannin,
In vitro pepsin digestibility of treated Kabale was as high as that of the low tannin control grain. Rats fed with wood-
ash trcated, high tannin BR64 grain showed significantly higher weight gains than those fed with untreated BR64. A
non-alcoholic beverage, Obushara, and an alcoholic beverage, Omuramba, made from high tannin, ash-trcated grain
also had in vitro digestibility values cqual to those found with low tannin sorghum. Mumbala, or local magadi, is a
mincral soil found in abundance in Kilimanjaro, Tanzania where it is used in cooking Lcans. Cooking high tannin sor-
ghum grain, (cv. 1S1291) in magadi extract raised in vitro pepsin digestibility values to that of low tannin sorghum.

Mcchanism of Antinutritional Effects of High Tannin Sorghum. John C. Rogler, Simon Molc and Larry G. Butler, Pur-
duc University, West Lafayette, IN.

Becausce tannins inhibit virtually all cnzymes tested in in vitro assays, and because fecding tannins results in an in-
creasc in protein in the feces, it has long been assumed that the decreased weight gains and feed utilization cfficiency
associated with dictary tannin is duc to inhibition of digestion of dictary protein. But in vivo inhibition of digestive en-
zymes is difficult to demonstrate, presumably because of the presence of many other proteins competing for binding
the tannin. Morcover, the increase in fecal protein is largely endogenous, rather than dictary protein. Using on rats a
technique previously applied only to insects, we can distinguish the cffects of dictary tannin on digestion from the cf-
feets on the conversion of digested and absorbed protein or dry matter to new biomass (dry matter or protein). In a
typical experiment we found that the digestibility of the dry matter in a low tannin sorghum was 88%, and this was
diminished to 78% in a high tannin sorghum. In contrast, the cfficicncy of conversion of digested and absorbed dry
matter to new biomass averaged 75% vs. 45% for high tannin sorghum, so the effect of tannin on digestibility of protcin
is greater than on digestibility of dry matter. But the cfficicncy of conversion of digested and absorbed protein to new
body protein was affected even more strongly: 30% for the low tannin sorghum vs. -5% for high tannin sorghum. These
results, which have been repeated several times, show that the major antinutritional effect of dictary tannin is on post-
digestion metabolism rather than on digestion.

Effccts of Prolamin Protein Fractions on Sorghum and Maize Digestibilitics. R.M. Sikabbubba and C.F. Klopfenstein,
KSU, Manhattan, KS,

Sorghum and corn have almost the same nutrient composition, but sorghum is usually less digestible than corn. One
difference between the two grains appears to be the structure and composition of their alcohol-soluble storage proteins.
The primary objective of this experiment was to extract and quantify those proteins from sorghum grain and corn with
different endosperm types and textures and compare their in vitro protein digestibilitics. We then compared differen-
cesin in vitro starch digestibilities of grains with varying concentrations of alcohol soluble proteins, and on the extracted
starch. The amino acid composition and available lysine were determined in the whole and fractionated samples.
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Effect of Weathering and Fungi on Phenolic Acids in Sorghum. R.D. Waniska, J.H. Poc, G.A. Forbcs, R. Bandyopad-
hyan and R.A. Fredcrikson, TAM, College Station, TX.

Phenolic compounds (PC) and phenolic acids (PA) were quantitated in the mature caryopscs of sorghum grown in
wet or dry environments. Twelve cultivars varying in pericarp color exhibited different levels of resistance to molding
in the wet environment. Sorghum caryopses with a white pericarp contained in lower levels of free PC (14 pg/caryop-
sis) than thosc with a red pericarp (41 pg/caryopsis) when grown in the dry environment. Higher levels of free PC and
frce PA, especially free p-coumaric, ferulic and caffeic acids, were observed in molding-susceptible cultivars, i.c. p-
coumaric (0.76 vs. 0.14 pg/caryopsis), ferulic (1.74 vs. ).10 pg/caryopsis) and caffeic (1.52 vs. 0.55 pg/caryopsis) in wet
and dry cnvironments, respectively. Bound PA were present at higher levels than free PA in all three cultivars; and
higher levels of bound p-coumaric, vanillic and caffeic acids were observed in mold-susceptible cultivars.

Phenolic compounds (PC) and phenolic acids (PA) were also quantitated in 6 sorghum cultivars inoculated with
Jusarium moniliforme at different stages of development. Inoculation with fungi caused an increase of PC in glumes at
10, 14 and 20 days after anthesis, especially in resistant and moderately resistant cultivars. Levels of free PCin sorghum
caryopses were similar for inoculated and control treatments during development, Free para-coumaric acid contributed
to the higher levels of PC in glumes and caryopses; the resistant cultivars and one of the moderately resistant cultivars
had carlicr or higher levels than their control treatments, Hence, p-coumaric and caffeic acids appear to be involved
in the bio-chemical response to fungal invasion. Glumes appear to be the plant’s first defense against fungal invasion
and colonization, and later, it is the chemical and physical propertics of the caryopsis that appear to be more impor-
tant in the resistance of grain to molding,

Processing Charactceristics of Parboiled Sorghum. R. Young, L.W. Rooney and R.D. Waniska, TAM, College Station,
TX.

The cffeet of different parboiling techniques on milling yield and cooking quality was investigated. The whole ker-
nels of four sorghum cultivars (Dorado, 77CS-2, BTx3197 and Hegari) differing widely in kernel characteristics were
1) soaked overnight and boiled for 10 min, 2) brought to boiling point, soaked overnight and then brought to boiling
agaun, or 3) left untreated (raw). The cooked samples were dried at ambicnt temperature prior to abrasive decortica-
tion with a TADD mill. After decortication, the yicld of whole kernels, color and cooking characteristics were deter-
mined.

Farboiling significantly increased the yield of decorticated grain, presumably due to the anncaling effect of starch
gelatinization which mainly “salvaged” cracked kernels and reduced destruction of kernel integrity during the milling
operation. The yicld of whole, decorticated grain increased from about 70 to 90% for soft endosperm types, and from
8010 A% for hard endosperm types. All treatments caused darkening of the kernels while enhancing their translucen-
cy.

After boiling the decorticated kernels, no significant color differences were observed between treatments within a
cultivar. The optimum cooking time of untreated boiled sorghum (34-47 min) was decreased by 8 to 15% whilc texture
of the boiled kernels was not significantly affected by the parboiling procedures. Parboiling may be a practical method
ol improving the milling propertics of soft sorghums for rice-like foods.

PLANT PATHOLOGY

Effects of Maize Dwarf Mosaic Virus Strain B on Growth and Yield of Sorghum. J.D. Alexander, R.W. Toler, TAM,
College Station, TX.

Twenty-seven sorghum accessions were tested in ficld and greenhouse trails for susceptibility to infection by maize
dwarf mosaic virus strain B(MDMV-B), Discase incidence and severity were compared to reactions caused byMDMV-
A. The cffects of MDMV-B infection on plant height, panicle length, stem diameter, kernel size, weight and density,
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and yicld werc also mcasurcd. Fourteen accessions were apparcntly immunc to MDMV-B while thirteen were suscep-
tible. No accessions were found which were susceptible to infection by MDMV-B and immunc to MDMV-A, Ten of
the accessions immunc to MDMV-B are susceplible to infection by MDMV-A and may scrve as host differentials based
on infcctivity. Five of the suscepltible accessions developed various levels of nccrosis, or "redleaf”, in responsc to infec-
tion by MDMV-B. Four of these develop little or no necrosis when infected with MDMV-A and may be used to dif-
fcrentiatc MDMV-B from MDMV-A based on symptomology. In general, accessions with necrotic reactions were
rcduced in plant height, panicle length, and stem diameter by 40%, 40% and 25%, respectively. Yield was reduced an
average of 70% in plants showing necrotic reactions. Differences in kernel weight, size, and density were not significant.
Accessions with non-necrotic symptoms developed mosaic symptoms of various intensitics when infected with MDMV-
B. Piant hcight and panicle length were not significantly affected by infection within this group, although there was a
trend towards slight increascs in both parameters. Stem diameter was decreased an average of 6% and yicld was reduced
an average of 10%. Kernel weight and volume were increased 4% and 6%, respectively, with a corresponding 2%
dccrease in kernel density.

Unusual Fusarium Isolates from Sorghum, CJ.R, Klittich and J.F. Leslic, KSU, Manhattan, KS.

Fusarium strains with an unusual appearanc: have been isolated from sorghum plants in Kansas. On semi-synthetic
complete medium or PDA, the colonics produce a yellow-brown, diffusible pigment giving them a speckled, metallic
appearance. Based on spore morphology these strains would be classified as Fusarium moniliforme, although the
microconidial chains are short. Yeliow strains arc heterothallic and interfertile with cach other when sexual crosses are
madc on 20% carrot agar. None of the yellow strains could cross successfully with standard F. moniliforme testers,
however, indicating that the yellow strains are gencetically isolated from F. moniliforme and that they form a scparate
species. Yellow strains were isolated almost exclusively from sorghum. Over 20% of the 300 Fusaria isolated from sor-
ghum stalks and sceds in Kansas were yellow strains, but only one of 250 isolates from maize was a yellow strain. Similar
strains have been identified by W. F. . Marasas from sorghum grown in South Africa. The Kansas yellow isolates
belong to several vegetative compatibility groups, and therefore are multiple strains rather than clones of a single strain.

Vegetative Compatibility Groups as a Mcasure of Population Diversity in Fusarium. J.F. Leslic and C.J.R. Klittich,
KSU, Manhattan, KS.

Mcasurements of genctic diversity in Fusarium populations are often lacking because differences between strains
(such as virulence or host range) arc difficult to discern. These difficultics arc compounded with nonpathogens and
pathogens causing discasc on mature plants. Vegetative compatibility groups (VCGs) are a useful tool to measure
population diversity because a single test samples many loci (at least 10 in F. moniliforme) and can be done rapidly in
a petri dish. Strains arc vegetatively compatible (belong to the same VCG) only if alleles at cach locus are identical.
VCG is determined by placing complementary auxotrophic mutants of different strains on minimal medium, If the
strains arc vegetatively compatible, hyphae can fuse and form a heterokaryon which will grow vigorously. Incompatible
combinations remain as thinly growing colonics. The efficacy of VCG classification depends on the rapid generation
of complementary, auxotrophic mutants. Nitrate-nonutilizing (nit) mut=its are produced spontancously at a high fre-
quency on medium containing chlorate, a toxic analog of nitrate. VCG classification using nit mutants is a rapid, con-
venient technique for examining population diversity in Fusarium. VCGs provide information on the importance of
sexual reproduction in the population, and will aid in clucidating how Fusaria infect and colonize plants.
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