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Abstract: 

Soybeans offer a greater potential for lessening the LDC protein and calorie
shortage an other grain lepm. Soybean, averaging about 401 with
ecellent nutritional balance and capable of producing high yields, are the 
most promising potential tource of vegetable protein and also produce large

-1,nties of usful edible fats. Experience In the International Soybean 
aat (ISVEX) indicates that the s n Is a far more widely

Saptable 1cume than was previously thought; satisfactory yields can beobtained over a wide range of agroclt tic conditions following goo1 amne­
mint and cultural practices. 

Recent evidence demonstrates that soybean cultivation ispractical under 
smll farm conditions In tropical and subtropical areas, including mvW
regions where protein shortage presently is acute. To accelerate the rate 
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of .xpaMion, more information is needed on thu cultural requlrments of 
the 	crop In the subtropical and tropical latitudes and on varieties that 
are needed which are better adapted to short day-lngtlm and high
tWeWMtF. Th 1 continued need to sarch for varieties exhibiting
superior cooking qualities. Wrk in disem insect, and wed control 
tlW114 ollaborattve activitie of viral and ftngal plant pathologists,
eWtWOlWogstS, and wed scientists vil contin to focus oan Imuroeu 
knmlew base and insa~mt systims for trlcal and subtropical
mnvirowmnts. Uork In progress to develop improved producttii harvestings
handling, and stormge methods for said ad.grain under tropical conditions 
will cmntime. Vork will be Initiated on depine methohlop for 
reducing the social and econmic constraints to expanded soybea pro­
duction and use In the tropical less developed countries. 

2. 	 . 

In April 1973. a-3 year contract was awarded to the University of Illinois 
at Urbana-4heamt (UIUC) by the Agen for International Developmint
calllio on the Un ty to carry out a research and de o t
dircted tord te OmPM t of d eties ape i 
pro t made satisfctory progress was approved by the arch 
Advsory Comttoe (PC) for a 3 yer ottension January 16, 1976. 

hm, rporte iat the project hid nde ood progrus and that the Uni­
versity of 'I11iishad respoded to RAC s concerns over utilization

SzPC approved the 1976 extensio for 3 years, Aprl 1. 1976 -
Zrch 31. 1W93. Th approved the project at that tie with the conditions 

that: 

a. fth contractor assign a qualified microbiologist to 
undtnrtake the research on Rhizobia; 

b. The coutracto',. be responible for developing varieties 
or 5aeding "Ines having nutltional qualities andacceptabll4 u humn food; and 

c. 	 Product development resarch be separated from the 
contract. 

The 	University of Illinois comlied with that request ind these sam 
qualifications are reflected in the present reqLest for contract extension. 

TMW potential and merging reality of this program supports the original
decisions by A.I.D. to support the centrally funded research and develop­
ment progrm thich was initiated with the University of Illinois in 1973 
and suppos the relevance of this work toward mting the food needs of 
the poorest subsistence rural fiilies in the tropical and subtropical
region of the world. 
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I. Purpose 

e purpose to vhM. this project contributes is the development and 
eploitation of the imherent potential of the soybean as an efficient 
our of his-quality protein and high-quelity edible al for diets of 

beft the ruml and umbme poor. 

Z. Ojctivw 

Six objectives will be addressed by this projqct. They are varied in 
atare betause of the mm imnediate problem that need to be solved in 

achieving .the project purpose sed because of som of thb'problems antici­
pated over the long rum. There are rIatiousips betm n the objectives 
of such nature that some activities contribute to nore than one output. 

The objectives are: 

Objective l)-Develop Improved gnetic materials for use in LDC research 
and production progrym and improved linkages among soybean 
breeders. 

Objective 2)--Improve tedngoloV for P production and 
mmagement under tropical ondtiou. 

Objective .3)--Improve the knoeledge base for disease, insect, and weed 
control in soybeans produced under tropical envirosmnts. 

Objective 4)--Develop soybean disease, insect, and weed managment system 
for tropical and subtropical areas. 

Objective S)--Develop improved production, harvesting, handling, and storage 
methods for seed and grain under tropical conditions. 

Objective 6)--Develop mthodology for reducing the social and economic con­
straints to expanded soybean production and use in the tropical 
less-developed countries. 

C. SIstifcance and Rationale for bsearch 

1. Development problem 

Soybeans offer a greater potential for lessening the LDC protein and 
calorie shortage than any other grain legume. The cost of animal protein 
is rising faster than the average yearly earnings of people in the develop­
ing comtries and the probabilities of meting their minimum protein re­
quirements with animal products are remote. If the protein gap is to 
be narrowed, a major key problem area goal of AID, it will have to be achieved 
by an increased use of pulnt proteins. The grain legume crops are the most 
promising for this purpose and among the grain legumes soybeans rank highest. 



2. State of the art 

AiD has supported problem oriented research on soybean production, pro­
tection, marketing and use through the International Soybean Program INTSOY.
Accelerated progress has been made toward the development and exploitation
of the Inherent potential of the soybean as an efficient source of high-quality
protein and edible oil for the diets of both the rural and urban poor in
developing countries. An array of trials has been developed to identify,
evaluate, and speed the process of adoption of improved soybean varieties 
by producers in tropical and subtropical area. It is now known that the
soybean can be developed to be a high-yielding crop at tropical latitudes. 
SubstanrAal attention has been given to culttVars which exhlbit resistance 
to diseases. Pathogms that affect seed quality and germination have been 
intensively studied through cooperative efforts of the Univeities2of-L11nois 
and Puerto ic. 

Work is underway in soybean microbiology at the subtropical facilities at
the University of Puerto Rico, Mayaguez Campus. A collection of Rhizobium 
Japonicum has been made and selected reiearch projects have been in.itiated. 

Interdisciplinary work between plant pathology and entomology personnel
features activities in virus disease control. Soybean mosaic virus. cowpea
mosaic virus, bean golden mosaic virus, Bacillus subtilis, Phomopsis solae,
and virus vector studies have-been 'the focus of investigations in this area. 

Excellent progress has be~n made in the development of model insect control 
management systems. Studies on a mmber of insects affecting soybean pro­
duction'continue. Leadership for weed control studies has been assumed 
by the colleagues .at the subtropical base in Puerto Rico. 

Considerable progress has been made in the development of information and 
dissemination system to transmit the results of research to soybean
scientists worldwide.- Three computerized information system (TAXIR, SIRIC 
and 1RCA) are utilized in the management and dissemination of knowledge
ab9ut soybean prodhiction, protection and utilization. A publication series,
with 15 titles published has been an extremely useful means of informing
soybean workers about a wide range of subjects. Training opportunities have 
been availed by LDC soybean research workerr through specialized short 
courses, graduate training, and specially designed individual study programs.
One hundred five students from over 40 countries have participated in two 
INTSOY-sponsored short courses, Soybean Processing for Food Uses and Techni­
cal and Economic Aspects of Soybean Production. In addition, several hundred 
persons, individually or i-.groups, have taken part in special program,
seminars, and individual conferences with INTSOY and associated University
staff during the past five years, being drawn to soybeans as a tropical
food crop by the growing reputation of INTSOY. The relationships that have 
been established provide a wealth of opportunities for collaborative research,
education, and developmental effnrts. 
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1. Linkages 

The development of linkage mechaniss has been an integral part of the
growtJ of the IWISO progress and its antecedents. The participating In­stitution of the Lhiversity of Illinois and the University of P'uerto Rico,Ikympaez Cap=& serve in a leadership role In mbilizing U.S. resources.m the hub of an IntermatioWaA network of organizations and individualslikod in wys to =oVydi aas .for stiualating cooperative efforts, in­suW offective utilization of intomtion-umnating from the program and=m buting to sustaining future soybean development program for thetropc. and subtropics. Linkap developmenthas en generated throughmasof- direct country program, development of foalized relations withsatill and international organizations, and the development of organiza­tiOlnl relationships with a wide array of institutiona entities. In thepost five years 11110 
to stim l 

has Instituted two major country development programthe production of sobeans by .aill farmers and the utilizationof soybean I the diet of the ru-al and urban poor. The first phase ofthe ooatry pbgran in Sri Lanka, which received fumds from ENV, PAO,UNICE, and CARE, is nearis cmpletion and the Goverment of Sri Lankahave recommded that the plamed second phase be comnced effectiveJamary 1. 1979. A major cmtrr'progra in Peru, funded by UIBAD, isnearing codpletion of the first year of Its operation. Whs program isconceived as a four-yearpropa. with likelihood of extension into a second 

Ton countries have received direct INSOY professional services through adozen .task orders issued by ISAID under Basic Ordering Agrements. Thesetask orders afforded excellent opportunity to link with U.S. and foreigngovernment personnel interested in the development of problem-solving programto alleviate food production prograro in a number of LDCs. Assistance wasgiven to countries in South Amrica, Asia and Africa under these task orders. 
INTSY also participated in direct country support progrm sponsored byFAO in Iraq, and in-country financed program in Saudi Arabia, Ivory Coast,
and Venezuela. 

INISOY has demonstrated that admnistrative mchazism can be developedfor cooperation with a large ember of national and international organi­zations through means of mmoranda of understmdin. Seven separate mea­anda of understanding have been executed. Two are with internatiouaL agri­cultural research ce tes and the reminder are with national organizations
devoted to soybean research and development. 

INTSOY has also developed relationships with a ember of organizationsand individuals demonstrating a basic organizational concept of coopera­tion with all who have interest congruent with the mission to expand theuse of soybeans for htman food. These relationship-i include the U.S. govern­ment and educational institutions, private sector organizations, and indivi­dual scientists. Linkage development activities were given additional im­petus from two networking conferences held at Urbana in Nay, 1977 and March,
1978 to advance the planning process for the development of an "International
Soybean Network INTSOY.,, From these conferences the University of Illinois 



moving toward aadthe University of Puerto Rico have taken leadership in 
more formal consortium of institutions committd to international research 

The core group of this consortium in­and educational effort on soybeans. 

clude the University of Illinois, the Un ersity of Puerto Rico, Iowa State
 

Purdus Univer-University, the University of Missouri, University of Arkansas, 

sity, Ohio State University, Kansas State University, Southern Illinois Univer­

sity, North Carolina State University at Raleigh, the University of Georgia, and 

Mississippi State University. The United States Department of Agriculture 

ca19 tment to be associated with this international efforthas also made a 
jL appropriate ways similar to. the close collaboration between the USDA and 

state rearch =d educational institutions on domestically-oriented work. 

It is anticipated that a amber of other institutions will )oin in this 

effort through a combination of formal and informal means. 

Utilization 

rechanists discussed above facilitates theThe development of the linkage 
utilization of knowledge generated in the research program. 14ch of the 

in annual projectaccumulated knowledge has been published various forms, 

reports, articles in professional journals, titles in the INTSOY publica­

tion series, and private correspondence and other coniunications with cooper­

ating scientists. 

fully utilize informationThe major emphasis of developing mans to more 

planned to be concentrated in a
obtained under the research contract is 

wasseparate general technicalr services agreement, the proposal for which 


Octobft 1978 as a companion to this research proposal.
subitted .to USAID in 
felt that many of the service elements of the research programINTSOY has 

contract should morethat have heretofore been supported from the research 


appropriately be included in the GTS agreement, thereby focusing the limited
 

resources availible for research on the conduct of problem solving research
 

If the GTS path is followed, most of the utilization activitiesactivities. 

will be conducted under that agreement and the resources for research re­

on problems of soybean productionquested in this proposal will be focused 

under small farm conditions of the tropics.
 

One problem area that has not yet been adequately supported is concerned
 
the diets of the rural and urban
with research on the use of soybeans in 

made on an earlier research contract poor of LDCs. A promising start was 

when certain soy-based prototype foods were developed. However, continua­

was not supported in research contract AID/TA/C-1294 and

tion of that work 

this crucial gap in the Sri Lanka and some efforts are being ma& to fill 
Peru country projects referred to earlier. A continuing need exists, however, 

for research on the development of soybean combination foods. their nutri­
for their acceptance

tional quality, and adaptations and strategies required 

and introduction into diet regimes in the LDCs of the tropics.
 

E. Management Considerations, 

INTSOY was established in 1973 with strong support from the Agency for 
Interna­

tional Development as a program at the University of Illinois and the University 

of Puerto Rico cooperating with international and national organiiations 
to ex-

INTSOY was formed as a varian. of the pand the use of soybeans for human food. 
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international research ceter concept building on the strength of existing
research and educational progr . A.I.D., the Rockefeller Foundation and 
the Ford Foundation Were leders In this encouragment. Thi concept has 
prove to be successful as INSOY is considered by USAID, FAO/UNDPs U.S. 
institutions, Intentional ggricultaral research centers.-and LICs as th 
international research and education base for soybeans. 

A.ID. hsu sed a combination-of instiwets to support the I=TSOY program
imoludipg research contracts, comanion 211(d) grants to the University of 
Illinois and the University of Puerto Rico* respectively, basic ordering
MgMiIts for technical assistance and training and special grants to 
conduct International conferences and orkshops The 211(d) grant to the 
University of Illinois expired Septeber 16. 1978 and a renewl was not 
respaetedb the Univerhit). The companion 211(d) grant to the University
of Puerto Rico was extended for an additional tw years. A separate 
m al for a general technical services agrement to coplment the 
Wtcvities proposed under this research'contract has been submitted to AI.D. 
by the University of Illinois. 

So long as there Is a shortage of high-'uality protein there will be a 
necessity for a continuing effort insoybean research and education and the 
developmen of the U. S. capacity.to respond to interests and assum 
leadership. 

No unIusual managment problem are expected to arise in connection with this 
project eitension.. It is similar in concept and design to the .previous
cntrally.fumed contract under the sam title. 

Noncontract funded Inputs have been substantial and will continue to be so. 
This Includes cooperation by other staff -e rs, office and laboratory
facilities, as well as use of equipment and extenive field facilities. 

ngemient evaluations will be conducted during the year and technical 
managerial considerations will be under constant monitoring by the A.I.D. 
project manager. 

Contractor will clear all manuscripts proposed for publication with the 
project manager, and will submit a terminal report within 45 days of the 
close of the contract year. 

F. PMjq,Descripoti on MWBckgM 

This project is conceived as an Integrated approach to the production, pro­
tection, and the utilization of soybeans inthe developing countries of 
the tropics and subtropics. Itconcentrates on research on technology of 
prcduction, the development of knowledge of soybean pests and systeams to 
vercom or neutralize them, research on postharvest operations and on 

reducing social and econoic constraints to expanded soyrban production
and use in protein deficient nations. 

http:capacity.to
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The progrm builds on the strength of previous research and adds the
social science dimension to Improve our ability to utilize the results of

the research In LDC settings.
 

Previous research has shown that soybeans can be grown. under certain condi­tions. in many parts of the world. Photoperiod sensitivity-can be overcome.
isases, pests and weeds. while creating special problem, can be

cntrolled.. 

Im ients"In smll-scale mechanization, harvesting, and storage processesare posdible. Peo" le will add soybeans to their diets. A few brief commnts on previous reserh In production technology, pest control, and utilizationfollow* 

The maJorobjectives of the soybean aentic improvement and variety develop­. prog'm irciude selection for high stable yield and high protein per
umit of land arm, suitable photoperlod response, resistance to disease
and Insect pests that limit yield and seed quality, and wide adaptabilityIn tropical and subtropical envirormmnts. most of the. ork on the breeding

rgr taes place at the subtropical location at the University of
P Rico, Pkyaguez Capus* where the breeder evaluates the tropical and
subtropical soybean germplasm and makes crosses between high yieldingtiranto ane "pcally adapted gqimlam. The varieties developed in this 

r evaluated in the o N reliminary Observation Trial (SPOT)wich is conducted at a smell nmier of selected locations around theworld. Prosising varieties from SPOT are selected for Inclusion in theInternational Soybean Variety Evali!tion Experient (ISVEX). The ISVEXtrial.prowides an opportunity for testing the adaptation of soybean varietiesunder a wide range of enVmi- tal cod tions by comparing introduced andlocally available cultivars in the countries where trials are conducted.This comprnive variety testing progim dm-e upon the voluntarycollaboraton of cooperators of whom over 250, In over a hundred countries,have participated in the past five years. Varieties included in ISVEX havevaried over time and have been grouped into early, mdtum, and latematuring trials as a result of suggestions by cooperators and evaluation bythe field coordinator. A new trla1 ws organized In 1978 to ta the 10r eing developed in country soybean programs througut tc'
S h.ntri'l, the Soybean International Variety Evaluation (SIEVE)Includes cultivars developed to the F-6 or later stages and is evaluated atthree sites at 20, 180n and 280, latitudes. In addition to yield, ob­s ations are mde on rnaspic and pest resistant characteristics oftws variettu. Selections from the SIEVE trial and from the Puerto Ricobreding progi can be entered in the SPOT trial, from which selections are continually being made for Inclusion in the ISYEX trial. When thesystem is fully operative, it is estmted that a variety can move from abre r to an LDC farmer in a minimu of four years and that all activesoybean breeing program in the world couTd-contribute to the tropical

and subtropical genetic Improvement program. 
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A key aspect of the Improvement of production technology Is the expansion 
of production and u_& of RhizobituaJ iponicu to Improve soybean nodulation 
in the tropics. Nodulation paraeters have been determined and the nimber 
of R. & necessaey to establish satisfactory nodulation in tropical
wiTs ibenstudied. High soil tmpertures are a characteristic of 
many areas of the tropics and subtropics and my be a detrimental factor 
to the establishmut of . japontcm In the seed zone. Initial screning 
of R. li i on agar sprd plates suggest an optim.u tmperature 
of forrapid and profuse growth. Furtherresearch Is under way to 
extend the investigation from agar plate growth to host nodulation at 
higher temeratures. While peat has been the ptandard carrier for Rhizobium 
in inoculant production throughout the world, and provides the best 
suitable mterial both from the rhizobial bacterial performnce and 
economic itandpoint, alternate carier1will hae to be developed because 
of the general lack of appropriate peat sources in the tropics. Research 
Is under way evaluating the suitabilityof various alternate carriers. 
Wter content. particle size and organic mtter content of potential 
alternate carriers are being carefully studied. 

Research on the generation of knowledge of soybean diseases and insects 
and systems to control them hps covred a wide range of activities. 
Studies in soybean mosaic virus, co pon mosaic virus and bean golden mosaic 
virus are focused on the transmission from white fly to seed. Fungal and 
bacteil research concentrated on Bacillus subtilis andPh -ois so 
Virus vwtor studies on 51W were ci c ~ 1boai a l 
logists apd entomologists. Considerable research ws devoted to the 
development of pest mnagemnt system. Promising research continues 
on the btononics and spatial distribution of soybean associated thrips. 
Other studies on field activities of various pests (e.g., Orius 
insidiosus) are also under way. 

In the area of harvest and postharvest technology, breeding for resistance 
to dame at harvest time Is an imortant part of the breeding progrm and 
INTSOY agronoizsts have worked cooperatively with USDA. INTSOY scientists 
hae conducted research on seed storage technology with work being con­
ducted both at the Urbane campus and In Puerto Rico. Various storage 
coutainers were tested under conditions closely approximating those of LDC 
farmers In tropical conditions. Moisture content of seed at time of storage 
was determined to be the most significant single factor In preservation 
of germinability. The rapid loss of germination in storage in the tropics 
under prevailing conditions was directly related to the percent of moisture 
level in the seed at the time the seeds were placed in storage. The best 
containers for storage are those that mintain a low Initial moisture 
content. 
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Complete reports of these resereh activities are found in annual reports of 
coatracts AIW/TA/C-73-19 mad AIn/T/C-1294. 

95 

The operational design of this project is consistent with work, conducted 
under coutracts Ak-cs-32920 AID/lAC-73-19 and AID/TA/C-1294, a design that 

has been found acceptable to AID. Work =Wder the project will continue to 

feature the multidisciplimry Interinetitutional approach used successfully 
thronIu out thq IMSO program. The project will sutain and improve research 
output and copetence in selected areas, will contribute to the generation of 

knowledge to be shared with soybean scientists of tropical and subtropical 

developing coumtries through a cenion general technical services agreemut 

and will otherwise improve -ouaicatious within the international soybean 

network. The primiry thrust will be the improvement of undsrstanding of 

problem in soybean production. protection and use in the tropical LIEs, 
which facilitate effective interdisciplinary anddevelopment of mechanis 


use ininterinstitutional research on problles of soybean development sad 

tropical LDCs and the generation of knowledge for dissemination to LDC and
 

international institutions wrth special emphasis on methods of adaptive re­

to speed the benefits of research to small fa'mers and agriculturalsearch 

institutions of tropical LDCs.
 

Work.oftl 


INTSOY will follow a mltidtsciplinary approach in addressing objectives of
 

the proposal. This approacL is well illustrated in the following sumary of 

the outline of work that will be undertaken on each objective. Researchers
 

will cooperate in addressing problems associated with interrelated objectives
 

in a manner that maximizes the effectiveness of limited personnel, facilities
 

an fiscal resources available to the program. Specific activities will be
 

undertaken for each objective as follows:
 

Objective l)--Develop'Iproved genetic materials for use in LDC research and 
aoim soybean breeders.production progasm and improved linkages 

The program of screening of new acquisitions for identification 
of desirable traits will be strengthened. The breding program 
will be strengthened in the areas of resistance to soybean pests 

of the tropics and subtropics and for adaptation to short daylength.
 

earlier maturing varieties with higher yields and varieties
 

tolerant of acid soils and drought stress.
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The development of new crosses of soybeans to isolate or incor­
porato desirable characteristics for tropical and subtropical 
emvironments with emphasis on varieties with high stable yield,
having pod grain and seed quality under humid conditions willcontimum. 

lb. interaction between varieties and systems of cropping by
.nparing porfowrmaw in mocultur and mixed cropping systems 

will be determinod." 

DU3OLY seintitts will determine the interaction'of soybean 
varietal differences and'processing conditions as they affect 
utritional value of soybean foods.* A bothod will be developed 
-to determine high-protein seed for use by the breeder to aid 
in developing high-protein varieties. 

Traits will be identified fxv the wild Gline geruplasm for 
incorporation into breeding programs fortropical and subtropical 
envirem ts. 

Collaborative research program among soybean brooders in the 
twveloping countries and .at interrtiolna research centers will 
be strengthened through heir involvemt in evaluation of pro­
mising lines under a wide range of environmental conditions. 

'lhb results of the research will be made available to research 
and extension workers of the tropics and subtropics by assembly,
tabulation, interpretation and distribution of results from 
variety evaluation experiments. 

The primary mans of improving soybean genetic technology and 
accelerating the distribution of high yielding tropically adapted 
cultivars lie in the INTSOY uniform soybean trial system. The 
three components of the system are SIEVE (Soybean Initial Evalua­
tion Variety Experiment), SPOT ( Soybean Preliminary Observation 
Trial) and ISVEX (International Soybean Variety Experiment). All 
trials are planted in randomized complete block designs with two 
replications in the SIEVE, three riplications in the SPOT and 
fo= replications in the ISVX. All trials contain the standard 
variety William which serves as a check. 

SIEVE features three rows five meters long and 60 cm. afurt with 
a comon border row between each plot of the check variety Williams. 
Complete agrononac data are taken on the middle row of each plot. ° 
SIEVE is currently grown at three locations, Boliche, Euador (2 s),
Isabela, Puerto Rico (18 n) andGainesville, Florida (28 n), which 
provide sufficient environmental differences for meaningful com­
parisons to be made. 

General agronomic acceptability is the selection criteria for 
promotion into SPOT, a trial consisting of 4 rows 4 moters long 
and 60 ca. apart. Entries have been limited to 14, including 
the check variety William, however in 1978 the number of cultivars 
was increased to 20. 
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SPOT varieties exhibittng high yielding capabilities with goodagronomic traits are advanced to. the ISVEX, consisting of three
distinct mturity groupinp. Group A, sent to tropical locations,
includes cultivars in maturity groups VII through IX. Group Bconsists of maturity groups VI through VIII and is sent to sub­
tropical locations. Temperate regions receive Group C consisting
of cultivars in maturity groups 00 through IV. These are plantedin 4 ro plots S maters long and 60 cm. apart. The inner two rows 
are wed for met data collection., The outer revs act as border 
I and also supply plants for nodes ratings., 

ObJective 2)--Iuproved technology for _lhijobiumJI nicm production and 
Managmt under tzo~ical conditions. 

With oladership coming from INTSOY staff stationed at the Lniver­sity of Puerto Rico, lhrapuez Campus. alternative effective in­
oculant carriers for izobium Japorncum, improved methods
application and opt'- conditions 

of 
for storage and transport

will be determinod. 

Pield trial studies in the LDCs will focus on niniumthe numbersof thzobium 4apnictunped d to produce acceptable nodula tonand seed yields under topical soil conditions. 

ITSOY scientists will determine factors affecting Rhizobium
J5M!cum survival and soybean nodulation capabilitis by ­

•isleion1 and ecological studies under tropical conditions. 

A study will be conducted on the feasibility of incorporatinghigh nitrogenase activity into varieties developed for the tropics
by investigation of interaction between varieties and Rhitobium 
strains. 

7b determine effective alternate inoculant carriers for R.Japonicua
Various potential carriers will be selected and will be evaluated
for presence of rhiwobia growth inhibitors. Finely ground carrierswill be analy"d for physical particle size distribution, p",
organic matter and various moisture retaining parameters. In­oculants will be prepared for each of the carriers using different 
cross inoculation groups of rdiobia, 1. Japonicum-strain 8-0
mad wwpe group rhizobla-strmin 233 SI. Imna-e tely after
iAiculant formtio rtill materials will be sealed in plastic begs
ad pleced in a 35 C. incubation chamber to provide a similated 
tropical stress tomperature. 
 Periodic sampling for rhizobia counts,bacterial. fungal and actrionycete contamination counts, f and
misture determination will be performed to datermine overall 
performance of each as a suitable carrier. 

To determine minimum numbers of A. aJponicum needod to produce
acceptable nodulation field trials vii be planted at the Isabels 
1xperimental Substat.on. P.R. In soil having no previous soybean
cultivation and free of f. Jponcum. 
Various levels of rhi:obial 

http:Substat.on


13 
Inoculation will by tried. Ten plants per piot will be dug
for umodulation and plant growth determination at apnxizat.ly 
25 and 5S days after planting. 

To determine factors affacti.s R. JanonLgn survival capabilities
nder elevated teqperataure comon in ther.tMics, several strains 

are gown on agar plates over an array of teqiratures. Temper-.
ate tolerant stralm are selected for additional evaluation.
 
Pse eters considered Include the umber of days required to
*ftain a v$sible colony, an estLmat of the average colony
diiater after 10 days growth and te tmber of colonies after 
6 days incubation.
 

Objective 3)--Mqproe the knowledge bass for disease, i mect, and wed cmtol 
In saybeis produced umnr tri enviouMnts. 

Objectives 3 and .4 are perhaps more interrelated than any pair
of objectives in this proposal. Under this objective, INISOY 
scientists in the Departments of Agronomy, Plant Pathology,
and Aricultural 'tomloy at the University of Illinois and 
at the Dt of Crop Protection at the Vtaversity of Puerto 
Icn, Mayaguez, will identify diseases, Insects and weeds that 
have an econatc i" Ma soybean prouction in the tropics 
-nd 
 subtropics. 

Yboy will generate informatLon on soybean pathogens, insects end
weeds and-their interactions to use in monitoring and predicting
their impict and spriad and for developing effective control 
masures. 

They will evaluate the impact on pathogens. insects and weeds of 
now production systems soybeansthat include and of varieties 
zecomiended for the tropics-and subtropics.
 

Considerable attention will be given to the enideaLology of 
soybean mosaic virus (SWY) and various mthodologies will be 
employed to generate information on seed transmission, plant

resstance, variability of virus strains and transmuission of

soid and uhiteofly. 

Soybean gwrplaam liins identified as having low rates of or 
no seed trnsuission (SW) fo soybean mosaic virus will be used 
in tests with several biologically different viras strains to
 
determine if seed tramission rates are independent of virus 
strain. Seed notransission of SHY as a genetic character 
will be studied to determine its mode of inheritance. Purther 
wrk on the mechanism of transmission and nontransuission will 
be carried out (cooperative Investigations with t5DA grant support)
by electron microscopy and cell culture methods to determine the 
factors that control survival or loss of virus in seed from 
infected plants.
 

Studies to determine the mode of inheritance of resistance to 
soybean mosaic virus discovered by INTSOY in the tropical soybean
V&u lass will be carried out using convteional plant breediu, 

http:apnxizat.ly
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The strains of soybean mosaic virus discovered by INTSOY in 
t, Serqplasn collections will be studied further to letermine 
ho they differ in important epidriolojical features. Aphid
trnsmission rates, virus/vector relationships, seed transmission 
rates, and serological differences will be investigated. Furveys

for the worldwide incidence of SW strains will be continued. 

I spread exper4ments based on methods developed at INTSOY
will be ondnctnA in collaborationwith scientists at certain
LDC locations. Epr ts have been Initlated,already in Peru
and E1 Salvador. Cooperative work "at Illinois (with lABS support
will focus on factors that affect the biology of transmitting

pqd6d species. Trapping and observational approaches ar used 
,to monitor the seasonal prevalence of z'adtters and the
"attractIvess of various colon of foliage and usefulness of
borders and trap crops for preventing virus spread. 

Cooperative studies (with lAS3 and U30 grant support) will be
focused on the relation between plant host cells and the single­
stranded DNA of bean golden mosaic virus (UM. Isolated plant
cell protoplasts will beused to study events in the replication
cycle of this movel wimr. NIlecular hybridization and other
analytical tecniqus will be used to determire the genetic
cplexity and-size of the virus geme. Cooperative work (with
11 .1, MNiria) an other legum-infecting whitefly-trsnsmitted
virme will include work on purification and Identification,

.identification of wed or reservoir hosts, and studies on field 
epidemiology. 

Objective 4)--Develop soybean disease, insect 
and weed manawmt system
for tropical and subtiopical areas. 

Using information generated from Objective 3, INrSOY scientists 
will develop cultural, behavioral, biological and chemical methods
for controlling soybean pests. 

They will paiticipate in the genetic improvement program in 
identifying and evaluating soybean Seroplasm for pest resistance

and in breeding of tropically-adpted advanL d lines. 

afoItiou will be integrated on pest complexes, cropping system
and ecological relationships to generate post management strategio
for specific soybean producing regions. 

Various methods of cultural, behavioral, biologi :al and chemical 
control of soybean pests will be employed. Emphasi. will be 
placed on certain aspects of cultural control as they affect
field population patterns and build-ups of pest an' beneficial 
species: trap cropping, barriers, row width, date of planting.

Target pests will include Cerotoma spp., aphids, whiteflies,
Hl ta-indicata, Etiella zinckenella and stinkbugs. Specifi­
cally, trap cropping will be explored vis-a-vis containment of
popgations of stinkbugs, Com m spp. and beetle-transmitted 
viruses; date of plant €ombng with trap cro ping for control 
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of ItiOlla SiUchenMala and whiteflies; date of planting and rowapcij/ or pest WoMASMs and natural enemies 4concentrating on
nwacinsm ere the soybean plant can escape damage, and
barriers ftr limitiu the spread of noupesistat viruses in­

egoybea.0. soybean mosaic virus transmitted by aphids.Anheares of cultural contrql to be e*plored is the effect
Of clean vs. weedy fields on the build.Up and distribution of
ahids In the seybem ecosystem. , 

krphsis in behavioal control wi111 be piaced on' canopy color 
as It affects flight activi*~ 4nd landin behavior of thrips,aphid sad leaftapes. on Seane blun m mnlches as they
ihibit adin of aphids, and pheromones for monitoring an 
sAely dtltIO. Of lftdoptsgu pests, especially Stiella, wtmlla.
 

A crucial asa of Investigation in biological control is theassessmnt of the impact of natural eneaies on pest complexes.
Initial exphsis will be placed on the role of predators in
soybean ecosysteme, and tbe use of nonselective pesticidesproducing CsAgnce of #,w pest will be employed in part of
lis study. Also IWdo&Ztive labeling of selective prey
determun whicd4wedators consume 

to 
which prey species will be 

Used. 

Another aspect of biological control which will be given early*attentionis in the area of manipulation of insect pathogens.Application of pathogen to control lspidopterous posts andsearchs for ame virulent strains of pathogeus will be undertaken. 

Emphasis In chemical control will be placed on target-specific
(i.e., selective) insecticides and on the impact of low dosage
pesticides on turget and nontarget species. The idea is to reducetarget populations to a level lower than the economic Injury
level without disproportionately lowering population densities
of beneficial oxgMisms. Of special concern is the Impact ofchemicals on natumal enemies, timing of applications, application
dosage and the overall envirommentsl effects of chemicals. Ols
will be tested also against field spread of soybean mosaic virus
by aphids. 

Work ill be coordinated with the INTSOY entomologist at Puerto
Rico. Initial target species will include tiella zinckenella,
Mazarn viridula, Anticarsia gmmat aus, Pseuplu-sia includens, 
Ceom uficornis and aphids. 

Objective S)--Divelop improved production, harvesting, hauiaing, and storage
methods for seed and grain under tropical conditions. 

Investigations will be mode of the seed, soil and eniitonuental 
factors that effect germination and emergence of soybean in tropi­
cal soils and environments. 

http:build.Up


The tillage and planting methods required for rapid, early plantgrowt will be determined. 

Studies will be made to Investigate low-cost systems of harvesting
to develop practical methods to obtain mature seeds and high 
quality grain. 

Iiolegica3 and physical factors that affect seed quality andstraility, Including seed charuifristics, temperatures, humid­ity, nsects and disease incidence Will be determined. 

'-A model system for =l1 fam storage of seed and grain will be;developed. 

Research will be. conducted on the effects of varietal diffesuces on storability and soy food quality and an investigation of methodsof iMprovement of grain and seed quality through crosses of
soybeb varietiet will be made. 

The thrust of this objective is the determination of factorsaffecting quality of seWan seed and methods to obtain andTrtain seed of high quality. , Plant and engineering scienceswill collaboraid in a program designed to identif copositional
changes and reduction of quality in soybean seed in the field
and the harvesting, handling and storage methods required toMinRtan quality and viability of semi over time. Seed will bemeasured for oil and protein content and the quality of each
will be determined. 

Field testin'of tillage and planting systems, considering "local-practices" prevalent in LDCs will be done in collaboration withLDC cooperators. Recoumendations for improvement of indigenous
systems will be de.loped. 

On farm storage conditions, including storage containers,
moisture levels and storage periods, will be evaluated todetermine site-otimLl ecmmadations for improved seed viabilitr.
Testing will be done in tropical locations and uider controlled 
conditions on the University of Illinois cSpIus. 

Objective 6)--Cevelop mthodolozy for reducing the social and economic con­
straints to expanded soybean production and use in the tropical
less-developed countries. 

Work wnder this objective will dra heavily from the agricultural
social sciences and from the INTSOY Directorate staff. Socialscience research will complement the researcb of biological andphysical sciences in reducing the constraints to improve the
protein calorie use in the developing countries. Prospectivefood needs in the developing countries will be determined withspecial consideration given to the role of soy foods in futur
diets and the economics of domestic production, imports and 
processing locations. 



lesearch viii be conducted on the comparativ advantage of soybeans 
mog competing crops estimating sUpply response to producer

prics and. studying the role of pricing policy under alternative 
ooditioms. search will also be undertaken on the costs and 
beaefits of alternative kinds and levels of soyban production
technologies and social and ecnamic constraints to yield and 

oo, 

A a mr of social science methodoidgies will be employed in 
determining and analyzing social at ecovomdi constraints to 
expamdd soytea production. 'kta from fhod conawsption surveys 
,a d projected food prediction'will be analyzed to identify t­
kion Saps that might be filled by soybeans. This reqires an 
.uderstanding of current foodconsi.ption and preparation methods. 
Food balance shets are one method of macro analysis. 

Estimts of potential production and processing costs as con­
paed .to import possibilities will be made to ascertain the 
copetitive requirements needed to be met b, domestic soybean
production and processing. Foreign trade data as well as the
fAreign echaqg position of the country will be anlyzed with 
zespect to the like*hood'-of importing soybeans ad/or soy products. 

7b analyse varios aspects of farmzi' situations that would help 
define the kind of jiroduction temnlogles farmers could adopt, 
survys my need to be taken to be cmbind with secondary data 
oe climate, soils, aid other physical or biological variables. 
his apalysis would be concerned vith dharacterizing the input

supply, outut. marketing and production environment of the farm 
firm. Social data on education levels, land tenure patterns, 
labor utilization systems, family and kin group needs and obliga­
tins, off-farm employment opportunities, and food production ­
cmmru.tion relations would also be required. Budget analysis 
of alternate production technologies would be done. Smaller 
liner progran models could be built to check on possible labor 
bottlenecks or other resource use time problem that might occur 
if farmers used the technology being tested. Preliminary estimates 
of the availability or prospect of availability of new inputs 
being tested could be msade. Oa-farm tests to evaluate performance
of mew technologies should be designed so that an economic 
analysis could be made of results. Preliminar estimates could 
be made of the effects the new technology might have on food 
ConSumption in the villages, on labor exchange systems, or on 
adjustments required in landlord tenant agreemnts. 

Surveys of diets and household preparation schemes, and animal 
feeds will be conducted to estimate the potential role of soybean
products in human and animal diets, to estimate the arket potential
for those soy products and to analyze choices in processing of 
soybeans. 

To estimate comparative advantage of soybeans among competing 
crops cost of production studies will be made in production 
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areas where soybeans are tehnically feasible. These data can 
also be used in estimating the supply response of soybeans to 
chanin producer prices. Questions of minima prices needed 
to generate soybean production will be answered_ The real costs 
of importing soybeans or soy products will be analyzed to deter­
mine th* limits of domestic price policy. Alternative demand 
eaticity assmptions wUl be utilized in estimating effects 

r on conmr prices mid govermat I d ­

I.Contractor Intern IN ement and Facilittis 

his p ped:reseam progm will make available to USAID a broad-based
 
soyber prodtx.ing and. processing state that has given priority to soybean

research and educational work in ussoeiation with both private and public
enterprises. This priority, and with the establishment of USDA-supporte4

soybean xssearch at Urbana more than 40 yeoas ago, integrated with that of the 
University, make thp University of Illinois the strongest soybean research and 
educational center in the world. Associated personnel and support at the Univer­
sity of Puerto Rico, Ikyaguoz Campus, add a dimension for research in subtropical
environments. 

the University's soybean orientaion tdwards small farmer environments of the 
tropics and subtropics and thr nutritional deficiency and low-income c.-41tions
of the developing countries began in India in 1965 with the initiation of the\ 
coordinated' soybean research project in association with Institution-building\
projects at two agricultural univerities supported by AID'as a part of the 
nationwide -agricultural universities development project. The India experience.
comb-l-d with long established international omnitment of the University, led 
to the decision to establish the 11niversity of Illinois Program for Interna- , 
tional Research, Improvemnt and Developmsnt of Soybeans (PIRIDS) later to
become the International Soybean Progrm.' INTSOY. INTSOY was established in

1973 with strong support from USAID as a prrgrm of the University of Illinois
 
.-d the University of Puerto Rico, cooperating with international and national
 
orranizations to expand the use of soybeans for huan food. 
The decision to
 
combine efforts of temperate and tropically-based institutions, in a way com­
plementary to their domestic interests, to assist the developing countries of

the tropics and subtropics has proved to be a sound one. The Uiversity of

Illin6is and the University of Puerto Rico have taken the leadership in moving

toward a more formal 
consortium of institutions into a psoposed international 
soybean network. The core group of Institutions that have made a comimeut 
to a cooperative international research and educational effort on soybeans have 
been referenced earlier in this proposal. 

The nmaement comptence of iTrSY, developed, refined and used for more than
 
a decade of international 
 service to soybean research and educational activities,
will continue to support this proposed research program. The Director of INTSOY 
will be directly responsible for management operations. He will be supported

by a small administrative staff and will receive policy guidance from an execu­
tive comittee. The Associate Director of INTSOY, located at the University

of Puerto Rico, will continue to give leadership for the day-to-day management

of operations conducted 
 at the facilities of that institution­
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Facilities at the two institutions are adequate to conduct the required 
research and are improving.. A recently completed addition to the plant sciences 
building on the University of Illinois campus provides excellent laboratory 
facilities ftr the plant pathology group and more closely integrates the Depart­
mets of Agronow/ and Plant Pathology, now located in the single facility. The 
facilities development progrm, now known as the Food Production and Research 
Program, a uilt4illion dollar effort to apgrade and expand the research plant 
facilities of the University at several ocations, continues with good supprt 
i the agr;cultural manity and the legislatute. The existing facilities, 

e.g., research fams, laboratories, specialized equipment, andthe University
 
Slibrary, remain at the disposal of the program. A heightened awareness on the
 
capu to involve the agricultural sciences and the social sciences more closely 
and the devopmnt of a nutritional sciences division within the College of 
Aricultaure,"' dig on personnel from socipl sciences, medical sciences, and 
basic sciences to collaborate with uxtritionists in the College of Agriculture's 
Departments of Animal Science, .Dairy Science, and Food Science and with staff 
from the School of Human Resources and Family Studies will bring new dimensions 
to the program. This combinat4on of mnaSement and facilities resources for 
research and educational programs and development of outreach capacity cannot 
be retched anywhere.
 

ii. Key Personnel, 

The key person to be idntified in any contract emnatinf from this proposal
is Dr. V. N. 7hompson, Associate Dean, College of Agriculture, Director, Office 
of International Agrctltme, and Director, International SoybeanProgram, INTSOY. 
Dr. Thomwn vas identified as the key person under research contract AID/TA/C-1294. 
A copy of his vita Js included in Appendix A. 

An outstanding professional.staff will condxct the work described in previous 
sections. They include W. H.Judy, Associate Professor of Agronomy; J. A. Jackobs, 
Professor of Crop Production; R. M. Goodman, Assistant Professor of Plant Pathology; 
J. B. Sinclair, Professor of Plant Pathology; H. E. Irwin, Assistant Professor of 
Agricultural Entomology; L.S. Wei, Professor, Food Science; Quyen Nguyen, Assist­
ant Professor of Agronomy; R. Stewart Smith, Assistant Professor of Agronomy; 
Karl Kellogg, Associate Professor of Agricultural Econoics and Frederick Fliegel, 
Professor of Rural Sociology. Copies of their vitae are includci in Appendix A. 

L.Nnvironmntal Considerations, 

Enviromental aspects of the International Soybean Progrnm INTSOY have been 
previously considered by the Agency. The soybean has potential 'obecome one 
of the world's most important crops. It is high in energy due to high oil and 
protein content, yet fixes its own nitroge t. This project contributes to the 
development of improved varieties adapted to tropical conditions in family 
farming operations which could substantially improve the diets of LDCs without 
increasing requirements for nitrogen fertilization. This project contributes 
to the development of model insect, weed and disease management programs which 
will reduce the need for chemical control measures and will develop varieties
 
which are resistant to major diseases and less susceptible to insect damage. 

There is nothing foreseen from the outputs of this project which would adversely
 
affect people, animals. land or the environment in general. Growing more soybeans 
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on sal1 farms in LDs will increase the annual output of high quality
food per unit of energy input and, with new varieties more resistant to 
diseases and insects, there will bea decrease in the use of pesticides. 

Thereftre, typically of crop improvemnt research projects financed by
A.I.D.9 thee are no environmental problem expected from the proposed
ronInl of this research projct nor from adoption of the improved mterials. 

L. Women in fevelopmet. 

It isthe.goal of the INSOV progm to'encourage the widest possible
particip tion of soyben workers, broadly defined, in the design and is­
pln"tltton of probl n solving project$ insoybean production, protection, 
marketing, and use. The current research contract AID/TA/C.1294 eploys 
women professionals in the'Departments of Agronomy, Plant Pathology, and 
Entomology actively supporting the reseadrch work. A continuation of these 
strategies under this proposed research project Isassumed. Overall
 
progrin reu nts to advance knowledge in human nutrition In the 
development of soybean foods adapted to specific cultures and their 
acceptance in LDC diets hold great promise for the increased.utilization 
of women in those areas Whor'. thW-iave traditionally played a major
contributing role. 

The University of Illinois has an aggressive affirmtive action progrM 
to assure opportunities of emploent for qualified persoMel, .including
minorities and femles, in compliance with-Title IX. Each campus in the
University of Illinois system has an officer responsible for progm
implementation Under coordination of a general officer of the "niversity.
The program is on file with a number of departments of the Unazed States 
goverment. 
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V. Other Direct Costs 129,000 136,730 144,949% 410,670 

A. Computer 60000 6,350 '4 go730 
3. Office Ixposses 10,00 10,600 11,235 
C. PubldcatLou 1,000 19000 20,225 
D. PInrto RIco Op. ou*. 95,000 100,700 106,750 

VI. Squlpmmt, 3teriall & Supptl 61,300 65,000 68,875 195,175 

A. Lab & Fild Nquimnt 7,j0o 7,950 8,425 
S. Materials & Supplies 39,000. 41,350 43,820 
C. Frelhbt 140800 15,700 16,630 

$1,0.9,00 . m11,171325* $1,259,57o*$35 ,9,97s 

* OVC0 vil be requested to negotiate the budget to'cmply with available dollar funds, 



Objective categry ludjot
 

April 1. 1979isrch 31, 198di
 

1979/50 ig1901t 13*/u 
Objective m " ­
1. Iuprove,. mtc Ia. 102 342,330 102 367,185 102 396.560 

2. Misoblus Technolog 12. 98,530 12 105,770 12 113,140 

3. Kno lp of last: 50 "193,835 50 209,190 50 225,155 

4. Pest 3Amnemat syasti 34 132,305 3- 142,600 34 153,390 

S. Seed Iurov t 33 14,645 33 155,335 33 167,1iS 

6. 	 Soclolog8eal &lcoamLc • 
CoMtralnat 54 .. 177,435 54 191,245 54 204,140 

$1,0689,080w $19171,325 $1259,570k 

C /C3V will be rummtsted to negotiate the elWgWt to cmply with available dollar fumds. 



Un Itm Budet 

April 1 

1979/80 
1979- Ircb 31s 1962 

1960/61 1961/62 Total 

1. Salaries 

A. Research/Professicmsl Staff 
1.Sr. Agron.- Var. Ir. 

*2.Agroa. Var. Tr., J.P.S. 
3.Sr. Breeder - P.R. 
4.Agron./Ireeder - P.R. 
S.Nicrobiologist 
6.3reeder/Agroniast 
7.Viral Pathologist 

.funs Pahoblogist 
*9.Plant Pathologist, J.P.S. 
1O.Pest Itt. Specialist 
11.3nto--logist, J.P.S. 
12.7ood Science 
MINIM60 Director 
14.IWTS Assistnt Director 
15.Ag. Engineer 
16.Soybean Pathologist 
17.Prod. & Mktg. Scaiats 

2635 459,275 

153 309,275 
9 23,900 
6 6,440 
12 25,300 
12 16,300 
12 Z8,180 
6 18,575 

12 24,800 
3 9,550 
12 12,665 
12 23,220 
12 11,600 
3 7,280 
3 -10,340 
3 7,125 

12 "28;000 
12 28,000 
12 28,000 

285 496,240 

153 334,240 
9 25,940 
6 7,585 
12 26,465 
12 17,700 

'12 30,580 
6 19,540 

'12 26,915 
3) 10,355 
12 13,745 
12- 2,210 
12 12,600 
3 7,900 
3 14.2;5
3 7,730 

12 30,250 
12 30,250 
12 30,250 

231)j,040 

133 361,040 
9 28,020 
6 6,160 
12 26,580 
12 19,115 
12 33,025 
6 219100 
12 29,070 
3 11,160 
12 14,640 
12 27,230 
12 13,15 
3 8,535 
3 12,125
3 8,345 

12 32,700 
12 32,700 
12 32,700 

855 

.459 
27 
16 
36 
36 
36 
16 
36 
9 

36 
36 
36 

9 
9 
9 

36 
36 
36 

1,491,553 

1,004,555 

m 

A. Support Staff 

1. Secretarial (5) 
2. Grad. Assista t 
3. Vage 

(6) 

132 150,000 

60 50,000 
72 60,000 

40,000 

132 

60 
72 

162,000 

54,000 
64,600 
43,200 

132 

60 
72 

175,000 

58,30 
70,000 
46,650 

396 

10 
216 

4687,000 

11. Fringe Benefits 

A. Retirement 11.93 of IA &31 
B. Workmens Comp. .53 of 1 
C. 105 3.22 of 1A & 31 

56,790 

42,860 
2,435 
11,495 

61,375 

46,320 
2,630 
12,425 

66,295 

50,035 
2,640 
13,420 

184,460 

111. LdLrect Cost 67Z of I 307,715 332,480 359,145 999,340 

IV. Travel & Transportation 

A. U.S. Travel 
b. International frawl 
C. Per Diem 

75,000 

15,000 
40,000 
20,000 

79,500 

15,900 
42,400 
21,200 

864,275 

16,850 
44,950 
22,475 

238,775 

Junior Professional Staff (J.P.S.) 
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Appendix C 

List of Publications Emnating from 
Research Coatracts AJ/ta-c-73-19 iuW 
AID/ta/c-II4. Includins Coo rtiv. 

Research Partially. Pundd Wdsr I11(d) Grants 
AID/ta-73-49 ad AlD/t&-7-50 



Aminlari, H., L. K. Ferrier. and A. I. Nelson. 1977. Protein dispersibility of 
spray-dried whole soybean milk base: Effect of processing variables. J. Food Sc: 
42(4) :985-98. - ­

lowers, G. R.,Or., and R. N. Goodman. 1977. Seed transmission of soybean mosaic 
, virus. froc. Amer. Phytopathol. Soc. 4:92. 

p 

Developmett of improve varieties of sybeans. Anngai report on contract AID/CWta-c-73-19 
for April 1. 1973 to )arch 31, 1974. Ikternatlonal Soybean Program, INTSOY,
 
University of Illinois College of Agriculture, July 1974.
 

Developmrntzof improved varieties of soybeans. Amal report on contract AID/OCta-c-73-19 
for Apl 1, 1974 to March 31, 1975. In~.rntiona Soybean Progra, INTSOY, 
University of Illinois College of Agriclture. February 1976. 

Development of improved varieties of soybean. Final report on contract AID/CM/ta-c-73-19 
for April 1. 1973 to March 3A. 1976. International Soybean Program, INTSOY, 
tiversity of-Illinois College of Agriculture, August 1976.
 

Development of improved varieties of soybeans, supporting cultural and nrketing
 
practices for production in the tropjcs and information delivery system. Annual 
report of contract AID/CWta.-i-129-'Eor April 1, 1976 to March 31, 1977. Inter­
national Soybean Program, JTNOY, Uiversity of Illinois College of Agriculture. 
August 1977. 

Ellis, N, X,, J. a. Pgrguon 3. Grof, and J. 1. Sinclair. 1976. Transmission 
of Colletotrichus aloeosparioiAes and effect of sulfuric acid-scarification on 
int-erally-borne.fung in seeds of Stylosanthes spp. Plant Dis. Rep. 60(10):844-& 

Ellis, M. A., S. i. Foor, and J. 3. Sinclair. 1976. Dichloromethane: Nonaqueous 
vehicle for systemic fungicides in soybean seeds. Phytopathology 66(10):1249-125: 

Ellis, M. A., S. R. Poor, and J. B. Sinclair. 1976. Effect of benomyl sprays on 
internally-borne fungi ani germination of delay-harvested soybean seeds. 
Phytopath. Z. 85:159-162. 

Ellis, N. A., G. E. Galvez-E., and J. B. Sinclair. 1976. Efecto de tres fungicides 
sobre la germinacion de semilla infoctada de frijol (Phueolus vulzaris). 
Turrialba 36(4):399-402.
 

Ellis, M. A., N. 3. Ilyas, and J. B. Sinclair. 1974. Effect of cultivar and growing 
region on internally seedborne fungi and Asperlillus malleus pathogenicity in 
soybean. Plant Dis. Rap. 58:332-334. 

Ellis, N. A., M. B. Ilyas0 and J. B. Sinclair. 1975. Effect of three fungicides
 
on internally seedborne fungi and germination of soybean seeds. Phytopathology
 
65:553-556. 

Ellis, N. A., N. 3. Ilyas, F. D. Tenne, J. 3. Sinclair and H. L. Palm. 1974.
 
Effect of foliar applications f benomyl on internally seedborne fungi and pod
 
and stem blight in soybean. Plant Dis. Rep. 58:760-763.
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tll., N.A.# C. C. lechado, C. Prasarts.., and J, 3. Sinclair. 1974. Occurrence
 
of rthe Phaseolorum var. soia. (Phomnpsis sp.) in various-soybean seedlots.
 
Plant Dis. Rep. 58:17"6.
 

Ellis, H. A., end J. 3. Sinclair: 1974. Uptake and translocationof streptomycin

by soybean seedlings. Plant Dis. Rep. 58:434-435.
 

Ells, X. A.; end J. 5. Sinclair.. 1975. Detection of methyl 2-benzimidazole­
sazbmeate in soybean seeds after follar application of benomyl. Proc. Aher.
 
Pbytdiathol. Soc. 1:74.
 

Ellis, N. A., and J. 3. Sinclair. 1975. NPvment of methyl 2-bensimidaole-carbamate 
into soybean seeds after foliar application of benmyl. Phytopathology 65: 
1387-l0". 

Ellis, . 'A., and J. 3. Sinclair. 1976. Effect of benomyl field sprays on internally.
bourne fungi, germination, and emergence of late-haevested soybean seeds.
 
Phytopathology 66(5) :680-682.
 

Ellis, H. A., P. i. Tenne, and i. B. Sinclair. 1975. Heat predisposition of
 
soybeand seed to bacterial decay. Proc. Amer. Phytopathol. Soc. 2:83.
 

Ellis, N. A.. P. D. Tenna, and J. 3. Sirclair. 1977. Effect of antibiotics and 
high temperature storage on decay at soybean seeds by Bacillus subtilis. Seed 
Sci. Technol. S:121-129. 

Perrier, L. K. 1975. Simple processing of whole soybeans. Pages 179-188 in 
D. K, kigham, dl,., Soybean production, protection, and utilizatiop. Proceedings
of a conference for scientists of Africa, the Middle East, and South Asia.
Cofleke'of Agriculture, University of Illinois, Urbana. (INTSOY series 6) 

Ferrier, L. K. 1476. Simple processing of whole soybeans for food. Pages 130-136 
in R. N. Goodman, ed., .Expanding the use of soybeans. Proceedings of a conference 
for Asia and Oceania. College of Agridulture, University of Illinois, Urbana. 
(INMTSO series 10) 

Perrier, L. K., D. Bird, L. S. Wet, and A. I. Nelson. 1975. Weaning food prepared
from whole soybeans and bananas by drum drying. Pages 281-295 in W. G. Jaffe, ed.,
Nutritional aspects of comon beans and other legume seeds as and humananiml
foods. Proceedings of a meting held in Ribeirao Preto, Brazil. Arch. Latinoaner. 
Nutr., Special Edition. 

Ferrier, L. K., and D. J. 3osborough. Effect of bicarbonate processing textureon 
of canned soybeans. Presented at the Annual Meeting of the Institute of Food 
Technologists, Chicago, June, 1975. 

Poor, S. I., and J. B. Sinclair. 1977. Effects of fungicide sprays on soybean
uturity, yield and seed quality. APS fungicide and nemoticide tests. 1976. 
32:122-123. 

Foor, S. R., and J. B. Sinclair. 1977. Prepltnt seed treatment alters microflora 
of harvested soybean seeds. Proc. Amer. Phytopathol. Soc. 4:1S5. 

Foor,.S. R., F. D. Tenne, and J. B. Sinclair. 1976. Occurrence of seedborne

microorganisms and germination in culture for determining seed health In soybeans. 
Plant Dis. Rep. 60(11):970-973. 
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Fdrd, B. J., J. t.Strayer, J. Reid, and'G. L. Godfrey. 1975. The literature


of arthropods associated with soybeans. 4. A bibliography of the velvetbean
 
caterpillar, Anticaruia ematalis Hubner (Lopidoptera:Noctuidae). Il. Natur.
 
Hist. Surv. Bi0. Notes 92. ISp


Ford. R. B., and R. M. Goodman. 1976. Epidemiology of soybean viruses. Pages

501-502 in L. D. Hill, ed., World soybean research. Proceedifts of the world
 
soybean research conference. Interstate Press, Danville, Illinois. 

Ford, Rt.. .,-apd J. B. Sinclair, Vd&y. 1977. Rust of soybeans: The problem and
research needs. College of Agriculture, Univerpity of Illinois, Urbana. 11Op.
(INTHOY series 12)" 

Godfrey, G. L. 1974. The international reference collection of soybean associated
arthrpods. Pages 134-137 in Proceedings 61 the workshop on soybeans for trop­
ical Old subtropical conditions. College of Agriculture, University of Illinois,
Urba . (INTSOY series 2) 

Godfrey, G. L., ed. 1974. Selected literature of soybean entomology. College of
Agriculture, University of Illinois, Urbtp. 224p. (INTSOY series 1) 

Goodman, R. M. 1975. Importit nematode and virs diseases-of soybeans. Pages
132-140 in D. K. Whighm, ed., Soybean production, protection, and utilization. 
Proceedings of a conference for scientists of Africa, the Middle East, and
South Asia. College of Agriculture,-University of Illinois, Urbana. (INTSOY
series 6) , 

Goodman, R. M., ed. 1976. Umpending the use of soybeans. Proceedings of a confer­ence for Asia and Oceania. College of Agriculture, University of Illinois, 

Urbana.. (INTSOY series 10) 

Goodman, R..M. 1977. A nw kind'of plant virus is discovered. I1. Res. 19(3):S. 

Goodman, ft. M. 1177. Infectious DNA from a whitefly-transmitted virus of Phaseolus 
vulgaris. Nature 266(5597) :54-55. 

Goodman, R. M. 1977. Single-stranded DNA genome in a whitefly-transmitted plant 
virus. Virology 83:171-179. 

Goodman, R. M. 1977. Single-stranded DNA genoma of a whitefly-transnitted virus 
of beans. Proc. Amer. Phytopathol. Soc. 4:142. 

Goodman, R. K., and J. gird. 1978. lean golden mosaic virus. C4/AAB Descriptions
of Plant Viruses No. 192. Comonwealth Ircological Institute, Kew, England.
(in press) 

Goodman, R. M., J. gird, and P. Thongmeearlom. 1976. Mechanical transmission,
purification, and electron microscopy of the agent causing Puerto Rican bean
golden yellow mosaic. Proc. Amer. Phytopathol. Soc. 3:247-248. 

Goodman, R. W., J. Bird, and P. Thongueearkom. 1977. An unusual viruslike 
particle associated with golden yellow mosaic of beans. Phytopathology 6Z!!3-42. 
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•Goodman,.R. N G. R. Sowers, Jr., and E. H. Pascial II. 1978. Identification 

of soybean germplasm lines and cultivars with low incidence of'soybean osaic 
virus transmission through seed. Crop Sci. (in press) 

Goodman, R.N., and Y. L. Nane. 1976. Virus diseases of soybeans. Pages 91-96 
in R. N. Goodman, ed., Expanding the use of soybeans. Proceedings of a conference 
for Asia nd Oceania. College of Agriculture, University of Illinois, Urbana. 
(INTSOY seties 10) 

Goodman, 1. N., and S. Ryan. 1978. Soybeans: Heat without bone.. Social Policy

6(S) :12-15.
 

Hepperly, 7. R., and J. B.Sinclair. 1977. Aqueous polyethylene glycol solutions
 
for treating soybean seeds with antibiotics. Seed Sci. Technol. 5:95-101.
 

Hopprly, P. R., and J. B. Sinclair. 1977. Pod and seed infection of detachedsoybean pods inoculated with Phomopsis spp. Proc. Amer. Phytopathol. Soc. 4:167. 

Hepperly, P. R., and J. B.Sinclair. 1977. Reduced oil quality and compositional

changes in soybean seed inFkected with Phomopsis spp. Proc. Amer. Phytopathol.

Soc. 4:167.
 

Hepperly, P. R., and J. 8. Sinclair. IF7. Solvents, antibiotics and fungicides
for treatment rf soybean seedA. AM fungicide and nematicide tests. 1976. 
32:190-191.
 

Hepperly, P, R., and J. B. Sinclair. 1978. Soybean seed treatments. APS fungi­
cide and nematicide tests. 1977. 33:
 

Hill, .H. J., H. C. Minor, and D. K. Whigham. 1978. Dividends from international 
tests of soybean varieties. I1l. Res. 20(2):13-14. 

Hyowitz, T., S. G. Carmer,. and C. A. Newell. 1976. Soybean cultivars released in 
the United States and Canada: Morphological descriptions and responses to 
selected foliar, stem, and root diseases. College of Agriculture, University
of Illinois, Urbana. 31p. (IMISOY series 9) 

Hyowitz, T., C. A. Newell, and S. G. Carmer. 1977. Pedigrees of soybean cultivars
released in the United States and Canada. College of Agriculture, University
of Illinois, Urbana. 23p. (IN'SOY series 13) 

Ilyas, N. B., 0. D. Dhingra, N. A. Ellis. and J. B. Sinclair. 197S. Location of
mycelit.m of Diaporthe phaseolorum var. sojae and Cercospora kikuchii in invested 
soybean seeds. Plant Dis. Rep. 59:17-19. 

Irwin, M. B. 1976. Symposium on the biology and control of riajor insect pests of
Asian soybean. Introduction. Page 165 in R. M. Goodman, ed., Expanding the 
use of soybeans. Proceedings of a conference for Asia and Oceania. College
of Agriculture, University of Illinois, Urbana. (ITSOY series 10) 

* Supported by AID/TA/C-1294 Research Contract and AID/CDVta-g-73-49 211(d). 

Q
 



3t 

Irwin, W. E. 1977. Plaga do insectos an Ecuador. Pages 24-28 in. Memorias Seminario 
Internacional do Is Soya. Winisterio do Agricultura y Ganaderia, Guaysquil, 
Ecuador. 

Irwin. N. E. 1978. Assessment of insect population densities. 32p. in F. Cisneros 
and R. F..Saith, eds., Primero curso Intensivo do control integrado--Principios 
genarales do control integrado de plagas y enfermedades con enfasls en mix y 
soys. Lima. Peru. 

Irwin, M. 2. 1978. The soybean ecosystem. 36p. f P. Cisneros ahd R. F. Smith. ods. 
Primro curso intensivo do control integrado--Principios generales do control 
Integrado de plagas y *nfermeds~ con enftals en mix y soya. Lim. Peru. 

Irwi , M. 1978. Soybean entomology and Insect pest management in the USA. In 
S. R.'S1l3h and A. Taylor. eds., ProceedIngs of a symposium on insect pests of 
grain legim s. Ibadan, Nijeria. (in press) 

Irvin, N. E. 1978. Soybean insects in Peru. 49p. in F. Cisneros and R. F. Smith, 
eds.. Primero, curso intensivo do control Integrado--Princilpios generales do 
control integrado de plagas y enfermedades con enailis on mix y soya. Lima, Peru 

Irwin, W. E. 1978. Soybean nosaic virus in Illinois soybeans. 111. Matur. Hist.
 
SUrv. Rep. 180:3-4. ,
 

Irvin, N. E., and R. N. Goodman. 1978. Factors affecting the field spread of
 
soybean msaic virus in the north central United States. Proc. N. Cent. Dr.
 
Entomol. Soc. Amser. (in press)
 

Irwin.'M. I., and D. E. Kuhlman. 1978. Relationships among Sericothrips variabilis0 
systemic insecticides anu soybean yield. J. Ga. Entowol. Soc. (in review) 

Irwin, M. E., and P. W. Price. 1976. Entomophilous insects in a soybean pest
 
control strategy. Pages 108-113 in R. N. Goodman, ed.. Ehpanding the use of
 
soybeans. Proceedings of a conference for Asia and Oceania. College of' Agri­
culture, University of Illinois, Urbana. (IhTSOY series 10)
 

Irvin, M. E., tid M. Shepard. 1979. Sampling predaceous Hemiptera. In N. Kogan
 
and D. Hertzog. eds.. Sampling methods for soybean arthropods. Springer-Verlag,
 
N.Y. (in review) 

Irvin, N. E., and K. V. Yeargan. 1979. Sampling phytophagous thrips. In N. Kogan
 
and D. Hertzog, adi.. Sampling methods for soybean arthropods. Springer-Veolag.
 
N.Y. (in review) 

Irwin, N. R., K. V. Yeargan, and N. L. Iarston. 1979. Spatial and seasonal patterns 
of phytophagour thrips in soybean fields with comments on sampling techniques. 
Environ. Entosol. (in press) 

*Judy, '. It.. and D. K. Whigham. 1978. International soybean variety experiment. 
Furth report of results, 1976. College of Agriculture, University of Illiftoio, 
Urbana. (I?(TSOY series 16) 

0 Op. cit. 
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KanthemsA, S., A. I. Nelson, and N. P. Steinberg. 1978. Hom preparation of
 
soymilk: A new concept. Pages S-11 in A. I. Nelson, N. P. Steinberg. and
 
L. S. Wei, coops.. Whole soyhoan foods for home and village u". College of 
Agricultute, nMiversity of Illinois, Urbana. (INTSOY series 14) 

Kellon, E. D,4 and S. V. Willims. 1976. ViAile alternatives for processing 
soybeems is a variety of situtious. Pages 148-1S3 I R. N. Goodman, ed., 
23psmping the use of soybeans. Proceedings of t conference for Asia and Oceania. 
College of Agriculture, University of Illinois,,.rbana. (IN(f series 10) 

Kim, K. S., T. L. Shock, and R. N. Goodman. 19.77. Ultra-structural and cytochemical 
responpes in bean leaf cells infected with bean kolden yellow mosaic virus. 
P)oc. Amer. Pbytopathol. Soc. 4:132. 

Kim. K. S.0 T. L. Shock, and I. W. Goodma. 1978. Infection of olus js
by bean golden mos'ic virus: Ultrastructural aspects. Viroloy 89:22-33. 

Kirkpatrick, 5. L., and J. 3. Sinclair. 1976. The effect of concentration, ex­
posure time, dad agi of plant on uptake and translocation of two systemic 
fungicide in soybeans. Phytt thology 66:102-105. 

Koch, D. S., A. I. Nelson, and L. S. Wei. 1978. Soybean breakfast and fatty foods: 
Tim mad energy saving for ham pro.ratiou. Pages 12-20 in A. I. Nelson, 
N. P. Steinberg, and L. S. Wei,, ' ., Owl* soybean foods for home sad village 
me. College of Agriculture. likayiity of Illinois, Urbana. (IWISOY serie 14) 

\ "zon, Jd, 0. K. Sell,-*. B. Stimmr, J. I. Dradleyo Jr., mad N. Kos. 1975. 
The. litqrature of arthropods associated with soybeans. V. A bibliography of 
Heliothis sea (Deddie) and H. virescens (P.) (Lapidoptera: Nectuida). College
of AXIcultur*, University of I rsl, Urbana. (INTSOY series 17) (in press) 

Kogan, N. 1974. Insect pests on soybeans. iages 124-133 in Proceedings of the 
workshop on soybeans for tropical sad subtropical conditions. College of 
Agriculture, University of Illios, Urbana. (IWTSaseries 2) 

Kogan, N. 1976. Resistance in soybean to insect posts. Pages 165-169 in R. W. 
Goodman, ed., Expanding the use of soybeans. Proceedings of a conference for 
Asia and Oceania. College of Agriculture, University of Illinois, Urbana. 
(IN1SOY series 10) 

Kogan, M. 1976. Soybean disease md insect post management. Pages 114-121 in 
R. N. Goodman, ed., Expending the use of soybeans. Proceedings of a conference 
for Asia and Oceania. College of Agriculture, University of Illinois, Urbana. 
(IWtSoY series 10) 

Ku, S., L. S. Wei, N. P. Stoiiberg, A. I. Nelson, &sd T. Hymmitz. 1976. Extraction 
of oligosaccharides during cooking of whole soybeans. J. Food Sci. 41(2):361­
364. 

HcLaughlin, N. R., P. Thongsmeoarkom, G. N. Wilbrath, and R. H. Goodman. 1977. 
Isolation and some properties of a yellow subgroup mer of cowpea mosaic virus 
from Illinois. Phytopathology 67(7):644-647. 

Op.o cit.
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Mengistu, A., M. A. Ellis, D. J. Royse, and J. B..Sinclair. 1975. Soybean (Glycine

max," 'Beeson' . 'Amoy 71'), pre- and post-emergence dampin-off, various seed-
IU soil-borne organisms. APS fungicide and nemticide Tests. 1974. 30:148-149. 

Minor, H. C. 1976. Planting date and plant spacing in soybean pioduction. Pages 
56-62 in R. M. Goodman, ed., Expanding the use of soybeans. Proceedings of a 
conference for Asia and Oceania. College of Agriculture, University of Illinois, 
Urbana. (INTSOY series 10) 

Wnor, H. C., and E. H: Pschal I. 1977. Intrmspcific variation in storability
 
of osybean seeds under simulated tropical conditions. Agron. Abstr. 1977:108.
 

Nelson, A.-I., and L. K. Perrier. 1974. Fod from whole soybeans. Pages 173-178 
in ProqwedinSs of the workshop on soybeans for tropical and subtropical conditions. 
Collegpof Agriculture, University of Illinois, Urbana. (INTSOY series 2) 

I 

Nelson, A. I.,M. P. SteWin-z--. and L. S. Wei. 1978. Development of whole soybean
foods for horn use: Rationale, concept and examples. Pages 1-4 in A. I. Nelson, 
N. P. Steinberg, and L. S. Wei, cows. Whole soybean foods for home and village 
use. College-of Agriculture, Unirsity of Illinois, ":bana. (INTSOY series 14) 

Neson. A. I., N. P. Steinberg, and L. S. Wei. 1978. Whole soybean foods for
 
home and village se. College of A~culture, University of Illinois, Urbana.
 
31p. (INTSOY series 14) ,. A
 

*Paschal, E. H. II, and H. C.-Ninor. 1978. Velvetbean caterpillar resistance in
 
soybean selections from crosses involving Mexican bean beetle resistant plants.
 
Soybpan Genetics ,ewsletter 5:24-27.
 

Prasartsee, C., and J. 3. Sinclair. 1974. Reduction of symptoms and internally

sied-borne Di!orthe eseolorunm var. sojee on soybean sprayed with fungicides.
 
Proc. Amer. Phytopathol. Soc. 1128.
 

Prasartsee, C., and J. B. Sinclair. 1974. Soybean (Glycine max, 'Cutler 71'), pre­
and post-euergence damping-off, varioup seed- and soil-borne organisms. APS
 
fungicide and neasticide Tests. '1973. 29:146-147.
 

Prasartsee, C., F. D. Tenne, M. B. Ilyas, N. A. Ellis, and J. B. Sinclair. 1975.
 
Reduction of internally seedborne Diaporthe phaseolorm var. sojae by fungicide
 
sprays. Plant Dis. Rep. S9:20-23.
 

Proceedings of the workshop on soybeans for tropical and subtropical conditions.
 
College of Agriculture, University of Illinois, Urbana. 184p. (INTSOY series 2)
 

Riveros, G. 1976. Importance of weed control in tropical soybeans. Pages 65-68
 
in R. N. Goodman, ed., Expending the use of soybeans. Proceedings of a con­
ference for Asia and Oceania. College of Agriculture. Univerity of Illinois,
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TIM RIAD PLAN OF 305 

1979/t0 1IOIS l 	 191/82 
Objective 
1. Develop improved geeNtic materials 

a. screening to Identify assilrehe traits_ 
b. Develop crosses with high yield characteristics _" 

c. Comparison of cropping systems
d. Effect of processing conditions on nutritional quality _e. Incorporate wild Glycins gelmplas. in brooding progrm 

2. Improve technology for R. Japomicum production and
 
magment
 

a. Determine alternate effective carriers -b. Incorporate high nitrgenase activity into varieties 
c. 	 Determine minimum mmbers of R. Japonicum'nooded for
 

acceptablo madulation
 
d. 	 Dtarmi-e factors aftecting R Japonicum survival and
 

soybean nodulation capability
 

3. Improve knowledge bese for disease, insect and weed control 
a. 	 Identify diseases, insects and woods that have
 

economic Impact on production

b. 	 Generate information to use in monitoring and predicting


Impact 4 spread of diseases, insects and woods
 
c. Evaluate impact of pathogens, Insects and weeds on new 

production systems
 

4. Develop soybean disease, insect and wood managment system 
a. 	 Develop cultural, behavioral, biological and chemical
 

methods 
of pest control 
b. Evaluate germplasm for pest resistance 
c. Generate pest 	mnagemnt strategies 

___ 
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Appendx E 

Tim Phsed Plan of Work 



TM MMUf. PLAN O m (c.t.)
 
OJ ective 


I on/so 
 ll pO 
 l/
S. Mvelop Improved p ioca.om, hansting, handling'lstorage metods for seed a traima. Investigate sed, soil and envimmtal factorsthat 	affect germmatiom and emergence tonb.Dtermie tillage 4 platI g methods,.Uirpdfor rapid, early plant grwthc. Deveop low-cost harveting syst

d. Deterne biological 	
that4 Prsical factmos
affect seed quality 4Ssteraility
0- Develop system for smll Narm storagef-Dtsruj.. effects of varietal difference
stora.&Jjt 	 isand say food qumitty 

6. Reduce social M
aeconomic constraints to24madesd soybean production 
a. Compiemnt research of biological 4 physicalsciences in reducing cntrants to "iProve
Proteincalorie se In Les.
b. Determine Prospective food needs, role of
soy foods in diet regimes
C. 	Detrine cooperative advantage of soybeans
ang competing 
 cropsd. Investigate costs and benefits of alternative
kinds and levels of soybean production
 


