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Introduction and Program Ovemnnew 

Support Program is one of nine CRSPs currently in opera- 
tion 

The Sorghum and Mill* Collaborative Research Sup 
port Program (INTSORMIL CRSP) conducts collaborative 
research using pattnefships between U.S. university scien- 
tists and scientists of the National Agricultural Research 
Systems (NARS), IARCs, PVOs and other CRSPs. 
INTSORMIL. is programmatically organized for efficient 
and effactive operation and captures most of the public re- 
search expertise on sorghum and pearl millet in the United 
States. The INTSORMIL mission is to use collaborative 
research as a mechanism to develop human and institu- 
tional research capabilities to overcome constraints to 
sorghum and millet production and utilization for the 
mutual benefit of agriculture in the USA and Less De- 
veloped Countries (LDCs). Collaborating scientists in 
NARS developing countries and the USA. jointly plan 
and execute research that mutually benefits aU partici- 
pating countries, including the United States. 

INTSORME takes a regional approach to sorghum and 
milletresearchin western, southern, and eastern Africa, and 
in Central America. INTSORML focuses resources on 
prime sites in the four regions supporting the general goals 
ofbuilding NARS institutional capabilities, creatinghuman 
and techoological capital to solve problems constraining 
sorghum and millet production and utilization. 
INTSORMIL's activities are aimed at achieving sustain- 
able, global impact, promoting economic growth, enhanc- 
ing food security, and encouraging entrepreneurial 
activities. The sixunivmities andUSDAcumntly active in 
the INTSORMIL CRSP are the University of Illinois, Kan- 
sas State University, Mississippi State University, Univer- 
sity of Nebraska, Purdue University. Texas ALM 
University, and the USDA at the University of Georgia 
What were formerly refmed to as "host" countries are now 
referred toas "collaborating" comeies to indicate the closer 
and more collaborative relationships that have developed 
between the United States and those countries as a result of 
all that has been accomplished during the past twenty two 
years of the INTSORMIL CRSP. 

Because sorghum and millet arc important food crops in 
moishuc-messed regions of the world, they are staple crops 
for millim in Africa and Asia, aud, in their area of adapta- 
tion, sorghum and millet have a distinctly competitive ad- 
vantage to yield more @ than other cereals. As wheat and 
rice products have ban introduced to urban populations in 
developing countries, kaditional types ofsorghum, because 
of some quality characteristics, have not been able to effec- 
tively compete with wheat and rice products. However, as a 
result of research by INTSORME researchers and others, 
improved, foodquality sorghums produce grain that can be 
used for special ethnic and dietary products as well as for 
traditional food products. Special white sorghums devel- 
oped by INTSORMIL collaborative research in Mali have 
improved characteristics which allow preparation of 
high-value food products which can compete successfully 

with wheat and rice products in village and urban markets. 
Couscous made from food quality sorghum is being market 
tested in Niger. The development of food sorghums and 
feed sorghums with improved pmpnties such as increased 
digestibility and reduced tannin content has conUiitcd to 
sorghum becoming a major feed grain in the USA and in 
South America. Pearl millet is also becoming an important 
feed source in poultry feeds in the southeastern USA. Im- 
proved varieties and hybrids of pearl millet, like improved 
lines of sorghum, can be g m m  in developing c d e s ,  as 
well as the United States, and have great potential for pro- 
cessing into high-value food products which can k sold in 
villages and urban markets, corn-g successfully with 
imported wheat and rice products. Thse developments are 
results of the training and collaborative, international scien- 
tific research that INTSORMlL has supported both in the 
United States and collaborating c o d e s .  

Although significant advances have been made in im- 
provement and production of sorghum and millet in the re- 
gions which INTSORMIL. serves, population grad rates 
continue to exceed rates of increase of cereal production ca- 
pacity. There remains an urgent n e d  to continue the mo- 
mentum of our successes in crop improve~llt, improved 
processing of sorghum and millet, and strengthening the ca- 
pabilities of NARS scientists to do research on cmimints 
to production and utdhtion of sorghum and millet 

WEORMIL has maintained a flexible approach to ac- 
complishing its mission. 

The success of the INTSORME program can be atttib- 
uted to the following strategies which guide the pmgrdm in 
its research and linkages with technology transfer entities. 

Developing institutional and human capitak 
INTSORMIL promotes educational outcomes in 
collaboratiug countries. The results include institu- 
tional strengthening, development of collaborative 
research networks, pmmoting and linking to techol- 
cgy hansfer and dissc3nhtion, ~~ devel- 
opment, and enhancing national, regional, and global 
communicationlinkages. A major innovitiveaspecl 
of the INTSORMIL focus is to maintain continu- 
ing relationships with wllaboratingcountry d e n -  
tists upon return to their reKuch posts in their 
countries. They become members of research 
teams of INTSORMIL and NARS scientists who 
conduct research on applications of existing tech- 
nology and development of new technology. This 
integrated relationship prepares them for leader- 
ship roles in their national agricultural research 
systems and regional networks in which they col- 
laborate. 

Conserving biodiversity and natural resources: 
Research results of thc collaborative mearch teams 
include development and release of enhanced 
germplasm, development and improvement of sus- 
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University; Dr. Gebisa Ejeta, Purdue University; Dr. 
John Axtell, Purdue University; Dr. Stepben Mason, 
University of Nebrash Dr. Hemy Pitre, Mississippi 
State University; Dr. Aboubacar To&, Institut de 
Economie Rurale, Mali; and Dr. Medson Chisi, 
Golden Valley Rescarch Station, Zambia. 

INTSORMIL, INRAN, ICRISAT and other sponsors 
held a Regional Hybrid Sorghum and Pearl Millet 
Seed Workshop in Niger, September 28-October 1, 
1998. 

multi-CRSP research activity in the Amhsra pvince 
of Ethiopia. 

The major publications organized and published by the 
ME office during the past four years included. 

* Publication 97-1: Policy and Opaating Proce- 
dures 

Publication 97-2: Dinctory of U.S. CRSP PIS 

* Publication 97-3: "Inside INTSORMIL" 
INTSORMIL and the Sorghum and Millet Improve- Newletter 
ment Program (SADCnCRISATISMIP) signed a 
Memorandum of Understanding, providing the insti- * Publication 9 7 4  INTSORML Directory 
tutional6amework to strmgthen INTSORMIL col- 
laborative research in Southern &ca. * Publication 97-5: Proceedings of the Manational 

Conference on Genetic Impmvement of SoczIum 
INTSORMIL PIS, the Rogram Director and Associ- 
ate Program Dinaorpdcipated in the CRSP Sym- 
posium at the annual meeting of the American Society 
of Agronomy in Baltimore, MD, October 18-22, 
1998. 

NIXORMIL and the University of Pretoria held the 
Sorghum Grain end Use Quality Assessment Work- 
shop in Pretoria in Pretoria, South Afiica, December 
1-4,1998. 

INTSORMIL played a major role in preparing a pho- 
tographic exhibit on the CRSPs at USAID headquar- 
ters i n  Washington, D.C., September through 
December, 1998. A virtual tour of the exhibit is avail- 
able at the CRSPs gateway web site. 

The INTSORML EEP conducted its five-year re- 
view of INTSORMIL activities in West Africa, 
Southern Africa, the Horn of Africa and Central 
America. 

INTSOREmL helped organize and participated in a 
USAID-spmsottd Lessons without Borders Confer- 
ence entitled "Global Agriculture and the Anmican 
Midwest: A Win-Win Exchange," in Ames, Iowa, 
March 18-19, 1999. 

The Grant Renewal Proposal Committee was named 
andvisioning stahxnents for INTSORMIL from 2001 
to 2006 were obtained 6um both inside and outside 
INTSORMIL. 

Principal Investigators and the Program Director par- 
ticipated in regional sorghum and millet research net- 
work meetings in Africa. 

New initiatives were developed for a multi-CRSP 
training activity in Mozambique and for a 

and Pearl Millet 

* Publication 98-1: 1997 INTSORMIL Annual Re- 
port 

* Publication 98-2: 1997 Annual Report Executive 
summary 

* Publication 98-3: "Inside INTSORMIL" News- 
letter 

* Publication 98-4: 1998 Annual Report 

* Publication 98-5: 1998 A M d  Report Executive 
summary 

* Publication 98-6: "Inside INTSORMIL" Newk 
letter 

* Publication 99- 1: Proccedi~gs of the Global Con- 
fmnce on Ergot of Sorghum 

* Publication 99-2: INTSORMIL Policy & Pmx- 
durcs Manual 

* Publication 99-3: 1998 INTSORMIL Bibliogra- 

P ~ Y  

Publication 9 9 4  INTSORMIL CRSP D i  
update 

* Publication 99-5: "Inside INTSORMIL" News- 
letter 

* Publication 99-6: 1999 Annual Report 

* Publication 99-7: "Inside INTSORMIL" News- 
letter 

* Publication 99-8: 1999 Annual Rcport Executive 
Summary 



h n i m g ~ i r f o m ~ p 6 0 4 m c r r 2 2 1 3 r m d e a r  
6mm33di&rmtcamaiarmdledinmINlSORMlLd- 
Y.naddcgmeprogrrmddviccdbymINlSORMU 
prmcipl invesaig8mr. m l y  77% of &sz aau- 
dcnacmr~camaiaomcrmmmcUSA.vhLhiIlpc 
mtes the emplusis placed on wll.borrting -try . . .  
~ d c v d o p m c n r W f S O R M l L l b o p h c a i m p m -  
m r e m l n i n i D g w o m m v h L h i r ~ i n d l e b a i h m  
2 2 9 L D T l l l ~ R M I L ~ I l u d m r P w a C w o m c e  

o m y . ~ ~ . a b l n l m r . ~ p u r l i t r . . d  
smamnTbenmPkrofrPdcnDrraiviqlOOW~ 
i u g h n I M s a R M n . h u & q @ h a k @ d 7 1 m  
1986 Qam m a low of 17 in 1993-P), ad now 18 in 
1999-2000.TberrQDiplpinWIrmdcmkingmbd 
f i m m ~ O R M I L f a d c i % m p n . & m ~ ~  
drermdacQrfrmdisrvncsbnmema-- 

T b e ~ c n s P Q o b r l P l r n f o r C o l b b m -  
~ R a c n c b i r r h d a ~ ~ . m d o d u r ~ . o  
tivit*rsnchmrmv&ms,p''' ,&-of 
scientists, md the e x c h g c  o f  germplasm. The 
m R M I L G b h i P h a k ~ f o r r r r r c h c m n b i -  
~ m d o c t v o r l d q g ~ ~ ~ . d  
wbmRkvtmk(wca,oma'Ibcolob.lPhm: 

~ ~ ~ l A R Q N G ( M ~ R b  
gional networks (ROCAFREYI. ROCARS. 
ASARECh -.SADCISMIP.d* 

O w i h c y a ~ a a b w w l I r ( r a l 6 q l ~ L v t  
b c a m i x m i r d w i t h I < R L E A T i n ~ ~ N i i C C b  
tnl rrmaia a d  Zimb.bac, SAFGRAD. WCASRN. 
WCAMRN,ASAREChECARSM(.dSQP5WNEl 
i n A 6 i q C W S d U A T o f ~ P d S m t h A m c r i a .  
8 r d S l C N A d t h e U S . N ~ G n i n ~ R o  
ducenAPocohm 

. . for~pmpord " ' g d  
w t i v i t i u m r v a i d d ~ n d d i m d m - t b c  
m o a t e & c r i v t ~ d r a a c h d d b a ' l b s c . h o  
~ b c a e ~ ~ ~ I k . c d b b o n t i m r i m e u h o f ~ ~  
g n m r m ~ ~ i d ~ m d f o r  



Introduction and Program 0 v m . e ~  

coordination of research and long term training. The announcement of the commercialization of 
INTSORMIL currently cooperatts with the lCRlSAT pro- Dali-ken, a coolue made h m  a mixture of 2Wh flow fmm 
grams in East, Southern, and West Africa, with WCASRN the tan-plant N'Tenimissa and 80% wheat flour, is a major 
and WCAMRN in WestICentral Africa, and with step indemonsmating the potential forcommmialization of 
SMIF'/SMINET in Southern Africa. Sudanese collaborators sorghum provided a reliable source of value-added, iden- 
have pmvided leadenhip to the Pan African Smga Cat101 tity-preserved-grain is available. It was slow coming, hut 
Network INTSORMIL collaboration with ROCAFREMI hopefully will serve as a focal point to encourage o h  com- 
inWestAfri~hasmuchpotentialindowingINTSORMCL mercialkatiouefforts. 
utilization scientists to collaborate regionally. 
ROCAFREMI is a good mechanism for promoting millet The West Africa Hybrid Seed Workshop planned forthe 
processing at a higher level than has been seen before in past several years was conducted in the f d  of 1998. This 
west Africa. During the last thee years, INTSORMIL, the was the first focused effort to inform West Aficsn sorghum 
Beadcowpea CRSP, and World Vision International have and millet scientists about the potential for hybrids in West 
been work& with NARS researchers and farmers in five 
countries under the West Afiica Natural Resource Manage- 
ment Project, mating and using a technology-kamfer net- 
work in West Africa. INTSORMIL will continue to 
promote h e  exchange of germplasm, technical informa- 
tion, improved technology, and research techniques. 

Benefits to Collaborafhg Countries 

WestAjiica 

Restarehmommtumhas improved significantly the past 
two years in Mali, as well as morale and enthusiasm among 
resekhers. The new Director General, Dr. Alpha 
has gained a high level of confidence and supPo; among;+ 
searchers. A number of good trained scientists, have just re- 
cently returned to IER including Samba Traore, ~ k m b a  
Bagayoko, andMoussa Sanogo, thus smngtheahg the IER 
research program especially in pearl millet The millet 
breeding program is looking much stronger with the new 
breeder, Moussa Sanogo, and the anticipated strong collab- 
oration with the new INTSORMIL Millet PI, Dr. Wayne 
Hanna The multidisciplinary team appmach has made ex- 
cellent prognss in Mali. 

The B 4  mandate to regionalize the West African pro- 
grams has progressed well but somewhat slowly, despite 
some well intended efforts by Malian scientists. 
INTSORMIL PIS now have new collaboration in Ghana and 
Burkina Faso, and a potential collaborator has been identi- 
fied in Senegal. Effork are underway to formalize the col- 
laboration in Ghana and Senegal in the faU of 2000. 
Scientists in Mali andNiger arc communicating in regard to 
research plans and collaborative projects. The regional net- 
working with R O W  and ROCAFREMI is working 
quite well. New contacts with SG2MX) show excellent 
promise regarding the interactionof IER breeders ingetting 
theu improved new cultivars into the extensive SG2000 
field trial system. This should not only be of benefit inMali 
but throughout the region where SG2000 operates. 

The on-farm t i a k  and coUaboration with NGOPVOs is 
very good, cspecially with World Vision. This has helped 
the evaluation and movement of new-promising varieties 
on-farm. There is now extensive activities conducted 
on-farm. 

Africa. All the pros and cons w&e discussed and the 
consensus of the 150 participants was that fiuther -ch 
and development should be pursued. The hybrid NAD-I in 
Niger is an excellent successful example for otbas to fol- 
low. Experiences in India, Zambia, Sudan and Nigeria pro- 
vided aroad map for 0 t h  developing c o d e s  to follow in 
the development of a private sector seed iadusky in West 
AIiicancountries.Thiswas thefirstfocwdefforttoinfm 
West African sorghum and millet scientists about the poten- 
tial for hybrids in W. Afiica 

One gratifying outcome 6am this workshop was the for- 
mation of a Niger Seed Producet's Association by the hy- 
brid seed producers, independent of INRAN. The 
association is off and running with the purchase of the gov- 
ernment seed fanu at Lossa to begin private sector seed pro- 
duction onsmall holdings as well as larger farms. Secondly, 
this a s s o c i a t i o n r e c o ~  INRAN as anhonolary member, 
but is intent on controlling the seed association ourride of 
the formal seucture of the government. INTSORMIL 
thiuks this is an encouraging dcvelopmcnt which should be 
numucd ThirQ the demand for hytnid s a d  far ex& the 
supply even though the seed is sold at approximately eight 
times the price of grain. The imporcant distinction between 
seed and grain is now recognized in Niger. We estimate that 
60 tons of hybrid seed will be pgoduced this year in Niger. A 
great deal of this seed production will be on small fatms. 

The farmerproduccr seed industry is going well mNiga. 
The pearl millet research program within INTSORMIL 
must be strengthened The addition of Dr. Wayne H a m  at 
Georgia is a siguificant resource for future pearl millet re- 
search. 

Horn of Afrim 

A pmmising regional sorghum and millet couaborative 
research program has heen put in place in the Horn of Af- 
rica. A Memorandum of Understanding (MOU) has been 
signed with each of the five collaborating countries. A 
two-tier collaborative research initiaiive has ken devel- 
oped. At one level, we have i-ed individual collabora- 
tive research project. between NARS scientists and their 
respective collaborators at an INTSORMIL institution on a 
bilateral basis. At a second level, based on a series of inter- 
actions among those concerned, we have developed a re- 
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tance in low and high tannin sorghum. Smc studies 
were undertaken in determining the mle of physical and 
chemical kernel properties associated with mold resistance, 
and in assessing the nature of specific phenolic compounds 
that conhiiute to grain mold resistance. They also con- 
ducted a major study in assessing genetic diversity using 
molecular markes. 

INTSORMIL plant breeders also develop elite materials 
with high yield potential which can be used as cultivars per 
se or used as parents in breeding pmgrams. Specific 
germplasm releases (including breeding lines) for collabo- 
rating country use include the following. 

Improved yield (for all collaborating countries) 

Impmved drought tolerance (Africa and drier areas of 
Latin America) 

Acid soil tolerance 

Striga mistance (West, Eastem AiXca, and Southern 
Africa) 

Midge and greenbug resistance (Latin America) 

. Downy mildew resistance (Latin America and 
Botswana) 

hthmcnose resistance (Latin Amrica and Mali) 

Charcoal mt and lodging mistance (Africa and drier 
areas of Latin America) 

Head smut and v i m  resistance (Latin America) 

Foliar disease resistance (for all collaborating coun- 
tries) 

Impmvedpinquality characle&ics for f o o d  
dusbial uses (for all collaborating countries). The 
commitment of INTSORMIL to integrated pest man- 
agement of insect pests and patbogem has produced 
new lina of so- useful to commexcial breeders 
and seed companies for both marketing hybrids and 
developing more advanced hybrids. Germplasm o b  
tained and evaluated for resistance to economically 
important insect pests was used to combine insect re- 
sistance with other favorable plant traits. Gcrmplasm 
was identified for advanced testing with resistance to 
selected insects and diseases, and will contribute to 
pmdution of widely adapted, high yielding hybrids. 
Techniques of molecular biology are being used to 
help understand the inheritance of resistance to 
gmnbug. Results from molecular mapping of sor- 
ghum are being used in marker-assisted selection 
studies for g m b u g  resistance and post-flowering 
drought tolerance. 

Several U.S. seed companies are now producing seed of 
brown midrib sorghum sudangrass conmrercially. The re- 
sponse of livestock produces has been excellent due to im- 
proveddigestibility and significantly impmvedpalatability. 
Dairy farmers are the fnst to seethe benefits ofthe improved 
nutritional quality in increased milk production. There arc 
approximately five million acres of sorghum sudanpss in 
the United States at the present time, compared with nine 
million acres of hybrid sorghum for grain production. The 
potential of brown midni sorghum sudaugnss in West Af- 
rica is being explored through collaboration with Dr. 
Issoufou Kapran in Niger. The value of forage in West Af- 
rica is high and there is a chronic shortage of good quality 
forage which we believe can be partially alleviated by 
brown midrib sorghum sudangrass hybrids. At this point in 
time, there has been extensive cultivation of brown midrib 
sorghum hybrids in Pakistan and in some Asian countries. 
The potential value in India has been recognized since India 
is now the largest milk producer in the world and they are 
heavily investing in research on brown midrib forage cere- 
als. As we enter the mxt decade of the ''meat revolution" 
forage crops will increase in importance. 

INTSORMILlPurdue University have developed a rapid 
screening technique for breeders to assess the new high di- 
geshbility trait mently discovered in sorghum germplasm 
The new rapid screening teclmique, which masurrs disap 
pearance of alpha k a f i  in sorghum grain has been dcvel- 
opedby INTSORMIL. P.L, BruceHamakerandhis Nigerien 
Post Doctorate Fellow, Dr. Adam Aboubacar . The test is 
rapid and readily distin@hcs between nmmal sqJmm 
and the highly digestible sorghum cultivars. Mr. Lex 
Nduulu, Kenya, has tested this technique across s e v d  en- 
vironments and found that it is a-te and yet simple 
enough to be applied to large populations of brcdq mate- 
rials. He is detmnining the ma:hanim of inheritance oftbe 
high digestibility trait 

Plant biotechnology has become a powerful tool to arm- 
plementthe haditional methods of plant improvement. This 
npoa includes the development of a protocol for sorghum 
&amformation via Agrobactaium tumcfaciims. It demon- 
strates tbat Agrobacterium-mediated &amfonnation is a 
feasible technique for the genetic &amformation of sor- 
ghum. Sorghum transgenic plants were produced via 
Agrobacterium tumefaciens, and the &amfmtion mi- 
dencedby Southern blotanalysis ofTOandT1 plants, detec- 
tion of GUS activity, andproductionoff 1 plants resistant to 
hygromycin. Immature embryos of sorghum were very sen- 
sitive to Agrobacterium, and embryo death after 
co-cultivation was considered the limiting step to incrrssc 
the transformation efficiency. Key factors were the 
ccxultivation medium, the use of a genotype and anexplant 
with good tissue culture response, and the addition of 
Pluronic F-68 to the inoculation medium. So&um 
formationvia Agrobacteriumis stillnotaroutine techuique, 
but it seems to have good potential once the protocol is fur- 
ther refined and improved. 
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Introduction and Progrm Overview 

nology introduction proceeds, however, increasing 
within-family contention over the new income seams 
would be expected, with an evolution towards the conflict 
and cooperation of bargaining household decision-making. 
As thebargaining position of women improved there was a 
substantial, combined effect of the two types of technology 
on the potential income of women. With bargaining, agri- 
culnualtechnologies inmaw the income of womenby 29% 
and the d i n e d  agricultural and household technologies 
by 68%. Policy r e c o d t i o r r s a r e t o  accelerate the d o -  
duction oftechnological change onto the commonly farmed 
areas while also increasing the bargainingpower ofwornen. 

Researchin Mali by the West and Central Afiican Millet 
Network (WCAMRN) showed that pearl millet grain pro- 
duc t ion incrd  lOto 19% ofwhenmillet was rotatedwith 
cowpea or peanut across West and Central Afica, while 
yield increases of pearl millet grain production due to other 
production practices appeared to be more site-specific. The 
highest grain yields required application of inorganic fettii- 
izer or combined application of inorganic and organic f e d -  
&. 

insects and pihogens with miuimd use of chemical pesti- 
cides. INTSORMIL artomologkts and plant p ~ o g i s t s  
workclosely with plant breeders, agronomists, and food wi- 
entists to develop more effective means to miillage pests of 
sorghum and millet in order to provide higher yields of 
higher quality grain per unit area cultivated Intemiiica!ion 
of agricultural production, which can help remove pmsurr 
on fragile ecosystems, depends on many fPcton, sustain- 
able plant protection is essemial to iacrease production of 
food and feed from sorghum and millet in eeonomidy and 
ecologically sustainable ways. In crop protection, a wide 
range of sources of resistance for insects, diseases, and 
Smgu have k e n  identified andmodwi th  locally adapted 
germplasm. This process has been improved immensely by 
INTSORMIL collabontors developiug effeaive resistance 
screening methods for sorghum head bug, sorghum long 
smut, grain mold, leaf diseases, and Wga.  

Witchwed (Smgu spp.) are obligate parasitic wads of 
significant economic importance. Cmlrol methods avail- 
able to date have been costly and beyond the means of farm- 
ers in developing countries. While w m b i i g  several 
control measures may be necessary foreradicalion ofWga, 

In Niger, several collahomtive studies of INTSORMIL crop losses to Smgu can be effectively minimized through 
scientists from Niecr. M a  and the United States were fi- host-olant resistance. In the INTSORMIL/Purdue Univer- 
naliztd The results of the r&harenow being wrirten for 
publication by Drs. Pandey andMaranville at theuniversity 
of Nebraska. The on-farm trials in Nigcr were inconclusive 
in 1998 due to adverse environment, but tended to show the 
value ofNAD-1 and tied ridges for conserving moisture. In 
addition to preparing manuscripts, Dr. Pandey has con- 
ductedgremhouse studies at UNL to smugthen the fieldre- 
sults 6rom N i .  Dr. Pandey has retumed to India and 
continua to work with Dr. Maranville on publication of the 
manuscripts. Dr. Samuel Buah has returned to Ghana to be- 
gin collahontive research under the new MemoranmUn of 
Understanding recently signedby INTSORMIL and the Sa- 
vennsh Agricultural Research Institute (SARI) of Ghana. 
INTSORMIL has provided Dr. Buah with a new computer 
and chlorophyll meter, and will also pmvide opating 
funds for him to conduct his collaborative research. 

In Mali, sludies on the effect of previous crop on sor- 
ghum yields showed that sorghum following corn or cow- 
pea was klter than sorghum after peanuts, pearl millet or 
dolichos. Sorghum following sorghum resulted in the poor- 
est yields. Respomes were modified positively and linearly 
by N application up to 60 kg ha-'. Application of Malian 
rock phosphate also increased sorghum yield about nine 
percent. 

Sustainable Phnt Protection systems 

INTSORMIL's approachto developing sustainable plant 
protection system is integrated pest management (IPM). 
Two key elements of IPM for sorghumand millet whichare 
central to INTSORMIL plant protection research are g e  
netic resistance ofsorghum andmillet to insect pests, patho- 
gens, and the parasitic weed, Smga, and practices to couwol 

sity project (PRF-213),the goal has ban to exploit the 
unique life cycle andparasitic traits ofSmmga towards devel- 
oping sorghum lines that are resistant to Sbiga hecause of 
disrupted interaction between ihe parasite and the boar In 
the last four years, significant results were obtained in boih 
the research and development efforts of PRF-213. 'Ihey es- 
tablished the simple inheritance of low production of the 
Shigo germination st imuhl in sorghum New assays w m  
developed for stages in host-parasite interaction beyond 
Stngu gemination. Using these assays, unique mutants 
were identified that have the capacity to dismpt normal par- 
asitic association. These include sorghum lines with low 
production of the haustorial initiation fnctor, mumutanb with a 
hypemmsitive response to penmation by Shigathacby de- 
laying the growth and development of the pansite, and 
those with incomphile response to pmetration where the 
host response results in eventual witkering axd &ath of the 
parasitic growth. Genetic and physiologic cbarackxkation 
of these mutants, as well as inlrogression into elite ~ V B I S  

of the particular genes involved in each mutant, is cunmtly 
underway. As a development effort, Sm'ga resistant sor- 
ghum lines developed in the past have been effectively dis- 
tri'buted and adopted. PRF-213 cobhorated with World 
Vision International in distriiting large quantities of eight 
Smgu resistant sorghumvarieties into 12 Afiicancountries. 
Following their introduction, the project worked with na- 
tional p r o m  in carrying out testing and d e m o d o n  of 
these varieties in farmers' fields. In Ethiopia, a collabora- 
tive relationship with the Ethiopian A g r i c u l d  Research 
Organization (EARO) and the Sasakawa Global 2000 pro- 
gram led to the evaluation, demonstration, and the eventual 
official release of two INTSORMIL varieties for annncr- 
cial cultivation in the country. Seed supply is likely to k a 
bottleneck in efforts to promote an expanded cultivation of 



Eagot,aCkicrprqfricrmqisafungdpmOgenofrcr- 
&om which pollknlh of tbc sorzhn phnt's 
O v u i e i f t h c ~ & g a & t h c o n y ~ p O & ~  
c u r s , ~ i n a s t i c l r y u w h k m d m g n i n f ~ ~  
E q o t i n h s t . t i o n d g r a i n r a g h r m ~ a ~ m A d r i c a  
mdAsiabefm 1996wkacbcditeacanrfirndebcDdm 
A l g ~ m d ~ I a 1 9 9 7 , s g o t s p r r d m C d o m b L ,  
H ~ M e x i c o , m m y i r h D d r h t h c ~ ~ m r -  
jor -cing mpa in thc United Sclra (Rrmu, 
NdxashmdTao~LarcrductoaptaniDehderr- 
dnctimingmioyielQkPsofexpatrmdrclrof~md 
fdpimmcumaicrsrbacagothrraatbanrcparsd 
m d l o s o f g ~ m d b y b d r e c d ~ i n ~  
mnsaicrwbcrrugaiusbcc~dccecocdmdqd~cg- 
u l r t i m s p o l r i b a r c a n m o f t b c ~ m t b c u u i t u ~  
W I S O R M I L R I C U E h r . ~ t h c p ~ c t y m h l v e ~  
mcire~cmmmyrcpsaofthbiohgymdecdagyof 
agotlbcseeffomhlvebancoQbmtivemd~ 
ti~invohuIgscieaimintbcU~Sems,Crmnlmd 
Son16AmcriqAfria,AsirimdEorop. 

Sorghum accessions msctptiile to Cloviceps 
+rmcr include S. bicobr. S. druunondii, S. 
v i r g ~ S ~ ~ d S M ~ . E g a  
S y m p t D m r a n n m t o b s a v C d o n S ~  
d ~ ~ ~ f S ~ . O I h a s o -  
m m i a n y ~ t p l r n r p d e s 8 m y . d p r b i c b  
w u e o b P c m d t o k m t . f h a s d b y a g a ~ 6 p  
p c r & p a d d e f p o s a ~ - ~ b k  
M u c r r c r s ~ ~ s v i D E b g m s m r i a . ~  
c.nrdhnwildyc. 

In late 1998, C qfiiomco dammnd &at it is a 
wUaablkW ramrem rrtbopen of Mexko and 
Taras with the clpeciry to survive mdcr cxDmded, 
UafivonMe, dry en . trmdhutbcabilityto 
q u i & l y & e p i d c m k ~ o v a n 5 t n g j o l r r  
upon a rctum m 6vonble. we, cool cnviromnmts. 

controlling pathogenic ne~~Utodes. especially of 
P m y h h u s p p .  FaQmncquikhybulNAD-I.Ik 



btroduction and Program Overview 

ofnematodes, Mota becomes suxeptible to A. s h i  The 
nematicide treatments did not sign~&antZy afwt the inci- 
dence of Aerenroniwn wilt of sorghum either in 1997 (a 
droughiyyear) or 1998. 

In Mali, INTSORMIL scientists from the United States 
and Maliplan to develop IPM strategies for insect pests, es- 
pecially panicle-feeding bugs and sorghummidge, that at- 
tack traditional and improved insect-resistant and 
susceptlale sorghums. 

Sorghum andmaize arc impo~tant grain crops for human 
consumption and animal feed in developing countries in 
Central America. The crops are damaged each year by soil 
inhabiting hects, stem born,  caterpillar defoliators, and 
panicle feeding insects that contribute to reduced yields of 
both crops on farms in this region. The complex of defolia- 
tors and sorghum midge are considered to be the most dam- 
aging to these crops in Honduras and Nicaragua, and 
mually cause extreme damage to the crops. The caterpillar 
pest complex has been identified by the INTSORMIUMis- 
sissippi State University (MSU-205) project to consistprin- 
cipally ofsexral mywormspecies anda grass looper, and 
the impact that these insects and the sorghum midge have on 
sorghumprcduction has been elucidated Aspects of the bi- 
ology, ecology, behavior and population dynamics of the 
m y w o r n  species in Honduras and the sorghum midge in 
Nicaragua have been identified This information has con- 
mi ted to  the successful conduct ofentomological research 
designed to evaluate ecological relationships of the pest in- 
sects with crop and non-crop plants within various Cmpping 
systems, crop planting and management slrategies, host 
plant resistance, influence of insecticides on pest and natu- 
ral enemy populations, and roll of natunUy occurring bene- 
ficial ageats in tcgdation of pest populations. Insect pest 
management tactics have been investigated as indepmknt 
control practices on subsistence farms inboth Honduras and 
Nicaragua Recommdations for planting dstes, weedcon- 
hd, and inseclicide applications to manage the caterpillar 
defoliators, as well as sorghummidge have been developed 

'Ihc information obtained in these MSU-205 studies on 
sorghumand wm will assist subsistence farmers inHondu- 
ras, Nicaragua and s d g  areas with similar iwc t  
pest conshaints in producing grain crops with increased 
yield at minimumcost for pest control and with reduced risk 
to human health. The extension of the project into Nicara- 
gua in 1998 expanded the scope of MSU-205 activities in 
this ecogeographic wne. Recent sbldies to determine mini- 
mum, effective rates of insecticide for control ofwhorl feed- 
ing lepidoptemu insects, stem and stalk feeding insects, 
and panicle feeding insects in Mississippi will be useful 
technology for crop production in the United States and for 
mmfer to developing countries. 

Locating quality graduate students to train and conduct 
INTSORMIL research, and active parhcipation of collabc- 
rator scientists, administrators, and in-country coordinators 
are signifcant to the success of the MSU-205 project. The 

project has been successful because each of the above has 
becnnalized. 

In Southern Africa, collaborative research relatiomhips 
were reestablished with Dr. Christopher Manthe in Bot- 
swana and Dr. Jobnnie van den Berg in the Republic of 
South Africa. Research will be directed toward develo~ine 
and evaluatine suearcane a~hid-~s i~ tan t  sorehrrms adabtg 
tothe southe&~kcanre~ioe ~urin~this &uh8&od, 
50 sorehum lines w m  evaluatedin the laboratow but not in 
the fieid because of severe drought. 

A systematic ~ c o l l e a i o n  andshah identitication of 
Fusariumspecies hasbeenpmgmsing@JTSORMILKan- 
sas State University project (KSU-ZlOA), but many of the 
easy identitications have been made and the pmess is now 
much slower. Development of the AFLP technique has en- 
abled them to group seains relatively quickly, but h e  for- 
mal descriptions still require significant effort, and 
additional collections will be neededto identify moremem- 
bm ofrelatively rare species. Adding global positioning ca- 
pability to localizing collection sites forrepeated sampling 
shouldbe accomplishedbefore the next major collecting ex- 
pedition is conducted 'Ihe AFLP technique has bccn suc- 
cessfully transferred to South African colleagues who are 
now !mined in the use of this technique. Tminhg a shldent 
fmm sub-Saharan a c a  in the use of tbm techniques 
needs to become a priority, if funds permit Toxicology 
work now needs a collaborator who can test the effects of 
toxins in commercial animal feeds, and who can model their 
effects in laboratory systems using human and animal cell 
lines as models. Scrrming of grain for these toxins nads to 
be made to determine relative levels of these toxins in ani- 
mal and human food supplies. 

Scientific Writing and F h u m  Laboratory workshops 
by KSU-2lOA have incmadthe visibility of this program 
s ~ ~ c a n t l y .  k workshops need to beautlc a more visi- 
ble pan of the INTSORMILpmgram, as they s m e  as intn- 
disciplinary venues for scientists in developed and 
developing countries that work on vadws crop to ex- 
change information andto intenct with one amther inan in- 
f d  setting. Activities gmwing out of t6is project have 
led to ques t s  to update, along with South African collabo- 
rator, Rof. Walter F. 0. Marasas, an inhuductory book on 
mycotoxicology, and that the KSU-21OA PI participate in 
the development of a laboratory manual for general use in 
the identification of Fusarium species. 

~ O R M I L T e x a s  A&M Project (TAM-225B) has 
made progress toward developing a "Millet Head Miner 
(MHM) Warning System" model to forecast the pmbability 
ofMHM outbreaks in arras ofWest Africa sothat appropri- 
ate measures can be implemented to m k o l  the pest before 
it damages pearl millet. A graduate student h m  Mali re- 
ceivedhis Ph.D. d e p  in2000. His dissertationwas devel- 
oped from field studies begun in Year 17 on MHM 
immature stage mortality, adult MHM biology on alternate 
hosts and fecundity, and MHM biology on alternate host 
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Introduction and Program Overview 

search on food sorghum processing andpmtotype products age map for sorghum kernel h a a i s t i c s ,  milling proper- 
developed in this project. Value-enhanced white food ties, and mold resistance is maring completion 
sorghums sent to Japan made a positive impression Sor- 
ghum is an excellent ingredient in extruded snacks and re- 
lated food products. Sorghum flour was demonstrated 
effective in nearly 20 haditional Japanese foods in Tokyo. 

A new mack from white sorghum was marketed in the 
United States. Several mills are producing sorghum flow 
for niche markets. In Central America, white sorghums are 
used in cookies and other products as a substitute for wheat 
or maize. Pmomel in Honduras successfully conducted 
baking trials demonstrating the value of white food 
sorghums. 

Special sorghums withhigh levels of phenols and antiox- 
idants produce excellent chips and baked products. The an- 
tioxidant level in certainbran fiactions is highn than that of 
blue berries. 

New commercial sorghum hybrids with tan plant red and 
white @carp color are nearing release from commercial 
hybrid seed companies and TAES. Several parental sor- 
ghum lips re& frompmgrauu are used in commercial 
hybrids grown in Mexico and the United States. Atx635 hy- 
brids have out.staadig milling properties. 

Antifu& pmteins appear related to grain mold resis- 
tance in sorghum A molecular linkage map for sorghum 
kernel c h a r a ~ c s ,  milling properties, and mold resis- 
tance is nearing completion 

New markets for vahu-mhauced white food sorghums 
are king developed by the US Grains Council from re- 
search and information on food sorghum processing and 
products developed by INTSORMIyTexas A&M project 
TAM-226. The &st value-enhanced white sorghunk were 
sent to Japan The Japanese have a positive impmsion of 
sorghum for extrusion in snacks and related food products. 
Thcy believe it is better than rice for extrusion Sorghum 
flout was demonstrated effective in traditional Japanese 
foods in Tokyo by chefs and dieticians. 

A new snack from white sorghum has been marketed in 
the United States. Several mills are producing sorghum 
flour for niche markets. In Central America, white 
sorghums are b e i i  used in cookies and other pmducts as a 
substitute for wheat or maize. Persome1 in Honduras suc- 
cessfully conducted baking trials demonstrating the value of 
white food sorghums. Special sorghums have high levels of 
phenols and antioxidants. They pmducc excellent chips and 
bakedproducts with high levels of antioxidants and dietary 
fiber. White food sorghum flour can be substituted for 50% 
of the wheat flour in Mexican cookie formuli. New com- 
mercial sorghum hybrids with tan plant red and white 
pericarp color are nearing release form commercial hybrid 
seed companies and TAES. Antiibgal proteins may be re- 
lated tognhmold resistance in sorghum A molecularlii- 

INTSORMIL research on processing of sor$um has 
yieldedsignificant results over the past four year. Extemive 
dti- locatio~t multi-year kials to evaluate the abrasive 
milling properties and factors affecting dry milling of sor- 
ghum were conducted Conclusions are: 

The milling properties of sorghum are affectedby hy- 
brid and enviromiatal conditions. 

Sorghums with purple or red plant color produce 
highly-colored, stained grits when the grain weathers 
during and after maturation; tan plant color nduces 
discoloration. 

The food sorghums released have about the same grit 
yields as cream hybrids, but the grit color is much 
better, especially when weathering ocws. 

The tan plant red sorghumhybrids produced h t  the 
same yields of grits; the grit color was much im- 
proved 

Waxy sorghums have slightly lower density, test 
weights are generally low, and milling yields are 
lower. 

ATx635 hybrids allhad significantly improved yields 
of grits with excellent color. Thc b i t y  and test 
weights were highest for ATx635 grains at all loca- 
tions. 

A workshap orgaaized by Professor Taylor, University 
of Pretoria, Dr. Janet Dewar, CSIR, and Lloyd Rooney, 
Texas A&M Univenity, was hosted by University o f P r e t ~  
ria. More than 36 participants h m  the food industry, uni- 
versity, and rcscarch imtitutes in Southem f i c a  intuacted 
chumgthe 3.5 day Sorghum Quality Assessment Workshoo. - - 
1t included t o k t o  a ~ r g h u m ~ r e w e r y  and the ARC sG- 
m n  Grains Institute in Potchefstr0011~ Students at k Uni- 
versity of Pretoria enrolled in the Southern African 
Regiona1M.S. Degmprogramat theuniversity of- 
prticipated. 

Future Direetiom 

Based on its achievements, the INTSORMIL team is 
well positioned to contribute even mue effectively to end- 
ing hunger and raise incomes. With its increasing strength 
of scientific expertise in developing countries, 
INTSORMIL is now able to more effectively reduce wn- 
strahts to production and utilization of sorghum and millet 
to the mutual benefit ofdeveloping counhies and the United 
States. Advances in sorghum and millet research over 
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INTSORMIL PI 2000 Source of Funding 

Total Year 21 - $6,168,917 



INTSOFUVIIL Budget Analysis - Year 21 - FY 2000 
Functional - $2,500,000 

Ha,,*- Sratbra- W a s m i u  

By Region 
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INTSOMlL FY 2000 Technical Budget Analysis 
Year 21 - $1,845,000 
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Year 21 TRAINING 
NLSOOItMIL gives h~ghpnmny to nammg han comky . . All51 studentsworkeddinctlywithWISORMIL~ 

sacnbm who aiin have major rmmsibiiities for sorghm @ mvestigaum cm NIXOR- projects Ihcse SIP 

provided for yoeqg U.S. scientists who p h  for caree~ in areas, agronomy, bradin& ptkdogy, atamo~ogy, food 
mternaticslal development work quality, and ~omxnics 

The most kquc&iy d modc of haining is gadmte 
saadyfa raQaaceddegrees ,w i th the~-ch  
f~onintegralpmtofanINlSORMILprojectI)1Piag 
theyeatcovendby~~51mdcntsfmm22diareran 
commiswaeenrolkdinanINTSORMILadvPacedde- 
g n e p w g l a u L ~ 7 3 % o f t h e s e m t d t n n s o o n w  
fromcoantriesodhermanmeUSAwAichsimwsmeempha 
sispkadmhasteonmayimannionalde\.elopmmx(Figure 
4 

W I S O ~  ako plaas a high prioriry on training 
atomenwhichisrrfleeredmF~2In199P00,31%of 
a l I ~ g & m t e p a n i c i p a n t s w a e f e a a a k . E i p h -  
tcmofthewal51smdems~edfoll INTSORMTL ~~ An addttional 14 s&em received partial 
WrSORMlL h d h g  and lb 19 saEdenn were 
fmdedfromOmersorncesarshov.uinFigrncS. 

The m b e r  o f m m f i a d e d f t u d e n t r h + s d e -  
creased gradnally over the yeas. Tbis is rrtatcd to do 
crease in program budget and the bn of U. S. Prjncipaf 
In-. In 1993-19Wthcrewen25U.S~PPswiththe 
program and in 1999-too0 tticre an 19. 

GmiimedegreeprogramsHodshoa-aaiahPgpp 
gnrns have been des'go$l and onacascby 
case~tosuitthenetdsofhostccumySCiQtiSD. Five 
poadaaoralscientistsardaiaevisiring~coumryscieP 
tists werepmvidedtheoppoannity taupgr;tderfieuslcills in 
this- 1999-2000. 

T b e f ~ Q M e i s a c o m p & & m o f a l l ~ R M i L  
training activities fa the period hdy 1,1999 tbrongh fnrr 
30,2000. 



Year 2l  INTSORMIL TrPiaing PmWpauts 
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Years 18-19-20 
lMSORMILpivshigh~tohdiniaghostcoontry . . ~ ~ h w i l l b a v e m a j m ~ i t i e s f 0 r Y o s g h u m  

andmiWrese.mh intheirkcountnes. Trainmg is also 
pmvidedfor~US.scientimwhoplanforcare~sin 
~ d m l ~ w o r k  

+ h c m o s t ~ n s e d m a d e o f ~ i s & u a t e  
Ehutyforactv~degnes,wlthmesmdmrs'reseacfi 
f ~ a n i n t e g r a l p a n o f a n m o m L p r o ~ e c ~  i k lug  
the yeasccvaedbythisnporf213 stndemsfrom33&ffer- 
emconnmeswcrcenmlEtdinan~ORMlLadvanced 
~ p r o g r a m ~ y 7 i % o f t b e s e ~ t S  
-frmnumtrkothathantheUSA whichshows the 
cmpbasispfacedOnhmtm.nntry&bddevd~ 
(F@= 1). 

INSORMIL also places a high priority on trainkg 
womm wbich is reflectad inFigure 2. Durins  period of 
1997-Moo, 22% of dl INlXORMIL graduaze p a a i m  
wenfanate. S e v m t y n i a e o f t h e t m a l 2 1 3 ~ d v e d  
fuli INlSORMiL schobhips. Anaddizic462 stadents 
rueivedpdai LKSORMIL ftlmiing and tixe msahing 72 
smdemswerefrmdedfiumotkrwwrcesasshowninFigure 
5. 

A U 2 1 3 ~ w d ~ w i t h ~ ~  
~ m v ~ o n I N T S O R M I L p r r o j e c n . ~ s a t d e n t s  
areenroUedingtaduae~og~amsmsixd*ciptinaryaws, 
a-y, -% m W + m ,  food w&r-, 
and economics (Figure 4). 

IhemrmberofhlSORMIL~s0pdaas.basde- 
aeased gradually over &e y w .  lhLs is relaad m dc- 
~ m ~ ~ a o d m e ~ 0 f u . s . ~  
Imdgaton in 199L1994 tkeu wm 25 U.S. PIS wim the 
program and cmly 19 tn 1999-2000. 

-dcgreepmgnms~*shorr-tamParningF- 
~ X ? S U S ~ M  beendsignedad onacascby 
c d s e b e t o n m z k m a d s o f l m s f ~ s c l e o t i s .  Eagh- 
teenpostdoctoralscientistsd22 vidtinghoncowQ'sc?- 
ermsrSwerepm~~ded~opparmaityu,upgradeihcirsiai 
m this fashzon during tins fm year pirod 

The following tables arc a compilation of all 
INTSORMILhainiagactiv~&fOr.ibepedodofJoly 1. 
1996throagh J u u e 3 0 , W  

Figure3 Source of Fkrtding 



Year 20 INTSORMIL Training Participants 
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Year 19 INTSORMIL Training Participants 

Name 
Tmre. Abdoulrys 
Kim, S. Young 
Stoskton. Roger 
Traore, Samba 

Country Univ. Discipline Advisor 
Mali UNL Agronomy Maranville 

Degree 
PHD 

Korea UNL AgmnPhysiol. Maranville MSC 
U.S. UNL Agmnomy Maron PHD 
Mali UNL Agronomy Mason PHD 

Gender Funding' 
i 

Cuvalho. CMOS H.S. 
Kapnn. h u 6 u  
Ndulq Lcxingmns 
lb rah i i  Yahia 
Melakebrhan, Admasu 
Mohammd, Abdrlla 
Mulatu, Tndasc 
Rich, Pawick 
T u i m  Mitchell 
Katsar. Catkrine Swan 
Rodriguez-Heram Raul 
T m .  Niaba 

Bmil 
Nigu 
Kenya 
Sudan 
Emiopia 
Sudan 
Ethiopia 
U.S. 

PRF 
PRF 
PRF 
PRF 

B d m g  
B&mg 
Brctdimg 
Breeding 
Brctdimg 
Breeding 
Breeding 
Breeding 
Breeding 
Breeding , 

Breeding 
Breeding 
Breeding 
Breeding 
Breeding 
Breeding 

Axtcll PHD 
Axtell PHD 
Axtell PHD 
Ejeta PHD 
Ejeta PD' 
Ejeta PHD 
Ejeta MSC 
Ejeta PD' 
Ejeta PD' 
Pstmoflectes PHD 
RownowRwney PHD 
Rosenow MSC 
Andrew VS' 
Andrew VS' 
Andrews PHD 
Andrew MSC 

Sanders PD' 
Sanders MSC 
Sandm PHD 
Sandm VS' 
Sanders PHD 
S a n h  PHD 
Sandm PHD 

PRF - - -  

PRF 
PRF 
PRF 

US. 
U.S. 
M a i m  

PRF 
TAM 
TAM 
m Mali 

Namibia 
India 
Bomuna 
T W  

~ p i n g i  SA. 
Rai KN. 

UNL 
UNL 
UNL 
UNL 

Ahmed. Mdumed M. 
Coulibaly, Bakary 
Ka7irng.q Hamunm 
KCbbeh. Mohamed M. 
Sidibe, Mamndou 
Tahimu, Abdoulaye 
Vilale. Jeff 

Sudm 
Mali 
Burk i i  Far0 
Gambia 
Senegal 
Niger 
US. 

PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 

Economics 
Economics 
Economics 
Emnomia 
Economics 
Emnomiss 
Ewnomics 

Boi, S o d i k a  
Kadi Kadii Hame 
Caldao~, Pcdm 
Cordao, Rob 
Johnson. ZelsQn 
vw=%* 
JenM. Andrea 
Lingrcn. Smu 

Mali TAM Entomology 
Niger TAM Entomology 
Honduras MSU Entomology 
Niuagua MSU Entomology 
Niearagun MSU Entomology 
Ecuador MSU Entomology 
U.S. TAM Entomology 
U.S. TAM Entomology 

G i l s ~ c c t c s  PHD 
Gilmapfktm MSC 
Pitre MSC 
Pim MSC 
Pim MSC 
Pim MSC 
Teeter PHD 
T e M  PHD 

Aboubacar. Adam 
Bugusu. Berry 
Zhang. Gmyi 
Acosta, Harold 
Asante. Sam 
B r n h  Marc 
B u m ,  Francisco lavier 
Kunetz Christine 
Les. J r  K 
LsonChapq Manha 
Mateo, RaQl 
Miranda-Lopa, Rim 
Omueti, Olusola 
Quintem-Fuentcs.Ximena 

Niger 
Kenya 
China 
Colombia 

P W  Food QualityNtil 
PRF Food QualityNtil 
P W  Food QualityNtil 
TAM Food QualityNtil 
TAM Food QualityNtiI 
TAM Food QualiiyNtil 
TAM Food QualityNtil 
TAM Food QualityNtil 
TAM Food QuaIiiNtil 
TAM Food QualityNtil 
TAM Fwd OualtivNtil 

HamakerlAxtcll PHD 
Hamaker MSC 
HamaLu MSC 
Rwney PHD 
Rwney PHD 
Rwney BSC 
RwneylWaniska MSC 
RwneyMrmiska MSC 
RwncylWaniska VS' 
RwneylWanirLa MSC 
RooncylWaniska VS' 
RwncyAUaniska PHD 
RwneylWaniska VS' 
Rooney PHD 

Ghana 
U.S. 
Honduras 
US. 
Korea 
M a i w  
Hondurar 
M a i m  
Nigeria 
M a i m  

TAM Food & l i G ~ t i l  
TAM Food QualityNtil 
TAM Food QualityNlil 

N a n a a ,  Dario 
Jurgcnson. Jim 
Hanson. Amy 
Wler. Kurt P. 
Kollo. Isroutou 
TomrMontalvo, l o x  H. 

Colombia KSU Pathology ClaIlin MSC 
U.S. KSU P a t h o ~ n e t i c s  Leslie VS' 
U.S. KSU Pathol/Genetics Leslie MSC 
U.S. KSU Pathology Leslie PO' 
Niger TAM Pathology Frcderiksen PHD 
M a i m  TAM Pathology Fredcriksen PHD 

KSU = W a s  State Univmity 
MSU= Mississippi State University 
PRF = Purdue University 
TAM= Texas ABM University 
TTU = T a a r  Tech Univerrity 
UNL = University of Nebraska - Lincoln 

I = Completely h d e d  by INTSORMIL 
P = Pfiially funded by INTSORMlL 
0 = Other source 

'VS = Viiting Scientist 
'PD = PW ~ononl 
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Year 18 INTSORMIL Training Participants 
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Kansas Agriculture Experiment Station 
CONICETlArgentina 
IEUSAID - Egypt 
ATUTNSAID - Egypt 
Ivy Laboratories 
American Society for Microbiology 
USDAINRICGP - Food Safety Panel 
USDANational Scab Research Initiative 
Kansas Agriculture Experimnt Station 
North Central Region 
USDAIARS 

ICRISATNSAID 
D-t of Energy 

McKnight Foundation 
WinrockMcKnight Foundation 
RockefeUer Foundation 
Rrrdue University/ Dean of Agriculbxe 
World Bank 
INRANMybrid Seed Development 
USAIDIAtiica 
IGADIIISAID/Hom of Atrica 
Purdne UniversitylAgronomy Department 
Purdue UniversilyiDean of Agriculture 
Wiock International 
McKnight Fouudation 
Texas Grain Sorghum Board 
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Texas Higher EducationIATP 
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Texas Higher Education 
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Hatch 
Texas Grain Sorghum F'ralwers 
Texas Higher EducatidATP 
PROFIT InitiatiWAES 
USDA-ARS 

Anna Elliot FundUNL Foundation 
Pioneer Seed 
Nebraska Grain Sorghum Board 

IGADhtergovemmental Authority on Development 671.432 
in the Horn of Africa Region 

Total Buyins - July 1,1999 to June 30,2000 - N 00 - Year 21 S 2,613,286 
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Workshops 

N m  Where Whcn 
52. Regirmal Hybrid Sqhum and Pearl Millet Seed Workshop N i m y ,  Nip 9/98 
53. INTSORMIL End Uw Qualify Ascsmmt WotIrrhop Retoria, South Africa 12/98 
54. Ccnhal Amcnca Regional P l m i n g  Workshop ZamrPno, H o n d w  10199 
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