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Introduction and 
Program Overview 

Rercntly, worldwide, more than 800 million people arc 
hungry and o v a  one billion arc desperately poor. and food 
demand is increasing rapidly. The majority of poor live in 
rural ucas in developingcountries and agricultunl and food 
syrtrms dcvelopmmt is vital to economic g~~wtb., impmv- 
ing cnvimnmcntal quality; strcngthcniag nutrition, ballh 
and child survival; improving the stam ofwomrn; and p 
moting dnnorrntization. It is estimrrcd I&I, b*wm 1980 
and 2030.the population of low- and middle-iocome coun. 
tries will marc than doubltto seven billion, eomparrd with 
one billion for high-incow countries. In the next 35 yarg 
2.5 billion people will be added to the cum111 population of 
6billiw Morethan 1 3  billionpmple today livemlessthan 
one dollar per day, and it is atimatcd that the numkr of 
hungry pople will exceed m billion by 2020. Tbe global 
population of uodgweight children below age five is u- 
psetcd to iDcrrose 6um 193 million in Year 2000 to ova  200 
million in Y a r  2020. I m e d  production of cnmk. 
which am cnuial sources of fd orrgy and other nub+ 
mu. u necesnry to reduce uorld hunger. 

According to Entering the 21s: Cenhuy- World Develop 
mmtRepm 1999-2000, about 900 million poglc in almost 
100 countries arc affected by dmught and dcsatififltioq 
and by 2025, thst numbcr will double. The population ofthe 
world has doubled since 1940, but b h  wa usc bas in- 
creased fwrfold Water scarcity is bewming morc wide  
sp& wih anromimnt effccts on regional peacc and 
global fwd security. N d y  all of the tbrrc billion incrasc 
in global populuion which is upeered by 2025 will be in 
developing wunaics wbcrc wata is a h d y  scarce. To meet 
t h e i m m s i ~ f o r f o o d i n t h o s e w u n t r i a , t h e r r i s  
an immsi dnaand for mom efficient pmduction and 
new wayr of utilizing drought-tolcr~nt aops which have a 
competitive dvoaw to prndua food Mdcr cmditioly of 
lmpndietsble and scarce rainfall. As water bccoma morc 
precious in the Unitcd Satcs, ocrrtls which an podua co- 
agy for feed d fuel in drought-prom uac of the camay 
arc d a m m d n g  i o c r r P s i y  competitive dvmuga. 

In developing comma of th semi-arid Rgim sor- 
g h  andmillet, two impohant c u d  p ins ,  make the dif- 
ferarcbmwemfoodsecurityandfaminc.IntheUniced 
S~sorghumisimpatsnttothebalurcofhde,ism 
impornot fced in the production ofbccf, d is i D c r a P i y  
in d e d  as a mw mataid for food and as a #le 
fadstock for production of fuel. In 2000.58.5 Tg (millinn 
tom) of sorghum w m  produced world wide, of which 18.6 
Tg were produccd in Africa, d y  for d i i  commption 
byhurmm.and11.9TgwmpociuecdintbcUnitcdStaca, 
mainly for livcstoek f a d  to produce meat for human COP 
nrmptioa In 1999. the Unitcd S h t s  e x p o d  5.9 Tg of 
gmin sorghum mainly for livestock feed, and in 1999, US. 
p i n  sorghum nporrs were worth $555 million Large u- 

CPI arc planted to sorghum ach yar. For aampk, in 2000 
sorghum was pmduccd on 421 millioa bccPrrr @r, a 
162.549 square mila, [q mi]) worldwide. 21.6 millim h 
(83398 sq mi) in A h a .  and 3.1 millioo h (I 1,969 4 mi) 
in the U~tcd Shts .  About million pmple walduidc 
dcpeadupon~um~food.dmmcofrbcscpeopk.~  
indcvelopingawtriawbacmougbr.adhmiDcuc 
common occrrmnas. Clear&. sorghum pmdiwfion wd 
~ ~ ~ i z a r i o n  0s foodMdfmlorr vital& impomw ro dndop 
ingcountr iesondtotheu~ed~.  

dapcdtoaridccosp~mrthnisoagbum.dparlmilla 
is r shple for 3W million people worldwide. Most of tbac 
people uc in d a  wi tb i  rcmi-uid mgiom vbsc 
malnourishmmt is a pcniacru problem. In 2000,360 mil- 
lion hectMs (138.997 sq mi) of millets rn b.MIpd 
worldwide, of which 20.1 million h (77.606 4 mi) rn 
harvested in Afria. d 149.740 h (578 sq mi) nrr h- 
vested in tbc Unitcd SPta. In 2000, the amount of milko 
barvated worldwide was 272 T g  of which 13 J Tg war 
h a n d  in Afria d 166,000 Mg (~KWWIUI Inns) .rrrr 
harvested in the Unikd Sple~.  Millets me uops ircsdrminly 
fordirac~cawmptionbyhumuuindmlopinganmuiu, 
a n d t h m i l l e b ~ u r e d m a i n l y f a f ~ l i ~ ~  
ulartyparltry,indmlopedccuwi~~PartmiUaismim- 
~ t ~ c m p w h i c b p r o v i d c r f o o d ~ . a d ~  
nutrients to buDdndr of millions of p& m uus rbieh 
cwrently suffa from MLIluhitim p m i a d d y  Afria ad 
~ A s i r ~ U n i I a i ~ ~ o U ~ ~  
inthe W o r l d F o o d c o n / r m ~ ~ ~ a s i a t e i n ~ k  
p r o d i r c r i o n a n d y l i l i r r Y i o n o f ~ a n d p D l l & ~  
k&dhnnger.ponicvlorlyinA/ricp 
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gion expanded cereal cultivation by 31 million hectares and 
roots and hlbers cultivation by 8 million hectares. This rate 
of expansion is not sustainable; therefore, higher crop yields 
are needed to reduce malnutrition in Africa." 

Agricultural research provides benefits not only to pro- 
ducers of agricultural products but also to processors and 
consumers of agricultural products. Agricultural research 
has proven itself continuously as providing improvements 
which yield products of greater quantity and quality, as well 
as improved health to consumers and broad-based eco- 
nomic growth which goes beyond producers and consum- 
ers. In the U.S. Action Plan on Food Security - Solutions to 
Hunger, published in March 1999, the United States gov- 
ernment states that one of the ways that the United States 
plans to contribute to the global effort to reduce hunger is by 
the United States' continuing commitment to support inter- 
national agricultural research through the Collaborative Re- 
search Support Programs. 

The Collaborative Research Support Program (CRSP) 
concept was created by the U.S. Agency for International 
Development (USAID) and the Board for International 
Food and Agriculhlre Development (BIFAD), under the 
auspices of Title XI1 ofthe Foreign Assistance Act, as a long 
term mechanism for mobilizing the U.S. Land Grant Uni- 
versities in the international food and agricultural research 
mandate of the U.S. Government. As amended in 2000, Ti- 
tle XI1 assures a wider inclusion of organizations by includ- 
ing land grant universities, other universities, and their 
public and private partners in the U.S. and other countries. 
The CRSPs are communities of US. Land Grant Univer- 
sities andother universities working with USAID and other 
U.S. Federal Agencies, strengthening and enhancing Na- 
tional Agricultural Research Systems (NARS), collaborat- 
ing country colleges and universities. The CRSPs also work 
closely with the International Agricultural Research Cen- 
ters IARCs), private agencies, industry, and private volun- 
tary organizations (PVOs) fulfilling their mandate. The 
Sorghum and Millet Collaborative Research Support Pro- 
gram is one of nine CRSPs currently in operation. 

INTSORhUL's vision for 2001-2006 is to focus re- 
search ofmuNidisciplinary, international teams ofscien- 
tish to serve the economic and nutritional needs ofthe 
human populafions which depend on sorghum andpearl 
millet for f w d  and feed when the lack ofwater limits food 
and feedproduction These teams will work on a regional 
basis to develop the technology to improve the economic 
well-being, nutrition, and health ofpeople in both dcvel- 
oping countries and the United States. Thus, the Sorghum 
and Millet Collaborative Research Support Program 
(MTSORMIL CRSP) conducts collaborative research us- 
ing partnerships between U.S. university scientists and sci- 
entists of the National Agricultural Research Systems 
(NARS). IARCs, PVOs and other CRSPs. INTSORMIL is 
programmatically organized for efficient and effective o p  
erationand captures most ofthe public research expertise on 
sorghum and pearl millet in the United States The 

INTSORMIL mission ir to use callaborative research as a 
mechanism to develop human and institutional research 
capabilitiesto overcomeconsfraints tosorghum andmillet 
production and utiliution for the mutual benefir ofthe 
US.  andtess Developed Countries (LDCs). Collaborating 
scientists in NARS developing countries and the U.S. 
jointly plan and execute research that mutually benefits all 
paxticipating countries, including the United States. 

INTSORMIL takes a regional approach to sorghum and 
millet research in westem, southern, andeastern Africa, and 
in Central America. INTSORMIL focuses resources on 
prime sites in the four regions supporting the general goals 
of building NARS institutional capabilities, creating human 
and technological 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 six universities currently active in the 
INTSORMIL CRSP are the University of Illinois, Kansas 
State University, Mississippi State University, University 
of Nebraska, Purdue University, and Texas A&M Univer- 
sity. Inaddition, scientists of the Agricultural ResearchSer- 
vice of the US. Department of AgriculNre at Tifton, 
Georgia participate in INTSORMIL. What were formerly 
referred to as "host" countries are now referred to as "col- 
laborating" countries to indicate the closer and more collab- 
orative 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 yeam of the 
INTSORMIL CRSP. 

Because sorghum and millet are important food crops in 
moisture-stressed regions of the world, they are staple crops 
for millions in Africa and Asia, and, in their area of adapta- 
tion, sorghum and millet have a distinctly competitive ad- 
vantage to yield more grain than other cereals. As wheat and 
rice products have been introduced to urban populations in 
developing countries, traditional types of sorghum, 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 INTSORMIL researchers and othm, 
improved, food-quality 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 made of as much as 100% sor- 
ghum which can compete successfully with wheat and rice 
products in village and urban markets. Couscous made from 
food-quality, hybrid sorghum is being market tested in 
Niger. The development of both open-pollinated and hybrid 
sorghums for food and feed with improved properties such 
as increased digestibility and reduced tannin content has 
contributed to sorghum becoming a major feed grain in the 
U.S. and in South America. Pearl millet is also becoming an 
important feed source in poultry feeds in the southeastern 
United States. Improved varieties and hybrids of pearl mil- 
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to umtinue tbe momentum of our oufccares in cmp im- 
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and mcnethcning the capabiities of NARS s i &  to do 
-h ca eoclsbaino to pmduction lad utilization of ra- 
gbwn aad millet. 

INlSORMIL maintains a flexible approach to ram- 
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ogy wasfa  entities. 
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tion schemes, private and public seed programs, agri- 
cultural product supply businesses, and nonprofit 
voluntary organizations, such as NGOs and PVOs, for 
efficient transfer of INTSORMIL-generated technolo- 
gies. Each linkage is vital to development, transfer, and 
adoption of new production and utilization technolo- 
gies, with the ultimate goal being economic and physi- 
cal well-being to those involved in production and 
utilization of these two important cereals. 

Promoting demand-driven processes: INTSORMIL 
economic analyses focus on prioritization of research, 
farm-level indushy evaluation, development of sus- 
tainable food technology, processing and marketing 
systems, all of which are driven by the need for stable 
markets for the LDC farmer. MTSORMIL seeks alter- 
nate food uses and new processing technologies to 
save labor and time required in preparation of sorghum 
or millet for food. Research products transferred to the 
farm will spur rural economic growth and provide di- 
rect economic benefits to consumers. INTSORMIL as- 
sesses consumption shifts and socioeconomic policies 
to reduce effects of price collapses, and does research 
to improve processing to yield products of sorghum 
and millet which are attractive and useful to the con- 
sumer. Research by INTSORMlL agricultural econo- 
mists and food scientists seeks to reduce effects of 
price collapse in high yield years, and to create new in- 
come oppormnities. INTSORMIL socioeconomic pm- 
jects measure impact and diffusion and evaluate 
constraints to rapid distribution and adoption of intro- 
duced new technologies. 

The INTSORMIL program addresses the continuing 
need for agricuituralproduction technology development 
for the developing world, especial& in the semi-arid h o p  
ics There is international recognition by the world &nor 
communi@ that national agriculturai research systems 
(NARS) in developing countries must assume ownership 
of theirdcvclopmentprobiems andmove towardachieving 
resoluhbn of them TheINTSORbULprogram is aproven 
model that empowers the NARS to develop the capaci@ to 
assume the ownership of their development strategies, 
while at the same time resulting in signifcant bcnejilc 
back to the U.S. agricultural sector. These pspects of 
INTSORMIL present a win-win situation for interna- 
tional agricultural development, strengthening develop 
ing countries' abilities to solve their problem in the 
agricultural sector while providing benefitr to the United 
States 

Administration and Management 

The University of Nebraska (UNL) is the Management 
Entity (ME) for the Sorghum/Millet CRSP and is the pri- 
mary grantee of USAID. UNL subgrants are made to the 
participating U.S. Universities for the research projects be- 
tween U.S. scientists and their collaborating counhy coun- 
terparts. A portion of the project funds, managed by the ME 

and U.S. participating institutions, support regional re- u 
search activities. The Board of D i t o r s  (BOD) of the 
CRSP serves as the top managemenWpolicy body for the 
CRSP. The Technical Committee (TC), Extcmal Evalua- 
tion Panel (EEP) and USAID personnel advise and guide Y 

the ME and the Board in areas of policy, technical aspects, 
collaborating counhy coordination, budget management, 
and review. w 

Several major decisions, events and accomplishments of 
INTSORMIL during the past year occurred in the United 
States and collaborating countries. .Y 

Dr. John Axtell, sorghum breeder at Purdue Univn; 
sity, passed away. Y 

Dr. George Teetes, entomologist at Texas A&M Uni- 
versity retired. 

.r 

Dr. Richard Fredriksen, plant pathologist at Texas 
A&M University, retired. 

w 
Dr. Jeny Maranville, plant physiologist at the Univer- 
sity of Nebraska, retired. - 
Dr. Darrell Nelson, Board Member from the University 
of Nebraska. was elected President of the American 
Society of ~ g r o n o m ~ .  

Dr. Frank Gilstrap replaced Dr Bobby Eddleman as 
Board Member from Texas A&M University. 

(I 
Dr. Stephen Mason, agronomist at the University of 
Nebraska, received the 2000 L.K. Crowe Outstanding 
Undergraduate Adv~s~ng Award. D 
The 2000-2001 Technical Committee was elected. Its 

members are: 

Dr. Gary Peterson, Chair, Texas A&M University 
(Southern Africa Regional Rogram Coordinator) 

Dr. John Sanders, Vice Chair, Purdue University 
(AgronomyiPhysiology) 

Dr. Henry Pitre, Secretary, Mississippi State Univer- rn 
sity (Plant Protection) 

Dr. Bruce Hamaker, Purdue University (Econom- 
icsNtilization) 

Dr. Gehisa Ejeta, Purdue University (Horn of Africa 
Regional Program Coordinator) YY 

Dr. Wayne Hanna, USDA-ARS (Plant Breeding) 
bm 



Dr. Aboubsar T&. Mtitut & Eau*wie Runle, 
(Mali Coordinstor) 

INTSORMIL, INIFAP, ICRlSAT and 0 t h  spmom 
beld the Glow 2000 Ccduacc. Sorghum d Pearl 
Milla DisaKs 111. in Guaoajuuo. Maim. September 
23 - 30,2000. 

I N T S O R M I L a n d t h e I n s t i ~ ~ d e  
Rshacbca Agricoles (ISM). the rmimul igrieultunl 
r e s c ~ b  system of w. s i g d  t Mawnndum of 
UDdastPnding, providing the instinnid mmWwk 
to sumgtbm INTSORMIL mllPbauive -h in 
scnegal. 

The NTSORMIL E x t a d  Evaluation Panel corn- 
placd the five-year, ibdcpb program review. 

The INTSORMIL FivcYear Grant Extension Roposal 
wss wmplacd and Dubmind to USAID. 

INISORMIL made its presentation for a fivcycar 
p t  atension and was rocomwndcd for omtinua- 
tioq ~ ~ ~ 4 2 0 0 1 .  

INISORMIL compl*cd nc@iuioll~ Witb 
USAIDM-bique, Rsulting in a p t  bciq 
aunrdcdtofuadpduatecduationoften 
Mozambican agrieultunl scientists by a number of 
CRSPs; INTSORMU. was selected by tbc CRSP dim- 
ton to manage the graduate eduatiw posnm. 

r a e U . S . s O u l b c m ~ ~ C o a r d i r v t o r d  
the WrsORMlL Associate Rolprm Dirretor uccodcd 
the IS& Sorghum and Millet lmpmvaumt Pmpm 
(SMIP) &amg Committee Meeting at 
ICRISATMuopos, Zimbabwe. OEfokr 4-5.2000 and 
visited wllaborsring scientists in Namibia Zambia, 
Mozambique and Zimbabwe. 

INTSORMIL invcrtiguon. the Program Diream and 
theAstociaIeFVogramDin*artlcrdcdthe.rmd 
mcaing of the Arnaican Socicty of Agronomy and 
presented papers lqadhg INTSORMlL wll.bauive 
rrscarcb. Novcmba 5 - 9.2000. 

TbcRogramDircetorandthei\raoeiPmpmDi- 
rcaM~prrsentsdINISORMIL.tthemcctingoftbc 
CRSP Council Steaing Committee. Oner Rock OR- 
g a ~ ,  July 23-25.2000. 

Tbc~iRognmDircUorrqrrrcnIcdtheniae 
CRSR at the N u i d  Stakcholdcn' Worksbop on Ru- 

TknujorplbLierti0111~lodprMLbcdbythe 
ME o k  durhg the ym klud td :  

"Inside INISORMIL" Nwdatez. Jamary 2001, 
INISORMIL Publiatim 01 -I 

Lo*DcBw. J. and T. WVmL Fadbili(y 
S ~ o n t h e U t e o f ~ U a l a d M i U c o i n A n i r m l  
F d s S m d y  Tam, Kenya, Ghmr. Mali ad Smcgal. 
INISORMIL Publiatim 01 - 3 
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Year 22 Education (July 1,2000 -June 30,2001) 

During Year 22,2000-2001, there were 33 students from 
17 different counbies enrolled in an INTSORMIL advanced 
degree program and advised by an INTSORMIL principal 
investigator. Approximately 51% of these students came 
from countries other than the USA. The number of students 
receiving 100% funding by INTSORMIL in 2000-2001 to- 
taled 13. An additional 20 students received partial funding 
from INTSORMIL. 

Conferences and workshops are an important means of 
continuing education for scientists doing research on sor- 
ghum and millet. During Year 22, MTSORMIL supported 
several workshops, the largest of which was Global 2000: 
Sorghum and Pearl Millet Diseases 111 at Guanajuato, Mex- 
ico, September 23-30, 2000. One hundred thirty partici- 
pants from twenty-two countries attended the workshop at 
which they learned about worldwide state-of-the-art re- 
search on diseaxs of sorghum and pearl millet. One individ- 
ual participated in the ROCARS Mid-Term Network 
Evaluation in Mali, West Africa. In addition, a number of 
scientific writing workshops were offered by an 
INTSORMIL PI in Manhattan, KS, South Africa, Mali, Ma- 
laysia, Egypt, and Uganda. About 330 individuals improved 
their scientific writing skills by participating in these work- 
shops. Another benefit of the conferences and workshops 
sponsored by INTSORMIL is that they increase the sharing 
of information, a key factor in developing more efficient re- 
search strategies and in more efficiently carrying out re- 
search. Of the participants at these conferences and 
workshops, INTSORMIL funded 60 and provided partial 
funding for the participation of 419. 

Another important category of education which 
INTSORMIL supports is non-degree research activities, 
namely postdoctoral research and research of visiting sci- 
entists witb INTSORMIL Pl's in the United States. During 
Year22, six female scientists and twelve male scientists im- 
proved their education as either post-doctoral scientists (4) 
or visiting scientists (14). Their research activities were in 
the disciplines of plant breeding, food qualitylutilization, 
economics, plant pathology, and SIriga physiology. These 
scientists came to the United States as post-doctoral scien- 
tists or visiting scientists from Argentina, Botswana, Brazil, 
El Salvador, France, the Gambia, Hungary, Mali, Nicara- 
gua, Niger, and the United States. 

The S o r g h d i l l e t  CRSP Global Plan for Collabora- 
tive Research includes workshops and other networking ac- 
tivities such as newsletters, publications, the exchange of 
scientists, and the exchange o f  germplasm. The 
INTSORMIL Global Plan is designed for research coordi- 
nation and networking within ecogeographic zones and 
where relevant between zones. The Global Plan: 

Promotes networking with IARCs, NGOiPVOs, Re- 
gional networks (ROCAFREMI, ROCARS, 
ASARECA, SADCISMMET, SADCISMIP and 0th- 
ers) private industry and government extension prc- 
grams to coordinate research and technology transfer 
efforts. 

supports INTSORMIL participation in regional re- 
search networks to promote professional activities of 
NARS scientists, to facilitate regional research activi- 
ties (such as multi-location testing of breeding materi- 
als), promote germplasm and information exchange, 
and facilitate impact evaluation of new technologies. 

Develops regional research network, short-term and 
degree training plans for sorghum and pearl millet sci- 
entists. 

Over the years, established networking activities have 
been maintained with ICRlSAT in India, Mali, Niger, Cen- 
tral America and Zimbabwe; SAFGRAD, WCASRN, 
WCAMRN, ASARECA, ECARSAM and SMIPtSMINET 
in Africa; CLAN and CIAT of Central and South America 
and SlCNA and the U.S. National Grain Sorghum Pro- 
ducers Association for the purpose of coordinating research 
activities to avoid duplication of effort and to promote the 
most effective expenditures of research dollars. There also 
has been efficient collaboration with each ofthese programs 
in co-sponsoring workshops and conferences, and for coor- 
dination of nsearch and long-term training. MTSORMIL 
currently cooperates with the ICRISAT programs in East, 
Southern, and West Africa, witb WCASRN and WCAMRN 
in WestICentral Africa and with SMIPISMMET in South- 
em Africa. Sudanese collaborators have provided leader- 
ship to the Pan African Striga Control Network. 
INTSORMIL collaboration with ROCAFREMI in West 
Africa has muchpotential in allowing INTSORMIL utiliza- 
tion scientists to collaborate regionally. ROCAFREMI is a 
good mechanism for promoting millet processing at a 
higher level than has been seen before in West Africa. Dur- 
ing the last four years, INTSORMIL, the BeadCowpca 
CRSP and World Vision International have been working 
with NARS researchers and farmers in five countries under 
the West Africa Natural Resource Management Project, 
creating and using a technology-transfer network in West 
Africa. INTSORMIL will continue to promote h e  ex- 
change of germplasm, technical information, improved 
technology, and research techniques. 

Regional Activities and Benefits 

West Africa 

This was certainly a year oftransition forthe West Africa 
regional activities with the passing away of John Axtell. 
Several accomplishmenrs for the year indicate continued 
emphasis of INTSORMIL on a regional approach to 
strengthen research capabilities and use research to fight 
hunger and poverty in West Africa. 



A meeting of INTSORMIL invstigators was k l d  in 
N i ,  Niger in Mamh 2000 to review projects, discuss 
fuhrrr plan5 and smtcgicr. and develop new collatmlative 
m a r c h  in nonheanm Nigeria Tbcsc new coll.bauive 
-h activities. at the Lake Cbd R-h Imitutc and 
University of Maiduguri in Nigaip, will focus only on mil- 
let and will add to the hybrid millet breeding and millet uti- 
lintion wo* with ICRISAT (Dr. Gupta) at tbe university 
tbm.AaothamcctingwasbeldintheSpringof2001 to 
bring in additional regional investigators and complete shl- 
tcgic planning for the regional thrust. 

In the Niger hybrid sorghum project, -b on dcvel- 
opaent of new improved hybrids is mming to fruition with 
a number of improved hybrids for d y  maturity and good 
gmin quality. Seed produftim a hurdle to ovamme in 
making hybrids a realization, is pmgrcssing with the 
ntion of a d association Possible mllrboratioru with 
other projects (e.g., the Millet and Sorghum Initiative 
funded by IFAD and others) will k l p  this effort. 

l k  Niger utilization project on processing ofhigh qual- 
ity flours andagglomentcd poduas (mainly cowcow) hu 
progrcsd with onehalf of the market shdy completed 
Results arc very positive in terms of raponscs to mmmcr- 
cial potential of NAD-1 hybrid saghum couscous. Public 
wrhiitioas also took place in 2000 and 2001 that have 
raised public awamxs of the wrghumlmillet processing 
unit, breeding of hybrid sorghum, and d productim ac- 
tivities. NGO's were visitrd to begin to try to get fmmcing 
for co-ial units. The next acp is clearly to initiate 
commercial processingofcousaw and flows, and this may 
require sow additional thawing. Carl Nelson assisted in 
the design of the market study and Jupiter Ndjcunga mv- 
eled to N i p  to A s t  with design and impkmentatioe 

Roja%s m entomology, agmmmy, and pathology arc 
all active in Nigcr and have muk significaat maailnuions 
to developing vvictiep of sorghum mistant to midge, dc 
veloping ticdridgc technology rppropiuc to Nigaien 
cropping system$ and impoviag an knowlodge of thc bi- 
ology of sorghum ncmuodcs. Scientists in d l  d isc ipl i i  in 
Niger,Niscri.andBhF+soarcmncedofU.S. c o l b  
ratom particulariy in entomology and p h t  puhology. 
Steve Mawn bas agreed to .niS Sepi Saifi in ypwomic 
-h in Niger. Dr. Mason ibo has two shdcuts at Ne- 
bnska fmm the e o n  ( N i p  and B d i u  Faso). Re- 
searchers in economics owtinye to k rtive. T.hirou 
AMoulryc. a gnduatc nudmt at Purdus bas done signifi- 
cant field raa rch  in Niger. prirmrily on f a t i l i  doption. 
MTSORMlL began mll.bontiw d with plant pa- 
Ibologists, agrommids, and plant bnedas in Burkina Faso. 

Tbe successful use of N'Tenimi  flw by a private 
bakay in Mali to make a cookie using some sorghum flour 
was impomnt and demonsuatcd that new improved food 
quality cultivars can stimulate new mmmrcialization of 
sorghum based products. Most racotly, I OW. sorghum bii 
cuits arc being made by IER Md various individuals in 

Bsrmko.MuLaingoftbclOOX~biruionhcing 
done by ROCARS to poplLrirc tbc p m k t  in a numbu of 

Coll.bontiveresarcbwasiaitttrdinGhunandSar- 
gd ,andaMOUwasappmvcdwi th lSRAin~ . ' lb se  
wasmuchinteratanddedrcinbotb~map.odtbc 
ini1i.l wlLbmtiw mdditiolvl r t i c a t i m m d d u -  
e a r , b u r i t . p p a r s t b o ~ w i l l k d i f l S c u h m W C o r  
anymajaprogmmgrowtbintknarfirmR.~abcT 
countries expressed intense in tmrt  in April at the 
ROCARS meting in Mali m bow tbey could get mvdvcd 
in WEORMIL. Tbe exp.ndon into new mmmk L a 
good move, but we must k cucful to n* awe u m u h x  . . 
u r p * . t i 0 ~ 1 i n t h e ~ o e r v 0 0 ~ l l ~ m W c n A 6 r i a i n  
which INTSORMIL is m a g  to devote mm mnwcca, 
01 tbox and MhCr W y  P U U k  ~ I L ' s  
PIS as not being abk to dcliva. 

hYar22, \mdathe.uspiaroflWwitbfuxkp 
vided by USAID/REDSO/EA. a major mdy tbc 
s t w o f ~ l a n d ~ i n m e H o m o f A f r i a ~ w a s  
cwdudcd&theladarhipofI)r.lobnSmdar~m 
cooperation with a number of rgrintlamlscientisb €ran 
theHomofAfria. 

Dr. John Slcdar d his gnmutc Ncgp 
Wubaeb, also complud a field Iody m I& of 
the impa ofsm'p-mispat saghm vlr*tio md Plod- 
d ~ ~ r o a m m m d e d C o r r a + i n E t b p p p b y  
MTSORMIL.Tbacoeba0)ogiaiachdc~ " t 
w i U i a . r r i ~ k r t i l i m d ~ ~ . ~  
~cmrcmtioo-.~mdplbl iat imottLh 
lieldstudy.rccrrpc*dmkcompladinadyMOZ 



Introduction 

Southern A f i  Regional Benefits by Technical Thrust 

Most activities werecarriedout as planned. Somelogisti- 
cal constraints hindered the research effort. However, re- 
search is on-going and, depending on the program, 
continues to make good progress toward objectives and has 
produced results that areimportant to increasing the produc- 
tion and quality ofend-products of sorghum and pearl millet 
in Southern Africa. 

Hybrid parents have been bred for sorghum and are near- 
ing completion for pearl millet. A large &ount of sorghum 
breeding material and varieties in use have been character- 
ized for-resistance to major diseases and sugarcane aphid. 
Multi-location testingof sets of such lines provides strategic 
ecogeographic information on distribution and severity of 
diseases. Factors influencing the incidence and control of 
sorghum ergot are now better understood, leading to better 
control of the disease, especially in hybrid production 
fields. Food quality research can lead to increased use of 
sorghum in various products. Linking variety qualities to 
specific end uses is proving to be very important. 

Collaboration continues but is in transition due to retire- 
ments of INTSORMIL principal investigators. Active col- 
laboration exists in sorghum breeding, plant pathology, 
grain quality, and marketing. Regional pearl millet breeders 
and entomologists continue interaction with INTSORMIL 
at a reduced level due to retirements. Efforts are on-going to 
continually refocus activity for increased relevance and 
generation of useful technology. Collaboration can be im- 
proved and increased in all research areas. Additional col- 
laboration is needed in all disciplines for all research 
objectives. Unfortunately, there are more collaborators and 
opportunities in Southern Africa than there are 
INTSORMIL investigators in the United States. 

Central America 

The Central America program continues to evolve from a 
program focused on Honduras to a more regional program 
with increased activity in El Salvador and Nicaragua. Con- 
current with this evolution has been increased collaborative 
research in plant pathology and agronomy. The research ac- 
tivities planned at the INTSORMIL Research Planning 
Mceting in October, 2000 were successfully implemented. 
Atter completion of the 2001 year research, a conference 
will be held to report research results and plan collaborative 
research activities The major programming challenge for 
2002-2006 is to match activities to the available budget, and 
to develop more interdisciplinary activities. Graduate edu- 
cation of scientists in national programs is needed, hut iden- 
tification of candidates who are proficient in English with 
fm commitments to work in national programs is difficult, 
and funding is limited. On the whole, given the shori time in 
the present collaborative model in Central America, the pro- 
gram is functioning well due to the commitment of scien- 
tists in the region. 

INTSORMIL provides a wide range of documented ben- 
efits to collaborating countries. US. agriculture, and the 
broader scientific community. Many of these benefits have 
reached fruition with greater economic benefits to produc- 
ers and consumers, improved sorghum and millet rcsemb 
programs, and improvement of the environment. Others are 
at intermediate stages ("in the pipeline') that do not allow 
quantitative measurement of the benefits at present, but do 
merit identification of potential benefits in the future. The 
collaborative nature of INTSORMIL programs has built 
positive long-term relationships between scientists, citizens 
and governments of collaborating countries and the United 
States. This has enhanced university educational programs 
and promoted understanding of different cultures enriching 
the lives of those involved, and hopefully making a small 
contribution to world peace, in addition to improving sus- 
tainable sorghum and pearl millet production in developing 
countries and in the United States. 

Germplasm Enhancement and Conservation 

Breeding sorghum varieties and hybrids for use in devel- 
oping countries and the United States requires proper recog- 
nition of the major constraints limiting production, 
knowledge of gemplasm, and an appropriate physical envi- 
ronment for evaluation and testing. Successful breeding ef- 
forts also require knowledge of mode of inheritance and 
association oftraits that contribute topmductivity as well as 
tolerance to biotic and abiotic stresses. Germplasm ex- 
change, movement of seeds in both directions between the 
United States and collaborating countries, involves popula- 
tions, cultivars, and breeding lines which carry resistance to 
insects, diseases, the parasitic weed, Striga, drought, and 
which are tolerant to edaphic stresses, one of which is soil 
acidity. Research and germplasm development activities in 
INTSORMIL attempt to address these essential require- 
ments. 

INTSORMIYPurdue project (PRF-207) addresses ma- 
jor biotic and abiotic constraints (drought, cold, grain mold, 
and other diseases) that limit productivity of sorghum in 
many areas ofthe world. Over the years significant progress 
has been made in some of these areas. Superior raw 
germplasm have been identified, mode of inheritance estab 
lished, chemical and morphological traits that contribute to 
productivity as well as to tolerance to these stresses have 
been identified. Selected gene sources have been placed in 
improved germplasm background, some of which have al- 
ready been widely distributed. Training of NARS scientists 
is an important component of our research and development 
effort. 

INTSORMIL plant breeders also develop elite materials 
with high yield potential which can be used as cultivarsper 
se  or used as parents in breeding programs. Specific 
germplasm releases (including breeding lines) for c o l l a b  
rating country use include the following. 



Downy mildew rcsispaee (Latin America and 
b-) 

Anthnau#c resistance (Luh America and Mali) 

Charcoal rot lad lodging mis~cc (Africa and dria 
arcs of Latin America) 

Head smut and virus R~~SIEOCC (Latin America) 

Foliar distarc mistance (for all wllsborating courr- 
tries) 

Impmvcd grain quality chnraetaistcs for food ad in- 
dlmid uses (for all c o l W  countries) 

Th eanmibnmt of INlSORMIL to intePratad ast 
~ l o f i r r x a p C o t g a n d ~ ~ h ; p ~  
new l i  of sorghum usetiII to c0mnaci.l brrcdao ad 
sad wmprnies for both marketing hybrids and &loping 
more a d v d  hybrids. Gcrmplnsm obniw!d andevllwtcd 
for misPcre to d a l l y  w t  insect p a 5  wrr 
used to combine inrat rrsimDcc with othcr fivorpble plant 
traits. Gampl.om was identified for a d v d  testing with 
rrsimoatowlenediavcDanddiserus,dwilloontrib 
utc to p m d d o n  of widely ahpai, high yielding hybrids, 
Techniques of molccullr biology am ki used to help un- 
derstand the inheritance of rrsimDcc to greenhug. M t s  
from molccukr mapping of sorghum uc being used in 
marlra-~~~istcd mlcction studies for grccnhg resistance 
and post-tlowaiog drought tolaamx. 

MTSORMiLhs baa working simx the mid-1980's to 
help Niga dcvelop a hybrid seed k h t r y .  Begking with 
iniW upmimenu with hybrid raghum in thc 1980s. 
INTSORMIL scientists of N i p a d  the United SPtn h v c  
coll.bontivcly developed a hybrid sorghum, NAD-I, 
which is well adapted a cooditio~ in Niger, yields higher 
than most 1 4  vuicties and hr r a p P b l e  qualities f a  
consumas. FoUouring a hybrid saghum nod millel worL- 
shop held by MRAN, lNTSORMIL and ICRlSAT in 
N i  in 1998, our private-sector pPrmas in Niger, with 
tbc eoopastioo and support of tbc plblic sector, h v e  madc 
significant progress in thc production and sale of NAD-I 
hybrid swgbn seaL INRAN d tbc Co~owmmnt o f N i p  
uc lrupportive of thir private rad sector activity. NAD-l 

SN.enlU.S.ocedeomplniesmnowpoducinlsdof 
brown midrib sorghum sudmps ammrci.ltr. Tbe rn 
spew of li& poduccrs hs heen aal*nt & to im- 
pmveddigcdiity d sigaifhndy inprovrdpLnbility. 
Dairy farmers uc thc fvrt to see thc bcncfio oftbc impwcd 
nutritional quality in iaacrrcd milk pdvA00. Tbac am 
rpproximucly five million a a t s  of sagInan shnpss in 
tbcunitalsotautbcprrwt*ccmpusdwidlniaC 

by Dr. Issoufw K.PIII h Niga. Th d u e  of farge in 
WcrtA6iaishigltdthcrcbachr&rbDIopof  
higbqurlityfmee,whichwcklievecanbcp.rpi.lly.uC- 
viucd by browD midrib sorghum shnpss hybridr To 
d u e , t h c r r h u ~ a t c a r i v e c u h i n t i m o f b o w ~  
~ b y t m i & 3 i n R L i . p n . n d i n u * n c ~ r m n t r i a  



Introduction 

INTSORMIL collaborative research is proving useful to 
sorghum breeders worldwide. The use of DNA-based mark- 
ers for genetic analysis and manipulation of important agro- 
nomic traits is becoming increasingly useful in plant 
breeding. In a recent study, 190 sorghum accessions from 
the five major cultivated races, namely bicolor, guinea. 
caudatum, kafir, and duma, were sampled from the world 
collection maintained by ICRISAT. Genetic variation was 
detectedusing RAPD primers. Only 13% of the total genetic 
variation was attributable to divergence across regions, but 
South African germplasm exhibited the least amount of ge- 
netic diversity, while the genetic diversity within the West 
African, Central African, East African and Middle Eastern 
regions was high among the 190 samples from the world 
collection. This research showed that molecular markers 
can be used to help identify suitable germplasm for 
introgression into breeding stocks. Selecting the most diver- 
gent accessions for introgression may increase the probabil- 
ity of extracting suitable inbred lines to improve the yields 
of varieties and hybrids. 

Producing improved seed that seed companies and farm- 
ers can use, INTSORMIL researchers in developing coun- 
tries and the United States have collaborated to develop 
improved, high yielding varieties and hybrids. Progeny 
were identified that combine several needed favorable traits 
into a single genotype. Advanced selections are being eval- 
uated using on-farm trials to measure performance. As re- 
search continues to generate new technology, the 
importanceof testing on-farm, and soliciting producer input 
on research activities will increase. Technology-in this 
case, improved germplasm-developed by INTSORMIL has 
been adopted by private industry and used in hybrid produc- 
tion and breeding programs. Impact assessment studies 
have consistently shown a high rate of return on investment 
tiurn research conducted by this project. 

In pearl millet breeding, in the fmt  year ofthe project for 
the cytoplasdgenotype crosses INTSORMIL was able to 
obtain consistent results from Niger, India and the USA. 
The grain yields of the population hybrids compared to their 
land race parents were similar to what was expected. How- 
ever,the lower-than-expected yields due to non-adaptabil- 
ity of the population hybrids in the locations tested was 
unexpected. In the future, the collaborative research of 
INTSORMIL millet breeders will need to produce popula- 
tion hybrids among locally adapted genotypes. The princi- 
pal investigator doing pearl millet breeding in Georgia has 
decided to maximize impact by having visiting scientists 
spend time with h i  during the pollinating season. The visit 
from Moussa Sanogo was beneficial for him and he will get 
a publication in the International Sorghum and Millet 
Newsletter from the visit. 

Good progress was made in achieving the objectives of 
INTSORMIL's project for germplasm enhancement for re- 
sistance to pathogens and drought and increased genetic di- 
versity (TAM-222). The Mali Collection effort was 
essentially completedand some very unique elite-appearing 

exotic cultivars were identified. Broad-based germplasm 
development and distribution continued and showed prom- 
ise in Mali, Nicaragua, El Salvador. Zambia, and South Af- 
rica. A good portion of the PI'S time is devoted to 
evaluating, identifying, and deciding which germplasm 
lines and parental lines to release and how to release various 
materials. A larger number of releases is anticipated this 
next year. 

INTSORMIL's project for germplasm enhancement for 
resistance to insects and improved efficiency for sustainable 
agricultural systems (TAM-223) progressed in all research 
areas. Germplasm was obtained and evaluated for resis- 
tance to economically important insect pests. Selections 
were made to combine insect resistance with other favor- 
able plant traits. Germplasm was identified for advanced 
testing with resistance to selected insects and diseases that 
will contribute to production of widely adapted, high yield- 
ing hybrids. Results from molecular mapping are currently 
used in marker-assisted selection studies for greenbug resis- 
tance and post-flowering drought tolerance. Collaboration 
with LDC scientists resulted in progress to develop im- 
proved, high-yielding varieties or hybrids. Progeny were 
identified that combine several favorable traits into a single 
genotype. Advanced selections are being evaluated by 
on-farm trials to measure performance. As research contin- 
ues to generate new technology. the importance of testing 
on-farm and soliciting producer input on research activities 
is increasing. 

During the life of TAM-223, significant research objec- 
tive progress has been achieved. Technology (germplasm) 
developed by this project has been adopted by private indus- 
hy and used in hybrid production or breeding programs. 
Collaboration has recently been established with research 
programs in Nicaragua, El Salvador, and Southern Africa 
(South Africa, Botswana, Zambia, and Mozambique). Im- 
pact assessment studies have consistently showna high rate 
of return on investment from research conducted by this 
project. 

Sustainable Production Systems 

In West Africa, INTSORMIL's main collaborative 
agronomy research activities have been focused in Mali and 
Niger. However, a memorandum of understanding was 
signed in 1999 with IN.E.R.A., the NARS of Burkina Faso, 
and collaborative research was initiated in Burkina Faso. 
INTSORMIL also participates in the West and Central Afri- 
can Sorghum and Millet Research Networks. In research 
conducted during the past four years, it was determined that 
high-yielding grain sorghum genotypes that are tall or have 
high vertical leaf area distribution can be morecompetitive 
with weeds and, therefore, be a usefir1 component of inte- 
grated weed management programs. Studies on manage- 
ment of late-maturing Maiwa pearl millet in southern Niger 
were initiated. Because this variety of pearl millet tillers 
profusely, it provides a unique opportunity to integrate grain 
production for human consumption and forage production 



to support tivcstoct Initial redB mst tiUm can k hr- 
vested 65 to 85 days .Aa planting for us u livestock fccd 
witbout rrduci grain a stover yield point to developaeat 
of a more economically mvardingnopping synan for mil- 
I* hmKn in the Sabel. 

This project has tan atrrmcly poduftive in graduate 
education of West African m l l r b o n ~ g  scientists; agm 
nomic rescad which hs led to plblication in scientific 
joumrls. the publication of extension bulletins, and the 
aansfcrof improvedpractices to pearl millet pmduarr; and 
strengtbming the activities of the WeJt and Cenw) Africa 
Pearl Millet Research Network h the USA. tk project has 
d o c u w n t e d t b e p o ~ ~ f o r p a r l m i l l a u a ~ g n i n a o p  
in tk Grat PLpins and developed pohrtion pMia rcc- 
ommcodptio~g for planting datc. row spacing, and nitrogen 
f d i  applieotioa During the pprt year, ~oearch activi- 
tiesbsveup.ndedfromWcJtAfiicamCeaorlAmuica 
The pending mags of the W W  and Cenw) Africa Pearl 
Millet and Chin Sorghum Research NSW& has potential 
to enhance project activities. Nebraska ~oearch on parl 
milkt is x v m l y  cmmaioed by the lack of a parl millet 
brredingprogram in the G m t  Plain$, and the lack of private 
sector invcsm~nt in developing pearl millet as an alternate 
grain Emp. 

INTSORMIL's project onnutrient efficiaicy in sorghum 
and pearl millet completed Mivities in all countries 8s 

planned. On-farm trials successfully demolumted the 
value of using new hybrids, inorganic fertilizer and tied 
ridges to w m e  moisture which is mw being adopted in 
catain regions of Niga. Contaas were made betwear 
NARS sciemLts inGhna, Mali and Niger and WVI penw- 
nci as expedited by tbe UNL-214 PI. Collabontioo b*wan 
and amoag these individuals sbould d t  in grcata efi- 
cicncy for extending am technology. The underlying phys- 
iological mshaairm for NUE was d c t d i  to k a key 
enzyme in the photoJynthcsis puhway. This discovery was 
publisbcd in a majorjourml. 

h tbe project, Eumomic and Subtubility Evaluuion 
of New Teebmlogies in Soqbm UKI MiUa Roduclion in 
m R u a  ~ior i ty  countries (PRF-20s). tbc SCW+ 

and Mali repom for tbe lhrcccolmtry study ofthc potential 
impacts from am technologies and supporting policies 
weat fomplc~~I. The final tqmi on Niger is well advanced 
and will k completed in a r ly  2002. This Niga pmjm has 
been putially nrpportcd by ICRISAT. Tbe hmwr k i -  
sion-makingmadtlwastkpwrmtgthacduucowr- 
tries and th technologies similar so the mmp&ison and 
comast will k inmmive. Tbis fidd -h is on scbed- 
u lewiththery~lhaiof the~counnyRsul ts~wt in  
2002. 

Tbc tw*volume. sixcwnny rmdy of tbc polential of 
am dryland techologies in tbe Hom hs t a n  published 
and dishiicd A worLsbop on tbac d t s  will be held in 
the fall of 2001. F i g  this mpon was delayed u key 
p e ~ n n e l  were not allowed into the S u b  and tbe time 

W i t c h w c a k ( S a ~ r p p . ) m z ~ p a d t * w c c d r o f  
@ i l i c u u ~ c i m p a p l r c . C c m d ~ a ~  
8bkmd.tehavebccncoQlymdbymdtbc-of- 
m in dcwloping wunaies. Wbik a m k i h g  IMI.l 
c o n r m l m a s u r e s n u y b e n m s ~ r y t o ~ g r i g s ~ ~ o p  
l o s v r t o s m ' g a a n k e f f a t i ~ l y  " ' 4- 
bon-plant mirpoce. h the lKlSORMIL pojsS Sbig, 
B ' i h w l o g y  Develcprwru and TccbDdgy T& 
(PRF-Z13).tkpdhrbccn toapb i t themiqd ikcyck  
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have been developed and strengthened. Training of NARS 
scientists is an important component of INTSORMIL's 
Striga mearch and development effort. Seed supply is 
likely to be a bottleneck in efforts to promote an expanded 
cultivation of these varieties. However, INTSORMIL re- 
ceived additional support in Year 22 to cooperate with the 
NARS of Ethiopia to organize and deliver a sorghum pro- 
duction technology package inStriga-affected areas in Ethi- 
opia. This technology project will include multiplication of 
well-adapted, Striga-resistant sorghum, acquisition and 
packaging of fertilizer, production of plows to make tied 
ridges, training of trainers, and, finally delivery of the seed, 
fertilizer, plows and training to farmers. 

INTSORMIL's project on agroecology and biotechnol- 
ogy of fungal pathogens of sorghum and millet from the 
Greater Horn of Africa (KSU-210) has changed its geo- 
graphic focus to Central America. A short course was con- 
ducted at Kansas State for two scientist collaborators, ings. 
Reina G m a n  and Sergio Pichardo. The laboratories in the 
host countries are k ing  updated very slowly and much im- 
provement remains as El Salvador and Nicaragua were in- 
volved in political strife for nearly twenty years. The 
objectives of the collaborative project are on schedule as 
were initially planned. 

Sorghum and maize are important grain crops for human 
consumption and animal feed in developing countries in 
Central America. The cmps are damaged each year by soil 
inhabiting insects, stem borers, caterpillar defoliators, and 
panicle feeding insects that contribute to reduced yields of 
both cmps on fams 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 
annually cause extreme damage to the crops. Research in 
Honduras in 2000 resulted in partial explanation for differ- 
ences in occurrence ofthe principal insect pest constraints to 
sorghum and maize production in contrasted hillside and 
coastal plain production systems. The limited success was 
due to the harsh environmental conditions experienced in 
the experimental areas. The damage to both crops and ulti- 
mately the complete sorghum crop destruction limited or 
prevented yield measurements for the experimental treat- 
ments. Nevertheless, the information obtained in 2000 on 
the influence of soil moisture on termination of diapause 
(dormant stage of pupae) and survivorship of this immature 
stage will benefit the development of integrated insect pest 
management programs for this region. Studies in the USA to 
better defme the economic threshold of fall armyworm and 
sorghum midge on sorghum will assist farmers in deci- 
sion-making regarding the application of insecticides to 
control these pests. 

In INTSORMIL's project on agroecology and biotech- 
nology of stalk rot pathogens of sorghum and millet 
(KSU-210A), collaborating investigators have collected 
important new populations of Fusarium, and new species 
have been identified. Some of these species are now being 
used in field tests on sorghum to determine their relative 

pathogenicity, primarily for stalk rot. Plans for cwpa t ive  
work on grain mold of both millet and sorghum are being 
developed. Molecular diagnostic tools have been developed 
and should speed diagnoses. Studies of mycotoxin produc- 
tion at a relatively gross level have been completed, but de- 
tails of the genetics, physiology and environmental 
parameters that control their synthesis under field condi- 
tions need further attention. Present results indicate that spe- 
cies identification may be critical in estimating the risks 
posed by mycotoxins, and that many of the Fusarium spe- 
cies common on sorghum do not make high levels of many 
of the common mycotoxins. The development of the Scim- 
tific Writing and Fusarium Laboratory workshops were not 
a part of the original planned activities, but have been very 
successful outreach efforts that will be continued. The Sci- 
entific Writing and Fusarium Laboratory workshops serve 
as interdisciplinary venues for scientists in developed and 
developing countries that work on various cmps to ex- 
change information and to interact withone another in anin- 
formal setting. 

Investigators ofpmject KSU-2 10A have also been carry- 
ing out systematic strain collection and strain identification; 
their development of AFLPs as a means to distinguish spe- 
cies should accelerate this process. This research team plans 
to purchase equipment to automate much of this process 
during the coming year. The Principal Investigator will be 
on sabbatical from January - August 2002, and work while 
he is gone will focus on the continuing characterization of 
existing collections. He will attempt to add larger collec- 
tions from pearl millet from West Africa during September 
2001, to augment the rather meager existing collections in 
this area and to provide enough material for mycotoxin 
analyses of grain-mold contaminated pearl millet. 

Toxicology work now requires a collaborator who can 
test the effects of toxins in commercial animal feeds and 
who can model their effects in laboratory systems, using hu- 
man and animal cell lines as models. Screening of grain for 
these toxins needs to be done to determine relative levels of 
these toxins in animal and human food supplies. 

The INTSORMIL project on insect pest management 
strategies for sustainable sorghum production (TAM-225) 
was completed, and two graduate students who had begun 
their graduate studies with the Principal Investigator con- 
tinue to be supported aRer his retirement and until they grad- 
uate. Both are doing research on aspects of the biology of 
greenbug, an economically important insect pest of sor- 
ghum. One of the students is studying genetic diversity in 
natural populations of greenbug for her dissertation re- 
search. She has been conducting phylogenaic analyses of 
three mitochondrial (mtDNA) gene fragments to determine 
evolutionary relationships among biotypcs and greenbug 
individuals collected from the field. Other techniques wem 
used to assess genetic diversity in natural populations of 
greenhugs from the field. This study helps confirm the be- 
lief that greenbug biotypes have not shared maternal lineage 
within thepast 0.3-0.6million years. Theothergraduatestu- 
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Introduction 

The activities of TAM-226 in Honduras, El Salvadorand 
Southern Africa arc top priority. The new emphasis on food 
science and technology at EAP in Honduras was encourag- 
ing, however,they currently seemdisinterestedin meaning- 
ful collaboration. The opportunity to develop a more 
comprehensive program in El Salvador and Honduras is 
challenging. 

In Africa, the inability to produce large quantities of 
N'Tenimissa of good pure quality in Mali followed by 
meaningful demonstrations of its worth to industry has been 
disappointing. The overall morale of IER personnel has, 
however, improved, and production of a concentrated sor- 
ghum-based drink and 100% sorghum cookies are encour- 
aging developments. Implementing value-added 
processing may still occur. Research activities at the Uni- 
versity of Pretoria in South Africa continue. The chance to 
interact with a good cadre of Southern and East African stu- 
dentsat University of Pretoria is a unique opportunity. The 
departure of Dr. Trust Beta from the University of Zimba- 
bwe is a setback. 

The uncertainty of funding from year to year inhibits 
commitments to graduate training. Inflation has eroded 
away much of our graduate training capabilities. The con- 
tinued success of our projects is due to our access to 
Non-INTSORMIL supported projects in breeding (W.L. 
Bill Rooney) and pain mold research (R.D. Waniska). Our 
ability to attract additional financial support for the work 
has allowed continued productivity. The funds from 
INTSORMIL have relatively little buying power since we 
have about the same number of total dollars we had 20 years 
ago. 

Millet research has been minimized as funds from 
INTSORMIL decrease in actual buying power. Millet is not 
a crop in Texas and leveraged funds of INTSORMIL scien- 
tists in Texas from other sources arc all for sorghum re- 
search. Overall, INTSORMIL scientists are quite 
productive, but cannot do everything that is required be- 
cause of lack of funds. 

Future Directions 

Based on its achievements, the INTSORMIL team is 
well positioned to contribute even more 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 con- 
straints to production and utilization of sorghum and millet 
to the mutual benefit ofdevelopingcountries and the United 
States. Advances in sorghum and millet research over 
MTSORMIL's first 22 years and the training of sorghum 
and millet scientists by INTSORMIL in the United States, 
Africa and Central America now enable scientists from de- 
veloping countries and the United States to jointly plan and 
execute mutually beneficial collaborative research. These 
collaborative relationships are keys to MTSORMIL's sw- 
cess and will continue as fundamental approaches to meet- 
ing the MTSORMIL mission. In the future, INTSORMIL 
will target NARS collaborative ties that reflect regional 
needs for sorghum andlor millet production. These ties are 
in the sorghum and millet agroecological zones of western, 
eastern, and southern Africa, and Central America. By con- 
centrating collaboration in selected sites, INTSORMIL 
optimizes its resources, builds a finite scientific capability 
on sorghum and millet, and creates technological and hu- 
man capital that have a sustainable and global impact. 

In the past, INTSORMIL focused a major part of its r e  
sources on graduate student training and generating re- 
search particularly useful within the scientific community. 
The INTSORMIL agenda for the future continues to include 
graduate student training and generation of scientific 
knowledge and information to scientists, but will be more 
focused and directed toward users of the technology gener- 
ated by INTSORMIL research. Future strategies of 
INTSORMIL will maintain INTSORMIL's currcnt, highly 
productive momentum, build on its record of success, and 
accomplish a new set of goals. MTSORMIL's global strat- 
egy for 2001-2006 is intended to contribute to the shift of 
sorghum and pearl millet from subsistence crops to 
value-added, cash crops, and proposes to produce scientific 
knowledge and technologies to: contribute to economic 
growth, improve nutrition, increase yield, and impmve in- 
stitutional capability to meet global, regional and national 
needs. 
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FY 2001 INTSORMIL Source of Funding 
July 1,2000 - June 30,2001 
Total Year 22 - $5,660,533 

Breakdown of Buy-Ins 
$1,701,671 



FY 2001 INTSORMIL Budget Analysis 
Year 22 - July 1,2000 -June 30, U)01 

Functional - $2,700,000 

By Region 

By Line Item 



FY 2001 INTSORMIL Technical Budget Analysis 
Year 22 - July 1,2000 - June 30,2001 

$1,845,000 

I Plant pmtectlon I 
Germplum Enhancemeat PmdocaDa Sptema 

Technical Thrusts - By Percentage 

Crops - By Percentage 



Table 1. USAID-Gmnt ewtributioo to SorghPlmlMilkt CRSP for dl e d L b o r r t i ~ ~  rrsarcb UNI 

TaMe2. khagemmt ht i ty  office budget details for Y a n  I (FY %O) throclm 22 (FY 2001). 
I Y e u s  1-21 I Yar 22 I T d  1 



Table 4a. USAID grant contribution to SorghumiMilet CRSP for all collaborative research for 
participating institutions. Year 22 (FY 2001) July 1,2000 - June 30,2001. USAID Grant 
LAG-G-00-96-90009-00. 

IL 
- 

Salay* 

Equipment 

Travel 

ODC 

lndimt Costs 

Table 4b. USAlD grant contribution to SorgbudMilet CRSP for all collaborative research for 
special projects, regional projects and the management entity. Year 22 (FY 2001) July 1, 
2000 - June 30,2001. USAID Grant LAG-G-00-96-90009-00. 

TOM I s 70,000 

Institutional 
ME special Management Totals from 

S 26.615 

13,308 

6,594 

23.483 

KS 

*Academic, Post Doc, Technical Staff, Graduate Stipends, and hourly staff, 

s l 00 ,W I $75,000 I $165,000 1 $620,500 1 $395,OOO 

NE MS 

$ 39,316 

2.000 

23,304 

8.488 

26.892 

$70,000 1 $lp)s,500 

Equipment 

Travel 

ODC 

Indirect Costs 

Total 

PR 

5 32,927 

3,858 

13,800 

3,550 

20.865 

16,000 

93.485 

87,968 

*Academic, Post Doc, Technical Staff, Graduate Stipends. and hourly staff. 

S 215,000 

TX 

$50,416 

23,000 

21,000 

34,917 

35.667 

46.500 

78,600 

156,100 

$349,500 

USDA 

$221,393 

3.500 

78.684 

136.730 

180,193 

1.500 

55.000 

39,000 

Inst 
Total 

191,180 

$640,000 

$ 152.977 

11.176 

58,200 

61,453 

111.194 

43,534 

212,296 

259,222 

107.534 

439,381 

542.290 

404.654 

$ 1,495,000 

$52.150 

4,WO 

7,490 

6.360 

595.834 

$2,700,000 

$575.794 

43.534 

212,296 

259.222 

404.654 



Year 22 Degree Education 
INTSORMIL gives high priority tocduating host mu-  

try scientists wbo will have major rcsponsibiiities for sor- 
g h u m a o d m i l l a d i n t h e i h o m ~ ~ t ~ t r i e s .  Education 
is also provided for young U.S. xientigtg who plan for a- 
m in inteanational developmot w o k  

Tbc most frequently uxd mode of educational activities 
i s ~ ~ f o r . d v a o c c d ~ w i t h t h e s t u d e n 5 '  
resean:h fwming aa integral pert of an INTSORMIL pmj- 
at During the year covered by this rrpol~ 33 students &om 
17 diffamt countries wac cnroucd in an INTSORMIL ad- 
vaaccddegrapgram.Appmximatcly S I % o f d ~ ~ ~ s t u -  
dm6 come from countries othu ber the USA which sbom 
tbc emphasis placed on bost country innitutional develop 
ment (Figure I). 

INTSORMIL also plsccs a high priority on educating 
women which is reflected in Figure 2. In 200&2001,27Y.of 
all INTSORMIL gradutc participants were female. Thir- 
tan o f k  33 studcots m i v e d  full INTSORMIl. scholar- 

AU33studcllls.vaLsddhsdtyaritbINISORMU.piP 
c i p d i n ~ c s b ' e u o n ~ I N T s O R M U . p r o j & e ~ ~  
dmtsarr~Ucdingnb.tc~insix.d~kipiimr y - sgnmomy. brreding, *logy. -logy. fond 
quplity, and aooomics. 



Educational Activities 

Year 22 INTSORMIL Degree 
Training Participants 

July 1,2000 -June 30,2001 

Name Countw Univ. Discipline Advisor Degree Gender Funding 
Re- Teshome Ethiopm UNL AgmdPhysiol Maranville PHD M P 
KaIhol, Delon US. UNL MSC 

PHD 
MSC 

PHD 
PHD 
MSC 
PHD 
MSC 
PHD 
MSC 

MSC 
PHD 
PHD 
MSC 

PHD 
PHD 
MSC 
PHD 

PHD 
MSC 
MSC 
MSC 
MSC 
PHD 
PHD 
MSC 
MSC 
MSC 

PHD 
PHD 
PHD 

Mason 
Mason 
Mason 

Maman, Noun 
Scibou, Pale 

Niger 
Burkina F ~ J O  

UNL 
UNL 

PRF 
PRF 
PRF 
PRF 
PRF 
n u  
TN 

PRF 
PRF 
P W  
PRF 

TAM 
TAM 
MSU 
MSU 

PRF 
PRF 
PRF 
PRF 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 

KSU 
KSU 
TAM 

Nduulu. Lsxingfons 
Ellicon Alexis 
Gunmrm. Nilupa 
Mohammed, Abdalla 
Phillips, Felicia 
Coulibaly, Sidi Bekayo 
Teme, Ninbn 

Kenya 
U.S. 

Breeding 
GeneticsiBReding 
Breeding 
Breeding 
Breedina 
B d i n g  
breed in^ 

Axtell 
Eieta 
Eieta 
Eieta 
Eicta 
RosenowPeterson 
Rarenow 

US. 
Sudan 
US. 
Mali 
Mali 

Amte .  Victor 
Kadanga, Hamvnan 
Tshimu, AMoulaye 
Wubeneh, Nega G. 

Ghana 
B w k i i  Feu, 
Niger 
Ethiopia 

Economics 
Economies 
Economics 
EMlomics 

Sanders 
Sanders 
Sanders 
Sanders 

G m a .  Roberto Luis 
J e n w .  Andrea 
Cnnillo, Mario 
Johnmn, Zeledon 

us. 
U.S. 

Entomology 
Entomology 
Entomology 
Entomology 

PelersodTcdes 
Toetcs 
Pihe 
Pihc 

Argentina 
Nicmgus 

B u w u .  Betry 
Maladen. Michelle 
Mix. Nsdsge 
Suhmdra, Budhi 
Awika, Joseph MobuN 
Awikq J-h Mobulu 
B u m .  Francisco (lavier) 
Won, Leiah AM 
Mibc-Disre. Marcelo 
Zelayq Nolvis 

Kenya 
India 
France 
Indonesia 
Kenya 
Kenya 
Honduras 
US. 
Mexico 
Honduras 

Food QulityNtil 
F w d  OualityNtil 
Food QualilyNtil 
Food QualityNIil 

Hnmaker 
Hnmaker 
Hamaker 
Hamakcr 
RooneynVaniska 
RmncynVmiska 
RooneynVaniska 
Rooney 
Rmney 
RooneynVaniska 

Fwd QualityNtil 
Food QulityNtil 
Fwd OualitVNtil 

~ ~ 

Food ~ I i I y N t i l  
Food OualityNtil 
Food QualityNtil 

Colombia 
Egypt 
Niger 

P~lhalogy 
Pathology 
Patholow 

Claflin 
Leslie 
Frederiksen - 

Montes. Noe Mexico TAM ~atholo& Odvadvllsalreit PHD M P 

I = Completely bded by INTSORMIL 
P = Partially Wed by KWSOP.MIL 
IC = InterCRSP Funding 

KSU = Kpaus State Univcnity 
MSU= Mississippi State University 
PRF = Furdue University 
TAM- Texas ABM Universk 
TIZI = Texas Tech University 
UNL- University of Nebrarka - Lincoln 



Year 22 INTSORMIL Non-Degree 
Educational Activities 

July 1,2000 - June 30,2001 
- 

Name Coonby Univ. D M d i n e  Advbor Acthim Gedcr Fudi.r 
Grsola. Cenlc F R K ~  PRF ~ ~ P b V r r o b a V  Elm VS F P 
w~mct U S  PRF be- aka EI- m M I 

Moaamk Michcl Bmwrm USDA HP~. VS M I 
bw. M w  Mali USDA Ham VS M I 
Terns N h  Mali TAM B- Ropacn. VS M P 
Tom. Aboubrv Mali TAM BrrodnU R- VS M I 

Aboubru. Adun N i p  PRF FmdQIUIityNhl H.rmta FTJ M P 
H ~ n m  Fidclia ElLlnda TAM FmdQIUIifylLlbl R o o D c ~ N Y U ~ L ~  VS F I 

KSU 
KSU 
KSU 
KSU 
KSU 
KSU 
KSU 
KSU 
I(SU 

Year 22 Conference/Worksbop Activities 
July 1,2000 - June 30,2002 



ARS-204 

KSU310A 

KSU-210B 

PRF-205 

PRF-209 

PRF-212 

PRF-213 

TAM-222 

TAM-2'23 

TAM-226 

TAM-228 

UNL-213 

UNL-214 

Management 

INTSORMIL Buyins - N 2001 

University of Georgia 

Kansas Agricultural Experiment Station 
IIERTSAID (Cairo 
USDA-National Scab Research Initiative 
USAID (Cairo) ATUT Program 
American Society for Microbiology 
USDA-National Scab Research Initiative 
USDA - National Scab Research Initiative 

USDAIARS 
North Central Region 
Kansas Agricultural Experiment Station 
Pioneer Hybrid International 

USAIDIAfricalSD 
University of Hawaii 

Winrock International 
McKnight Foundation 

Mahyco Research Foundation 
Pacific Seeds R y  Ltd. 

Rockefeller Foundation 
USAIDflCRISAT 

Sorghum Biotech Partnership 
USDA-ARS 
National Grain Sorghum Producers 
Rockefeller Foundation (Mali - West Africa Project) 

PROFIT Initiative (TAES) 
PROFIT Initiative (TAES) 

Hatch H-6789 
Hatch H-7 134, NC-2 13 
Texas Grain Sorghum Producers Board 
Texas Higher EducatiodATP 
PROFIT Initiative (TAES) 
PROFIT Initiative (TAES) 

USDA-ARS 

Anna Elliott Foundation 
University of Nebraska 

Pioneer Hybrid International 

USAIDIMozambique Training Grant 

Total Buyias -July 1,2000 to June 30,2001- N 01 - Year 22 



INTSORMIL Sponsored and 
Co-Sponsored Workshops 1979 - 2001 
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