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Introduction and 
Program Overview 

Presently, worldwide, more than 800 million people do 
not geI enough to eat or have access to a balanced diet to be 
healthy. At h e  World Food Summit in 19%. the United 
StatcsofAmerica(USA)and 185 o h  wunuia pledged to 
reduce the number of malnourished people by one half by 
201 5. It is shaking mat about 33% of preschoal childrm in 
developing wunaia will be stunted due to malnutrition by 
me year 2000. The number of stunted children in Africa 
alone has i n d  significmUy from 35 million in 1980 to 
45 millim in 1995 and is predicted to reach 49 million in 
2005.Incrrasc.d produaion of cereals, which art crucial 
sources of food cnagy and other nutrients, is mcersary to 
reduce world hunger. 

Sorghum and milkt areiwo major cereal grains. particu- 
larly in semi-arid regions. In 1599.65.8 million tons of sor- 
ghum wae produced worldwide, ofwhich 19.7 million tons 
were produccd in A 6 i q  mainly for dhM coasumptim by 
humans, and 14.7 million tcns were p d u d  in the USA, 
mainly for livestock f a d  to produce meat for human cop 
sumption. In IIK cmp year 1997-1998, the USA orporred 
5.3 million tms of grain sorghum mainly for livestock fee4 
and in 1998, US. grain sorghum expom were wonh $53 I 
million. L a r g e a m  a n  planted to sorghum each ycar. For 
example, in 1999, raghum war produad on 44.8 million 
hectares (ha, or 173,036 square miles, [sq mi]) worldwidc 
23 m i l l i  ha (88,728 sq mi) in Africa, and 3.4 millim ha 
(13,278 sqmi) in theUSA. About 500millionpwpkworld- 
wide depmd upon &urn for food and most of thew peo- 
ple are in developing countries whae  droughts and famine 
are -on occurmecs. Clearly, sorghum produdion and 
itsutilintionar fOOdandftcdamvitally importantu,devel- 
oping muntrics and to Ute USA. 

Millets, which include sevaal ryps such ar pearl miller, 
finger milkt and prom millet arc cacal cmpr even more 
well adapted toarid cccsyncms than is sorghum. Pearl mil- 
ler, like sorghum. is a staple for 500 million pwpk world- 
wide. Most of these people are in countries where 
malnourishment is a pasistent problem In 1999.372 mil- 
lion ha (143,793 sq mi) of mill& w a e  htrvestcd world- 
wide, of which 19.7 million ha (76.170 sq mi) were 
harvested in Africa, and 120,000 ha (463 sq mi) w a e  har- 
vested in the USA. In 1999, the amamt of millets hmvatcd 
worldwide was 29 million ams, of which 12.9 million tons 
were harvcsad in Africa and 180 thoucard toas wac har- 
vested in the USA. Millm are crops used mainl) f a  dirccI 
consumption by humans in developing cmmes ,  and the 
millets arc wd mainly for f a d i g  livestock particularly 
pouhy, in developed countries. Pearl millet is an imponant 
cereal crop which pmvides food energy and o h  nuuiena 
to hundreds of millicns of people in arras which cumntly 
suffer from matnuuitioo, particularly Africa and southern 

Asia. TheUSA and all ~ p a r d c ~  in h e  World Food 
Ccmfemce have a stake in pmmoring the pmductim and 
utilization of pcarl milla to help end hunger. panicuLrty in 
A6iea 

In Octoba, 1999. the hmmiaml Food Policy ReKlrch 
lnsIinne(IFpRDdthatinbothdevcl0pcdanddmlop 
ins wunbies. the rate of incrwsc in anal yields is slowing 
from rhe days of the Green Rcwlmim partly d w  to re- 
duced uw of inputs like f d l i  and partly due to low kv- 
els of invahnmt in agriculMal msearch and ICCIIOOIO~~. In 
World Food Prcspec~c: Critical lsrves for tk Early 
Tw~y-Firsf  Cermry, lFPW poinn an that 'without sub- 
a g l t i a l a a d s u s t a i n e d a d d i t k d m v e s a a c m b ~  
rrseareh and associated faaas. it will karw more md 
more difficuh to maintain kt alone h-casc, caal yields 
in the longer tam. The gap in avsage c m d  yields behwm 
rhe developed and developing cormbies is slowly bcgimiug 
m narrow. but it is widening wnsiduably withia dK dcvcl- 
oping ward as Sub-Saharan Africa l a g  funband hr&a 
behind thcotherregiau...." 

Agricultural m e a d  pwides b a v h  ila mly to p m  
d u c e n o f a g r i c u ~ p u d u c D b u t ~ t o p o a s s a s d  
conarmm of agriculrural pmduco. A@iadmaI d 
has provm itself contiauowsly ar providing impo-k 
which yield p r o Q l c o o f g r r a s ~ m d ~ i t y . a s  well 
as improved hcalth to cwaoncn a d  brord-bsred cca- 
nanicgmwthwhicbgocsbyordpahrcnodmaarm- 
as. In h e  U.S. Action Plan on Food Searrity -Soluriom to 
Hmp, published m Mach 1999. the United Slam gov- 
errnnent sates that one of the ways tbP me USA plms to 
unbitutc to me global efhm to rcdncc hmger is by the 
USA's continubag fommiaDQt to suppat - 1 . g  
ricultural research through tkColLbaative R e s a d  Sup 
pofi pwPn= 

The Cdkbontive Racacb Sllpport Rogm (CRSP) 
m c c p  was crearsd by the US. for Ln- 
h l ~  (USAID) and lk Boad fa h c n l d X d  
Food and A@athm Dcvdapnat (BIFAD), lmda the 
auspices of T i  XI1 of the Facign Asbtmcc Aa. as a 
bng- tam rneebmism to mobilize the U.S. lad g m  mi- 
versifies in the iracmaiooal food & rgricumaal d 
mmbatc of the U.S. government The CRSR rrermmlmi- 
ties 0fU.S. ladgnntmiKnitiesworkingwitbUSUDmd 
oIhcr US. fedaal agencies. dcvclopii country NatioDal 
A@cultunl Raevch Systems WARS), developing cam- 
try colleges and uniwnitier I n ~ o n a l  Apriarlhual Re- 
seadl centas (IARCS), pivsn agalcics, indlwy. and 
private voluntary organiratiom (PVOS). The soqJl11111 and 
Millet Collabodve Research Suppar P m g m  is m u  of 
eight CRSh cunmtly in opaation. 

PRMOUS PAGE BIANK 
7 



Introduction and Program Overview 

The Sorghum and Millet Collaborative Research Sup- millet is also becoming an important feed source in poultry 
port P r o m  (INTSORMIL CRSP) conducts collaborative feeds in the southeastern USA. Improved varieties and hy- 
research using parmenhips between U.S. university scien- brids ofpearl millet, like improved lines of sorghum, can be 
tists and scientists of the NARS, IARCs, PVOs and other grown in developingcountries, as well as theUSA, and have 
CRSPs. INTSORMIL is programmatically organized for great potential for processing into high-value food products 
efficient and effective operation and captures most of the which can be sold in villages and urban markets, competing 
public research expertiseon sorghum and pearl millet in the successfully with imported wheat and rice products. These 
USA. TheINTSORMILmission is to usecollaborativere- developments are results of the training and collaborative, 
search as a mechanism to develop human and institu- 
tional research capubillles to overcome constraints to 
sorghum and miUetproduction and utilization for the mu- 
fuol benefit of agriculture in the UnitedStares of America 
m d  Less Developed Countrips (LDCs). Collaborating sci- 
entists inNARS developing countries and the USA jointly 
plan and execute research that mutually benefits all partici- 
paring countries, including the USA. 

INTSORMIL rakes a regional approach to sorghum and 
milletresearchin western, southern, and eastern Africa, and 
in Central America. MTSORMIL Wcuses resources on 
prime sites in the four regions supp&ing the general goals 
of building NARS institutional capabilities, creating human 
and technological capital to solve problems consmining 
sorghum and millet production and util ization. 
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 
Sme University, Mississippi State University, University 
of Nebraska, Purdue University, and Texas A&M Univer- 
sity. What were formerly referred to as "host" countries are 
now referred to as "collaborating" countries to indicate the 
closer and more collaborative relationships that have devel- 
oped between the USA and those countries as aresult of all 
that has been accomplished during the f m t  twenty years of 
the INTSORMIL CRSP. 

Because sorghum and millet are important food crops in 
moisture-seessedregions ofthe 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 yieldmore grain than othercereals. As wheat and 
rice products have been introduced to urban populations in 
developing countries,tmditional types of sorghum, because 
of some quality characteristics, have not been able to effec- 
tively compete with the wheat and rice products. However, 
asa result of research by INTSORMIL researchers andoth- 
ers, improved, fwd-quality sorggums produce grain that 
can be used for special ethnic and dietary products as well as 
for traditional food products. Special, white sorghums de- 
veloped by INTSORMlL 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. 
The development of foodsorghums and feed sorghums with 
improved properties such as increased digestibility and re- 
duced tannin content has contributed to sorghum becoming 
a major feed gain in the U S .  and in South America. Pearl 

international scientific research that INTSORMIL has sup- 
ported both in the USA and collaborating countries. 

Although significant advances have been made in im- 
provement and production of sorghum and millet in the re- 
gions which INTSORMIL serves, population growth rates 
continue to exceed rates of increase of cereal production ca- 
pacity. There remains an urgent need to continue the mo- 
mentum of our successes in crop improvement, improved 
processing of sorghum and millet, and strengthening the ca- 
pabilities of NARS scientists to do research on constraints 
to production and utilization of sorghum and millet. 

INTSORMIL has maintained a flexible approach to ac- 
complishing its mission. The success of the INTSORMIL 
program can be amibuted to the following strategies which 
guide the program in its research and linkages with technol- 
ogy transfer entities. 

Developing institutional and human capital: 
INTSORMIL promotes educational outcomes in col- 
laborating countries. The results include institutional 
strengthening, development of collaborative research 
networks, promoting and linking to technology trans- 
fer and dissemination infrastructure development, 
and enhancing national, regional, and global commu- 
nication linkages. A major innovaiive ospect of the 
INTSORMILfocus is to mainfrin continuing reh- 
tionshks with collaborafing country scientkts upon 
return to their research posfs in their countries. 
They become members of INTSORMIL research 
teams composed of American and NARS scientisfs 
who conducf research on applicafim of existing 
technology m d  development of new technology. 
This integrafedrelntionswprepares fhem for lead- 
ership roles in their nniional agricultural research 
systems and regionalnefworkr in which they collub- 
orate. 

Conserving biodiversity and natural resources: 
Research results of the collaborative research teams 
include development and release of enhanced 
germplasm, development and improvement of sus- 
tainable production systems, development of sustain- 
able technologies to conserve biodiversity and natural 
resources and to enhance society's quality of life and 
to enlarge the range of agricultural and environmental 
choices. Thus, INTSORMIL promotes conservation 
of millet and sorghum germplasm, natural control of 
arthropod pests and diseases of sorghum and millet, 



resourae-efficient cropping systems, integrated pest canes see& to redwe effcco of price collapse in high 
management pgams,  and cultivars with improved yield years. and to create new mforne oppammes. 
nutrient and wateruse efficiencies. INISORMIL also lNTSORMIL sociocamomic projects waam im- 
evaluates impacIs of sorghumlmillet technologies on pM and diffusion and evaluate aromaim to rapid 
natural resources and biodiversity. distribution and adoption of intmduccdimv tcchnolcr 

gia. 
Developing research smuts :  Collaboration in 
regional sites has been m e n h e d  bv usinn US. and The INISORMIL program dmcsses the continuing 
NARS multidisciplinary Gseer~h t&ns f;;cused on 
common objectives and unified plans. INTSORMIL 
scientias provide global leadership in bioteehaology 
resear& on sorghum and pearl miM. 'The output 
from these disciplinary areas of research arc linked to 
immediate resub. Molecular biology and otha tools 
ofscience integrated with mditional science will wn- 
m'bure to alleviating poduction and u t i l i n  wn- 
snaints in sorghum and pearl millet within the 
medium tam of 5 to 10 years. New technologies arc 
then extended w farmen' fields in developing wun- 
m a  and the USA through partnerships with NGOs, 
resear& nmuorlcs, extenrion services and the private 
waor. la addition, INISORMIL plays apart in initi- 
ating amsideration of economic policy and process- 
ing conmaints to increasing the comp*ib'venas of 
s&um and pearl millet as basic food staples. 

Snppolting information netnorking: INTSORMKL 
d e m p h a s i  working with arising mum 
and millet networks w promote effcuive technology 
Pansfa from research sites within the w o n  to local 
and regional institutions. Technology transfer is 
strrngmened by wntioued links with r c g i d  na- 
works, lntanational Agriculanal R d  Centers, 
and local and regiwal imitutioas. Emphasis is placed 
on strong linkages with extension services. agricul- 
tural pmduction schemes, private andpublic seed pro- 
m s .  agricultural woduct sumb busmesses, and 
&pro6tmvoluntary &mizhc& iucb as NGOs and 
PVOs, for efficient transfer of lMSORMIL gener- 
ated technologies. Each linkage is vital to develop 
ment, uansfer, and adoption of new produaion and 
utilization technologies. 

Promotingdemand driven promsa: Dmlopmmt 
of ec-ic analym for prioritizptim of march 
and fam-level indusby evalwion and development 
of sunainable food technology, processing and mar- 
keting ~yaans, are all driven by the need for nabk 
mark= for the LDC farmer. INlSORMn seeks al- 
taoate food uses and new pnmsiog technologies to 
save laborand time rcquirrdmprrp.ntiOn ofsor- 
ghum milla f a  food Rcwach poduca trPdarrd 
to the farm will seek to spur rural economic growth 
and pmvide dim economic bmefm to consumers. 
INISORMIL s e s s e s  consumpion shifts and socicr 
cwnomic policies for reducing effects of price col- 
lapses, and addresses methods for reducing 
processing for %hum and millet Research out- 

need for agricumnal poduction achndogy developnem 
for the developing worid espcially the -kid tropics. 
There is international recognition by &z world donor com- 
munity that the developing country agriculolnl resear& 
systems mUR assme ownenhipofdvirdenlopment pub 
lans and move w a r d  achieb.mg resolution of than. The 
INISORMIL program is a proven model &ax a n p w r s t h e  
NARS to develop the capaciry to amme the omTKnhrp of 
their development sadtegier while at the same time muh- 
ing in significant bmefns back to the U.S. agricumml sec- 
tor and presents a win win situation for imemtional 
agricumval development 

The Univenity of Nehaska (UNL) is the M v t  
Entity (ME) for the ScqhmTb4ilkr CRSP and is the pri- 
m a y  grantee of USAID. UNL subgram m nudc to the 
participating US. U n h s i t i a  f a  the projects b e  
tween U.S. scientists and their cdlaborariDg counny auw 
terpam. A portion ofthe projar fuods, maoagad by the ME 
and US. participating instrmtiars arppon regional re 
serch aaivities. The Board of DhamM (BOD) of the 
CRSP serves as the top managanmtpOlicy M y  for the 
CRSP. The Techaid Commiaa 0, Extmd Evalua- 
tion Panel (EEP) and USAID pcrsmd advise md guide 
the ME and the Boud in areas of policy. nehnical as- 
wllabcnting awrny mordiomjon, budga - 
andRview. 

Several major decisions and acwmplishmeats of 
mRMILduriagthcpanytaraamcdintheUSAd 
wllabaatiag countries. 

0 USAID appointed Dr. John S- as Ropcl OfS- 
ca for INlSORMIL. 

USAID appointed Stephen Mason as Scimtific Liai- 
son Officer with CUT. 

The 1 %zoo0 Tedmical Cclnmiuee was e h x t d  l a  
m m b m  arc Dr. Gary Pcrrrson. Qlair. Texas A&M 
Univasi*.. Dr. John Sanders. Vice Chair. Dr. John 
Axfell, Dr. Gcbii EjeQ Dr. Bruce tiam&=. Rudue 
University; Dr. Stephm Maun. University of Ne- 
bra&% Dr. Hauy  P i e  Missiiippi Smc Univasity: 
Dr. Mcdson ChKi Dep.rrmmt of A ~ l w a l  Re- 
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search, Zambia; and, Dr. Aboubacar Toure, Institut de 
Economie Rurale, Mali. 

INTSORMIL, INRAN, ICRISAT and other sponsors 
held a Regional Hybrid Sorghum and Pearl Millet 
Seed Workshop in Niger, September 28 - October 2, 
1998. 

INTSORMIL and the Sorghum and Millet Improve- 
ment Program (SADCIICRISATISMIP) signed a 
Memorandum of Understanding, providing the insti- 
tutional framework to strengthen INTSORMIL col- 
laborative research in Southern Africa. 

INTSORMIL PIS, Program Director and Associate 
Program Director participated in the CRSP Sympo- 
sium at the annual meeting ofthe American Society of 
Agronomy in Baltimore, MD, October 18-22, 1998. 

MTSORMIL and the University of Pretoria held the 
Sorghum Grain End Use Quality Assessment Work- 
shop in Pretoria in Pretoria, South Africa, December 
1-4, 1998. 

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

The INTSORMIL EEP conducted its five-year, 
in-depth review of MTSORMIL activities in West 
and Southern Africa and in the Horn of Africa. 

MTSORMIL helped organize and participated in a 
USAID-sponsored Lessons without Borders Confer- 
ence entitled "Global Agriculture and the American 
Midwest: A Win-Win Exchange," in Ames, Iowa, 
March 18-19.1999 

The Grant Renewal Proposal Committee was named 
and visioning statements for INTSORMIL from 2001 
to 2006 were obtained from both inside and outside 
MTSORMIL. 

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

0 New initiatives were proposed for a multi-CRSP 
training activity in Mozambique and for a 
multi-CRSP research activity in the Amharaprovince 
of Ethiopia. 

The major publications oeanized and published by 
the ME office during the year included: 

* Publication 98-4: 1998 Annual Report 

* Publication 98-5: 1998 Annual Report Executive 
Summary 

* Publication 98-6: "Inside INTSORMIL Newslet- 
ter" 

* Publication 99-1: Proceedings of the Global Con- 
ference on Ergot of Sorghum 

* Publication 99-2: INTSORMIL Policy & Proce- 
dures Manual 

* Publication 99-3: 1998 INTSORMIL Bibliogra. 

P ~ Y  

* .Publication 99-4: 1999 INTSORMIL Directory 

Training 

Within INTSORMIL's regions of collaborative re- 
search, training of collaborating country scientists contrib- 
utes to the capability of each collaborating country research 
program to stay abreast of economic and ecological changes 
which alter the balance of sustainable production systems. 
The strengthening of collaborating country research institu- 
tions contributes to their capability to predict and be pre- 
pared to meet the challenges of economic and ecological 
changes which affect production and utilization of sorghum 
and millet. A well balanced agricultural research institution 
must prioritize and blend its operational efforts to conserve 
and efficiently utilize its natural resources while meeting 
economic needs of the population in general and the nutri- 
tional needs of both humans and livestock. To this end, 
training is an extremely valuable component of develop- 
ment assistance. 

During 1998-99, there were 5 1 students from 23 different 
countries enrolled in an INTSORMIL advanced degree pro- 
gram and advised by an INTSORMIL principal investiga- 
tor. This was a decrease of four students from the previous 
year. Approximately 75% of these students came from 
countries otherthan the USA, which illustratesthe emphasis 
placed on collaborating country institutional development. 
INTSORMIL also places importance on training women 
which is reflected in the fact that 25% of all INTSORMIL 
graduate students were women. 

The number of students receiving 100% funding by 
INTSORMIL in 1998-99 totaled 20. An additional 12 stu- 
dents received partial funding from MTSORMIL. The re- 
maining 19 students were funded from other sources but are 
working on INTSORMIL projects. These students are en- 
rolled in graduate programs in six disciplinary areas, agron- 
omy, breeding, pathology, entomology, food quality, and 
economics. The number of students receiving 100% fund- 
ing from INTSORMIL has dropped from a high of 71 in 
1986 down to alow of 17 in 1993-94,then 21 in 1995-96and 



now 20 in 1998-99. Ihe reQction in total mdem being 
trained from INTSORMIL funds is. in part, due to mining 
taking place under other fundig sources, but an e m  more 
significant facror is that budged flexibility for supponiag 
training under INTSORMIL projects has been gnatly di- 
minished due to Itductions in our overall &xogram budget 
and became of inflatiwsly pmsura. 

In addition to graduate degree programs. shon tam train- 
ing programs have ban designed and implanenoad on a 
case by case basis to suit the meds of collaborating country 
scientists. Sevaal wllaboratiag couuUy xientisls were 
provided the opportutuky to upgrade their skills in this fash 
ion during 1998-99. 

Networking 

The SorghumMilkt CRSP Global Plan for Collabora- 
tive Rc~arch includa workrhops and ahanelwaking ac- 
tivities such as research newsleaas, publications, the 
exchange of scientists, and the exchange ofgmnplm.  Tbe 
INTSORMK. Global Plan is designed for research d i -  
nation and networking wimi  ccogeographic ram and 
where relevant between wnes. The Global Plan: 

Promooes networking with IARCs, NGWPVOs, Re- 
gional networks (WCAMRN/ROCAFREMl 
WCASRNROCARS, ASARECA, SADC and 0th- 
a), private industry and govnmmem extension p m  
grams to coordinate d and technology mmsfa 
efforts. 

Suppom participntion in regional research networks 
to promote professional activities ofNARS xicnb'sts. 
to ficilitatc regional -b activities (such as 
multi-locarion testing ofbreeding mamials), pomote 
germplasm and information exchange, and k i l i  
impact evaluation of mw technologies. 

Develops n g i d  m h  nuwork, short-tam and 
degrreminingplansfusaghutnandpetrl millasci- 
entisls. 

OM the years, established netwaking aclivitics have 
been maintained with ICRlSAT in lad& Ean Ahicq Mali 
Niger, and Zimbabwe; ASARECA, SAFGRAD, 
WCASRNl ROCARS, WCAMRNROCAFREMI, and 
SMIPlSMlNET in Afrifa; CLAlS and C l A T o f C d  and 
South America and SICNA and the US. National Gram 
S0rg)nunProduarsAsrociationfathcpllrposeofdi- 
nating d aaivities to avoid duplicaticm of e f M  and 
to pranote the most eRstiw expe* of r c s d  dol- 
lars. Thm also has becn exallmt wllibaaoion with each 
of these pmgrams in cmponming workshops and confer- 
a c e s ,  and for coordination of research and long term train- 
ing. INTSORMIL cumntly eoopcmtes with Ihe ICRISAT 
programs in East, Southern, and West Africa, with 
WCASRNfROCARS and WCAMRNROCAFREMI in 

W e s t / C d  Afriu and wi& SMIP/SMNET m Soutbm 
Africa Sudanese collabmuas have providcd kadashi to 
the Pan African Sfriga Cmml Netwok. INTSORMIL wl- 
labomion with WCAMRN/ROCAFREMI m West A k a  
is allowing NIXORMIL u t i l k t h  scientim to coltabo- 
rate regionally. WCAMRNiROCAFREMI isagoodmcch- 
anism f a  promoting milk  pocmingm a higher kvel than 
h 8 S b r m ~ b e f O ~ i n W ~ A f r i c a ~ ~ e ~ t W 0  
ytan, IHTSORMIL. the &lo.'Cowpm CRSP and Wald 
Vision lnttmatimal have bcen walriqg with NARS re 
warchm and h a s  in f i v e m n b i u  cruringand using a 
~ o l o g y - a a n s f c r  nawork m Wca Africa lKlSORMIL 
will wntiaueto promote h aexdynge of gamplann, tech- 
nical informatim, improvedtcshnology, and rescuch tech 
ni-es. 

The four q i o m  of INBORMIL col*baPan inchde 
five pime sites when LNTSORMlL resources w a r  f* 
MCd~verthepastycar.TkscprimcsitesmM.liand 
Niga in West A6im Ethiopia in the H a n  of Afria Bot- 
swana in Southan Africa, and Hondms m Carml Amer- 
ica 

war Afrlco 

1nMaliinYearZO.INTSORMILcaapktcditsl~yer 
of collabaation with ER Thc sorghum brrediqg pogm 
m Mali is large and d m .  h inchda extmsive uassing 
and interuosing among e l i  i n t d u a h s .  improved 
nabguinea and guinea d a i d  bnxdiog l i  and e l i  10- 
cal cultivars. It utilins gmdically d i m  prmpiasrn from 
aroundthewaldrrru~inmuchgcneriedivusityinthe 
bsccding~rognm. Exteniiveuseismdeoflioesdcvclaped 
by ICRISAT and elm liner ban USA. NIXORMIL'S 
cdlabantivchadiagprogrrminlvWifauramdcvelop 
ing lies of sorghum wiich at higbly resiS(SI1 to bad bug 
and grain mold and wbicb m tan plat types bving 
highquality grain f a  human cons- M7SORMa's 
wlllbaao've pearl mil la^ in Mali aims= & d c p  
ing hybrid limr of peal milk using a. ttccbniquc 
which utilizes differcac in timiag baarcn stigma 
exsation and rraptivicy md polkn pwbmh on the saue 
panicle m achieve crcssiag. LaPl phn pcs ides  (bimkgi 
calpatieidesdcrived6a.Mplmo)uaeformdtokef- 
fective in conaolling covud smut and will som k 
released to fannus f a d  drrsr i  pmduns. 

In Niga, a longarm effm to hapavc Burrition and in- 
coma of Nigcrieo citizens duough the use of hybrid sor- 
ghum is coming to fruiin. In &c mid-1980s a Nigaien 
&urc studat being aained in phm k c d o g  by rhc 
INTSORMIL prognm began to nrpriman with b W  
sorghum in Niger. During dx course of his MS. and WD. 
r m d i  he worked with his pcofessorsm develop prmo of 
a sorghum hybid which was r k s i g d  NADI. This hy- 
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brid, which has grain quality acceptable for local food prep- 
arations, is well-adapted to drought and has consistently 
high yields, compared to local varieties. Yield results of 
NAD-1 in on-farm demonstrations have ranged from 3000 
to 4500 kg ha-' with adequate moisture to 1200 to 1500 kg 
ha-' on dryland, where the national average is around 270 kg 
ha-I. In October, 1998, INTSORMIL co-sponsored a re- 
gional conference with INRAN and ICRlSAT in Niger, en- 
titled "Regional Hybrid Sorghum and Pearl Millet Seed 
Workshop." The workshop was attended by scientists, gov- 
ernment officials and business people from countries 
throughout West Africa, as well as the USA, Europe and In- 
dia.At the workshop, which included oral presentations as 
well as trips to the field, the benefits of hybrid crops were 
discussed, experiences in starting hybrid sorghum seed in- 
dustries in developing, as well as developed, countries were 
shared, and philosophy, strategy and tactics for developing 
a hybrid sorghum industry in Nigerwere discussed. As a re- 
sult, commercial production ofhybrid sorghum seed isnow 
under way in Niger. This production of hybrid sorghum 
seed and the resulting increases in sorghum production will 
help Niger provide food security and is already resulting in 
higher incomes for those associated with the production and 
sale ofthe hybrid sorghum, NAD- I .  INTSORMIL scientists 
both in the USA and in Niger continue to develop new, im- 
proved parents for hybrid sorghum seed production in Niger 
and continue to work with the private sector and govern- 
ment to assure that each plays its cmcial role in developing 
the hybrid sorghum industry. The success ofthe nascent hy- 
brid sorghum seed industry in Niger is, in large part, due to 
commilment of INTSORMIL to train Nigerien scientists 
and conduct collaborative research in Niger over the long 
term. 

Horn of Africa 

The Horn ofAfrica Regional Program follows aproduc- 
tive collaborative research program with the Agricultural 
Research Corporation in Sudan. From that collaboration, 
extensive raw and improved sorghum germplasm were 
identified, assembled, and catalogued for the benefit ofagi- 
culture in Sudan and the USA. Sudanese scientists were 
trained at INTSORMIL institutions in the USA, and U.S. 
scientists traveled to Sudan to work with their counterparts. 
The present, regional program has only recently been under- 
taken, and has as its prime site, Ethiopia. Eritrea, Kenya, 
Uganda and Sudan also participate in INTSORMIL's Horn 
of Africa regional program, although participation of 
Eritrea and Sudan is limited by political issues and current 
conflict in the region. Major regional constraints toproduc- 
tion of sorghum and millet were identified during the past 
year. According to sorghum and millet scientists in the re- 
gion, "themajor sorghum and millet production and utiliza- 
tion constraints are generally common to all countries." 
These constraints include lack of improved germplasm, 
drought, Sfriga, Insects and diseases (anthracnose, leaf 
blight, grain molds, smuts, ergot, blast, and downy mildew). 
Lack of moisture and soil nutrients and poor husbandry are 
primary constraints of sorghum andmillet production in the 

Horn of Africa. Research conducted by participating 
scientists of NARS in the Horn of Africa is primarily ap- 
plied research. 

Southern Africa 

In Southern Africa, INTSORMIL activities last year oc- 
curred in Botswana (the prime site), Namibia, Zambia, and 
Zimbabwe. The Southern Africaprogram is organized in six 
collaborative research projects in the following areas: de- 
velopment of pearl millet hybrids, using Namibian and 
Zambian varieties; sorghum disease management by identi- 
fication and use of resistance; sorghum food quality re- 
search; integrated pest management research in Botswana 
and South Africa, withemphasison sugarcaneaphid; identi- 
fication offactors limiting commercial production and mar- 
keting of sorghum in Botswana; and control of sorghum 
ergot. An area of collaborative research of major benefit to 
both the USA and South Africa deals with control of sor- 
ghum ergot, a disease which has plagued South Africa for 
many years and which entered the USA in 1997. 
R'ITSORMIL scientists from Southern Africa and the USA 
are working together to develop a multi-variate model 
which will incorporate as many of the relevant variables af- 
fecting ergot severity in hybrid sorghum seed production 
systems. The study is being conducted over a range of areas 
representative of climatic zones including four areas in 
South Afiica and production areas in Zimbabwe and Zam- 
bia. 

Central America 

During the past year, the Central American program has 
been evolving from a program focused mainly in Honduras 
to one which ismore inclusive of scientists from othercoun- 
tries in the region. The program has extensive ties with the 
private industry in Central America A Memorandum of 
Understanding signed by INTSORMIL and the Nicaraguan 
Institute of Agricultural and Livestock Technology in May, 
1998, made possible collaboration in sorghum breeding by 
sorghum breeders at INTA and Texas A&M University. 
Duringthe past year, discussions wereheld with representa- 
tives oftwo Nicaraguan Universities (the National Agarian 
University andtheNational Autonomous UniversityofNic- 
aragua) and the Center for Agricultural, Livestock and For- 
estry Technology in El Salvador. Memoranda of 
Understanding are being prepared to provide the institu- 
tional framework to support collaborative research on sor- 
ghum by scientists ofthese three institutions with scientists 
of INTA, EAP and universities participating in 
MTSORMIL in the USA. Collaborative research on breed- 
ing sorghum varieties resistant to sorghum midge inNicara- 
zua was initiated this past year. Long-term research on the - 
"langosta" complex of ~ e ~ ~ d o ~ t e r o u s - ~ e s t s  of sorghum and 
maize resulted in publication of a guide on how to manage 
these crops to minimize damage from the insects. In 1998. 
eighteen commercial sorghum hybrids were evaluated by 
INTSORMIL scientists working with scientists at national 
agricultural research systems throughout Central America 



and the Dominican Republic. This annual activity of 
INTSORMIL provides useful information to seed m p a -  
nies, gowen, and breden throughout the region. Collabo- 
rative grain quality -ch conducted by Honduran and 
American scientisrs produced useful information on sor- 
ghum tortillaquality Paits such as apparance (cola), me, 
amma, textme (mouthfeel)) and mllability by a taste panel. 
This information is being used by sotghum b d m  to in- 
prove nails of food sorghums. 

Regional h e f i l s  by Technical 'Ibrert 

Gmplimn exchwge, movement of seeds in both d i m -  
tiom between the USA and collabwdting munuies, in- 
volva populatiom, cuhivars, and heding line carrying 
rcsinamcto inseas. discasu, Slrigu, drought, and soil acid- 
ity. Ih'TSORML plant bneden alsodevelop elircmataials 
with high yield potanid which can be used as cultivars pa 
sc or used as parents in breeding pmgramr. Speific 
germplasm releases (including breeding lines) for collabo- 
rating counw use include the following. 

Improved dm@t t o l ~ c e  (A6ica and drier anas of 
Latin America) 

. Acid soil tole- 

* Striga resistance (West, Eastcm Africa, and Sournern 
Africa) 

Midge and grembug resistance (Latin America) 

0 Charcoal nn and lodging resismnce (Africa and dria 
aeas of Latin America) 

Head smut and vim mistance (Latin America) 

lmpmwd grainqualitycharactuisticsfmfoodaad in- 
dustrial uses (for all collaboraring countries) 

INTSORMIL has been working since tk mib1980s to 
help Niger develop a hybrid seed inhrmy. &ginning with 
initial experiments with hybrid sorghum in the 1980s 
INTSORMIL scientists of Niger and the USA have col- 

I.boratively developed a line of hybnd saghum. NADI, 
which is well adapted to c o n d i s  in Niw,  yields h i m  
d m  most laal varieties and has scocpabk qualities fa 
consumen. A Hybrid Seed Workshop for W. Africa was 
held in Niamey, Niga on Seprember 28 thm@ Oaotu 2, 
1998. The purpare of the worLshop was to acquaint West 
African saghum and milkt resurch sciauisis aban the 
bmefits ofhybrid seed f a  Wtst A k a  Spal;rrs dinuned 
relevant hybrid secd experiences in tbcir own developing 
couanies, kludmg India Zamby Sudn. Pld Bnril. TIK 
goal was to explore oppmtunitics f a  deve-eat of sor- 
ghum.ndparlmilkhybridsfaW.Africldto.rsi~tbe 
development of a priw s m a  seed indusuy which bring 
many batefils to fanners in W. A f r h  The WaMop  mn- 
sistedofappoxims~ly 15Oparrieiplnafmm IScanmies 
including: United States of America Niga, Ghana Mali. 
Cote d'lvok, Indii Wlrkiaa Faso, Kenya. Chad. E m  
Swgal, France, Nigeria Zimbabws a d  Zambia Follow- 
ing the wakshop, our private-- plmas. with &e - 
opemion and suppon of the public seaor, in Kiga haw 
made significant progrus in the production of NADl hy- 
brid sorghum seed. Fim a p r i m  seed comp.gv has p r -  
chased the govmuncnt seed fam at L059. h. Salifou. who 
was trained at Mississippi S a u  m seed technology sncnl 
yean ago, is leading the devebpman of a printe sector 
seed industry for Niga. INRAN .ad the Goummem of 
Niga is wrppative of this privm seed scum activity. 
NAD-l will be tk fmr hybrid seed p u k e d  and nurkaed 
by thii company. Secad s e v d  hybrid saghum seed w 
ducar in Niger have famed a seed producus association. 
This m i a t i o n  recognizes INRAN as an honcnry man- 
bu, but is intent m awarollmgthe secd association omi& 
ofthe f m a l  strucrurr oftbe governmeat we m e  this k 
an encouraging developem wliich w will nunure. Third. 
the demand for hybrid seed far exceeds b e  supply evm 
though the seed is sold at rppoximtely eight limes the 
price of grain. The haportant diiacrn0 bawan seed aod 
grain is now rccognkd m N i p .  We atimaDc that 60 mar 
of hybrid reed will k pmduad this ycs in Niger. A 
ddofthissecdpmductionwillbcmsm.IIf.rms. 

Building on the multr of NEORMIL msamb in the 
USA, the pormoial of h midrib tagbun ad.agnn in 
W. A h  is king explod thrmgh mllrboraalon with an 
M7SORMIL scimtia inNiger. The value of forage in Wea 
Africa is high, md that is a chrcmic sbomge of good qd- 
ity faage which we b e l i e  can be partially dkv- by 
Imwn mid& sorghum sudangms hybrids. At this point in 
tinu, there has been amsiw cuhivmim of bmwn midrib 
sorghum hybrids in RLrisran d in sow Asirn counhia. 
'IbepaaaidMhwinladihsbearrccognizcds~~n 
i s n o w t b e l a r g e a m i k p r o d w a i n t h e w o r l d a n d ~ ~  
heavily invatingin Rserchm bmm mid& fongecue 
alr As we mtcr the ncn daadc of the ' m a  revolution" 
forage cmps will in- in impomwe 

The mutable pericarp color gene designated as 
^candyrmpe" was firs idanifid in Sudx. Cdhbaative 
nscarch has now identified and c l o d  thismutabk gene in 
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sorghum. The transposon is a very high molecular weight 
element with all the characteristic properties of other 
transposable elements. The unique feature ofthese elements 
is that they can be used to identify agronomically important 
genes in sorghum. The probes are just now available which 
will allow us to isolate important genes for such important 
traits as drought resistance and to study them in other plant 
systems and other gene expression systems. This is an im- 
portant step forward in the identification of important genes 
from sorghum which can now be studied in greater depth. 

Collaborative research of an INTSORMIL team is prov- 
ing useful to sorghum breeders worldwide. The use of 
DNA-based markers for genetic analysis and manipulation 
of important agronomic traits is becoming increasingly use- 
ful in plant breeding. In a recent.study 190 sorghum acces- 
sions from the five major cultivated races, namely bicolor, 
guinea, cau&tum, kafir, and durra, were'sampled from the 
world collection maintained by ICRISAT. Genetic varia- 
tion was detected using RAPD primers. Only 13% ofthe to- 
tal genetic variation was attributable to divergence across 
regions, but South African germplasm exhibited the least 
amount of genetic 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 molec- 
ular markers can be used to help identify suitable 
germplasm for intmgression into breeding stocks. Selecting 
the most divergent accessions for introgression may in- 
crease the probability of extracting suitable inbred lines to 
improve the yields of varieties and hybrids. 

The commitment of INTSORMIL to integrated pest 
management of insect pests and pathogens has produced 
new lines of sorghum useful to commercial breeders and 
seed companies for both marketing hybrids and developing 
more advanced hybrids. Germplasm obtained and evaluated 
for resistance to economically important insect pests was 
used to combine insect resistance with other favorable plant 
traits. Sorghum germplasm was identified for advanced 
testing with resistance to several stresses and will contribute 
to production of more widely adapted, high yielding hy- 
brids. Techniques of molecular biology are being used to 
help understand the inheritance of resistance to greenbug. 
Results from molecular mapping of sorghum are being used 
in marker-assisted selection studies for greenbug resistance 
and post-flowering drought tolerance. 

Producing improved seed that seed companies and farm- 
ers can use, INTSORMIL researchers collaborated with 
LDC scientists to develop improved, high yielding varieties 
and hybrids. Progeny were identified that combine several 
needed favorable traits into a single genotype. Advanced se- 
lections are in evaluation in on-farm trials to measure per- 
formance. As research continues to generate new 
technology, the importance of testing on-farm, and solicit- 
ing producer input on research activities will increase. 
Technology (germplasm) developed by this project has 
been adopted by private industry and used in hybridproduc- 

tion or breeding programs. Impact assessment studies have 
consistently shown a high rate ofreturn on investment from 
research conducted by this project. 

Sustainable Production Syslm 

An INTSORMIL study focusing on the impact of house- 
hold and agriculNral technologies on women in Burkina 
Faso showed the importance of household and agricultural 
technologies independent of decision-making in the house- 
hold. Many new technologies, especially new seeds and in- 
organic fertilizers, increase the demand for labor and 
therefore result in female and male household members 
working more on the commonly farmed area and less on 
their private plots. This has been shown to reduce the in- 
come received by women. As technology introduction pro- 
ceeds, however, increasing within-family contention over 
the new income streams would be expected, with an evolu-. 
tion towards the conflict and cooperation of bargaining 
household decision-making. As the bargaining position of 
women improved, there was a substantial, combined effect 
of the two types of technology on the potential income of 
women. With bargaining, agricultural technologies in- 
crease the income of women by 29% and the combined agri- 
cultural and household technologies by 68%. Policy 
recommendations are to accelerate the introduction oftech- 
nological change onto the commonly farmed areas while 
also increasing the bargaining power of women. 

In West Africa, INTSORMIL's main collaborative, ag- 
ronomic research activities have been focused in Mali and 
Niger. INTSORMIL participates in the West and Central 
Afiican Sorghum and Millet Research Networks. This year. 
INTSORMIL signed a Memorandum of Understanding 
with the national agricultural research system of ~u rk ina  
Faso, M.ERA, and collaborative research was begun. In re- 
search conducted during the past year, it was determined 
that high-yielding grain sorghum genotypes that are tall or 
have high vertical leaf area dirtribution can be more com- 
petitive with weeds and, therefore, be a useful component of 
integrated weed management programs. Studies on man- 
agement of late-maturing Maiwa pearl millet in southern 
Nigerwere initiated. Becausethis variety ofpearl millet till- 
ers profusely, it provides a unique opportunity to integrate 
grain production for human consumption and forage pro- 
duction to support livestock. Initial results that tillers can be 
harvested 65 to 85 days after planting for use as livestock 
feed withoutreducing grain orstover yield pointto develop- 
ment of a more economically rewarding cropping system 
for millet farmers in the Sahel. 

Research in Mali by WCAMRN/ROCAFREMI showed 
that pearl millet grain production increased 10 to 19% of 
when millet was rotated with cowpea or peanut across West 
and Central Africa, 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 fertilizer or combined application 
of inorganic and organic fertilizer. 



In Niger, several collabaatin hldies of INTSORMIL 
scientists 'om Niga, India and tbe USA w m  fmalind 
The results of the research vc now being p r c p d  f a  publi- 
cation by INTSORMn scientists at the University of Ne- 
braska The on-farm mak in Niga w m  inconclusive in 
1998 due to advase cnvimnmcnt, but tended to show the 
value of NAB1 and tied ridges for conserving moimnr. In 
addition to preparing manuscrip, a visiting MTSORMLL 
scientist has conducted greenhouse studies at UNL to 
strengthen the field results from Niger. A former 
NIXORMIL graduate student has rchmKdto Ghana to be- 
gin collaborative d under the new memorandum of 
undemsnding rarmly signed by INTSORMIL and the Sa- 
vannah Agricubr.4 Resemh lnstmne (SAM of Ghaua 
INTSORMIL has provided hi with a new computer and 
chlorophyll meter, and will also provide opaating funds in 
1999. 

In Mali, studia on the effect of previous crop on sa- 
ghum yields showed !hat sorghum following corn or cow- 
pea was bemr thsn sorghum a h  peauuq pearl millet or 
dolichos. Sorghum following sorghum resulted in the poor- 
est yields. Rapows were modified pmitively and l i l y  
by N application up to 60 kg ha-'. Application of Malian 
rock phosphate ako hacased sorghum yield about 9%. 

WlXORMn'sapproachto developmgwainable plant 
protection system is integrated par managment @I'M). 
Two key ekmemr of IPM for sorghum and milk which are 
central to NIXORMIL plmt protection ~ s e a n h  are ge- 
mticresismnceofs~umandmilktoinSCCtpeso,paUw 
gens, andthepararitic weed, Qriga, and practices tocontrol 
insects and patbogms with minimal use of chemical pti- 
cides. INTSORMIL mtomologisk and plant pathologists 
work closely with plant brreden. agronomim and food xi- 
entim to develop more effective means to w e  pests of 
sor@nun and millet in order to pmvidc higher yields of 
higha quality grain p a  unit area cultivated lote~~ification 
of agricuhural production. which caa help m o w  prrssurr 
on fragik ecmyssmz, depmds on many factas; stmaim 
able, plmt pmtcction is essential to inaeasc production of 
food and feed fkm sorghum and millet in eawomically and 
dog i fa l ly  suaahble  ways. In cmp pmeaioa. a wide 
range of sources of resistance for insck, diseavs and 
Srrigahavc been identified and aoswd with locally adapted 
gemplasm. Thispracss has been improved immauely by 
MTSORMIL colkbwators developing efthive resimmce 
screening methods for sorghum hesd bug, sorghum long 
a u t ,  grain mold leaf di- and Strip. 

INISORMlL researchers 6mm the USA and Africa are 
acaleaating the progress in developing bioiogical defCllKs 
to the attack on sorghum by the parasitic wed,  SIriga. Ad- 
vanced t e c h n i i  have been developed to rapidly screen 
lines of so~&um by mt ing tk  sorghum seed inwdatodc- 
termine whaha thew lines haw any of several specific 
moda of resistance to Srriga. The extended agar assay io- 

volves artificially geminating sorghum seeds in the prcs- 
m e  of Srriga seeds to demmk wbkh l i  of sorghum 
pmduce littleor nogembrahionstirnulaat The paperrollas- 
say is wd to ducrmioe which sa@~um lines inhibin the 
paIebation ofSfriga. Usingtheseachniques, NTSORMIL 
-hen not only wka sorghum lines with specific 
resistanas to Srriga. but also w lammg more about the 
complex interactions between sorghum and tk peradre. 
The use of thew kbaatay techniques is rapidly mle ra t -  
ing the selection and breeding of Qrigo-rrsistm,~ lines of 
sorghum which can be used to improve mt resisnncc ofva- 
rieties and hybrids of sorghum in A6ia  w h m  Scrip is a 
major factor in causing famine mmugbout tbe &nt 
RMarch on the agroeoology and b i i o b g y  of spllr ra 
pdogem of sorghum and milk resuhed in increased un- 
dastsnding of sexual nqmduahn of Furmiior. a hmgal 
pathogen of both saghum and m i l k  

Ergot, a Chiceps qfrcam, is a Pmogm of s a -  
ghum which pwenk pollinatia~ of mt sorghum p h t ' s  
ovaries if the erga mms the ovary b e h e  pollin8tion oc- 
curs. multiing in a sticky exudate md no gtain fDCmPiOn. 
Ergot infestation of grain sorghum uar a pmblar. in Africa 
and Asii  before 1996 when the diwasc was fim d e t e d  in 
Nentina and Brazil. In 1997. agot rprrad to Colombia 
Honduras. Mexico, m y  islaadr m theCaribbean, and ma- 
jor sorghum-producing - in tbe USA @mas. Ne- 
brash and Texas). Lo- h e  m ergot a n  include 
reduction in grain yield lozs of erpon markus of seed and 
fccdgninstounmtrieswhaesgotbasnaban~ 
and loss of germplasm and hybrid seed in- in wiota 
nurseries whnt ergot has been duecad md quamntine mg- 
ulations prohibit rehlrn of the grain to the USA. 
INTSORMILRSCMhersmPiDgtbcpastycarha\-ekascd 
their effom on many aspects of the biiktgy and ecology of 
agot. Thex efforts have been cdlabaative and hncma- 
tional, involving sciartim in the USA, C d  and South 
America, Africa, Asia. and Empc. 

Imponant findings include: 

Sorghum accessions susceptible to Clrniceps 
afrrica~~a include S. bicolar, S d r u n a o d i i ,  S 
vbgmwn. S tmdhmam. and S Mcpcmr. Ergot 
symptoms were n a  obvrved on S v e n L i l l ~  
and S. &mmondii. Otha eamaniully impo-t 
plant speck arneyed which waeobsmed m be not 
affected by e r g  include finger m i l k  pearl milla 
pmso milla. foxtail milkt, big bluemm, Osage 
i n d i i  mitchgran main and Canadii wild 
rye. 

Anomcwlyhighincidcnceofagawasrcponcdin 
p i n  sorghum o v a a u v a a l - w e e k p d i n  Fehuuy 
I997 on m y  islads oftbe h i  pobably due 
tom airborne sporr shuwa. It is belimd cbm H& 
cane Mitch was tbe primmy caricr of spms of sga 
i n t h e C a r i b a B l m g i o n ~ i t s e x h n c e i n  1998. 



Introduction and Program Overview 

In late 1998, C. c#ricana demonstrated that it is a 
well-established, recurrent pathogen of Mexico and 
Texas with the capacity to survive under extended, 
unfavorable, dry environments and has the ability to 
quickly reach epidemic proportions over vast regions 
upon a return to favorable, wet, cool environments. 

The obvious honeydew exuded from parasitic 
sphacelia of ergot on sorghum is only one source of 
conidia. Any surface coated with honeydew (e.g., 
leaves, sbeds, or soil) may also be a source. 

There is a marked effect of temperature on the sur- 
vival of conidia, with storage of sphacelia at higher 
temperatures resulting in more rapid loss of viability, 
compared to storage at lower temperatures. 

Sorghum ergot caused by C. africana was observed to 
persist in anactive phase predominantly on feral grain 
sorghum in Mexico and as far north as Corpus Christi, 
TX through February 1998. Feral and ratooned grain 
and forage sorghum and johnsongrass within fields 
and along roadsides were infected by large outbreaks 
of ergot in December 1998 due to a wet, cool environ- 
ment. 

Experiments using a fungicide showed that it can be 
used to effectively prevent germination of ergot 
sphacelia and sclerotia; leading to the conclusion that 
sclerotia and sphacelia in seed treated with the fungi- 
cide shouldnot be considered apotential source ofthe 
inoculum. 

Each growing season, sorghum and maize are attacked 
by soil inhabiting insects, stem borers and panicle feeding 
insects that contribute to reduced yields of both crops on 
subsistence farms in Honduras, as well as other countries in 
Central America. However, the major insect pest constraint 
to production of these grain crops in Honduras is foliage 
feeding insects, whereas, the sorghum midge is the principal 
insect pest constraint to sorghum production on large com- 
mercial fields on the coastal plains ofNicaragua. A complex 
of defoliators annually damages or destroys the sorghum 
and maize crops in Honduras resulting in yield losses orre- 
planting. Subsistence farmers may not have the resources to 
replant. The pest complex has been identified by 
INTSORMIL scientists to consist principally of three 
armyworm species and a grass looper. 

Soil inhabiting insect pests contributing to sorggum seed 
and seedling losses in Honduras have been identified and in- 
secticide control methods determined. Although 
slash-and-burn agricultural practices are used by subsis- 
tence farmers to assist in insect control, this cultrualpractice 
had limited influence on fall armyworm and neotropical 
cornstalk borer infestations. The pests were attracted to lux- 
uriant plant growth in burned fields. Seed treatment with in- 

secticide limited damage to seed and seedlings by soil in- 
habiting insects. Neotropical cornstalk borer attacked 
sorghum in monoculture at greater infestation levels than 
sorghum intercropped with maize. Planting sorghum with 
hybridmaize reduced stalk borer infestationsanddamage to 
sorghum compared with sorghum planted with a native 
maize. 

Aspectsofthe biology, ecology, behaviorandpopulation 
dynamics of the armyworm species in the defoliator com- 
plex in Honduras and the sorghum midge in Nicaragua have 
been investigated. This information has contributed to the 
successful conduct of entomological research designed to 
evaluate ecolo~ical relationships of the pest insects with 
crop and noncrop plants within various cropping systems, 
crop planting and management strategies, host plant resis- 
tance, influence of insecticides on pest and natural enemy 
populations, and roll of naturally occurring beneficial . 
agents in regulation ofpest populations. Insect pest manage- 
ment tactics have been investigated as independent control 
practices, as well as in integrated systems on subsistence 
farms in southem Honduras. Recommendations for plant- 
ing dates, weed control and insecticide applications to man- 
age soil inhabiting insect pests and the lepidopterous 
defoliators have been developed and disseminated. 

The information obtained in these INTSORMIL studies 
on sorghum and maize will assist subsistence farmers in 
Honduras and commercial farmers in Nicaragua and .sur- 
rounding areas with similar insect pest constraints in their 
production of grain crops to increase yield at minimum cost 
for pest control with reduced risk to human health and the 
environment. The extension of INTSORMIL entomologi- 
cal research intoNicaragua has expanded the scope of ento- 
mological activities in this ecogeographic zone. 

Sorghum diseases are, and remain, important factors re- 
ducing the potential yield of sorghum. Ergot continues to 
threaten the seed industry worldwide. Grain mold and 
anthracnose resistance traits have been mapped and other 
useful loci to aid in the pyramiding resistance genes for 
more durable resistance is progressing. 

Acremonium wilt of sorghum has recently become a 
problem in the Konni area ofNiger with the introduction of 
improved cultivars and hybrids. In order to determine the ef- 
fect of plant pathogenic nematodes in the infection of sor- 
ghum by Acremonium wilt, INTSORMIL scientists 
conducted a nematicide trial near Komi on a farmer's field 
to determine whether two nematicides would be effective in 
controlling pathogenic nematodes, especially of 
Pratylenchus spp. For the susceptible hybrid, NAD-I, the 
presence of nematodes is not necessary for disease develop- 
ment. With the landrace Mote, the level of infection in- 
creases as the nematode number increases. In the presence 
of nematodes, Mota becomes susceptible to A. strictum. The 
nematicide treatments did not significantly affect the inci- 
dence of Acremonium wilt of sorghum either in 1997 (a 
drought year) or 1998. 



In Mali, MTSORMIL sch t i sk  fmm the USA and MaIi 
are developing IPM m g i a  for insect pests. apccdly 
panicle-feeding bugs and sorghum midge, that attack aadi- 
tional and improved insect-resistant and susceptible 
sorghums. 

In Southern Africa, collaborative research relationship6 
were ~ t a b I i s h e d  between INTSORMIL scientists in the 
USA, Bomuanaandthe Replblic of South Africa. Research 
will be direaed toward developing and evaluating sugar- 
cane aphid-resistant sorghum adaptedto the d a r n  Aiii- 
can Gion. During this-rcpatiag &id, SO sorghum lines 
wcreevahmbdinthe~butnotinthefieldbofause 
of sevac drought 

Rogrrss was made towad developing a "Millet Head 
M i a  (hMM) Warning System" model to f o m  the 
probability of MHM ombreaks in areas of West Africa so 
that appropriate m- can be implemented toconml the 
pest before it damages pearl miller A graduate studeat from 
Mali continued wiling his dissewbloll fmm field d e s  
begun in year 17 on MHM immature sage mmlity, d u k  
MHM biology and fecundity. and MHM biology on alter- 
nate hoaplants. His work will form thebasisforrcponing in 
2000. Anothagraduatestudemeomplaed and defended his 
thesis, aad r e t u r d  to Niga in August, 1999. Resub from 
these students' research will be used to conmun a 
stage-specific life table. thus providing an undaRand'mg of 
fanors that reglate the abundance of MHM. These mils 
also can be used to develap an impmved plan f a  managing 
MHM on pearl millet in West Africa Using the dambase 
available on agro-climatic conditions in the Sahel, and m 
searchdamfmmthisandotharcsearchonMHM,improved 
approaches to managing MHM will be possible. This is an 
example of how research done by graduate studam from 
developing countries can contribute significantly to 
long-mm solutions to problems of produaion and u t i l i  
tion of sorghum and pearl millet 

In a study of urban consumption paItcm in MaIi, 
WTSORMIL rrsearrhers showed tbe substitution potanid 
between imported rice and the traditional c a d s ,  rorghum 
and millet W i t h e  rrduaian ofimpmttsriffs and dwrhu- 
tion, the net e f f ~  was an incrwse in the naditional d 
price relative to rice. Sorghum and millet wen shown to be 
substitutes for imporocd rice, but not fordowstic ria. Trs- 
ditional cseals are Sill cheaper than rice in absolute Iams 
with dcvaluaPiw, and devaluation bas an income d i n g  
effect even if ceml prim do nc4 i-e. Income effeco 
apparently mcouragcd a &I in- in consumption of 
sorghum and millet. 

This payear,  INTSORMIL 4 chemists have devel- 
oped rapid suuning techniques for breeders to use which 
assesses the new high digestiiilii wait recently dimmed 
in gwplann  of sorghum. A new rapid -ing tah- 
nique, which measures disapparaace of aIpha kafiiin in 

sorghum gram bas ken developd by RJrSORMIL s c h -  
tim from the USA and Niga. The ma is rapid and d l y  
distinguishes between m a 1  saghum and rhe highly &P 
gestible m u m  cultivw. A Kenyan scientist has tmed 
this technique across several enviroammts and h d  hat  it 
is accurate and ya simple enough to be applied to kge pop 
ulaions of b d m g  maarials. Hc is dcmmining the mecb- 
anism of inheriwcc of rht high dip-bil i ty aait This 
tachniqueisbeingusedtoacalonatbenkcrion o f i i  of 
sorghum which have gain of high digestibility. Fllnbarc- 
search is bcimg h e  to impove the assay by way of using 
microtim plam to daatasc s m p k  size and iacreae sam- 
ple thmughw pa day. 

Wh he him of a food DcbnologkS in Niger using 
~ O R M I L r e g i o n a l f u n & t b e ~ p r o j M h r a d -  
v a n d  substamially. Thepmm has ken optimized and is 
waiting for our planned prrrhase of a dcconicamr and b- 
m a  mill to impove flour qual i .  This is a critical srrp in 
achieving a consistent high quality fmal cowous pDdua 
There is a good dcal of in- both within Niga and in 
neighboring cocmtria about the pormtial of c~mmacializ- 
ing couscous made from sorghum and millet.. The 
WCAMRN-ROCAFREMI poassing pro* has also fo- 
cused on thii oppommity. In Mina F a a  u-hac INRAN 
carried the couscous unit f a  dan-tioo. thac was a 
very good response. American and Cameroonian 
INTSORMIL collaboming scimtias will ddrcrr a* 
m i c  considerations RQarding commarid macaa p 
cening. The cocncous praming rnit d c s i g d  by CIRAD 
may not be the man economical, homva, rbm is indica- 
tionmatitpmbablypohmthemoam~ high@ 
ity product availabk fmm a nnall-scale process. C-a 
smpcabilitymnsbowedUutmCcoltsawlndcfmmhe 
INR4N unit was highly a c m e .  M d a  test@ hn yet 
to be done but is stillplanmd for the upcoming yra. 

Stronger collaboration should result with the 
INTSORMIL food scientist in Ethiopia due to 
INTSORMIL's qmn~& pndpre of a dccartiatar and 
h m a  mill for their c a d  a d m h g y  *bmay. W& 
this equ ipem t h e  a plllls to b b p  high qrnliry 
flourschatcmbedinlotalEthiim' ' . 

The WCAMRNIROCEFRXMI pmiciprioll hn much 
p0tenti.l in allowing lMSORMn utilintian ocicrmim to 
collabowc rrgiondly. So fr ROCEFREMI-WCAMRN 
appean ro be a vcrj good m d m n i m  fafacihmingcokb 
o n t i o n i n m i l l a p r o a n i n g d t o a ~ a u o o t t h a n  
has km seen before m g  the West A6icn NARS. 

INTSORMIL rrserch on poassing of sorghum ba 
yielded significant r r rob  o v a  the paa year. Errarrive 
multi-location, multi-year mds to evaluate the .braire 
milling proprties and fac~ors affecting dry mil l i i  of sor- 
ghum w m  condud. Conclusions arc: 

The milling propetties of sorghum are aRccacd by hy- 
brid and envbonmoltal condmcmr 



Introduction and 

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

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

The tan plant redsorghum hybrids produced about 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 hybridsall had significantly improved yields 
of grits with excellent color. The density and test 
weights were highest for ATx635 grains at all loca- 
tions. 

. It i~~ossibletoselect for improvedmillingproperties. 

White food sorghum flour can be substituted for 50% of 
the wheat flour in Mexican cookie formulae. The effect of 
particle size and sandiness of sorghum flour were reduced 
by using 5% pregelatinized corn starch with 95% sorghum 
flwr in cookies. The texture was equivalent to wheat flour 
cookies. Pregelatinized sorghum could be used as well. 

Noodles from 100% sorghum flow were sh i la r  to rice 
noodles but the dry matter losses during cooking were 
higher. A noodle makiig procedure that could be used to 
make nonwheatnoodles forspecial gluten free diets was de- 
vised. Factors affecting noodle quality of sorghum were de- 
termined. Heterowaxy sorghum grain has advantages for 
use in tortillas and baked snacks to improve the texture. 
Waxy grain has excellent functional properties but grain 
yields are low. Anti-fungal proteins may be related to grain 
mold resistance in sorghum. A molecular linkage map for 
sorghum kernel characteristics, milling properties and mold 
resistance is nearing completion. 

Two Ph.D., two B.S. and one short-term trainee com- 
pleted work on sorghum and joined the food industry in 
Mexico, USA and Nicaragua. Thee  new graduate students 
joined the MTSORMIL research team at Texas A&M. Re- 
search in Honduras demonstrated that food sorghums pro- 
duced acceptable tortillas. This work was conducted by a 
Honduran scientist using the commissary tortilleria at EAP 
and is used as part of increased educational activities in food 
technolog?. 

A Sorghum Quality Assessment Workshop organized by 
the University of Pretoria, CSIR and Texas A&M Univer- 
sity, took place in Pretoria, South Africa. More than 36 par- 

'Program Overview 

ticipants fromthe foodindusby, university and research in- 
stitutes in Southern Africa interacted during the 3.5 day 
workshop. It included tours to a Sorghum Brewery and the 
ARC Summer Grains Institute in Potchefsmom. Students 
participated who are enrolled in the Southern African Re- 
gional M.S. degee program at the University of Pretoria. 

Work in Mali continued to demonstrate the high qualities 
of flow from N'Tenimissa sorghum in baked and other 
products. Progress can be made if identity-preserved grains 
of consistent quality can be obtained for processing. The 
bland flavorand light color ofwhite food type sorghums are 
superior to maize in composite baked products. 

Benefits to the USA 

Germpiom Enhancement ond Consewation 

Several seed companies in the USA are now producing 
seed of brown midrib sorghum sudangrass commercially. 
Response of livestock producers has been excellent due to 
improved digestibility and significantly improved palat- 
ability. Dairy farmers are the first to see the benefits of the 
improved nutritional quality in increased milk production. 
There are approximately 5 million acres of sorghum 
sudangrass in the USA at the present time, compared with 9 
million acres of hybrid sorghum for grain production. Esti- 
mating that eventually 50% of the sorghum sudangrass 
acreage in the USA will be planted to brown midrib 
cultivars,$42.84/acrevalueaddedperacre times2.5 million 
acres is equal to $107.1 million additional value to the 
fanner each year. 

The sorghum and pearl millet breeders in Nebraska have 
taken lines from world wide sources in crosses with US.  
stocks to produce new hybrid parents for the USA, and elite 
germplasm for selection in developing country programs. 
Breeding techniques, researched in the project are enhanc- 
ing the millet breeding programs in Namibia, Zambia and 
Mali, and the sorghum program in Botswana. 

Plant biotechnology has become apowerful tool to com- 
plement the traditional methods of plant breeders in plant 
improvement. Duringthe past year, MTSORMIL research- 
ers have developed a protocol for sorghum transformation 
using a bacterium, Agrobacteriurn tumefaciens. It demon- 
strates that Agrobacterium-mediated transformation is a 
feasible technique forthe genetictransformation to improve 
sorghum. Key factors were the co-cultivation medium, the 
use of agenotype and an explantwithgood tissue culture re- 
sponse, and the addition of Pluronic F-68 to the inoculation 
medium. Sorghum transformation via Agrobacteriurn is 
still not a routine technique, but it seems to have good poten- 
tial to improve the characteristics of sorghum once the pro- 
tocol is further refined and improved 

Both applied and basic research were conducted in both 
crops. In pearl millet MTSORMIL bred andtestednew hy- 
brid parents, many in two cytoplasms, A, and A4, and some 



with white @a& mat gave higber yielding hybrids (trial 
mean yield at Mead, University ofNebnska Research Cen- 
ter. was 4 3  t ha-') with bata lodgii  rrsirmme. Dehikd 
rcxmh, in cwjunaion with an ICRlSAT visiting scientist 
at the Univenity ofNebtaska-Limcoto compared isolluclear 
hybrids in A, A, and normal (non sterile) cytoplasm. Evi- 
dence of cytoplasmic nuclear i n t o n  was found, which 
means cntain hybrids arc best in om cytoplasm, others in 
another, andmay bekacr instsilecytoplamthannamal. 
The implication for other cmps like maize f a  .kmce.  is 
that a hybrid may be better if made by CMS thm by 
detasseling. &hybrids had beau sced set at low tanpen+ 
ms. fatility ~srorstion is kneT, and inhaitance is simple 
and ckar. Thra further male ncrik cytoplasms, A5 
andA,mekiiacaparatedbaoIheisonuclearpsnnsa 
to permit huther studies. A visitmg scimtist fma Namibia 
for six months working on hybrid breeding also mdied di- 
R* e&fts of p o l l i o n  on hylnid d. In inkedS male 
p e n t  pollen directly increased sad size in pollinated 
heads relatin to wlfed pollinarcd sad Tbii means thrt in 
hybrid seed poduction fields some m a l e p m c a n  signifi- 
cantly incrrase yield, through i n d  seed size, on wed 
parents. Similarly, pollmation of one hybrid with anocher 
slightly i n d  seed size, but not significantly. 

INTSORMIL sciartim found large difkrcnces between 
pearl millet genotypes faabilityto geminate in eml soils - 
whichwouldbeuseful intheMidwest It is,maCfore.possi- 
ble to bncd for this ability. INTSORMIL scientists lrned 
food quality sorghum hybrids from a new gPleration of pa- 
rental lines synth~ized from earlier pmjsa gemplasm; 
yields of the best h w &  were up m 1% b a a  than cun- 
mmial checkt. Tests in 1999 with m a r  extensive cunbi- 
natimprodlKCd in the winnrnursay should lead m five a 
six new wed parents and two early male puma. Releases in 
the gumplasm category (advanced I&) an also planned 
for 1999. 

During the p a  year NEORMIL rcscarcb hs shown 
t h a t p c a r l m i l l a h a s p a o l t i a l a s a n ~ g n i n a o p m  
dry, sbon growing scasa~ regions ofthe Great P k i  of 
USA. Plsming dace studies indicate arraommeaded dpc of 
June 1, but lkxe is a wide window of p lmhg  dsm 6wn 
May 15 through July I5 for which there is minimal yield 
Ims. lhii wide window of planting dates i n k  G r a t  
is a charac~eriaic which makes pcarl milla fcariMe as a 
emergency crop or as a double crop. 

Damage to youngmilla plan- oaun f o r a v a r i a y o f ~  
soas. Whcn 10 cm was mowed off of 25-day- old plans to 
simulate damage. increased tillaing resukd. In arty 
planrings later maturing varieties compensated well in 
termsofyieid, while in latcrplantings, when yields hwn mi- 
damaged plan& is lower, lata varieties actually p.ve higha 
yields after mowing, demonmating pcarl millas' remark- 
able ability to rapidly switch rcwnrrm to new tillm. 

Tbik years rcsuks of a multi-year study m duemime m- 
ommended planting dpc and mw spciog f a  dwarf purl 
millethybri&wascontinucdona~soilsiu inOgalW 
NE andasilly clay loam site in Mu4 NE, and apamkd to 
include a loam soil sire in Sidney, ki which has low nin- 
fall and a shcm gowing xason. At the Sidney sitq effom 
arc being made to intensify w i m t  -fallow prorhnioll sys- 
tems by i n w p d q  a summa annual aop. Averaged 
over eight cnvimnments, m w i n g  row spacing inuased 
yield ofbah p d  millet and gnin vorgbum by I2 m 1%. 
Pearl milla p d u d t h c  higbs yield wtrm pluatd on June 
I, b u ~  yield kl i  wac d l  when phming as early as 
May I5aadastahnluly 15,whikgrainsarghmhda 
m a  window f a  plant&. Avenged ova cnvimn- 
mmn, grain sorgbum produced qpmimately 0.4 Mg ha-' 
m a c  grain d m  pcarl millet. but at p W g  dates a f b  July 
I, pearl milkt oftm pmduced higbu yield. Since pad mil- 
ICI has a lower base tan- d m  grain sorghum, hnher 
study of planting data in mly May in the G r a t  Plains is 

Ratarch of RvrSORMU. s c k h t s  on weed iotafer- 
aneingrainragbumpohKtanshwdttvtnlvakrf 
(Abun'I~rkophmm Medic.) is *s wccashrl in coupe- 
ing with saghum hybids oftall heighS compand mIhe hy- 
brids of medium height The use of rall grain sorghum 
hybrids with high v m i d  leaf mea disiributioo would be a 
useful component of an inIcgmed wad mm.gnmat p v ~ -  

gram. 

m ~ ~ ~ ~ ~ d o n w g ~ ~ h e p r m ~ ~ ~ f  
sorghumwhkhiswidaprrdinA6icaadwhichinvdcda 
small now qusraatiad uo in me USA is povidingdu- 
able fimdamemal infarmtioclrbancbc fbcmiul s i p k  

E r g a , C l P v L c p r ~ i c a m a . w h i i . t D d ; s ~ u m ~  
fan obsaved intheUSA in 1997. T h i s f i m g s m  
soghum yields by pcvrming p o k l i r h  of tk fcrmk 
tlowa of the sarghmn p h t  and can nuke hunstiag d i 5  
cuh by prrvsrting mvhmery fma opcnriag m d l y  due 
tonieky"haKydov"sccmulbythefungrnNar-miff 
barrimm impormionofUS. grain m$nm to Mexicoand 
cuhu camaies auld have banme a signifiCtm pOblem 
m e  crga had ken  identified in U.S. sorghum fie& so 
MTSORMlL rrsearchm rrsponded to the need for scim- 
tific information on which m base intenmiad qmnma 
for impaotim of U.S. sorghum. During this pa yer. a 
visiting scimtia from Zimbabwe c o n d u d  d m 
several epidemiological md biological aspects of C. 
&crmo m Mexiw and USA Sckrori. of C cfricmo 



Introduction and Program Overview 

developed from within sphaceli4 so sclerotia always have 
some sphacelial tissue present. Sphaceliaand sclerotia of C. 
africana should be thought of as different tissues of the 
same structure rather than entirely independent stmctures. 
Captan fungicide greatly reduced conidial germination as- 
sociated with fresh sphacelia but did not penetrate far into 
the sphacelia. Temperature and relative humidity clearly in- 
teract to affect survival of conidia of C. africana. Several 
cumulative factors reduce presence and survival of C. 
aficana in seed making seedborne ergot a negligible 
source of initial inoculum for infection in the field, espe- 
cially in regions whereergot isalready arecurrent pathogen. 
A four page pamphlet was prepared which outlined the 
prominent features of sphacelia and sclerotia. A well-illus- 
trated manual "A laboratory guide to the identification of 
Claviceps purpurea and Claviceps africana in grass and 
sorghum seed samples" was also prepared in collaboration 
with Oregon scientists and utilized as pan of a training 
workshop for Mexican seed inspectors at Sanidad Vegetal 
in Mexico City. Both publications are available in English 
and Spanish. The biological knowledge determined during 
thecourseofthis project and the associatedpublications and 
training workshops promoting the establishment of 
more scientifically-based importlexport regulations for the 
international seed trade in sorghum. 

Collaboration of INTSORMIL entomologists was suc- 
cessfil with INTSORMIL sorghum breeders and molecular 
biologists to develop, evaluate, and deploy insect-resistant 
sorghums and add to the information database to increase 
resistance durability and identify the role of insect-resistant 
sorghums in integratedpest management (IPM) systems for 
the USA. New insect-resistant parental lines and hybrids 
were evaluated from selections and crosses made the previ- 
ous year. Data collected will result in release of sorghum 
midge-resistant lines. Data were collected and good prog- 
ress was made in advancmg greenbug biotype 1- and K-re- 
sistant parental lines for anticipated release. Insect 
resistance technology will contribute to betterand more en- 
vironmentally sound sorghum IPM. 

INTSORMIL research is the basis for IPM of sorghum 
insect pests in the USA, especially in Texas. The informa- 
tion from INTSORMIL entomological research in Texas is 
used extensively by extension personnel, private agricul- 
tural consultants and farmers. A "Questionnaire on the Im- 
portance of I P M  was administered to Boardmembers and 
Extension Agents-Pest Management at the Texas Pest Man- 
agement Association Mid-year Board of Directors' Meeting 
held 2 October 1998 in El Paso, and a "Questionnaire on 
Pest Management Practices by Crop Consultants" was 
handed out at the Texas Association ofAgricultural Consul- 
tants' Amud  Conference and Exhibition held 14-16 De- 
cember 1998 in Lubbock, and returned by mail. All farmers 
said they benefit +om using IPM, a method of pest control 
which is central to  INTSORMIL research and 
INTSORMIL's ouaeach partnerships in the USA and de- 
veloping counmes. To farmers and consultants, respec- 
tively, IPMmeansconsideringpesticidesonly when needed 

(loo%), multiple pest management tactics (95 and 92%), 
natural enemies (90 and 92%). and practices to pre- 
ventlavoid pests (95 and 84%). Most farmers (68%) said 
IPM greatly lessens risks. Reduced farming risks (79%), 
less harm to the environment (79%), less trouble or compli- 
cation than current practices (79%), and making money 
(74%) were very important to fanners when considering im- 
plementing new IPM practices. Most farmers (74%) and 
most consultants (72%) think IPM can greatly improve en- 
vironmental quality. Ninety percent of farmers believe pre- 
serving environmental quality is very important and that 
their farming practices do not harm the environment. 

During the past year, INTSORMlL plant pathologists 
have worked closely with 1NTSOP.MIL sorghum breeders 
to select lines ofsorghum resistant to sorghum head smut, 
an important soil-borne fungal disease which appears at the 
seedling stage and results in complete inability of the plant 
to prod~ce ,gain. In Mississippi, INTSORMIL entomolo- 
gists evaluated the efficacy of insecticides applied to sor- 
ghum for control of fall armyworm and sorghum midge. 
This information is useful in providing recommendations to 
farmers for control of fall armyworm and sorghum midge 
on sorghum in the USA. 

Crop Utilization and Marketing 

The digestibility of sorghum is a trait which can be im- 
proved by plant breeding. INTSORMIL cerealchemists 
were this year developing an improved rapid screening as- 
say based on a ~rb id i ty  mea'surement for the high protein 
digestibility trait. This was done with a buy-in to the 
INTSORMIL project from the Texas Grain Sorghum 
Board. INTSORMIL food scientists at Purdue are still 
working on further improving the assay by way of using 
microtiter plates to decrease sample size and increase sam- 
ple throughput per day. This rapid assay will enable sor- 
ghum breeders to more rapidly screen and select lines of 
sorghum with high digestibility, so that highly digestible 
sorghum can be commercially produced sooner to benefit 
both the livestock industry and producers of food for hu- 
mans. 

Sorghum food products are becoming more available in 
the USA, because some commercial hybrid seed companies 
have expanded their efforts to produce white, tan plant, 
food-type sorghum. Food-type sorghums are being segre- 
gated in storage to preserve their food-quality characteris- 
tics. INTSORMIL food scientists analyzed commercial 
food sorghumsgrownin 1997and 1998, andthey foundthat 
the protein and fat content of food type sorghums averaged 
10.7 and 3.4% respectively. The advantages of food type 
sorghums over red grain include color more acceptable to 
consumers and higher yield of decorticated grain. During 
this last year, INTSORMIL food scientists have worked 
closely with INTSORMIL sorghum breeders to incorporate 
the best quality characteristics into new cultivars and par- 
ents of new hybrids. Several inbreds that produce white, 
tan-plant sorghum hybrids with excellent food and feed pro- 



cessing quality have been rckascd. Thae cultivars pwfuce 
well in dry climates, but these sorghums need more rcsk 
m c e  to molds and weathering to be grown in hot humid ar- 
eas, for example, in the C o d  Bend of Texas. 

Bawd on its achievements, the lNTSORh4IL team is 
well positioned to contribute even mom effectively to end- 
ing hunger and raise i n c w s .  Wi its increasing s t ~ ~ ~ ~ g t b  
of scientific expertise in developing countries, 
MTSORMIL is now able to more effectiwly reduce wn- 
mints to production and utilization of sorghum and milla 
to the m u d  benefit of developing comma and the USA. 
Advances in sorghum and millet research over 
MTSORMIL's fim20 years, INTSORMIL xicntim in the 
USA, A&ca and Central America am now able to jointly 
plan and execute cokbmtivc man% which will have in- 
acased benefits to developing ~ u n m e s  and the USA. 
These collaborative relationships are keys to 
IMSORMIL's success and nd continue as fimdamenml 
approacha to meeting the INTSORMIL mission. h the fu- 
ture, INTSORMIL will target NARS wllaborinive ties that 
reflect regionalneeds forsorghum adamilkpmduction. 

These ria arc m thc sorghum and milfa ~~ 
ma of wenan, uaan and s o u h  Afria and Central 
America By wncermahng colkboratim in sekcad sires. 
INTSORMIL optimizes i ts momcs, builds a finite wim- 
tific capabili on sorghun and milla and acucs techno- 
logical and humn capital mat ha a s u m h b k  and @obal 
impact 

In the  pa^ INTSORMR. focused a nuja pan of its rr- 
sources m graduate d e n t  mining md generating re- 
search particularly useful within the scientific wmmunity. 
The TNTSORMILagendaforthe fururr continuer to include 
graduate student mining and generation of xientifu 
knowledge and informarion to scimtbP. b u ~  will k mom 
focused and directed t w r d  usas of thc tfchnology gcocr- 
ated by INTSORMIL reswch. Future srntegies of 
INTSORMIL will maintain INTSORMIL's ctnrrnt. highly 
pmduaive mwmamr build on its renxd of success, and 
accomplish a nmsaofgaals. IKISORMlL's maapia f a  
thc funmare 1)rlnginabk m h  iostitutiomand human 
capital dcvelopnent 2) wnsuvarion of biodiversity and 
nanual reu,urces, 3 ) d  s)ncms developmnt with fo- 
ells on relevant technology gmerariaq 4) infamation and 
m a r c h  mtworking, and 5 )  demand driven pmceses. 
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INTSORMIL FY 99 Source of Funding 
Total Year 20 - $4,593,747 

Breakdown of Buy-lns 
$1,265,301 



INTSORMIL Budget Analysis - Year 20 - FY 99 
Functional - $2,500,000 

7- 

SabricsBenefits Equipment Other Direct 
TnlninglTcch. Support Travel I n d i m  

By Line Item 



INTSORMIL PI 99 Technical Budget Analysis 
Year 20 - $1,925,000 

277 

Technical Thrusts - By Percentage 

80 1 1  Ran 

" 
Sorghum Millet 

Crops - By Percentage 



Table 1. USAID-Grant Contribution to Sorgbum/Millet CRSP for Years 1 (FY 80) through 20 (FY 
99) far all Collaborative Research and Management Entity. 

Budeet Line Items I Years 1 - 19 1 Year 20 I Totals I - 

Table 2. Manaeement Entity Omce Budget Details for Yean 1 (N 80) through 20 (FY 99). 
I Years 1-19 1 Year 20 1 

Equipment and Facilities 

Travel 

Other Direct Costs 

Networking 

LDC Special Projects 

Mission Buyin 

Indirect Costs 

Total 

Salaries and Benefits I $22,840,078 1 $994,626 1 $23,834,704 
N 8 0 - 9 8  

2,523,499 

6,011,426 

5,642,239 

605,090 

4,357,186 

100,000 

12,621,364 

% 54,700,882 

- 

Budget Line Item I N 8 0 - 9 8  1 N 9 9  

FY 99 

Total 

1 I I 

N 80 - 99 

98,829 

369,194 

41 1,531 

20,000 

605,820 

S 2,500,000 

Equipment 

I I I 

I 

2,622,328 

6,380,620 

6,053,770 

625,090 

4,357,186 

100,000 

13,227,184 

57,200,882 

Salaries 

Consultants 

Other Direct Co- 

Indirect Costs 

Total 

Workshops 

EEP 

Special Projects 

$3,273,699 1 $ 280,560 1 $3,554,259 

Travel I 897,556 ( 35,700 1 933,256 

53,534 

I I I 

44,600 1 
474,671 

1,926,966 

% 6,671,026 

151,000 

260,000 

377,800 

ME T O ~ ~ I  

Table 3. Summary of Non-Federal Matching Contributions by U.S. Institutions - Grant Years 1 
(FY 80) through 20 (FY 99). 

1,300 

44,600 

a 7,459,826 1 a 575,000 1 a 8,034,826 

54,834 

27,300 

145,140 

S 490,000 

35,000 

50,000 

Total US. Institution 

501,971 

2,072,106 

% 7,161,026 

151,000 

295,000 

427,800 

Years 1-19 
N 80 - 98 

Year 20 
N 99 





INTSORMIL gives high priorityto training host country 
scientists who will have major responsibilities for sorghum 
and millet research in their home countries. Training is also 
provided for young US.  scientists who plan for careers in 
international development work. 

W 

TRAINING 

The most frequently used mode of training is graduate 
study for advanced degrees, with the students' research 
forming an integral part of an INTSORMIL project. During 
the year covered by this report, 5 1 students from 23 different 
countries were enrolled in an I'NTSORMIL advanced de- 
gree progam. Approximately 74% of these students come 
from countries other than the USA which shows the empha- 
sis placed on host country institutional development (Figure 
1). 

INTSORMIL also places a high priority on training 
women which is reflected in Figure 2. In 1998-99,25% of 
all INTSORMIL graduate participants were female. 
Twenty of the total 51 students received full INTSORMIL 
scholarships. An additional 12 students received partial 
MTSORMIL funding and the remaining 19 students were 
funded from other sources as shown in Figure 3. 

Figure 1. Participants by Country 

- 
20 

Figure 3. Source of Funding 

All 5 1 students worked directly with INTSORMIL prin- 
cipal investigators on NTSORMIL projects. These stu- 
dents are enrolled in gaduate programs in six disciplinary 
areas, agronomy, breeding, pathology, entomology, food 
quality, and economics. 

The number of INTSORMIL funded students has de- 
creased gradually over the years. This is related to de- 
creases in program budget and the loss of U. S. Principal 
Investigators. In 1993-1994there were 25 US.  PIS with the 
program and in 1998-1999 there are 18. 

In addition to graduate degree programs, short term train- 
ing programs have been designed and implemented on a 
case by case basis tosuittheneeds ofhost countryscientists. 
Four post doctoral scientists and five visiting host country 
scientists were provided the opportunity to upgrade their ' 
skills in this fashion during 1998-1999. 

The following table is a compilation of all INTSORMIL 
training activities for the period July 1, 1998 through June 
30, 1999. 

Figure 2. Participants by gender 

Figure 4. Discipline Breakdown 



Year 20 INTSORMIL Training Participants 
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INTSORMIL Buyins 
FY 99 - Year 20 

Y 

Projen No. Buyin Amount Total 

Kansas AgriculNral Experiment Station 
Ivy Laboratories 
USAIDlEgypt 
American Society for Microbiology 
USDAlFood Safety Panel 
USDAMational Scab Research lniative 
USDNEpidemiology/Etiology 

Purdue University - Department of Agronomy 
Purdue Univesity - Depattment of AgriculNre 
Rockefeller Foundation 
WinroddMcKnight Foundation 
Purduc Univenity - Depattment of Agmnomy 
Texas Grain Sorghum Board 
Purdue Univenity - Department of Agronomy 
Niger Country Program 
Rockefeller Foundation 
INRAN 
ROCARS 
ICRISAT 
ROCAFREMI 
World Bank Niger 
McKnight Foundation 

Sorghum Biotech Partnenhip 
USDA-NRI 
USDA-ARS 
Texas Higher Education Coordinating Board 
Texas Higher Education Coordinating Board 
Pioneer Hi-Bred International. Inc. 
USAID 
USDNGermplasm Evaluation 
USDNCSREES 
USDAlFAS 
Texas Grain and Grain Gene lniative 
Texas Dept. of Agr icu l~re  & Texas Pest Management Assoc. 
Hatch 6789 
Hatch 7134 
Hatch H-8472 
Texas Grain Sorghum Produces Board 
USDA-ARS 
USDNCSREES 

Nebraska Grain Sorghum Board 
SPARCIUSAID 
Pioneer Hi-Bred International. Inc 
Nebraska Grain Sorghum Board 
Mahyco Seed Company. India 

Total Buyins - June 30, 1998 to July 1,1999 - Fy 99 -Year 20 

30 



INTSORMIL Sponsored and Co-Sponsored Workshops 1979 - 1999 
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MTSORMIL Publications 

Journal Articles 

Aboubacar, A. and B.R. Hamaker. 1998. Branched soluble starch as a determinant of sorghum couscous stickiness. 
J. Cereal Sci. (In press). 

Aboubacar, A. and B.R. Hamaker. 1998. Physicochemical properties of flours that relate to sorghum couscous 
quality. Cereal Chem. 76:308-3 13. 

Batterman-Azcona, S.J., J. Lawton, and B.R. Hamaker. Effect of specific mechanical energy on protein bodies and 
a-zeins in corn flour extrudates. Cereal Chem. 76:3 16-320. 

Beta, Trust, Lloyd W. Rooney, Lillian T. Marovatsanga and John R.N. Taylor. 1999. Phenolic compounds and 
kernel characteristics of Zimbabwean sorghums. J. Sci. Food Agric 79: 1003- 1010. 

Boora, K. S., R.A. Frederiksen, and C.W. Magill. 1998. DNA-based markers for a recessive gene conferring 
anthracnose resistance in sorghum. Crop Science 38:1708-1709. 

Boora, K. S., R.A. Frederiksen, and C.W. Magill. 1999. A molecular marker that segregates with sorghum leaf 
blight resistance in one cross is maternally inherited in another. Mol. Gen. Genet. 261:317-322. 

Britz, H., M. J. Wigfield, T. A. Coutinho, W. F. 0. Marasas & J. F. Leslie. 1998. Female fertility and mating-type 
distribution in a South African population of Fusarium subglutinans f. sp. pini. Applied and Environmental 
Microbiology 642094-2095. 

Castro, M. T., H. N. Pitre and D. H. Meckenstock, and F. Gomez. 1998. Influence of slash and bum and slash and 
mulch practices on insect pests in intercropped sorghum and maize in southern Honduras. Ceiba. 39: 1-4. ' 

Chopra, S., V. Brendel, J. Zhang, J.D. Axtell, and T. Peterson. 1999. Molecular characterization of a mutable 
pigmentation phenotype and isolation of the first active transposable element from Sorghum bicolor. 
(Submitted to PNAS). 

Collins, S. D., R.A. Frederiksen, W.L. Rooney, and D.T. Rosenow. 1999. Registration of TAM Bk-59 Sorghum 
Germplasm. Crop Science 39: In Press. 

Coulibaly, Ousmane N., Jeffrey D. Vitale and John H. Sanders, 1998. Expected effects of devaluation on cereal 
production in the Sudanian region of Mali. Agricultural Systems 75(4):489-503. 

Crasta, O.R., W. Xu, D.T. Rosenow, J.E. Mullet, and H.T. Nguyen. 1999. Mapping of post-flowering drought 
resistance mits in grain sorghum: Association of QTLs influencing premature senescence and maturity. Molec. 
Gen. Genetics (i press). 

Desjardins, A. E., R. D. Plattner, M.. Lu, and L. E. Claflin. 1998. Distribution of fumonisins in maize ears infected 
with strains of Fusarium moniliforme that differ in fumonisin production. Plant Dis. 82:953-958. 

Diarisso, N.Y., B.B. Pendleton, G.L. Teetes, G.C. Peterson, and R.M. Anderson. 1998. Spikelet flowering time: 
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