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Introduction and 
Program Overv~ew 

The Collaborative Research Support Program (CRSP) 
concept was created by the U S Agency for Internatlonal 
Development (USAID) and the Board for Internatlonal 
Food and Agriculture Development (BIFAD), under the 
ausplces of T~tle XI1 ofthe Forelgn Ass~stance Act, as a long 
term mechanism for moblllz~ng the U S Land Grant Unl- 
versltles m the mternat~onal food and agricultural research 
mandate ofthe U S Government The CRSPs are communl- 
ties of U S Land Grant Unlverslt~es worklng wlth USAID 
and USAID Mlsslons, other U S Federal Agencies, devel- 
oping country Natlonal Agrrcultural Research Systems 
(NARS), developlng Country Colleges and Unlvers~ties, In- 
ternat~onal Agr~cultural Research Centers (IARCs), prlvate 
agencies, ~ndustry, and prlvate voluntary organlzatlons 
(PVOs) The Sorghum and Mlllet Collaborative Research 
Support Program (CRSP) IS one of nine CRSPs currently m 
operation 

Agr~cultural sclentlsts of the Sorghum and Mlllet Col- 
laboratlve Research Support Program (INTSORMIL 
CRSP), or slmply INTSORMIL conduct collaboratlve re- 
search uslng partnerships between U S Unlverslty sclen- 
tlsts and scientists of the Nat~onal Agr~cultural Research 
Systems (I e , NARS) INTSORMIL IS programmatlcally 
organized for ef ic~ent  and effectlve operation and Includes 
most of the public sorghum and mlllet research expertise m 
the Un~ted States Tlze INTSORMIL missron IS to use col- 
laboratrve researclz as a meclzanam to develop human and 
rnstituttonal research capabil~ties to overcome constrarnts 
to sorglzum and mrllet productron and utrlrzatron for tlie 
mutualbenejitof U S and LDCagrrculture Collaborating 
NARS and U S sc~ent~sts jolntly plan and execute research 
that mutually benefits developlng countries and the Unrted 
States The Global program of INTSORMIL is malntalned 
m the agroecologlcal zones of western southern and east- 
em Afnca, and m Central Amerlca These sltes support the 
general goals of buildlng NARS lnstltutlonal capabll~ties, 
creating human and technological cap~tal for solvlng sor- 
ghum and mlllet constraints wlth sustarnable global Impact 
promotlng economlc growth, enhanclng food securlty and 
encouraging entrepreneur~al actlvltles The unlverslties 
whlch are active m the INTSORMIL CRSP are Kansas 
State Unlverslty Mlsslss~pp~ State Unlverslty, Unlvers~ty 
of Nebraska Purdue Univers~ty and Texas A&M Unlver- 
Slty 

Sorghum and mlliet are Important food crops In molsture 
stressed regions of the world They are staple crops for mil- 
lions m Africa and Asla whlch, m the~r area of adaptation 
cannot be rel~ably substituted by other cereals The develop- 
ment of food sorghums and sorghums wlth Improved feed- 
ing properties such as increased digestton and reduced 
tannrn content has contributed to sorghum becomlng a ma- 
jor feed gram in the U S , countries in Central and South 

America, and in Afrtca Pearl m~llet 1s becomlng an Impor- 
tant feed source in poultry feeds m the southeastern U S 
The new food sorghums produce gram that can be used for 
speclal ethnlc and dietary products as well as for tradlt~onal 
food products Speclal whlte sorghums m Mall have the po- 
tentlal for allowing farmers' wlves to process sorghum Into 
hlgh-value food products for sale m village and urban mar- 
kets whlch can compete wlth wheat and rlce products The 
trad~tlonal types of sorghums cannot make effectlve food 
products that can compete with wheat and rlce products 
Pearl mlllet also has great potentlal for processlng Into h~gh- 
value food products whlch can be sold in vlllage and urban 
markets that can compete wlth wheat and rlce products 
These developments have occurred because of the slgnlfi- 
cant lnteractlon that INTSORMIL sclentlsts U S and Host 
Country, have In conducting research from gram productlon 
through processlng and marketing 

Although slgn~ficant advances have been made m Im- 
provement and productlon of sorghum and mlllet m the re- 
glons whlch INTSORMIL serves, population continues to 
exceed productlon capacity There remalns an urgent need 
to contlnue the momentum of our successes m crop m- 
provement as well as our efforts In strengthening the NARS 

INTSORMIL continues to maintain a flex~ble approach 
to accomplishing ~ t s  mlsslon 

The success of the INTSORMIL program can be attnb- 
uted to the following strategies whlch gulde the program m 
its research and llnkages wlth technology transfer entltles 

Developing lnstltut~onal and human capltal INT- 
SORMIL promotes educational outcomes m collaborating 
host countries The outcomes Include lnstltut~onal strength- 
enlng development of collaboratlve research networks 
promotlng and llnklng to technology transfer and dlsseml- 
natlon, infrastructure development, and enhanclng national, 
reg~onal, and global communication llnkages A major In- 
novative aspect of the INTSORMIL focus is to maintarn 
contrnutng relationslzips wrth collaborating host country 
screntrsts upon return to tlzeir researclz posts in tlz err coun- 
trres They become members of resenrclt teams of ZNT- 
SORMIL and NARS scientists who conduct researclz on 
applrcatrons of atsting technology and development of 
new teclfnology Tliis integrated relationsliip prepares 
tlzem for leaderslirp roles in regional networks m wljrch 
tliey collaborate 

Conserving b~odlverslty and natural resources Re- 
search outcomes ofthe collaboratlve research teams mclude 
development and release of enhanced gemplasm, develop- 
ment and Improvement of sustalnable productlon systems, 
development of sustalnable technolog~es to conserve b~odl- 
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verslty and natural resources and to enhance society's qual- 
ity of llfe, and enlarge the range of agricultural and 
env~ronmental cholces Thus, INTSORMIL promotes con- 
serving mlllet and sorghum germplasm, conserving natural 
control of sorghum and m~llet arthropod pests and diseases, 
develop~ng resource-efficient cropplng systems develop- 
mg mtegrated pest management programs, developlng cul- 
t~vars w~ th  lmproved nutrlent and water use efficlencles, 
and evaluatmg Impacts of sorghum/m~llet technolog~es on 
natural resources and b~odlvers~ty 

Develop~ng research systems Collaboration m the eco- 
geographical regional sltes have been strengthened by uslng 
U S and NARS multi-dlsclplinary research teams focused 
on common objectives and unlfied plans INTSORMIL scl- 
entlsts provlde global leadersh~p m blotechnology research 
on sorghum and mlllets The output from these dlsclpllnary 
areas of research are llnked to lmmedlate results Blotech- 
nology and other tools of sc~ence Integrated wlth traditional 
sclence will contribute to allevlatlng productlon and utlllza- 
tlon constralnts m sorghum and pearl mlllet wlthln the me- 
dlum term of 5 to 10 years New technolog~es are then 
extended to farmers' fields m developlng countries and the 
Unlted States through further collaboratlve efforts In addl- 
tlon, INTSORMIL plays a part m mltlatlng conslderatlon of 
economic policy and processlng constralnts to regalnlng the 
competltlveness of sorghum and mlllet as a basic food sta- 
ple 

Supporting lnformat~on networking INTSORMIL 
research emphasizes working wlth ex~stlng sorghum and 
mlllet networks to promote effectlve technology transfer 
from prlme sltes to local and reglonal lnstitutlons Technol- 
ogy transfer 1s strengthened by continued llnks wlth re- 
glonal networks, International Agricultural Research 
Centers, and slmllar local and reglonal lnstltutlons Empha- 
sis IS placed on strong llnkages wlth extension services, ag- 
rlcultural productlon systems, prlvate and publlc seed 
programs, agrlcultural products supply busmesses, and non- 
profit voluntary organlzatlons, such as NGOs and PVOs for 
efficient transfer of INTSORMIL generated technolog~es 
Each l~nkage IS vltal to development, transfer and adoptlon 
of new productlon and uttllzatlon technologles 

Promoting demand dr~ven processes Development of 
economlc analysls for prlorltlzatlon of research and farm- 
level mdustry evaluatlon, development of sustamable food 
technology, processlng and marketing systems, are all 
dnven by the need for stable markets for the LDC farmer 
INTSORMIL seeks alternate food uses and new processlng 
technolog~es to save labor and tlme requlred in preparation 
of sorghum and pearl mlllet for food Kesearch products 
transferred to the farm will seek to spur rural economlc 
growth and prov~de dlrect economic benefits to consumers 
INTS0R.MIL researchers assess consumption shlfts and so- 
cloeconom~c pollcles Intended to reduce effects of prlce col- 
lapses and address methods for reduclng processlng for 

sorghum and mlllet Research u almed at reduclng effects of 
prlce collapse m h~gh-yleld years and creatln, 0 new lncome 
opportun~tles INTSORMIL soc~oeconom~c projects meas- 
ure impact and diffusion of sorghum and pearl mlllet tech- 
nologles and evaluate constralnts to rapld dlstrlbut~on and 
adoptlon of Introduced new technologles 

The INTSORMIL program addresses the contlnulng 
need for agr~cultural productlon technology development 
for both the U S and the developlng world, especially the 
semlarld troplcs There 1s mternatlonal recognltlon by the 
world donor community that the developlng country agn- 
cultural research systems must assume ownership of thelr 
development problems and move toward achlevlng resolu- 
tlon ofthem The program IS a proven model that empowers 
the NARS to develop the capaclty to assume the ownership 
of thelr development strategies, whlle at the same tlme re- 
sultlng In s~gn~ficant benefits back to the U S agrlcultural 
sector and presents a wln wln sltuatlon for lnternatlonal ag- 
r~cultural development 

Admlnlstrat~on and Management 

The Unlverslty of Nebraska at Ltncoln (UNL) provldes 
the Management Entlty (ME) for the Sorghum/Millet CRSP 
and IS the prlmary grantee of USAID UNL subgrants are 
made to the partlclpatlng U S Unlversltles for the research 
projects ~dentlfied In the overall research plan of the pro- 
gram Country project finds, managed by the ME and U S 
partlclpatlng lnstltutlons support collaboratlve research to 
the benefit of both the U S and country programs The 
Board of Directors (BOD) of the CRSP serves as the top 
management/pollcy body for the CRSP The Techn~cal 
Comm~ttee (TC) External Evaluat~on Panel (EEP) and 
USAID personnel adv~se and gulde the ME and the Board m 
areas of pollcy, technical aspects collaborat~ng host coun- 
try coordmatlon, budget management, and review 

Several major declslons and accompllshments were 
made by the ME, BOD, and TC durlng the past year 

The TC BOD and ME tnstltutlon lntervlewed and se- 
lected a candidate who was h~red by the ME for the Asso- 
clate Program Dlrector posltlon withln INTSORMIL 

The TC and the ME finallzed the RFP for a new project 
on Sorghum/Mlllet Marketing Economics 

The BOD approved a budgeting process developed by 
the TC Thls involves the TC conslderlng PI workplans, 
PI budgets, PI prevlous annual report dlsclplme budget 
recommendation and the TC dlsc~pllne representatives 
just~ficat~on for budget recommendat~ons A project 
evaluatlon form has been developed for testlng 

The BOD ofDlrectors approved the EEP Rotat~on sched- 
ule for the period of 1998-2002 
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The major publ~catlons organ~zed and publ~shed by the end tralnlng IS an extremely crlt~cal component of develop- 
ME off~ce durlng the year lncluded ment assistance 

INTSORMIL CRSP D~rectory update, INTSORMIL 
Publlcat~on, July, 1996 

INTSORMIL Annual Report 1996, MTSORMIL Publl- 
catlon No 96- 1 

INTSORMIL Annual Report 1995, Executive Sum- 
mary, INTSORMIL Publ~catlon No 96-2 

The 1996-97 Techn~cal Comm~ttee (TC) was elected 
The TC members are Dr Stephen Mason, Unlverslty of 
Nebraska, Dr George Teetes, Texas A&M Unlverslty, Dr 
Lloyd Rooney, Texas A&M Unlverslty, Dr Darrell Ro- 
senow, Texas A&M Unlverslty, Professor Dav~d Andrews, 
Unlverslty of Nebraska, Dr Gary Peterson, Texas A&M 
Unlverslty, Dr Aboubacar Toure, IER/Mall and Dr Fran- 
cisco Gomez, EAPIHonduras 

The announcement for the Internat~onal Conference on 
Genetlc Improvement of Sorghum and Pearl Mlllet, m Lub- 
bock, TX, September 23-27, 1996 was dlstr~buted world- 
w~de  INTSORMIL and ICRISAT were the co-sponsors for 
thls event w ~ t h  contr~butlons from the Rockefeller Founda- 
tlon, the Overseas Development Admlnlstratlon (ODA), the 
Natlonal Grarn Sorghum Producers Assoclatlon, the Texas 
Seed Trade Assoclat~on, Texas Tech Unlvers~ty and Texas 
A&M Unlverslty There were 248 persons who partlc~pated 
m the conference from 38 countrles 

INTSORMIL partnered with the BeanICowpea CRSP 
and World Vlslon Internat~onal for a project on technology 
transfer m West Afrlca under the West Africa NRM In- 
terCRSP project managed by the IPM CRSP on behalf ofthe 
CRSP Council Thrs project was ln~tlated during thls year 

INTSORMIL slgned MOUs wlth the Kenya Agricultural 
Research Institute (KARI), the Uganda Natlonal Agncul- 
tural Research Organ~zat~on (NARO) and the Div~s~on of 
Agncultural Research and Extens~on (DARES), Erltrea 
during the 1996-97 tlme frame 

Tra~nlng of host country sclentlsts contr~butes to the ca- 
pability of each host country research program to stay 
abreast of envlronmental and ecological changes which al- 
ter the balance of sustainable product~on systems The 
strengthenmg of host country research lnstltutlons contrlb 
Utes to them capability to predlct and be prepared to combat 
envlronmental and ecological changes whlch affect produc- 
tlon and utllizatlon of sorghum and pearl mlllet A well bal- 
anced lnstitutlon w~l l  have to be prepared to priorltlze and 
blend ~ t s  operational efforts to accompl~sh the task of con- 
serving and effic~ently utlllzlng ~ t s  natural resources To thls 

Durlng 1996-97, there were 56 students from 21 d~fferent 
countrles enrolled m an INTSORMIL advanced degree pro- 
gram and adv~sed by an INTSORMIL prlnc~pal mvestlga- 
tor Approx~mately 80% of these students came from 
countrles other than the U S , whlch Illustrates the emphasls 
placed on host country lnstltut~onal development INT- 
SORMIL also places Importance on tralnlng women whlch 
IS reflected m the fact that 16% of all INTSORMIL graduate 
students were women 

The number of students recelvlng 100% funding by INT- 
SORMIL In 1996-97 totaled 18 An additlonal2 1 students 
recelved partla1 fundlng from MTSORMIL The remamlng 
17 students were funded from other sources but are worklng 
on INTSORMIL projects The number of students recelvlng 
100% fundlng from INTSORMIL has dropped from a h~gh 
of 7 1 m 1986 down to a low of 17 In 1993-94 Thls IS, m part, 
due to tralnlng taklng place under other fundlng sources, but 
an even more s~gn~ficant factor 1s that budget flexlblllty for 
supporting tralnlng under INTSORMIL projects has been 
greatly d~mlnlshed due to reduct~ons In our overall program 
budget and because of lnflatlonary pressures 

In add~t~on to graduate degree programs, short-term 
tralnlng programs have been deslgned and Implemented on 
a case-by-case basis to s u ~ t  the needs of host country sclen- 
tlsts Several host country scientists were provlded the op- 
portunlty to upgrade thelr skllls In thls fash~on durlng 1996- 
97 

The SorghumIM~llet CRSP Global Plan for Collabora- 
tlve Research Includes workshops and other networklng ac- 
tlvltles such as research newsletters publ~cat~ons, the 
exchange of sc~ent~sts, and the exchange of germplasm The 
INTSORMIL Global Plan IS des~gned for research coordl- 
natton and networklng withln ecogeograph~c zones and 
where relevant between zones The Global Plan 

Promotes networklng wlth IARCs NGO/PVOs Re- 
glonal networks (ROCAFREMI ASARECA, ROCARS 
SADC and others) prlvate Industry and government exten- 
slon programs to coord~nate research and technology trans- 
fer efforts 

Supports partlclpatlon In reglonal research networks to 
promote professional actlvitles of NARS scientists to fa- 
cllltate reglonal research actlvltles (such as multi-locatlon 
testlng of breedlng materials), promote germplasm and m- 
formation exchange, and facllltate Impact evaluation of new 
technologies 

Develops regtonal research network short-term and de- 
gree tralning plans for sorghum and pearl mlllet sclentlsts 
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Over the years, established networking actlvltles have 
been malntalned wlth ICRISAT, SADCACRISAT, SMIP, 
SAFGRAD, ICRISAT Sahellan Center, ICRISAT West Af- 
rica Sorghum Improvement Program, ROCAFREMI, 
EARSAM of ICRISAT, ICRISATIMexlco CIAT and 
CLAIS of Central and South Amer~ca There has been ex- 
cellent collaboratlon wlth each of these programs m co- 
sponsoring workshops and conferences, and for coordlna- 
tlon of research and long-term tralnlng INTSORMIL cur- 
rently cooperates wlth the ICRISAT programs m East, 
Southern, and West Afrlca and the ROCAFREMI (Reseau 
Ouest et Centre Afncaln de Recherche sur le Mil, Nlger) of 
West/Central Afr~ca Sudanese collaborators have provided 
leadership to the Pan African Strrga Control Network INT- 
SORMIL plans to strengthen linkages among the NARS 
wlth whlch it collaborates, as well as lnternatlonal and re- 
gional organlzatlons and networks INTSORMIL wlll con- 
tinue to promote free exchange of germplasm, technical 
mforrnatlon, Improved technology, and research tech- 
nlques 

Benefits to Host Countries 

Realrzed BeneJils of Program 

INTSORMIL can document a wlde range of benefits to 
host countrles U S agriculture, and the broader sclentlfic 
community Many of these benefits have reached fruitlon 
wlth rmproved programs, economlc benefits to producers 
and consumers, and maintenance or Improvement of the en- 
vlronment Others are at lntermedlate stages ( ~ n  the plpe- 
Ime) that do not allow quant~tatlve measurement of the 
benefits at present, but do merlt identlficatlon of potentlal 
benefits m the future The collaborative nature of INT- 
SORMIL programs have burlt posltive long-term relatlon- 
shlps between scientists, cltlzens and governments of host 
countnes and the Unlted States Thls has enhanoed unlver- 
slty educational programs and promoted understanding of 
dlfferent cultures enrlchlng the llves of those ~nvolved, and 
hopefully maklng a small contrlbutlon to world peace mad- 
dltlon to improving sorghum and pearl mlllet productlon In 
developing countrles and In the Unlted States m sustainable 
ways 

GermpIasm Enhancement and Consewatron 

Germplasm exchange movement of seeds in both dlrec- 
tions between the U S and host countrles has lnvolved 
populat~ons, cultlvars, and breedlng llnes carrylng genes for 
resrstance to Insects, diseases, Strrga, drought and so11 ac~d- 
~ty, as well as ellte materials wlth hlgh yleld potentlal whlch 
can be used as cultlvars per se or used as parents In breedlng 

programs Spec~fic germplasm releases (~ncludmg breedlng 
Ilnes) for host country use Include the following 

* Improved yleld (for all host countrles) 
* Improved drought tolerance (Afnca and drler 

areas of Latln Amer~ca) 
* Acld so11 tolerance 
* Strrga reslstance (West Eastern Afrlca and 

Southern Afrlca) 
* Mldge and Greenbug reslstance (Latin Amer~ca) 
* Downy mlldew reslstance (Latln Amerlca and 

Botswana) 
* Anthracnose reslstance (Latln America and Mali) 
* Charcoal rot and lodging resistance (Afr~ca and 

drier areas of Latln Amer~ca) 
* Head smut and vlrus reslstance (Latln Arnenca) 
* Foliar dlsease resistance (for all host countnes) 
* Improved grain quallty characteristics for food 

and lndustr~al uses (for all host countrles) 

The hybrtd sorghum success story In Sudan traces to IC- 
RISATIINTSORMILIARC collaboratlon In whlch they de- 
veloped produced seed and popularized the first hybrld 
sorghum Hageeh Dura-1 (Tx623 x K1567), for thls coun- 
try The female line Tx623 was used due to ~ t s  wide adapta- 
tlon high yleld potential and drought reslstance It currently 
1s produced on about 12% of the sorghum area in the Sudan 
Gez~ra Irrlgat~on Scheme, the largest In the world under one 
management Impact studles show that the ~nternal rates of 
return to thls research without further extension of the pro- 
ductton area in Hageen Dura- l were 23% for low fertilizer 
levels and 3 1% for h~gh fert~l~zer use levels With the pres- 
ent rate of diffusion, the Investment on th~s  research would 
pay approximately $1 m~lllon of annual benefits 

The Central AmencalHonduras sorghum program IS Im- 
proving sorghum research and productlon throughout the 
reglon through research tralnlng, and outreach actlv~tles 
Research based In Honduras is extended throughout the re- 
gion in both the ma~clllo criollo enhancement program and 
hybrld performance testlng Small-scale h~lislde producers 
benefit through the malclllo crlollo enhancement whlle 
larger producers through the hybrld performance test The 
hybr~d performance test allows commercial industry and 
producers access to unbiased y~eld data and comparison of 
hybrlds In the reglon Central Amerlca 1s the only locat~on m 
the world where sorghum has evolved to fit the cropplng 
systems of the steepland h~llsldes Collaboration wlth proj- 
ects such as LUPE (Land Use Productlv~ty Enhancement) 
allows hllls~de producers to see the benefits of a total man- 
agement package for lmproved sorghum productlon The 
INTSORMILMonduras sorghum project has assumed the 
responslbllrty for consem~ng thls sorghum gene pool The 
goal of the consewatton effort IS to create a mosalc of mai- 
clllo enhanced malclllo and ~mproved variety fields in 
wh~ch genes flow freely among these dlfferent klnds of sor- 
ghum Ostens~bly, an Informal network ofvlllage level land 
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race custodians will care for this germplasm as they have 
cared for maicillo The creation of enhanced maiclllo culti- 
vars and their subsequent deployment on-farm, IS not only 
intended to increase genetic diversity in situ, but to stave off 
replacement of maic~llos by introduced cultlvars There are 
four improved dwarf ma~cillo vaneties ready for release 
which will stabilize sorghum productlon through stress re- 
slstance and excellent quallty grain characteristics 

In Central America sorghum utilization patterns are 
shiftmg as the demand for poultry rapidly ~ncreases (8 4% 
annually in Honduras) For the time perlod of 1990-1993 
sorghum productlon m Central Amerlca grew 18 percent at 
a rate of 4 42% per year In 1994, seventy SIX percent of the 
sorghum was utillzed for animal consumptlon and 17% for 
human consumption m Honduras For human consumptlon 
6% was for on-farm use and the other 11% was sold With 
the rapid expansion of poultry feedmg, sorghum has been 
fillmg much ofthe Increased demand for feed grains Of the 
cereal component m Honduran commercial feeds, sorghum 
mcreased ~ t s  share from 4% m 1985 to 26% In 1993 All over 
Central Amer~ca there has been a rap~d growth of hybrld 
sorghum seed sales for use in production of sorghum gram 
for feed It IS estimated that 35% of the sorghum area was 
planted to hybrids m 1995 Sorghum is successfully replac- 
mg maize in an~mal feed and releasing an equivalent 
amount of white malze for human consumption 

The prtncipal objective of an Impact assessment activlty 
completed in July, 1996 was to measure the impact of the 
new cultlvars and associated technologies developed in the 
SRNIEAPIINTSORMIL program In Honduras Secondly, 
the assessment team looked at the impacts and production 
systems m other principal sorghum producing countries m 
the region, El Salvador and Nicaragua The prlmary re- 
search output In all three countries was the select~on of new 
higher y~elding white seeded varieties of sorghum Conclu- 
sions reached from thls lmpact assessment of the Sor- 
ghumhlillet CRSP research m Central America indicate 
that benefits from the varletal research in the three countrles 
ranged from $437,000 per year m Nicaragua, $600 000 In 
Honduras (low side est~mate), to $1 900 000 per year in El 
Salvador The two new cult~vars introduced m El Salvador 
were introduced with more extension and publlc policy sup- 
port for ~mproved seed production and credlt Estimates in- 
clude only the benefits accrulng from the adoption of 
cultlvars developed by the public research systems Note 
that only the Honduras benefits can be totally cred~ted to the 
SRN/EAP/INTSORMIL program In Honduras Improve- 
ments tn the quality and availabil~ty of seed of varretles W I I I  
continue to be critical for small- and medium-scale farmers 

Researchers of the INTSORMIL CRSP have developed 
a new drought tolerant sorghum hybr~d des~gnated NAD-I 
@AD-I = Tx623 x MR732) has proven to be highly pro- 
ducttve and well adapted m Nlger The gram quallty 1s ac- 
ceptable for local food preparations and the yields reported 
from 100 on-farm demonstration plots tn 1992 were ap- 

proximately twlce the ylelds of local varleties Overall, the 
average yield of NAD- 1 between 1986 and 1994 1s 2758 kg 
ha on-stat~on, ten tlmes the average yleld of the farmer In 
Nlger (273 kg ha I )  In 1993 the farm level plots showed the 
average farmer yleld for the Konnl and Jlrataoua region was 
2365 kg ha for NAD-1 In 1994 NAD-1 yielded an estl- 
mated 1725 kg ha (Say), 3500 kg ha (Jirataoua) 3800 kg 
ha l (Cerasa), and 4600 kg ha l (Konni) for an overall 
firmer yleld of more than 3000 kg ha Thrs IS compared to 
the natlonal average of 273 kg ha In 1995 farmer demon- 
stratlon trlals were conducted m an area extending from 
Konni to Zinder eastward and as far north as Dakora The 
1995 trials compared the NAD-1 hybrld ylelds to one ofthe 
best local landraces, Mota Maradi (MM) The objectives 
were to check the extent of NAD- I superlorlty over locals 
under as diverse conditions as possible with farmer manage- 
ment, and assess its area of best performance A preliminary 
yleld analysls showed that, overall, NAD-I ylelded an aver- 
age of 1 6 t ha compared to 1 1 t ha ' for MM This is about 
50% better yield for the hybrld Thls is especially important 
because 1995 was not a good year Farmer Interest has been 
very hlgh Head slze and grain yield have been impressive 
Th~s  is the first sorghum hybrld that has actually reached 
farmer fields ~n Nlger In early 1996, a seed program consul- 
tancy sponsored by INTSORMIL was put into place The 
draft report ind~cates that the hybrid NAD-1 and the country 
of Niger fulfill three basic requirements for the establ~sh- 
ment of a seed Industry, I e, (1) it is important that a cultlvar 
be Identified that has significant yleld, good grain qualrty 
and is not more susceptible to pests than local varletles (2) 
the area m the country should be large enough to support a 
seed Industry, and this exists in Nlger (area sown to sor- 
ghum is m excess of one million hectares) and (3) the culti- 
var Involved should be a hybrid in order to permlt the 
establishment of a suitable market and the hybrld should be 
readlly produc~ble Results of Regional Trials indicate a 
wlde adaptat~on of NAD-1 m other countries of the reglon, 
lndrcatlng the opportunity for an ~nternational market The 
experience of developing a prlvate seed industry In Niger 
would be immediately valuable to other countrles of the re- 
gton wlth the production and marketing of hybrid seeds as 
they reallze superror hybrlds from their research 

Through the Integrated cooperation of sorghum breeders 
and food scientists we now understand many of the factors 
necessary to Improve the nutrltlonal value of sorghum lo- 
cally processed rn v~llages Sorghum flour is less digestible 
than most cereal flours unless it 1s processed uslng local vil- 
lage procedures which have evolved over hundreds of years 
We now understand the sclentlfic reasons why processing is 
Important This knowledge will help modify and improve 
the traditional processing methods and to develop improved 
processing methods for utilizat~on in other countries in the 
world where sorghum is used as a feed for food gram The 
1996 annual report noted for the first time that a genetic so- 
lutlon may be posslble for the d~gestibil~ty problem In 
1996-97 Dr Bruce Hamaker, INTSORMIL scientist in the 
Food Sctence Department at Purdue University ident~fied 
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modrfied sorghum lines with a hlgh proteln d~gest~b~lity 
trait that have good fill of vltreous endosperm and ~mproved 
mlllmg character~stlcs compared to softer grams 

The INTSORMIL goal for the parasltlc weed, Strrga, IS 

to explort the unlque l~ fe  cycle and parasitic tralts of Stnga, 
especially the chemlcal slgnals requlred for germination, 
dlfferent~at~on, and establishment The genetlc inheritance 
the low product~on of the Striga germlnatlon stimulant m 
SRN39 has been ident~fied The low production of the ger 
mmatlon strmulant ~n thls llne IS lnher~ted as a slngle nu- 
clear, recessive gene whlch is largely addltlve 
INTSORMIL project PRF-2 13 also has reported on the de- 
velopment of an m vltro assay for post-mfectlon Strzga re- 
slstance This assay will allow for ldentlfication of genetlc 
vanants that discourage lnfectlon of Striga as a hypersensl- 
t ~ v e  reactlon where penetratlon 1s followed by necrosis, or 
slowed development of the paraslte after penetratlon as 
well as lncompat~b~llty resulting in stunted growth or even- 
tual death of the parasite It was reported In 1996 that e~ght 
tons, one ton each of elght h~gh-y~eldmg Strzga-resistant 
food gram sorghum varletles were released by Purdue Unl- 
verslty to the PVO, World Vision, for use In nlne countries 
m Afilca Dur~ng the first eleven months of operation, these 
Strzga-resistant food quallty sorghums have been tested on 
field statlons or m farmers fields, or both, m the followlng 
countries Ghana, Senegal, Mall, N~ger Sudan, Rwanda, 
Mozamb~que, and Eritrea The Ethiopian Sorghum Im- 
provement Program has selected two of the eight varieties 
for large scale seed mult~pllcatlon and dlssemlnatlon m 
1998 

Excellent progress has been made m Mali to develop 
whlte-seeded, tan-plant guinea cultlvars Emphas~s 1s being 
placed on intercrosses uslng the experimental gulnea-type 
wh~te-seeded, tan-plant cultlvar named N'tenlmlssa (Blm- 
blr~  Soumale x 87CZ-Zerazera) w~th elite local guineas and 
w ~ t h  other high-y~eldmg non-guinea breedlng llnes whlch 
lack the necessary head bug tolerance They have good 
guinea plant, gram, glume, and panicle character~stlcs, and 
some have jutcy stems Two new lmes were selected m 1995 
for on-farm testmg In the ralny season of 1996 Gram of 
N'tenlmlssa will be Increased on about five ha m 1996 for 
use m utlllzatlon and value-added product development 
The PVO, World Vlslon, dlstr~buted N'tenlmlssa and Strrga 
resistant cult~vars in 20 on-farm tr~als m 1996-97 In North- 
ern Mall, CARE IS cooperating w~th  IER and testing new 
sorghum cultlvars at about 20 sltes World Nelghbors has 
provided lmproved cultlvars of millet and sorghum with a 
package of lmproved productlon technolog~es to more than 
20 communltles m the Segou area of Mall 

In Mall, llnes developed by Dr Bretoudeau at the Agrl- 
cultural School at Kat~abougou and evaluated In a 32-lme 
Advanced Early Test produced the highest yield These 
llnes have good grain mlllmg qualities and wlll be evaluated 
in the IER Food Qual~ty Laboratory 

Sustarnable Productzon Systems 

In agronomy and so~llcrop management, a major INT- 
SORMIL Impact has been understanding the so~llcroppmg 
systemlgenotype interactions Research m Nlger has shown 
small and large production practlce d~fferences on pearl 
mlllet grain yleld productlon dry matter accumulat~on, and 
nutrlent uptake Research results support recently published 
recommendatlons of 20 000 hlllslha, 40 kg ha nltrogen 
and 18 kg ha 1 phosphorus for optlmlzlng pearl millet gram 
y~eld , even in dry years In Mall, research lnd~cates pearl 
mllletlcowpea rotations resulted In the hlghest gram yield, 
stover nltrogen concentration and agronomic use effi- 
clency of nltrogen INTSORMIL research results have 
demonstrated 18 to 203% y~eld enhancement of pearl mlllet 
and gram sorghum y~elds In Africa by use of crop rotation 
w~th legumes, and a 20 to 50 kg ha N equivalent contnbu- 
tlon to cereals followlng legumes In Mall and N~ger, inter- 
cropplng has shown land use efficiency increases of 14 to 
48% over sole crops and also enhanced ylelds of succeed- 
Ing crops when Intercrop legume ylelds are h~gh Obviously 
legume productlon no matter the system 1s important to 
producing optlmal sorghum and pearl millet ylelds when N 
fertlllzer 1s I~mitlng, especially for lmproved cultlvars Crop 
resldue treatments had no effect on gram yleld, but resldues 
left on the surface had greater soil phosphorus and potas- 
slum levels than with resldue removal or incorporation after 
five years Cropping increased soil pH and carbon, but de- 
creased potasslum and catlon exchange capaclty INT- 
SORMIL has supported IER sclentlsts who have worked In 
cooperation wlth the PVO World Ne~ghbors and the 
Malien Extension Servlce(PNVA) over the past five years 
to extend technologies developed by IER World Nelghbors 
workers report wlde adopt~on of early-season gram sor- 
ghum and pearl millet cultlvars, lmproved lntercropplng 
practices, and lmproved manure management through anl- 
ma1 corralling and compostlng wlth crop resldues 

Sustaznable Plant Protectzon Systems 

In crop protection a w~de  range of sources of reslstance 
to Insects, dlseases and Striga have been Identified and 
crossed wlth locally adapted germplasm Thls process has 
been improved immensely by INTSORMIL collaborators 
developing effectlve reslstance screening methods for sor- 
ghum head bug sorghum long smut, gram mold leaf dts- 
eases and Strzga 

Several Strzga resistant lines from Purdue University, 
evaluated m Mall showed goodStrrga reslstance, but had m- 
fer~or gram qual~ty compared to local cultlvars Work IS 

contlnulng to lmprove the gram quallty of these lines 

F3 progeny ofthe cross (Mallsor 84-7 * #-34) for molecu- 
lar marker analysls of head bug resistance showed excellent 
d~fferentlation for head bug damage Nlne new sorghum 
breedlng progeny showed head bug reststance equal to that 



lntroductron and Program Overvrew 

of Mallsor 84-7 Observations Indicate that head bug mfes- 
tatlons m on-farm trials 1s much lower than In experiment 
station nurserles Thls means that sorghum wrth somewhat 
lower levels of head bug reslstance may well work at the 
farm level, even though they may show slgnlficant damage 
under certaln Statlon condltlons 

Sorghum lines resistant to sugarcane aphld have been 
rdentlfied m Botswana and Zlmbabwe, and the mechanism 
of reslstance has been assessed Genes for resistance have 
been ~dentlfied, confirmed, and rnltlally utlllzed Efforts are 
now belng made to move the reslstance genes Into parental 
llnes whlch are used m hybrld comblnatlons for combine 
helght, early maturing genotypes wlth acceptable agro- 
nomic trans 

In Mall, efforts are belng continued toward the establish- 
ment of a Natlonal Sorghum and Mlllet Disease program 
Thls Includes evaluatlon of INTSORMIL nurserles for reac- 
tlon to the prevalent pathogens m Mali INTSORMIL pa- 
thologists (NARS and U S ) are collaborating with program 
entomologists to study the lnteractlon of head mold and in- 
sects (head bug) on grain deterloratlon In the field 

The INRAN/INTSORMIL pathologist from Nlger 1s In 
long term tralning at Texas A&M Unlverslty He 1s conduct 
mg field trlals and laboratory experiments on acremonium 
wllt of sorghum Thls research 1s part of the work for the 
Ph D degree Fleld trlals were conducted at the Konnl Re- 
search Stat~on and in farmers fields HIS research focuses on 
the association between nematodes and acremonium wilt 

In Honduras, ergot appeared and data was obtalned on 
the level of disease In selected nurserles and collateral hosts 
Similarly, INTSORMIL sclentlsts helped organlze meet- 
lngs on ergot m Brazil m collaborat~on wlth ICRISATand in 
collaboration wlth the National Gram Sorghum Producers 
m Amarrllo TX The advent and rapid spread of ergot 
forced MTSORMIL sclentlsts to focus on the problems of 
management of thls dlsease As of June 30 1997, the dls- 
ease had spread throughout southern Texas and as far north 
as Vlctorla and west to the San Antonlo area The DNA fin- 
gerprmtmg of head smut isolates from maize and sorghum 
rndlcate that differences among these fungl are much 
greater than those wlthln suggesting parallel evolutionary 
development 

Pearl millet head miner (Hel~ocherlus alb~punctella) or 
MHM IS a senous insect pest of West Afr~ca and lnfestatlon 
sometimes approaches 95% wlth a collective gram loss of 
60% MHM has been found to be an excellent cand~date for 
control strategies emphaslzlng effectlve natural enemles 
I e , biological control MHM supports a relatlvely large 
gulld of natural enemles, ~t occuples a predictable habitat m 
an ecosystem wlth relatlvely consistent annual presence 
and has one generatlon per year Two major predators and 
two commonly encountered parasites have been ldentlfied 
and are bemg studted During 199511996, two NARS wen- 

tlsts from West Afrlcawere admltted as graduate students m 
the Department of Entomology at Texas A&M Unlverslty 
In 1996-97 they began thelr graduate degree research at the 
ICRISAT Sahellan Center Then research objectives and 
results will bulld on findlngs for MHM blologlcal control 
reported by INTSORMIL sclentlsts In 1994,1995 and 1996 
Annual reports When this research 1s complete, the key 
mortality sources, lnclud~ng natural enemles of MHM, wlll 
be identified and methods of man~pulat~on wlll be described 
for those that can be effectively managed for optlmal mor- 
tallty to MHM populations The INTSORMIL MHM re- 
searchers contlnue to work closely wlth other pearl mlllet 
sctentlsts of the West Afrlca ROCAFREMI mlllet network 
INTSORMIL participated In the three ROCAFREMI net- 
work meetlngs durlng this program year 

A bacterial disease of pearl mlllet first observed In South- 
em Z~mbabwe In 1995 and tentatively identified as Pseudo- 
monas syrlngae by D Frederlhsen at the Un~verslty of 
Zlmbabwe was later ldentlfied as Pantoea agglomerans by 
D Frederickson Several sorghum dlsease nurseries, other 
nurserles, selected sorghums, and advanced generatlon 
breedlng germplasm developed or introduced in conjunc- 
tlon with INTSORMIL collaborators were evaluated at Se- 
bele Botswana Cultlvars wlth good sugarcane aphld 
reslstance and good agronomrc characterlstlcs were ldentl- 
fied and identified for further evaluatlon 

In Central America, sorghum and mane are damaged 
each year by sod-lnhabitlng Insects stem borers and 
panlcle-feedlng Insects that contribute to reduced ylelds of 
both crops on subsistence farms tn Honduras, as well as m 
other countrles m Central America, however the major In- 
sect pest constraint to these crops 1s follage feedlng Insects 
The pest complex has been ldentlfied by INTSORMIL proj- 
ect MSU-205 to consist prlnclpally ofthree armyworm spe- 
cles and a grass looper Insect pest management tactlcs have 
been lnvestlgated as Independent control practices on sub- 
slstence farms in southern Honduras Recommendations for 
planting dates weed control and lnsectlclde appllcatlons to 
manage the lepidopterous defoliators have been developed 
This lnformatlon wlll assist subsistence farmers In Hondu- 
ras and surrounding countrles with slmllar Insect constraints 
in producing gram crops wlth Increase yleld w~th  mlnlmum 
cost for pest control wlth reduced rlsk to human health 

Crop Ut~l~zation and Market~ng 

Many quality and utillzat~on stud~es were done m the 
food quality laboratory in Sotuba Mali lnclud~ng evalua- 
tlon of gram from yield tr~als In general the local guinea 
type cultlvars and chechs and the Bretaudeau mutatlon 
derived, true gulnea llnes of Dr Bretaudeau had the best 
quallty, based on decortlcatlon yleld and gram hardness In 
laboratory-scale studles wlth GAM (Generale Allmentalre 
du Mali, the major bread and cookle producer rn Bamako) 
cookles made wlth 5% and 10% N tenlmlssa flour (substl- 
tuted for flour from Imported wheat) were good qual~ty taste 
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and texture Bread made by GAM wlth 510% sorghum 
flour was acceptable and was preferred by consumers over a 
wheatfcorn flour mlx There was some concern about black 
specks m the flour from the N'tenlmlssa gram produced un- 
der open polllnat~on condltlons The major constratnt to in- 
creased utlllzatlon of the flour from white, tan-plant 
sorghums m varlous products 1s the lack ofa conslstent sup- 
ply ofgood quallty gram Th~s  wrll requlre some conslstent, 
slzeable production and a system to preserve the ldent~ty of 
that gram in marketmg and processlng "Crunch" was made 
from sorghum, and the varletles of Wasso~lou and Lakaheri 
produced superlor crunch compared to N'tenim~ssa Some 
womens assoc~ations and small entrepreneurs are process- 
ing crunch for local markets 

The Cereal Qual~ty Laboratory (LQC) at INRAN In NI- 
ger has conducted several surveys to determine the effect of 
crop selection and pearl mlllet varletles on couscous prepa- 
ration m Nlger Sorghum, pearl mlllet, and durum wheat all 
produced acceptable couscous in thls study Work contln- 
ues with INRAN/Nlger scientists on sorghum and millet- 
based couscous The processlng unlt conslsts of a decortlca- 
torlmlll, agglomeratorls~ever (designed by CIRAD, 
France), steamer, solar dr~er, and packaging sealer Thls 
equipment 1s belng used for research purposes, and also as a 
demonstration and testing unlt to encourage local entrepre- 
neurs to commercialize mlllet or sorghum couscous A 
commercial-type product will also be tested m the market 
place Cultlvars of sorghum and mlllet have been Identified 
that make good quallty couscous ln~tial efforts have been 
made to brlng m entrepreneurs to use the unit and then to 
market test the couscous resulting fiom those efforts 

Benefits to the U S 

Germplasm Enhancement and Conservarlon 

INTSORMIL PIS have developed numerous germplasm 
llnes resistant to biotype C, E7 andlor 1 blotype greenbug 
which have been dlstrlbuted to prlvate seed companles for 
use In thelr breedlng programs Gene mapplng has shown 
that genes conferring reslstance to dlfferent greenbug blo- 
types are sllghtly dlfferent, but probably control the same 
reslstance process Genetrc markers co-segregatmg for 
greenbug reslstance In sorghum were detected on four sepa- 
rate lmkage groups Two genetlc markers are llnked to 
greenbug blotype C reslstance, three to blotype E two to 
blotype I and one to blotype K reslstance Efforts to assess 
the genetic divers~ty among populations of greenbug have 
been ln~tlated as companion research to the plant blotech- 
nology research Agronomically vlable greenbug blotype I 
parental llnes were selected for release 

INTSORMIL research has confirmed that sorghum 
midge abundance the subsequent year 1s reduced when sor- 
ghum resldue contalnlng ovenvinterlng larvae 1s shredded, 
disked, and deep plowed after harvest, compared to when 

resldue 1s only shredded or shredded and dlsked Sorghum 
mldge reslstance in sorghum 1s caused by early (dur~ng day) 
flowering sp~kelets wlth glumes that tlghtly close before 
ovlposlting sorghum m~dges are In the field Germplasm re- 
slstant to sorghum mldge, developed through INTSORMIL 
support, has served as the foundation for many slmllar 
breedlng programs throughout the world Three female 
(male ster~le) sorghum mldge-resistant parental llnes were 
released to commercial seed companles Seven sets of the 
llnes were dlstrlbuted under a pre-release memorandum to 
prlvate seed companles (SIX U S and one Guatemalan) for 
evaluation in 1997 Hybr~d seed has been dlstrlbuted to 
cornmerc~al seed companles and extenslon personnel to 
evaluate hybrld performance m a large range of envlron- 
ments w~th or wlthout sorghum m~dge present These wlll 
be the first sorghum midge res~stant AIB pars wlth the tralts 
needed to produce cornmerc~ally acceptable resistant hy- 
brlds 

Materials from the INTSORMILIUSDAlTexas A&M 
Univers~ty Sorghum Conversion Program and selected 
breed~ng cultlvars fiom other projects are evaluated regu- 
larly for reslstance to lnternatlonally Important dlseases and 
Insects m a cooperat~ve/collaborative program throughout 
the sorghum growlng world The converslon program con- 
slsts of subst~tutlng arecesslve maturlty gene for a domlnant 
one and elther two or three recessive height genes for doml- 
nant ones Backcrosslng IS done untll the short, photoperiod 
converted line looks like the troprcal llne when grown In the 
troplcs except for belng shorter Thls allows ~ntroduclng ex- 
otlc germplasm from the tropics with potentially des~rable 
character~stics for utllizatlon In the temperate reglons ofthe 
world Forty fully converted exotic llnes and 50 partlaliy 
converted bulks from the converslon program were released 
m 1996 The male sterlle (A-lme) of five new female paren- 
tal llnes were dtstrlbuted to prlvate companles through a 
pre-release mater~als transfer agreement Several add~tional 
A-B pars and R llnes were selected for release as germ- 
plasm stocks These lines contaln various des~rable traits, 
lncludlng reslstance to downy mildew, head smut, gram 
mold/weather~ng, anthracnose charcoal rot both pre- and 
post flowering drought reslstance, food type gram quality 
and lodglng reslstance 

In January 1995 INTSORMILIPurdue Unlverslty re- 
ported a breakthrough In sorghum dlgestiblllty research Ir- 
regularly shaped protein bodies discovered In sorghum 
kernels under the electron microscope may slgnal Improved 
human nutrition in some developing countries and hlgher 
quality l~vestochlpoultry feed worldwide In 1996-97 new 
llnes were ldentlfied wlth improved gram quality where vit- 
reous central portlon of the gram was more filled out M111- 
ing and food quallt~es of the modlfied vitreous-core 
sorghum lines with the hlgh proteln d~gestlb~l~ty tralt are be- 
Ing examined 
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INTSORMIL project UNL-2 18 released three sorghum 
seed parents m the U S forprlvate sector use and elght more 
are bemg prepared for release Three pearl mlllet seed par- 
ents and three restorer parents are also belng prepared for re- 
lease 

Sustarnable Production Systems 

Studres to develop an agronomic productlon practices 
package for dwarf pearl mlllet as anew alternate crop for the 
U S have been inltlated Narrow row spacing, nltrogen ap- 
phcat~on, and good weed control were ldentlfied as Impor- 
tant practices Western Nebraska has lower ralnfall and a 
shorter growlng season than Eastern Nebraska In Western 
Nebraska, pearl millet ylelded less than gram sorghum at 
early planting dates, but more at later plantrng dates Early 
plantmg mcreased pearl mlllet yleld 10 to 15% and gram 
sorghum by 72% Narrow row spaclng produced hlgher 
ylelds for both crops, but the lncrease of 26% for grarn sor- 
ghum was much greater than for pearl millet wlth 6-10% In- 
crease In Eastern Nebraska plantlng date had a small effect 
on gram yleld of both crops across very different years envl- 
ronmentally and so11 types Narrowing rows Increased 
y~elds of both crops, but less than m Western Nebraska 

Sustarnable Plant Protection Systems 

Dlsease evaluatlon studles are conducted primarily In 
large research nurserles m South Texas Several unlform 
nurserles are grown m locatlons where sorghum/millet dls- 
eases are Important These Include the International Sor- 
ghum Anthracnose Virulence Nursery (ISAVN) In 
collaboration wlth ICRISAT, the Unlform Head Smut 
Nursery (UHSN), the Sorghum Downy Mildew Virulence 
Nursery (SDMVN), the International Vlrus Nursery 
(ISVN) , and also a uniform nursery for gram mold (GWT) 
Growlng ofthese nurseries permlts a qulch evaluatlon of pa- 
thotype differences among locatlons and the severity of the 
problem INTSORMIL also evaluates and dlstrlbutes ellte 
sorghums m nurseries for evaluation of the multiple resls- 
tance of sorghum These are lnternat~onal nurserles and rep- 
resent a means of dlstrlbuting e l~ te  germplasm from 
different breeding programs m INTSORMIL 

INTSORMIL researchers have developed a dot Im- 
munoblndlng assay (DIA) to d~stlnguish d~fferent bacterial 
pathogens of sorghum and m~llet The test is easy to per- 
form lnexpenslve requlres l~m~ted  equipment and cheml- 
cals, and was deslgned wlth LDC laboratory cond~t~ons In 

mind It has been shown that the causal agent of bacterral 
leaf streak IS seedborne and can remaln viable In the seed for 
more than two years 

lnternatlonal collaborative research programs wlth 
NARS and ICRISAT sclentlsts have resulted In the devel- 
opment of sustainable lnsect management strategies and 
ldentificatlon of sorghums reslstant to sorghum mldge, 
greenbug (blotypes C, E, and I), African sorghum head 

bugs sugarcane aphld and yellow sugarcane aph~d Mecha- 
nlsms and lnherltance of reslstance have been determmed, 
and genes conferring reslstance have been lntrogressed Into 
ellte parental llnes that have been evaluated alone and m hy- 
brld comblnatrons Levels of reslstance have been quantl- 
fied, and economlc Injury levels establ~shed for most of 
them INTSORMIL research has employed a hollstic ap- 
proach to rdentlfy, evaluate, and deploy sorghum m~dge, 
greenbug, and yellow sugarcane aphld reslstant sorghums 
as a component of IPM, and to develop and valldate sor- 
ghum plant and sorghum m~dge dynamlcs computer mod- 
els 

Slgnlficant advances were made in developing the tech- 
nology to allow farmers to manage sorghum insect pests 
S~gnlficant advances have been made m blologlcal control 
and these advances contribute to Improved IPM of sorghum 
and mlllet, and to Improved concepts for uslng brologlcal 
control m annual crops For aphids attacking sorghum m the 
U S predators were demonstrated as key natural enemles 
for effectrve blologlcal control of these pests In the U S , 
phytoseild predators have been demonstrated as an effectlve 
alternatrve to pestlcldes for control of splder mltes and para- 
sites and were shown to be effect~ve on the American sug- 
arcane borer attachmg sorghum In 1996-97 a survey was 
conducted to assess the extent of use of IPM by sorghum 
growers In Texas These data wlll be valuable In determm- 
ing research and educational efforts needed to lncrease IPM 
use by sorghum growers and document the extent of IPM 
use In sorghum In compliance wlth governmental goals of 
havlng IPM approach used on at least 75% ofall crop acres 

The Impact of insect-resistant germplasm m sorghum 
productlon of the U S has been dramatlc For example, m- 
secticlde use on sorghum In Texas was at an all-tlme high at 
the lnltlatlon of this CRSP In 1978 nearly 60% of the sor- 
ghum acreage In Texas was treated wlth ~nsectlclde whlle 
in 1990 only about 24% of the acreage was treated The sav- 
lngs gamed from not uslng ~nsecticlde were $6 000,000 per 
year, and thls does not conslder the ecological or envlron- 
mental benefits, or benefits from reductron In lnsect pest re- 
surgence or secondary pest outbreaks Durlng thls project 
the economic benefit to Texas farmers has been at least 
$90 000,000 

Crop Utilrzatron and Marketing 

INTSORMIL sclentlsts orlglnally addressed the tannlns 
as ant~nutr~t~onal factors They developed methods now 
wldely used by others for assaying and characterizing these 
materlals They also developed a slmple method to detox~fy 
and Improve the nutrltlonal value of h~gh tannin sorghum 
grain They are elucldatlng the blochemlcal mechanisms by 
whrch tannins exert thelr antlnutrltlonal effects They are 
also character~zlng the role of tannms and related materlals 
in reslstance to b~rds molds, and leaf d~seases Methods for 
polyphenol analysis, purification and characterlzat~on have 



Introductron and Program Overvtew 

been wldely adopted and used by nutrltlonlsts and ecolo- 
gists study~ng tannlns m other crops and range plants 

The most slgnlficant findlng of late concerns the poor 
proteln digestlblllty of sorghum In screening 25 selected 
sorghum genotypes for m vlho proteln dlgestrblllty they 
found arange from 66 to 88% for uncooked values and 48 to 
81% for cooked values Two sorghum lines had notably 
hrgher dlgestibllltles compared to the other sorghums 
tested Perhaps more Important, dlgesttblllty of these two 
sorghums did not decrease appreciably on cookmg, whlch 1s 
commonly seen with sorghum Thls was verlfied uslng two 
m vltro enzyme systems Chemlcal stud~es showed that m 
the two hlghly dlgestlble sorghums the major storage pro- 
tern (about 65% of total protem), a-kafir~n, was dlgested 
much earlrer than the other sorghum samples Also, a group 
of high molecular-welght-protems, that usually restrlct the 
dlgestlon of a-kafinn, was drgested very rapldly Thls 
group ofsorghums 1s now belng grown to determine lfthis IS 

a herltable halt If thls proves to be so we belleve that a 
rapld screenmg assay for dlgestlblllty can be developed 
based on chemrcal differences between genotypes New 
llnes have been identified wlth rmproved gram quallty and 
superlor proteln dlgestiblllty Work wlll contlnue on devel- 
opment of a rapld screening assay 

The chemistry, composltlon structure and nutrltronal 
value of sorghum kernels has been related to genes that con- 
trol perlcarp thickness and color and the presence and ab- 
sence of a pigmented testa From thls knowledge, several 
whlte, tan plant sorghum lnbreds have been released to the 
seed lndustry and are being grown In the Unlted States 
These food hybrids have ~mproved quality for use In live- 

stock feed as well as lngredlents in food systems The food 
hybr~ds are also in hlgh demand In the export market 

The structure and processrng properties of pearl mlllet 
have been evaluated A whlte pearl mlllet gram had excel- 
lent acceptance when cooked l~ke  rlce The mllllng proper- 
ties of pearl mlllet were rnalnly affected by kernel sue, 
shape and hardness Parboiled pearl mlllet d ~ d  not develop 
the off-flavor that occurs In pearl mrllet products 

Future Dlrect~ons 

INTSORMIL wlll contlnue to jorntly plan and execute 
collaboratlve research that benefits developing countries 
and the Untted States These collaboratlve relatlonshlps are 
keys to INTSORMIL's success and wlll contlnue as funda- 
mental approaches to meetlng the INTSORMIL mlsslon In 
the future INTSORMIL wrll target NARS collaboratlve 
tles that reflect regional needs for sorghum andlor pearl mil- 
let productron These tres are envlsloned to be In the sor- 
ghum and mrllet agroecologrcal zones of western eastern, 
and southern Afrrca and Central Amerlca By concentrat- 
Ing collaboration In selected sltes INTSORMIL optmlzes 
~ t s  resources, burlds a finlte sclentlfic capablllty on sorghum 
and mlllet and creates technologrcal and human capltal that 
has a susta~nable and global Impact INTSORMIL wlll use 
five speclfic strategles to malntaln ~ t s  current momentum, 
burld on its record of success and accomplish a new set of 
goals These strategles are ( I )  sustarnable research ~nstitu- 
trons and human capltal development (2) conservatron of 
blod~verslty and natural resources (3) research systems de- 
velopment wlth focus on relevant technology generatron 
(4) rnformation and research networking and (5) demand 
drrven processes 



INTSORMIL Global Plan 

East Afnca 

Central Amerlca 

West Afrlca 

Southern Afnca 

Constraints 
Education 

I ,  Programs 

c Mentoring + I 

Research 

Post secondary Education 
Short term tralung 
Post doctoral assignments 

Germplasm Enhancement 
Sustrunable Productlon Systems 
Sustrunable Plant Protechon Systems 
Crop Uhhzatlon and Marketmg 

- 
Semnars Workshops Conferences I 

1 Educational Outcomes Research Outcomes 

Collaboraave Research Networks 
Technology Transfer and Dlssenunatlon Infrastructure 
Natlonal Regonal and Global Comrnumcatlon Llnkages 

Development and Improvement of Sustrunable Productlon Systems 
Development of Economc Models for Pnonuzahon of Research 

and Farm level Industry Evaluation 
Develo ment of Sustainable Food Technology Processing 

and harkehng Systems 

Networking 
Communication 

Farmers rn 



INTSORMIL FY 97 Source of Funding 
Total Year 18 -$5,192,180 

USAlDlAFS Host Country Match 
lnst~tut~onal Match Buyrns 

Breakdown of Buy-Ins 
$ 1,407,191 

u 
USDA 



INTSORMIL Budget Analysis - Year 18 - FY 97 
Functional - $2,774,182 

West Afrlca Horn of Afnca SADC 

By Reg~on 

Central Amertca Other 

yr- 
Salar~es & Benefits Equlprnent Travel Other Dlrect lndlrect 

By L~ne Item 



INTSORMIL FY 97 Technical Budget Analysis 
Year 18 - $1,672,000 

Germplasm Enhancement Production Systems 
Plant Protect~on Crop Ut~l~zat~on 

Techn~cal Thrusts - By Percentage 

Sorghum M~llet 

Crops - By Percentage 



Executrve Summary 

Table 1 USAID-Grant Contribut~on to Sorghum/Millet CRSP for Years 1 (FYSO) through 18 (FY97) for all 
Collaborative Research and Management Entity 

FY 80-96 FY 97 FY 80 97 
Budget Llne Items Years 1-17 Year 18 Totals 

Salarles & Benefits 

Equlpment & Facllltles 

Travel 

Other Direct Costs 

Network~ng 

LDC Speclal Projects 

Mlsslon Buyln 

Indlrect Costs 11 286 941 694 778 11 981 719 

Total $49 206 700 $ 2  774 182 $51 980 882 

Table 2 USAID-Grant Contr~but~on to Sorghum/M~llet CRSP for all Collaborative Research Year 18 (FY 
97), July 1, 1996 - June 30, 1997 USAID Grant LAG-G-00-96-90009-00 

lnst ME ME 
KS MS NE PR TX Total Spec Proj HC ME Total 

Salarles 30 214 28 838 126 685 228711 213 377 627 825 94694 97 101 269400 I 089020 

Equipment 1 249 21 531 4500 31200 58 480 9 000 62 000 4 000 133 480 

Travel 27 500 11 000 22 011 78 180 92 574 231 265 104 992 53 000 33 600 422 857 

ODC 3 930 8 749 37 489 153 951 71 811 275930 40218 80899 37 000 434 047 

lndlrect 28 356 20 164 62,284 201 658 166 038 478 500 65 496 150 782 694 778 

Total 90 000 70 000 270 000 667 000 575 000 1 672 000 3 14 400 293 000 494 782 2 774 182 

Table 3 Management Ent~ty Office Budget Details for Years 1 (FY 80) through 18 (FY 97) 

Years 1-17 Year 18 
Budget Llne Item FY 80 96 FY 97 Total 
Salarles and Benefits $ 2  678 299 $269 400 $ 2  947 699 
Equlprnent and Facll~tles 46 534 4 000 50 534 
Travel 830 456 33 600 864 036 
Consultants 44 600 44 600 

Other D~rect Costs 407 671 37 000 444 671 

lndlrect Costs 1 608 684 150 782 1 759 466 

Total 5 616 244 494 782 6 11 1 026 

Workshops 61 000 50 000 111 000 

EEP 180 000 10 000 190 000 

Speclal Projects 233 400 64 400 297 800 

ME Total $ 6  090 644 $619 182 $ 6  709 826 



Ejcecutrve Summary 

Table 4 Summary of Non-Federal Matchlng Contrlbutlons by U S Inst~tut~ons - Grant Years 1 (FY 80) 
through 18 (FY 97) 

Years 1-17 Year 18 
U S Inst~tutlon FY 80 96 FY 97 
University of Anzona $149 310 $ 

Flor~da A&M University 23 898 
Un~versity of Kentucky 215 649 
Kansas State Unlvers~ty 1 789 021 33 063 
Miss~sslppl State Unlverslty 923 619 17 500 
Unlvers~ty of Nebraska 2,140,252 91,050 

Purdue Un~verslty 2,666 489 159 161 

Total 
$149 310 

23 898 
215 898 

1 822 084 
941 119 

2,23 1,302 

2,825 650 

Texas A&M Unlvers~ty 4,342 972 150 685 4 493 630 

Total $12 251 210 $45 1 432 $ 12 702 642 



TRAINING 

INTSORMIL glves hlgh prlority to tralning host country All 57 students worked dlrectly with INTSORMIL princi- 
sclentlsts who wlll have major responslbilitles for sorghum pal lnvestlgators on INTSORMIL projects These students 
and millet research m thelr home countries Tralnlng is also are enrolled m graduate programs in six d~sciplinary areas, 
provided for young U S scientists who plan for careers m agronomy, breedmg, pathology, entomology, food quality, 
international development work and economics 

The most frequently used mode of trainmg 1s graduate 
study for advanced degrees, ulth the students' research 
formlng an Integral part of an INTSORMIL pro~ect During 
the year covered by this report, 56 students from 2 1 different 
countries were enrolled In an MTSORMIL advanced de- 
gree program Approx~mately 80% of these students come 
from countries other than the U S which shows the empha- 
sis placed on host country institutional development (F~gure 
1)  

INTSORMIL also places a high prlority on training 
women which 1s reflected in Figure 2 In 1997, 16% of all 
INTSORMIL graduate participants were female Eighteen 
of the total 56 students received full INTSORMIL scholar- 
ships An additional 21 students received partlal INT- 
SORMIL fundlng and the rema~ning 17 students were 
funded from other sources as shown in Flgure 3 

The number of INTSORMIL funded students has de- 
creased gradually over the years This 1s related to de- 
creases in program budget and the loss of U S Principal 
Invest~gators In 1993-1994 there were 25 U S PIS with the 
program and in 1996- 1997 this had decreased to seventeen 

In add~tion to graduate degree programs, short term train- 
ing programs have been deslgned and ~mplemented on a 
case by case baas to sult the needs ofhost country scientists 
Four post doctoral sclentlsts and one vlsitlng host country 
scientist were provided the opportun~ty to upgrade their 
skills in this fash~on during 1996-1997 

The following table 1s a compllatlon of all INTSORMIL 
tralnlng activities for the perlod July 1, 1996 through June 
30, 1997 

Honduras Colomb~a 
2 Women _ 

Mall 
/ 7 

u s  - 
11 

Sudan 
2 

< 
N~ger 

7 47 
Figure 1 Partlcrpants by country Frgure 2 Partlcrpants by gender 

Econorn~cs 
Entomology - 4 

Part~al 
2 1 

Food Qual~ty 
14 

INTSORMIL _I Pathology _ 18 
9 

F~gure  3 Source of Fund~ng Flgure 4 Discipline Breakdown 



Year 18 INTSORMIL Training Partic~pants 

Gender Fundtng* 
M I 
M 0 
M I 
M I 
M P 
M 0 

Name 
Gut~errez, Patrlcto F 

Country U n ~ v  D ~ s c ~ p l ~ n e  Adv~sor Depree 
Ecuador UNL Agronomv Clege PHD 

Mast, Casslm 
Traore, Abdoulaye 
Marnan Noun 
Stockton Roger 
Traore Samba 

w 

Zamb~a UNL Agronomy ~ar&vtl le  PHD 
Mall UNL Agronomy Maranv~lle PHD 
Ntger UNL Agronomy Mason MSC 
U S  UNL Agronomy Mason PHD 
Mali UNL Agronomy Mason PHD 

Carvalho Carlos H S 
Kapran Issoufou 
Ndulu Lexingtons 
lbrahim Yahra 
Melakebrhan Admasu 
Mohammed Abdalla 
Mulatu Tadesse 
Tumstra, Mitchell 
Katsar Catherrne Susan 
Rodnguez Raul 
Teme Nraba 
Wrltse Curtis 
Jeutong Fabten 
Settmela, Peter 
Tiryaki Iskender 

Brazrl 
Ntger 
Kenya 
Sudan 
Ethlopta 
Sudan 
Ethtopla 
U S  
U S  
Mexrco 
Ma11 
U S  
Cameroon 
Botswana 
Turkey 

PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
TAM 
TAM 
n u  
TAM 
UNL 
UNL 
UNL 

Breedrng 
Breedrng 
Breedlng 
Breeding 
Breedtng 
Breeding 
Breed~ng 
Breedlng 
Breedrng 
Breedlng 
Breeding 
Breedtng 
Breedrng 
Breedrng 
Breeding 

Axtell 
Axtell 
Axtell 
Ejeta 
Ejeta 
Ejeta 
Ejeta 
Ejeta 
Peterson~Teetes 
RosenowlRooney 
Rosenow 
RosenowlRooney 
Andrews 
Andrews 
Andrews 

PHD 
PHD 
PHD 
PHD 
PD' 
PHD 
MSC 
PD= 
PHD 
PHD 
MSC 
MSC 
PHD 
PHD 
MSC 

Coulrbaly Bakary 
Sldibe Mamadou 
Tahrrou Abdoulaye 
Vltale Jeff 

Mall PRF Economrcs Sanders MSC 
Senegal PRF Economics Sanders PHD 
Niger PRF Economrcs Sanders PHD 
U S  PRF Economics Sanders PHD 

Botre Soualtka 
Kadi kadr Hame 
Calderon Pedro 
Cordero Roberto 
Vergara, Oscar 
Drar~sso Yaro Niamoye 
Jensen Andrea 
Lrngren Scott 

Mall 
Niger 
Honduras 
Nrcaragua 
Ecuador 
Ma1 I 
u S 
U S  

TAM 
TAM 
MSU 
MSU 
MSU 
TAM 
TAM 
TAM 

Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomologv 
Entomology 

G~lstrapfleetes 
Grlstrap/Teetes 
Prtre 
Pitre 
Prtre 
TeetesPeterson 
Teetes 
Teetes 

PHD 
MSC 
MSC 
MSC 
MSC 
PHD 
PHD 
PHD 

Aboubacar Adam 
Buchner Becky 
ltapu Suresh 
Mamadou Lewamy 
Zhang Genyi 
Acosta Harold 
Asante Sam 
Bueso Francisco Javler 
Floyd Cher~e 
kunetz Chr~sttne 
Qutntero Fuentes Xtmena 
Seetharaman KoushA 
Suhendro Elly 
Zhao Haiyan 

Niger 
U S  
India 
Ntger 
Chtna 
Colombia 
Ghana 
Honduras 
U S  
U S  
Mexrco 
India 
Indonesra 
China 

PRF 
PRF 
PRF 
PRF 
PRF 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 

Food QualttylUttl 
Food QualrtyNtil 
Food QualityNtrl 
Food Qualtty/Util 
Food QualityNtil 
Food QualityNtrl 
Food QualttyNtrl 
Food QualltyNt~l 
Food Quallty/Uttl 
Food Quallty/Util 
Food QualityNtrl 
Food QualttyNtrl 
Food QualityNtrl 
Food QualttyIUtrl 

HamakerIAxtell 
Hamaker 
Hamaker 
Hamaker 
Hamaker 
Rooney 
Rooney 
RooneylWaniska 
RooneylWaniska 
RooneylWanrsha 
Rooney 
RooneylWanlska 
Rooney 
RooneylWanrsLa 

PHD 
PHD 
P D ~  
MSC 
MSC 
PHD 
PHD 
MSC 
PHD 
MSC 
MSC 
PHD 

Diourte Mamourou 
Lu Mrng 
Muriithr Lrnus M 
Narvaez Dario 
Nzroki Henry S 
Arjula Valshali 
Zeller kurt P 
Kollo Issoufou 
Torres Montalvo Jose H 

Mall 
Chrna 
kenya 
Colombra 
henya 
India 
us 
Niger 
Mexico 

KSU 
KSU 
KSU 
KSU 
KSU 
kSU 
kSU 
TAM 
TAM 

Pathology 
Pathology 
Pathology 
Pathology 
Pathology 
Pathology 
Pathology 
Pathology 
Pathology 

Claflin 
Claflrn 
CIaflin 
Clailin 
Claflin 
Leslie 
Leslie 
Frederthsen 
Frederihsen 

PHD 
PHD 
PHD 
MSC 
MSC 
MSC 
PD? 
PHD 
PHD 

* 1 = Completely funded by INTSORMIL 
P = Parttally funded by INTSORMIL 
0 = Other source 

IVS = Vlstttng Screnttst 
'PD = Post Doctoral 

hSU = kansas State Unrversity 
MSU= Mrsstssrppi State Universrty 
PRF = Purdue University 
TAM= Texas A&M Unlversrty 
TTU = Texas Tech Universrty 
UNL = Unrversity of Nebraska Ltncoln 



INTSORMIL Buy-Ins 
FY 97 

Unlversltyl 
Project No Buy In Amount 

TAM-223 
TAM 224 

TAM-225B 

TAM 226 

Ploneer H~Bred 
USDNNC Blotechnology 
USDNCRS 
Kansas Gram Sorghum Comm 

Government of Zambia 9 000 
Nebraska Gram Sorghum Board 19.640 

$ 28,640 

Purdue Agronomy Department 1 000 
Purdue Department of Agriculture 30 000 
McKn~ght Foundation 30 000 
USAIDIAfrlca - Impact Assessment Study 170 308 
USDA 37 488 
US DAlARS 3 000 
Purdue Agronomy Department 1 000 
Mahco Research Foundat~onllnd~a 25,000 

$297 796 

USDNSGC 
USDNNRl 
Sorghum Biotech Partnership 
Ploneer HI-Bred 
Texas Gram Sorghum Producers 
USDA 
TAES Research Enhancement Program 
Texas Gram Sorghum Producers 
TAMU lnterd~sctpl~nary Research lnltlatlve 
Ploneer HI-Bred 
USDNCSRS 
TAES 
HATCH 
HATCH H-8101 
Texas Gram Sorghum Producers 
USDA 

Central Amerlca Commerc~al Compan~es 20 000 
Reg~onal Program ASHA PIONEER ASHA Coodlege Gardener ASSIST 450 000 

AHSA INSTA-PRO 70 000 
AID-PRODEPAH 2 000 
ASSIST 1 000 
Rockefeller Foundatron 50,000 

$593,000 



Workshops 

INTSORMIL Sponsored and Co-Sponsored Workshops 1979 - 1996 

Internat~onal Short Course rn Host Plant Resrstance 
INTSORMIL PI Conference 
West Afrrca Farm~ng Systems 
Sorghum Drsease Short Course for Labn Amerrca 
Intemat~onal Symposium on Sorghum Gram Qualrty 
lnternat~onal Symposrum on Food Qual~ty 
Agr~meteorology of Sorghum and Mlllet In the Semr Arld Troplcs 
Latln Amer~ca Sorghum Quality Short Course 
Sorghum Food Qual~ty Workshop 
Sorghum Downy Mlidew Workshop 
Plant Pathology 
Str~ga Workshop 
INTSORMIL PI Conference 
INTSORMIL ICRISAT Plant Breed~ng Workshop 
Hybr~d Sorghum Seed Workshop 
Stalk and Root Rots 
Sorghum In the 80s 
Domrnrcan Republ~c/Sorghum 
Sorghum Production Systems In Latrn Amerrca 
INTSORMIL PI Conference 
Prrmer Semlnarro Nat~onal Sobre Produccron y Utrlrzac~on del Sorgo 
Evaluating Sorghum for Al Tox~c~ty rn Trop~cal Solis of Lat~n Amerrca 
Frrst Consultatrve and Revrew on Sorghum Research In the Phllrpprnes 
INTSORMIL Graduate Student Workshop and Tour 
Intemat~onal Sorghum Entomology Workshop 
JNTSORMIL PI Conference 
Nrger Prlme Slte Workshop 
Sorghum Seed Product~on Workshop 
Internatronal Mlllet Conference 
Malclllos Crlollos and Other Sorghum In Mrddle Amenca Workshop 
INTSORMIL PI Conference 
2nd Global Conference on SorghumMrllet Drseases 
6th Annual CLAIS Meetlng 
lntemat~onal INTSORMIL Research Conference 
INTSORMIL Graduate Student Workshop and Tour 
ARC/INTSORMIL SorghumlMrllet Workshop 
Workshop on Sorghum Nutr~tlonal Gram Qual~ty 
Improvement and Use of Whlte Gram Sorghums 
Sorghum for the Future Workshop 
INTSORMIL PI Conference 
Socral Scrence Research and the CRSPs 
Semrnarro lntemac~onal Sobre 10s Cultlvos de Sorgo y Marz 
sus Pr~ncrpales Plagas y Enfermedades 
Workshop on Adaptation of Plants to Sorl Stresses 
Latln Amer~ca Workshop on Susta~nable Product~on Systems for Acrd Solls 
Latln Amer~ca Sorghum Research Scrent~st Workshop (CLAIS Meetrng) 
Drsease Analysrs through Genetrcs and B~otechnology An Internatronal 
Sorghum and Mrllet Perspective 
Internat~onal Conference on Genetlc Improvement of Sorghum and Pearl Mrllet 
Global Conference on Ergot of Sorghum 

Where 

College Statron Texas 
Lrncoln Nebraska 
West Lafayene lndrana 
Mexrco 
ICRISAT 
Hyderabad Ind~a 
ICRISAT 
El Batan Mexico 
El Batan Mex~co 
Corpus Chr~stl Texas 
CIMMYT 
Ralergh North Caroirna 
Scottsdale Arizona 
CIMMYT 
Wad Medanr Sudan 
Bellagro ltaly 
ICRISAT 
Santo Domlngo 
ClMMYT 
Scottsdale Arrzona 
Santo Domrngo Domrnrcan Republ~c 
Call Colomb~a 
Los Banos Phrlrpplnes 
College Stat~on Texas 
College Statron Texas 
Lubbock Texas 
N~amey Nlger 
CIMMYT 
ICRISAT 
Tegucigalpa Honduras 
kansas C~ty  Mrssour~ 
Harare Zlmbabwe 
San Salvador El Salvador 
Scottsdale Ar~zona 
College Statlon Texas 
Wad Medan~ Sudan 
West Lafayene Ind~ana 
El Batan Mexico 
Call Colomb~a 
Corpus Chrrstr Texas 
Lexrngton KY 
Colombra 

Lrncoln NE 
Vrllav~cenc~o Colombla 
Vrllav~cencro Colomb~a 
Bellagro ltaly 

Lubbock Texas 
Sete Lagoas MG Brazrl 

When 

1979 
1/80 
5/80 
318 1 

1018 1 
1 018 1 
1982 
4182 
4/82 
6/82 
6/82 
8/82 
1/83 
4/83 

11/83 
1 1/83 
1984 
1984 
1984 
1/84 
2/84 
4/84 
6/84 
6/84 
7/84 
2/85 

1 0185 
10185 
418 6 

12/87 
1/87 
3/88 

12/88 
1/89 
7/89 

1 1/89 
2/90 

12/90 
1/91 
719 1 
6/92 
1 I93 



INTSORMIL Publzcatzons 

INTSORMIL Publications 

Abstracts 

Aboubacar A I and B R Hamaker 1995 Physlcochem~cal propert~es of sorghum starch In relatlon to the textural character~stlcs of 
couscous Cereal Foods World 4 1 579 

Anderson R M and G L Teetes 1996 Evaluat~on of lnsectlc~des for suppression of sorghum mldge on sorghum 1995 
Arthropod Management Tests 21 285 286 

Arjula, V and J F Leslle 1996 Construction o f '  near-~sogen~c" llnes m Fusarlum monrllforme (G~bberellafujzkuro~ matlng 
population A) Phytopathology 86 S 103 

Asante S A H Z Acosta, L W Rooney and R D Wanlska 1997 Phys~cochemlcal properties of starches from sorghum w ~ t h  
dlfferent amylose amylopectln ratlos GSPA 1997 Sorghum Conference February 16-19 New Orleans LA 

Asante, S A , R D Wanlska , C M McDonough and L W Rooney 1997 Development of weanlng foods from cereals and legumes 
uslng lnd~genous food processing technologies Institute of Food Technologists Annual Meetlng and Food Expo June 14- 
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