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Introduction and 
Program Overview 

Presently. worldwide, more than 800 million pmpk  do 
nM g~4 enough to eat a have access to a balanced diet to be 
healthy. At the World Food Summit in 1996, the United 
States of Amaica(USA) and 185 other counhia pledged to 
reduce the number of malnourished pmple by one half by 
2015. It isshocking dmtabout33% ofpeschwlcbildrcn in 
developing coullmes will be mmted due to malnutritiw by 
the year 2000. 'lhc numbu of shmtd c h i l h n  in Africa 
alonehas iocreasedsignififantly from 35 million in 1980 to 
45 million in 1995 acd is predicted to reach 49 million in 
2005. Increased production of cereals, which am crucial 
sources of food mcrgy and other nutrients, is nemury to 
reduce world hunga. 

Sorghum and milkt are two major cercal grains, particu- 
larly in semi-arid regions. In 1999.65.8 million tons of sor- 
ghum wne produced worldwide,ofwbich 19.7 million tons 
were produced in Africa. mainly for d i r t  msumptioo by 
humans, and 14.7 million turs were productd in the USA, 
mainly for livestock feed to produce meat for human eon- 
sumption. In the cmp year 1997-1998. the USA exported 
5.3 million tons of grain sorghum mainly f a  livestock feed, 
and in 1998. US. gtain sorghum expotis were wath  5531 
millioo. Largeareas are planted to sorghum each year. F a  
example. in 1999. s a g b u m  war prcduced on 44.8 million 
hectares @a, or 173,036 square miks, [sq mi]) worldwide, 
23 million ha (88.728 sq mi) in Africa. and 3.4 million ba 
i13.278sqmi) intheUSA. About 500millim pmpkworld 
wide dependupon sorghum for food, and most of k s c  pew 
ple am in developing countria wbue droughts and famine 
are m n n  ommams. Ckarly, sorghum production and 
its utilization as foodand feed am vitally imporlsnttodcvei- 
oping camhies and to Ihe USA. 

Millets, which iocludeoemal types such 8s pul m i l k  
finger millet and prcw milkt, m anal crops evm more 
well adapcd to arid eecsystansthan is sorghum. Pearl mil- 
let, like sqhwn. is a staple f a  500 millim pcopk w d d -  
wide. Most o f  these people arc in couames where 
malnavishment is a pasistea pobksn. In 1999.373 mil- 
lion ba (143.793 sq mi) of m i b  w m  barnsled world 
wide, of which 19.7 million ha (76.170 sq mi) were 
harvested in Atiica. and 120,000 ba (463 sq mi) w m  har- 
vested in IheUSA. In 1999,the amormtofmilleU hava ted  
worldwide was 29 million tons, of which 12.9 million tons 
were harvested in A'ica Md 180 thcusaod t a u  were har- 
vested in the USA. Millets are crops used mainly for dirm 
consumption by humans in developing counoies, sod the 
m i l l a  are used mainly for fading livestock, particularly 
poultry, in developcdcouowies. Pearl millet is au impownt 
cereal crop which provides fowl eoagy and &a mmimts 
to hundreds of millions of people in arus which cumntly 
suffer from malnutrition, partimlariy Africa and soukrn 

Asia. The USA A allother pMicipmIs in the W d  Food 
Confcrcnce have a m k e  in porn- the maim and 
utilization of peart m i l k  to help m d  buuga, @culrfy m 
Aftica 

In October. 1999. Uu Inlanaiad Food Poli RacrrB 
Institute WPRI)noted dm in both dcvclopodand d c v e b p  
ing c a n n i e r  the nte of in- in aral yields is s lming 
from lbc days of the Green Rcvohrtioq plRty due to re- 
duced use of inputs liLc f a t i l i  and p d y  due to low kv- 
els of investmaniu agricultunl ramcb a d  t a i m d c w .  In 
World Food Prwpecu: Criric.1 Issues fa r k  Enrly 
Twnr)-FRSI C a w y ,  IFPRl paims out rhat -withcut sub. 
stantial acd &ed additional inwsmrot  in rgrkuknnl 
research aad sswriatcd hetors. h will become mom and 
more difficult to mainmin, kt alone iweac. d yields 
in the longer term. The gap in amage 4 ykids bctwm 
thedeveloped and developing rambia k slowly beginning 
to narrnw, but it is widening considarbly slithm the k C  
oping world M Sub-Saharan Africa lags hmhrr and hutha  
behind the &a regions. . . ." 

Agricultural research provides baKfils m only to 
dwm of agricumval products but also to pocssm and 
con- of qgkulmd pdum.  Agicuhual d 
bas pmvm itself cmtinuously as providing improvcrrmts 
which yield p d u m  of grcamqcl.otity ad qualily. a well 
arimpowdhahbtoo~aarmasaodtmdbed~ 
nanic p w t h  which g m  beywd podumr a d  coosum- 
as. In the US. Action Plan on Food SsFurity -Solmimro 
Hmger, publuhed in M o c h  1999, tbr Unitcd Smts gov- 
cmmmt~tcsthatmeofthevayrfhaf~USA p b s t o  

Tbe CollPbontivc R d  S u m  Rogrro (CRSP) 
concep twuauxdby theU .S .  A@%yfmlnIem&d 
DNelopmea (USAID) aad fh Bwd f a  Ir*anmioorl 
Food and A - b  Developnan. PIFAD). lrada tbr 
rurpica of T i  Xn of the Facign A s s i i  Act, a a 
long- tam msh.o isn  to mobilize the U.S. Imd grmt mi- 
venitia in the h m m i a n a l  food ud agricultural d 
man& 0ftheU.S. g 0 ~ C n t ' l h e C R S R ~ c O r n m ~ i -  
baofU.S.  landgnnt un in r s i t k  working with USAlDaad 
a h e r  US. federal agencia. dcvclqiag canmy Nnioaal 
A g r i c u b l  Raarch S m  (NARS), & ~ b i n g  c a -  
try colleges and univmitics. iatanatiaul Agricultural Re- 
Jtsrch Ceom (IARCS). private agcacies mdumy. and 
private voluntary orgmiratiom (PVOs). Y%c Sarghum lad 
Millet Collaborative Rescad Suppat Pmgnrm is m of 
eight CRSPs cwmtly in opaation. 



lntroducfion and Program Oven~iew 

The Sorghum and Millet Collaborative Research Sup- 
pon Program (MTSORMIL CRSP) conducts collaborative 
research using partnerships between U.S. university scien- 
tists and scientists of the NARS, IARCs, PVOs and other 
CRSPs. NTSORMIL is programmatically organized for 
efficient and effective operation and Captures most of the 
public research ex?crtlse msorghum and ~ a r l  millzt in the 
C S h  The I.\ TSORMIL mfision is toutecollaburativerc- 
search as a mechanism to develop human and institu- 
tional research capabiliries to overcome constraints to 
sorghum andmiNetproduction andutilizationfor the mu- 
tual lenejil of agriculture in the UnifedSfafes ofAmerica 
and Less Developed Countries (LDCs). Collaborating sci- 
entists in NARS developing countries and the USA jolntly 
plan and execute research that mutually benefits all partici- 
pating countries, including the USA. 

INTSORMIL takes a regional approach to sorghum and 
millet research in western, southcm, andeastem Africa, and 
in Central America. LNTSORMIL focuses resources on 
prime sites in the four regions supporting the general goals 
ofbuilding NARS institutional capabilities, creating human 
and technological capital to solve problems constraining 
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 
State University, Mississippi State University, University 
of Nebraska, Purdue Univenity, 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 a result of all 
that has been accomplished during the fust twenty years of 
the MTSORMIL CRSP. 

Because sorghum and millet are important food crops in 
moisture-stressed regions afthe 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 yieldmoregrain thanothercereals. As wheat and 
rice products have been introduced to urban populations in 
developing countries, traditional types ofsorghum, because 
of some quality characteristics, have not been able to effec- 
tively compete with the wheat and rice products. However, 
as a result af  research by MTSORMIL researchers and oth- 
ers, improved, food-quality sorghums produce grain that 
can beused for special ethnic anddietaly products as well as 
for traditional food products. Special, white sorghums de- 
veloped by INTSORMIL collaborative research in Mali 
have improved characteristics which allow preparation of 
high-value bod products which can compete successfully 
with wheat and rice products in village and urban markets. 
The development of food sorghums and feed sorghums with 
improved properties such as increased digestibility and re- 
duced tannin content has contributed to sorghum becoming 
a major feed grain in the U S .  and in South America. Pearl 

millet is also becoming an important feed source in poultry 
feeds in the southeastern USA. Improved varieties and hy- 
brids of pearl millet, like improved lines of sorghum, can be 
grown in developingcountries, aswellas the USA,and have 
great potential for processing into high-value foodproducts 
which can be sold in villages and urban markets, competing 
successfully with imported wheat and rice products. These 
developments are results orthe training and collaborative. 
international scientitic research that MTSORMIL 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 INTSORVIL serves, population growth rates 
continue to exceed rates of increase ofcereal 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, andstrengthening 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 MTSORMIL 
program can be attributed to the following strategies which 
guidethe program in its research and linkages with technol- 
ogy transfer entities. 

Developing institutional and human capital: 
MTSORMIL promotes educational outcomes in col- 
laborating countries. The results include institutional 
strenethenina. develo~ment of collaborative research - -. 
networks, promoting and linking to technology rrans- 
fer and dissemination infrastructure development, 
and enhancing national, regional, and global commu- 
nication linkages. A major innovative aspect of the 
INTSORMIL focus is to maintain continuing rela- 
tionships wlrh collaborating country scientiss upon 
return lo their research pas$ in their countries. 
They become members of INTSORMIL research 
teams composed of American and NARS scienfisll 
who conduct research on applicalions of &ling 
technolo~y and developmenl of new t e~hn~ log j t  
This iatqratedrelationshipprepares themfor lead- 
ership roles in their national agricultural research 
systems and regional networks in which they collab- 
orate. 

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



resource-efficient aoppiag systems. integrated pca 
management progams. and cultivars with improved 
nutrient and water use efficiencies. WTSORMIL also 
evaluates impeca of sorghumimillet technologies on 
natural resourax and biodiversity. 

Developing research systems: Collaboration in the 
regional sites has been mengthened by using U.S. and 
NARS multidisciplinary research teams focused on 
common objectives and unified plans. MTSORMIL 
scientists provide global leadership m biotechnology 
research on sorghum and pearl millet The output 
from these disciplinary areas of research are linked to 
immediate results. Molecular biology and other tools 
ofscience integtated with traditional science willcon- 
tribute to alleviating pmduction and utilization wn- 
straints in sorghum and pearl millet within the 
medium term of 5 to 10 years. New technologies are 
then extended to farmers' fields in developing coun- 
tries and the USA through partnerships with NGOs 

comes seek to reduce effbcb of price dlaps in high 
yield years. and to create new insme opQommma. 
INTSORMlL socicmonomic projects rnearurc im- 
pact and diffusion and evaluatt constrains to rapid 
distributionand adoption ofinuoduced mu technolc- 
gies. 

The MTSORMIL pogram addresses the continumg 
need for agricultural pmdualon technology devel~pnent 
for the developing world especially the semiarid tmpics. 
There is international mogniticm by the world donor com- 
munity that the developing counay agricuhural -h 
sysrems must assumemnenhipofcheirdevelopnern 
lems and move toward achieving resolution of them. The 
lMSORMlL program is a proven model that etnpowm the 
NARS to devclop the capacity to assume thc ownership of 
their development snategia. while at the w e  time result- 
ing in significant henelits back to thc U.S. agricultural see- 
tor and presents a win win siNation for international 
agricultural dcvelopnenL 

research itrmorks. e&ton services and the pnvatr 
m o r  In add~tion. INISORMIL plays a pan in inltl- AdminUOlh .ad M . n ~ ~ m c 8 '  

ating consideration of economic policy and process- 
ing consmints to increasing the competitiveness of 'The Univcnity 0fNe- (UNL) is the M W c m t  

sorghum and pearl millet as basic food staples. Emity (ME) for the Socghum%4illet CRSP a d  is h e  pri- 
mary grantee of USAID. UNL subgrar*s m ma& to tbe 

Supportingioforgation networking: WTSORMIL 
research emphasizes working with existing sorghum 
and millet networks to promote effective technology 
hansfer from mearch sites within the region to local 
and regional institutions. Technology transfer is 
sbengthened by continued links with regional net- 
works, lnlernational Agricumval Research Centers. 
and local and regional institutions. Emphasis is placed 
on strong linkages with extension services. agricul- 
lwal production schemes,privateand public seed pro- 
grams, agricuttural pmduct supply businesses. and 
nonpmfitvoluntary organizations, such as NGOs and 
PVOs, for efficient l i a ~ ~ f e r  of MTSORMIL geaa- 
ated technologies. E d  linkage is vital to develop 
men6 aansfer, and adoption of new pmduaion and 
utilization technologies. 

Promoting demand driven processes: Dwelopnent 
of economic analyses for p r i o r i t i o n  of research 
and farm-level industry evaluation and developnem 
of sustainable food technology, processing and mar- 
keting systems, are all driven by the need for stable 
d m  for the LDC h e r .  WTSORMIL seeks al- 
ternate food uus and new processing technologies to 
save labor and time required in preparation of sor- 
ghum millet fa food. R c s e h  products transferred 
to the farm will seek to spur mI economic growth 
and provide direct economic benefits to consumen. 
INTSORMIL assesses consumption shifts and socio- 
economic policies for reducing effects of price col- 
lapses. and addresses methods for reducing 
processing for sorghum and millet. Research out- 

parfic&timg U.S. Univmitia f a  Ihe -arch projects be- 
ween U.S. scientists and their colbboming camtry coun- 
terpanr. A portion of the project funds, managed by the ME 
and U.S. participating innirutions, support regional rc- 
search activities The Board of D i m  (BOD) of the 
CRSP serves a5 the top managemmvpolic)- body for h 
ChSP. The Technical Comminee (TO. Enema1 Edua-  
tion Panel (EEP) and USAlD personnel advise and guide 
the ME and the Board in areas of polic): technical aspects. 
collaborating counay coordination. budget managemeni, 
..,A .-ui-- 

Several major dtxisioos md acwmplirhmcnts of 
INTSORMlL duri~g the pan yclr ocamcd in (hc USA and 
collaborating cwntria. 

USAlD appointed Dr. John S- a F'rujecl Offt- 
cer for INTSORMIL. 

h. Richard R. Hahn was appoinnd to che EEParthe 
utilizationhnarkaing memba. 

USAlD appointed Stcpbcn Mason as Scmtific Lid- 
son Ofticer with CIAT. 

The 1999-2000 Tahn ia l  Canmiace was e l 4  l a  
mernkrs uc Dr. Gary PeIerson. Chair. Texas A&M 
University Dr. John Sanders. Vice Chair. Dr. John 
Axtell. Dr. Gebisa Ejem Dr. Bruce Hamakn. Rnduc 
University; Dr. Stephen M m .  Univeniv of Ne- 
bi-aska; Dr. Henry Piue, Mississippi s t ~  Univarity, 
Dr. Medron Chisi Depamneot of Agricuhunl Re- 



search, Zambia; and, Dr. AboubacarTourt5; lnstitut 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 A6ica. 

0 INTSORMIL PIS, Program Director and Associate 
Program Director participated in the CRSP Sympo- 
sium atthe annualmeeting 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 a major 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 oftheexhibit isavail- 
able at the CRSPs gateway web site. 

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

INTSORMIL 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, 
M m h  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 
MTSORML 

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

New initiatives were proposed for a multi-CRSP 
training activity in Mozambique and for a 
multi-CRSPresearch activity in thehnharaprovince 
of Ethiopia. 

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

lntroduciinn and Program Overview 

X 

Publication 98-4: 1998 Annual Report 

* Publication 98-3: 1998 Annual Report Executive 
Summary 

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

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

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

* Publ~cation 99-3: 1998 INTSORMIL Bibliogra- 

phy 

* 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 ahreast ofeconomic andecological changes 
which alter tho 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 andutilization of sorghum 
and millet. A well balanced agricultural research institution 
must prioritize and blend its operational efforts to conserve 
and efticiently 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 INTS0P.MIL principal investiga- 
tor. This was a decrease of four students from the previous 
year. Approximately 75% of these students came from 
countries other than the USA, which illustratesthe emphasis 
placed on collaborating country institutional development. 
INTSORMlL also places importance on training women 
which is reflected in the fact that 25% of all INTS0P.MIL 
graduate students were women. 

The number of students receiving 100% funding by 
MTSORMIL in 1998-99 totaled 20. An additional 12 stu- 
dents received partial funding from INTSORMIL. The re- 
maining 19 students were funded from other sources but are 
working on MTSORMIL 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 
1986down toalow of l7in 1993-94,thenZI in 1995-96and 



now 20 in 1998-99. l k  reduction in total students being 
trained fnm NTSORMIL hmQ is, in part. due to mining 
taking place under other fundiig sources, but an even more 
significant facmr is that budgel flexibility for supporting 
mining under WTSORMIL projects has ken gmly di- 
minished due to reductions m our overall pogram budgn 
and because of inflarionary pressures. 

In addition to graduate degreeprograms, shon term train- 
ing programs have been designed and implemented on a 
case bv case basis to suit the needs of collaboratine munm ~ ~~ - 
scientists. Several collaborating country scientists were 
provided the opportunity to upgrade their skills m this fash- 
ion during 1998-99. 

Networking 

The SorgbumlMiUet CRSP Global Plan for Collabora- 
tive R e w c h  includes workshops and otha networking ac- 
tivities such as research newsletters. publications. the 
exchange ofscientim. and the exchange ofgermplann. The 
MTSORML Global Plan is designed for research coordi- 
nation and networking within ecogeographic zones and 
where relevant between zones. The Global Plan: 

Promotes networking with IARCs, NGOPVOs, Re- 
gional networks (WCAMRNlROCAFREMI 
WCASRNIROCARS, ASARECA. SADC and oth- 
ers), private indusuy and government extension pro- 
grams to coordinate research and technology bansfa 
efforts. 

Suppons participation in regional research networks 
topromote professional activities of NARS scientists. 
to facilitate regional research activities (such as 
multi-locationtstingofbreedingmaterials). promote 
germplasm and infonnation exchange. and ficilitate 
impact evaluation of new technologies 

s Develops regional research network. shM-tcrm sad 
degreetrainingplans fusorghumandpedmillnsci- 
entisu. 

Over the years, established nclwatdog activities have 
k e n  maintained with ICRISAT in Lndia Eart Africa Mals 
Niger, and Zimbabwe; ASARECA. SAFGRAD. 
WCASRNi ROCARS, WCAMRNIROCAFREMI, and 
SMIPISMINET in A6ica; CLAlS andCIAT of Cenbal and 
South America and SICNA and the U.S. National Grain 
Sorghum PraluMs Association f a  the plrrpox of d i -  
luting -h mivi t ia  to  avoid &pI'k.atim of effon and 
to p m o t e  the most effective expendihurs ofnsemh dol- 
lars. Tbac also has been exallmt mllaboration with each 
of these programs in co-sporwring workshops and confer- 
ences, and for c o n r d i i o n  ofresearch and long term win- 
ing. NIXORMIL currently cooperates wilh the ICRISAT 
programs in East. Southern. and West Africa. with 
WCASRNROCARS and WCAMRNlROCAFREMl in 

Wcst,Central Ahica and wilb SMIP.SMlNFT in Southem 
Afnca. Sudancvcollabaaton have provided kadmhii to 
the Pan AfiicanSl,rpCmml N e t w o k  iNTWRI(II. col- 
laboration w~th WCAMRN'ROCAFREMI In Wen Africa -~ ~ ~ 

is allowing MTSORMlL utilization scientists to collabo- 
m e  regionally. WCAMRN! ROCAFREMI isagoodmcch- 
anism forpmmMing rnilktprocasingar a h i g h  level than 
has been wen beforr in West Ahica. hrring fhe lan two 
yean. WTSORMIL. the &anuConpea CRSP and World 
Vision lnlcmational have been worltmg with NARS re- 
searchers and farmen in five countries. creating and using a 
technology-rransfer network in West Africa WTSORMIL 
will continue to promote fm exchange of gennplasan. tcch- 
nical infomratim improved technolop. and revarch tech- 
niques. 

The f m  regions of NTSORMIL collaboratiort inchdc 
live pnme sites where IN7SORMIL resources w a r  fo- 
cused over the past year. Thcw prime sites are Mali and 
Niger in West Africa. Ethiopia in the Horn of Africa. Bot- 
swana in Souchrrn Africa. and Hondum in Central Amer- 
ica 

War Afria 

In Mali inYear2O. lFlTSORMlLcomphed iu 15"year 
of collaboration with IER Thc sorghum brredig progam 
in Mali is large and diverse. It includes encnsive aossing 
and intercrossing among elite introductions, improved 
non-guinea and guinea derived brceding lines and elite I* 
cal c&ivars. It utilizes genetically dive; p m p l a a n  from 
amund the world resulting in much genetic divarity in thc 
breeding program. h m s i v c  use is made of linesdeweloped 
bv ICRISAT andcline lines ha ihe USA IKISORMR's 
id~aborativetseectin~~rognrn in Mali fausam dcvchp 
ing Lines of sorghum whish ate highly rtsisant to had bug 
and p i n  mold and which am tan plant w s  having 
highquality grain f a  humao mmuinpim. INTSORMlL's 
mllabmtive pead milla breeding in Mali aimsat devclop 
ing hy t id  r i a  of pcarl milkt usinga breeding technique 
which utilircs thc difference in timing benmn sigma 
c d w  and nnptivity and polkn poduction an the same 
panicle to aehicvc crossing. Local plam pcsticidcs WwIcgC 
cal peaicidcs derived from M p l a n t s )  w a c  found toke f -  
fixlive in controlling covered smul and will soon be 
rclrased to farma f a  seed k i n g  podw. 

In Niger, a long-tw effort to improve ntm%irm a d  ib 
coma of N i g h  citinns thmugh the use of h y i d  sor- 
ghum is cuming to fruition. In the mid-1980s a Nigeria 
graduate student being trained in plant k c d i n g  by h e  
NIXORMIL program began to experiment n-ith hybrid 
sorghum in Niger. W n g  the counc of his M.S. and Ph.D. 
studies, he worked with his professors todevelop parents of 
a rorphum hybrid which war designated NADI. Thi hy- 



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. Y~eld results of 
NAD-I in on-farm demonstrations have ranged from 3000 
to 4500 kg ha-' with adequate moisture to 1200 to 1500 kg 
ha-' ondryland, where thenational averageis around270kg 
ha-'. In October, 1998, MTSORMIL co-sponsored a re- 
gional conference with INRAN and ICRISAT 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 theUSA, Europe andln- 
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 tor developing 
a hybrid sorghum industry inNiger were discussed. As are- 
sult, commercial production of hybrid sorghum seed is now 
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 hybridsorghum, NAD-1. MTSORMIL scientists 
both in the USA and in Niger continue to develop new, im- 
provedparents for hybridsorghum seed production inNiger 
and continue to work with the private sector and govern- 
mcnt to assure that each plays its crucial role in developing 
the hybrid sorghum industry. The success ofthenascent hy- 
brid sorghum seed industr). in Niger is, in large pan, due to 
commitment of MTSORMIL to train Nigerien scientists 
and conduct collaborative research in Niger over the long 
term. 

Horn ofAfrica 

The Horn of Africa Regional Program follows a produc- 
tivc 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 benefitof agri- 
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 hasonly 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 to produc- 
tion of sorghum and millet were identified during the past 
year. According to sorghum and millet scientists in the re- 
gion, "he major sorghum andmillet production andutiliza- 
tion constraints are generally common to all countries." 
These constraints include lack of improved germplasm, 
drought, Str~ga, 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 and millet production in the 
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Horn of Africa. Research conducted by participating 
scientists of NARS in the Hom of Africa is primarily ap- 
plied research. 

Southern Africa 

In Southern Africa, lNTSORMIL activities last year oc- 
curred in Botswana (the prime site), Namibia, Zambia, and 
Zimbabwe. The Southern Africaprogram is organizedinsix 
collaborative research projects in the following areas: de- 
velopment of pearl millet hybrids, using Namibian and 
Zambianvarieties; sorghum diseasemanagement by identi- 
fication and use of resistance; sorghum food quality re- 
search; integrated pest management research in Botswana 
and South Africa,with emphasis on sugarcaneaphid;identi- 
fication of factors 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. 
INTSORMIL scientists from Southern Africa and the USA 
are working together to develop a multi-variate model 
which will incorporate as many oftherelevant variables af- 
fecting ergot severity in hybrid sorghum seed production 
systcms. The study is beingconductedover arange of areas 
representative of climatic zones including four areas in 
South AFrica and production areas in Zimbabwe and Zam- 
bia. 

Central Amerko 

During the past year, the Central American program has 
been evolving from a program focused mainly in Honduras 
to one which is more inclusive of scientists from other coun- 
tries in the region. The program has extensive ties with the 
private industry in Central America. A Memorandum of 
Understanding signed by INTSORML and theNicaraguan 
Institute of Agricultural and Livestock Technology in May, 
1998, made possible collaboration in sorghum breeding by 
sorghum breeders at MTA and Texas A&M University. 
Duringthepast year, discussions were heldwithrepresenta- 
tives oftwo Nicaraguan Universities (theNational Agrarian 
University and theNational Autonomous University ofNic- 
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 scienrists 
o f  INTA, EAP and universit ies participating in 
MTSORMIL in the USA. Collaborative research on breed- 
ing sorghum varieties resistant tosorghum midge in Nicara- 
gua was initiated this past year. Long-term research on the 
"langosta" complex of lepidopterous pests 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 
MTSORMIL scientists working with scientists at national 
agricultural research systems throughout Central America 



and the Dommicaa Republic. This annual activity of 
INTSORMIL pmvide~ useW information to s a d  compa- 
nies, growers, and brreders thrwghout the region. Collabo- 
rative p i n  quality rcsarch conducted by Hondunn and 
American scientists pmduad useful information 00 sor- 
ghumtortilkqualitybaih suchas appearaace(wla). mte. 
amma texbm (mouthfeel)) and mllability by a taste panel. 
Thii information is beig used by saghum breeders to im- 
pmve baits of food xugbums. 

Germplasm exchange, movement of wcdr in both d k -  
tions between the USA and cdlrborating couomes, in- 
volvm populations. cultivars, and breeding lines carrying 
resistanceto inxcts. diseasa.Yriga, dmugbt, and roilacid- 
ity. IMSORMlLplantbreedersaIw,&velopclite ma~crials 
with high yield potential which can be used as cuhivars pet 
se or used as parents in M i n g  programs. Specific 
gcrmplasn releases (including breeding lines) for c o l l a b  
rating caunuy use include the following. 

Improved yield (for all collabaating coun(ties) 

lmproveddrought tolaance (Africa and drier arcas of 
Latin America) 

Acid soil tokrance 

Sniga resistance (West. Eastan Africa, and Southern 
Ahca)  

Midge and granbug resistance (Latin America) 

Downy mildew mistance (latin America and 
Boawana) 

Anthrac00~ resistance (Latin America and Mali) 

Charcoal rot and lodgmg resistance (Afiica and drier 
areas of Latin America) 

Head smut and v i  minaoce (Latin America) 

Foliar disease resistance (for all colhbwating c m -  
tries) 

Improvcdpinqualitycharaaeristics for f d a a d  in- 
dumial use (forall collaborating countries) 

INTSORhUL has been working since the mid-19805 to 
help Niger develop a hybrid seed industry. Beginning with 
initial experiments with hybrid sorghum in the 1980s, 
INTSORMIL scientists of Niger and the USA have col- 

IrboraIive)y developed a line of hybrid sorghum. N A D  I. 
which is well adapted to F o n d i s  in Niger. yields higher 
Ihm most local varierits and has accep.bk @it& for 
conmm. A Hybrid Seed Wakshop for W. AFrica war 
held in Niamey. Niger m Sepanbn 28 through October 2. 
1998. The purpose of rbc workshop was to acquaint West 
African sagbum and m i l k  -h x i d m  rbart thc 
benefits ofhybrid sad f a  West Ahica. Spcakm diwurrcd 
relevant hybnd seed experiences in their m developing 
countria, including India ZPmbii Sudan. and Brazil. The 
goal was to explore c ~ p n u n i t i a  for dcvclcpncnt of sor- 
ghurnaodparlmillnhytridsfor W.Africaandlomiathc 
dcvelopmmt of a private x ~ o r  seed indum) which brings 
many b e r m  to farmers in W. Africa l h e  Workshopm- 
sisIed of appmimmely 150 pankipma fmm IS countria 
including: United Slam of Ammca  Niger, G h a ~ .  Mali 
Cace d'lvoirc. India W i n a  Faso, Kenya ad, Egyp 
Senegal. Frmce. Nigeria Zimbabwe. andZambia. Folbw- 
ing the wakshop. our privmc-sata pamm. with the co- 
operation and suppon of the public rcaor. in Niger haw 
made significant pmgrcs in the production of NAD-I hy- 
brid sorghum xed. F a  a private sad company has pur- 
chased the government wcd f m  at Los~. Dr. Wifw. who 
was h i n d  at Mississippi Stsn in s a d  technow several 
years ago, is leading the devclopmrm of a private mar 
xcd industry for Niga. INRAN and the Govnmnslc of 
Niger is supponive of this *ate s a d  zccur activity. 
NAD-I willbethe fim h@id seed & d a d  marltacd 
bythiicompany. Ssond. x m a l  hyixidsaghum s a d p m  
dwm in Niger have famed a seed pmducrrs assocution. 
This ascxiatiw recognias MRAN as an h w a a t y  mcm- 
ber, but is intent on controlling the s a d  association omidc 
of he  formal m c n t r c  of the government. We think thii is 
an encouragingdcvelcpnent which we w~ l l  n u m m  T h i i  
the demand for hybrid seed far exceeds the supply even 
thou@ the seed is sold at appmximacely eighl rimes rhc 
price of grain. The important disrinctkm bmveen sad and 
grain is now recognized in Niger. We estimate ttvt 60 
of hybrid wed will be pmducsd this year m Niger. A pat 
deal of this seed prcdwion will be w small farms. 

Buildiog a, the resub of MTSORMlL mearch in the 
USA. the potential of hmw midrib saghun sudangnx in 
W. Ahica is b c i  explored dvaugh adlabaation with a 
IplXORMll. scienda in Niger. Thevlluc off- in West 
Africa is high. and t h m  is a c h i c  sboruge of good & 
ity fcrage which we b e l i e  can be +ly alkvlaed by 
h n  midrib scwghum sudangass hybrids. At this p o i  in 
tiw, here has been enensive eultivarim of bwn m i h i  
sci-ghum hybrids in PakirW and in ume Asian camaies. 
The potential valw in ladi has b c c n ~ i a d s i n c e  lndii 
is now the largest milk produca in the wodd and they ue 
heavily investing in -h 00 bnm midrib forage arc- 
als. As we enter the next decade of the "meat revolution- 
faage crops will in- in importance. 

The mutable pericarp color gene designated as 
"candysnipe" w u  fvst identified in Sudan. Collabmdvc 
research has now identified and cloned this m u t a b k g m  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 of these elements 
is that they can be used to identify agronomically important 
genes in sorghum. The probes are just now ava~lable 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 ofan MTSORMIL 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 arecent study 190 sorghum acces- 
sions from the five major cultivated races, namely bicolor, 
guinea, cauddum, kofrr, and durra, were sampled from the 
world collection maintained by ICRISAT. Genetic varia- 
tion was detectedusing RAPD primers. Only 13% ofthe to- 
tal  genetic variation was athibutable to dwergence 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 shou,ed that molec- 
ular markers can be used to help identify suitable 
germplasm for introgression 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 limes of sorghum useful to commercial breeders and 
seedcompanies 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 toseveral 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 fann- 
ers can use, MTSORMIL researchers collaborated with 
LDC scientists to develop improved, high yielding varieties 
and hybrids. Progeny were identified that combine several 
needed favorable traits into asingle genotype. Advancedse- 
lections are in evaluation in on-farm trials to measure per- 
formance. As research continues to generate new 
technology, the importance oftesting on-farm, and solicit- 
ing producer input on research activities will increase. 
Technology (gemplasm) developed by this project has 
been adopted by private industry andusedin hybridproduc- 

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

Sustainable Produelion System 

An INTSORMlL study focusing on the impactofhouse- 
hold and agricultural 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 commonb Fanned 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%andthe combined agri- 
cultural and household technologies by 68%. Policy 
recommendation? are to accelerate the introduction oftech- 
nological change onto the commonly farmed areas while 
also increasing the bargaining power of women. 

In West Africa, MTSORMIL's main collaborative, ag- 
ronomic research activities have been focused in Mali and 
Niger. MTSORMIL participates in the West and Central 
AfricanSorghum andMillet ResearchNetworks. This year, 
INTSORMIL signed a Memorandum of Understanding 
with the national agricultural research system of Burkina 
Faso, IN.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 
havc high vemcal leaf area distribution can be more com- 
petitive with weeds and, therefore, beauseful component of 
integrated weed management programs. Studies on man- 
agemenr nf lare-malurmg Maiua pearl m~llel in southern 
X~ee r~ r r r e  ln~riared. Recauscthii varietvofoearl millet 1111- - , . 
ers profusely, it provides a unique opportunity to integrate 
gram production for human consumption and forage pro- 
duction to support livestock, Initial results that tillerscan be 
harvested 65 to 85 days after planting for use as livestock 
feed without reducinggrain orstover yield pointto develop- 
ment of a more economically rewarding cropping system 
for miKet farmers in the Sahel. 

Research in Mali by WCAMRNlROCAFREMl showed 
that pearl millet grain production increased 10 to 19% of 
when millct was rotated with cowpeaor 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. Tho highest grain yields required 
application of inorganic fertilizer or combined application 
of inorganic and organic fertilizer. 



In Niger. seven1 wu.bantive studii of INTSORMIL 
scientisn from Ni, India and the USA were finalized. 
Thercsu luofcberc~arenow beingprrparrd forpubli- 
cation by INTSORMIL rimlists a the University of Nc- 
brash The on-farm aials in Niga w m  inconclusive in 
1998 due to adverse envimmnent, but fended to show the 
value ofNAD-l and tied ridges for cmwving moimm. In 
addition to prepariDg m d p t r ,  a visiting MTSORML 
scientist has conducted greenhouse studies at UNL to 
strengthen the field results from Niger. A former 
INTSORMIL gradwe student has rdllmed to Ghana to be- 
gin collaborative research under the new manorandum of 
understanding recently signed by NIXORMIL and the Sa- 
vannah Agricultural Research Institute (SARI) of Ghana 
INTSORML has pmvided him with a new cmnputer and 
chlorophyll meter, and will also provide opetating hmds in 
1999. 

In Mali, studies on the &ecl of previous crop on sor- 
ghum yields showed that sorghum following corn or cow- 
pea was bena than sorghum aAer peanuts pearl millet or 
dolichos. Sorghum following smgbum mulied in the poor- 
est yields. Respomes rn modified positively and linearly 
by N application up to 60 kg ha-'. Application of Malian 
rock phosphate also i n d  sorghum yield about 9% 

INTSORMIL's apprcachtodevelopings~ainablc plant 
potation systems is integmcd pen management (IPM). 
Two key elements of [PM for sorghum and millet which are 
central to NIXORMIL plant pmtection research are ge- 
netic resistance of saghum and milktto insect pests. parhe 
gens, andthe parasitic weed, Srriga, and praaicatocontrol 
insects and pathogens with minimal use of chemical pesti- 
cides. INTSORMIL entomologists and plant pathologis& 
work closely with plant Lreedas. agronomistsand food x i -  
entim to develop more effective means to manage pests of 
sorehum and millet in orda to provide higher yields of 
hi& quality pa unit arcs ~ultivarcd intensification 
of agricultural pmdunios which cw help remove pnmuc 
on fragile ecosystems, depeads on many factors: d n -  
able, plant pmecnon i s  essential to increav poduaion of 
food and f e e d h n  sorghum and milkt in em~lmically and 
ecologically sustainable ways. In crop protection. a wide 
range of sources of resistance for iosats, disusa. and 
Sriga have been identified and Ennsed with loally adapted 
gennplsrm. l hk  process hasbeen iropoved i m m e l y  by 
INTSORMIL collaborators developing effective resistance 
screening methods for sorghum head bug saghum long 
smut, grain mold. leaf diseases and SIriga. 

INTSORMlL ~ ~ e a r e h m  from lhe USA and Ahica arc 
aecelezating the prom in developing biological defenses 
to the smrk on sorghum by the parasitic wead Saiga. Ad- 
vanced techniques have ban developed to rapidly screen 
lines of sorghum by w i n g  the sorghum seed in order to de- 
termine wh&a these lines have any of several specific 
modes of resistance to Striga. The extended agar arsay in- 

volves artificially gcrmiaatiag sorghum Kedr in cbc prcs- 
m e  of Saiga seeds to daamioe which l i  of sorghum 
produce linle or nogamination stimulant. The pqxrrollss- 
say is used to &ermine which sorghum lines inhibit ihe 
penehati~ofSIrigo. Using k t c c h n i q m .  mTSORMlL 
researchers not mly xkct sorgbwn lines wah zpecif~ 
mistanus to Smgo. but also are lcarnmg mce abaa the 
cmnplex intnactionr k e e n  sorghum and the pamite. 
'Ihe use of ihcsc labom~ary techniques is rapidly r a k n t -  
ing the xlection and breeding of Srrig~resismt lines of 
sorghum which can beused to improve the rcsiaancc of va. 
rieties and hybrids of -hum in Africa where Str ip  is a 
major faaor in cawing famine throughout ihe continent. 
Resemh on the agmcology and biacchnology of stalk rot 
pathogens of sorghum and milln resulted in incrcaxd un- 
dentanding of sexual rcproduRion of Fwmirm. a hmpl 
palhogen of both sorghum and miller. 

Ergu.orClav~epr&cam, isa fungal pnhogcoofsa- 
gbum which prevents pollinaim of the saghum plant's 
ovafin if Qc erga enters thc ovary before pollmrtion oc- 
cm. ~ s u l t i i g  in a h k y  cxudsrc and no grain famation. 
Ergot infesution of grain sorghum was a pmbkm in Africa 
and Asia before 19% when (he dixast au first damed  in 
Argentina and M I .  In 1997, agu sprrad to Colanbia. 
Hondum, Mexico. many islands in t h e C a n i .  and ma. 
jw sorghum-producing nates in !he USA (Kamas. Ne- 
brsska, and Texas). Lnsvr due to agm can include 
reduction in grain yield, loss ofcxpon mzukm of wed and 
feed grains to comma w h m  ergot lur not been npated. 
and loss of germplasm and hybrid wed in- in winter 
nlnseries where ergot has been darned and quarantine reg- 
ulations prohibit return of the grain to the USA. 
MTSORMn researeha during (he paa  yea^ have f d  
their e f f m  on many aspects of the biology and ecology of 
ergot. ~ h &  efforts have k e n  collabaative and inlcmb 
tional, involving scientim in rhc USA. C a d  and South 
America. Africa. Asia and Eumpe. 

Important fidings include: 

Sorghum accessions rusceptiblc to Cloviceps 
afiicana include S bicolor. S drummondii. S 
vugafum. S mvndim~n. and S Mepone. Ergd 
symptoms w m  rm observed on S w&iUifl- 
and S dhulunordn. Ocher eumcmially inlponmt 
plant species arrvcycd which were obvrved to be n u  
affected by ergot mchrdc finger millet. pearl mill*. 
proso milln. foxtail milkt, big b l u a m .  Osage 
indiangrars, witchgrass. mairc and Canadm mid 
w. 

An n;mmely high incidare of aga was repmed in 
gram sorghum ovcra sevaal-week period in Fctnuary 
1997 on many islands of rhe CrnWxan pmbsbly due 
to an airborne spore s h m a .  It is believed tha~ Hmi-  
cane Mich was the primaq carrin of s p m s  of q u  
in the Caribbean region during its existence in 1998. 



In late 1998, C. africana 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, seeds, or soil) may also bc 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 a f i c a ~  was observed to 
persist in anactive phase predominantly on feral grain 
sorghum in Mexico and as far north as Corpus Christi, 
TX throuph Fehmary 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 awet. 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 should not beconsidered 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 constmint to sorghum production on large com- 
mercial fields on the coastal plains ofNicaragua. A complex 
of defoliators annually damages or destroys the sorghum 
andmaize crops in Honduras resulting in yield losses or re- 
planting. Subsistencefarmersmay 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 inhabitinginsect pests contributingtosorghum seed 
and seedling losses in Honduras have been identifiedand in- 
secticide control methods determined. Although 
slash-and-bum agricultural practices are used by subsis- 
tence farmers to assist in insect control, this culnualpractice 
had limited influence on fall arm)wom and neotropical 
cornstalk horcr infestations. Thepests wereattracted to lux- 
uriantplant g~owth in burned fields. Seed treatmentwith 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 infestationsand damage to 
sorghum compared with sorghum planted with a native 
maize. 

Aspects ofthe biology, ecology, behavior and population 
dynamics of the armyworm species in thc defoliator com- 
plex in Honduras and thesorghum midge inNicaragua have 
been investigated. This information has contributed to the 
successful conduct of entomological research designed to 
evaluate ecological relationships of the pest msects with 
cmp 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 inregulation ofpest populations. lusectpest manage- 
ment tactics have been investigated as independent control 
practices, as well as in integrated systems on subsistence 
farms in southem Hondura5. Recommendations for plant- 
ing dates, weed control and insecticide applications to man- 
age soil inhahiting 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 into Nicaragua has expanded the scope of ento- 
mological activities in this ecogeographic zone. 

Sorghum diseases are, and remain, impomnt 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 andhybrids. In orderto determine the ef- 
fect of plant pathogenic nematodes in the infection of sor- 
ghum by Acremonium wilt, INTSORMIL scientists 
conducted a nematicide trial near Konni on a fanner's field 
to determine whether two nematicides would be effective in 
controlling pathogenic nematodes,  especially o f  
Prar)denchss spp. For the susceptible hybrid, NAD-I, the 
presence ofnematodes isnot necessary for disease develop- 
ment. With the landrace Mote, the level of infection in- 
creases as the nematode number increases. Ln the presence 
ofnematodes, Mota becomes susceptible toA, stricturn. The 
nematicide treafments did not significantly affect the inci- 
dence of Acremonium wilt of sorghum either in 1997 (a 
drought year) or 1998. 



In Mali. MTSORMIL scientists from the USA and Mali 
are developing IPM strategies for inwct  pest^. apcially 
panick-feeding bugs and sorghum midge. that artack tradi- 
tional and improved insect-resistant and susceptible 
sorghums. 

In Southern Africa, collaborative research relationships 
were ~ n a b l i s h e d  between INTSORMIL scientists in the 
USA, Botswana and the Republic ofSouth Africa. Re~arch  
will be direded toward developing and evaluating sugar- 
cane aphid-resinant sorghums adapted to the thesouthem Afri- 
can region. During this repating period 50 sorghum lines 
were evaluated in the laboratory but not in the field because 
of severe drought. 

Progress was made toward developing a "Milkt Head 
Miner (MHM) Warning System" model to forecast the 
probability of MHM outbreaks in areas of West Ahica so 
that appropriate measurescan be implemmtcdto c m l  the 
pest before it damages pearl millet. A graduatestudent from 
Mali continued writing his diucrtation fmm field Wies 
begun in year 17 on MHM immature stage monaliiy. adult 
MHM biology and fecundity, and MHM biology on alter- 
nate host plane. His work will form the basis for reporting in 
2000. Another graduatestudent completed anddefended his 
thesis. and returned to Niga in Augusl, 1999. Results born 
these studems' reseamh will be used to construct a 
stage-specific life table, thus providing an undemanding of 
factors that regulate the abundance of MHM. There results 
also can be used to develop an impmved plan for managing 
MHM on pearl milla in Wen Africa Using the database 
available on ago-climatic conditions in the Sahel. and re- 
search data fromthisandotherresearch on MHM, improved 
approaches to managing MHM will be possible. This is an 
example of how research done by graduate mrdena from 
developing countries can contribute significantly to 
long-term solutions to problems of production and utili-n- 
tiw of sorghum and pearl millet. 

Crop Utilization andMwk&ng 

In a study of urban consumption panems in Mali. 
INTSORMIL rexarchesshowed thesubstihrtion potnrtial 
between imponed rice and Ihe traditional amk. saghum 
and millet. With the reduction of import tariffs and dwalub 
tion. the net effat was an increase in the aaditional a a l  
price relative to rice. Sorghum and millet wae  shown to be 
substitutes for importedrice, but n d  for domestic rice. Tra- 
ditional cereals are h'li cheaper than rice in absolute t e n s  
with devaluation, and devahmtion lras ao income reducing 
effect evm if cereal prices d o n a  i m .  Income effects 
appamtly encouraged a small in- in ansumprim of 
sorghum and millet. 

Tbispast year, rNTSORMlL cereal chemisis have devel- 
oped rapid sueening techniques for b m d m  to ure which 
asses= the new high digestibility bait recently discovered 
in germplasm of sorghum. A new rapid screening tah-  
nique. which measures disappearance of alpha kafirin in 

sorghum grain bas b&n developed by INTSORMR. rim- 
ti* 'om the USA and Niger. The cea k mpid and readily 
distinguishes between m a l  rarghum and dx highly di- 
gestible sorghum cultiva~~. A Kenyan u ~ d n  has tested 
his technique acmn several mvimmnmts and found ha t  it 
is accurate pnd y d  simple enough tobe .pplied to large pop 
ulations of breeding maIerials. He is &mining  the mcch 
anism of inheritance of the high digestibility bait. This 
techniqueis beingusedtoacceleratethe selection of lines of 
sorghum which have grain of high digestibility. Furtherre 
srarch is being h e  to improve the assay b) way of using 
microtiler pl- lo deaease v m p k  size and imav sam- 
ple t h ~ g h p m  pa day. 

With the hire of a food ttdnologkf in Nigu using 
INTSORMIL regional funds. IJK couscou pojea has ad- 
vanced substantially. The process has been opimiizd and is 
waiting for our planned purchase of adeconicata and ham- 
m a  mill to improve flour quality. % is a critical slcp in 
achieving a consiamt. high quality f d  c o w m  
There is a good deal of interest both within Niga and in 
neighboring countries about h e  potential of commcrcializ- 
in$ couscous made from sorghum and millet.. The 
WCAMRN-ROCAFREMI -sing projm has also fo- 
cused on this oppommity. In Burkina Faso. where N R 4 N  
carried the couscous unit for dnn-tim *ar was a 
very good response. American and Cameroonian 
INTSORMIL collabonting scicntim will address cce 
nomic considoarions rrgardig commercial coscms p m  
assing. lhecourous processing unit designed by ClRAD 
may not be the most economical. however. k is hdicb 
tion that itpmbably puduca the most consistent high qual- 
iry product available from asmall-xak pocas. Connunu 
acceptability tests showd that the courous made hrm tbe 
INRAN unit was highly xapmble. M a k e  teaing has y o  
to be done, but is still planned for the upcoming yca~ 

Stronger collaboration should result with the 
INTSORMIL food scientist in Ethiopia due to 
WTSORMIL's upcaning pochav of a decorticator and 
hammer mill for their cereal technology labora~ory. W i  
this equipnenk thm arc plans to develop high quality 
noun that can be uud in local Ethiopii induma. 

Ac WCAMRN/ROCEFREMI pticipation has much 
potential in allowing INlSORMIL u t i l i  s c i m h  to 
eollaboratc regionally. So far ROCEFREW-WCAMRN 
appears to be a vay  good mshauirm f a  facilitating collab- 
oralion in mlllcr p a s i n g  raearth to agrratcrertmt ban 
har been urn before m m g  chc Wea Afncan NXRS.  

MTSORMlL research m p a m i r i g  of wqhm has 
yielded significant results wcr (he pan year Enensive 
multi-location, multi-yrar bials to evaluate the abrasive 
milling pmpc?ties and fanon affecting dry milling of sor- 
ghum were condwted. Conclusions m: 

The milling propmia ofxxghum are affected by hy- 
brid and envimrnmlal conditions. 



Introduction and Program Overview 

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

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 plantred sorghum hybridsproduced 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 hybrids all hadsignificantly improved yields 
of grits with excellent color. The density and test 
weights were highest for ATx635 grains at all loca- 
tions. 

It is possible to select for improved milling properties. 

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 com starch with 95% sorghum 
flour in cookies. The texture was equivalent to wheat flour 
cookies. Pregelatinized sorghum could be used as well. 

Noodles from 100% sorghum flour were similar to rice 
noodles but the dry matter losses during cooking were 
higher. A noodle making procedure that could he used to 
make nonwheat noodles for special gluten free diets was de- 
vised. Factors aflectingnoodk 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 indusny in 
Mexico, USA and Nicaragua. Three new graduate students 
joined the INTSORMIL 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 torlilleria at EAP 
and is used as part of increased educationalactivities in food 
technology. 

A Sorghum Quality Assessment Workshop organizedby 
the University of Pretoria, CSIR and Texas ABM Univer- 
sity, took place inhetoria, South Africa. More than 36 par- 

ticipants from the food industry, university and research in- 
stitutes in Southern Africa interacted during the 3.5 day 
workshop. It included tours to a Sorghum Brewery and the 
hRC Summer Grains Institute in Potchefstroom. Students 
participated who are enrolled in the Southern African Re- 
gional M.S degree program at the University of Pretoria. 

Work in Mali continued todemonstrate the high qualities 
of flour 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 flavor and light color ofwhite food type sorghums are 
superior to maize in composite baked products. 

Benefits to the USA 

Germplasm Enhancement and Conservation 

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 digestihility and significantly improved palat- 
ability. Dairy farmers are the fust to see the benefits of the 
improved nutritional quality in increased milk production. 
There arc approximately 5 million acres of sorghum 
sudangrass in the USA at the present time, comparedwith 9 
million acres of hyhrid sorghum for grain production. Esti- 
mating that eventually 50% of the sorghum sudangrass 
acreage in the USA will be planted to brown midrib 
cultivars, $4?.84/acrevalue addedperacre times 2.5 million 
acres i.; equal to $107.1 million additional value to the 
farmer each year. 

The sorghum and pearl millet breeders in Nebraska have 
taken lines from world wide sources in crosses with U S .  
stocks to produce new hybrid parents for the USA, and elite 
germplasm for selection in developing counby 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. During the past year, INTSORMIL research- 
ers have developed a protocol for sorghum transformation 
using a bacterium, Agrohaclerhm tum&ciens. It demon- 
strates that Agrobacterium-mediated aansformation is a 
feasible technique forthe genetic transformation to improve 
sorghum. Key factors were the co-cultivation medium, the 
use of agenot).pe and en explant with good tissue culture re- 
sponse, and the addition of Pluronic F-68 to the inoculation 
medium. Sorghum transformation via Agrohacterium is 
still notaroutine technique, butitseemsto have goodpoten- 
tial to improve the characteristics of sorghum once the pro- 
tocol is W h e r  refined and improved. 

Both applied and basic research were conducted in both 
crops. In pearl millet INTSORMIL bred andtestednew hy- 
bridparents, many in two cytoplasms, A, and A+ and some 



with white p i n ,  tha~  gave higher yielding hybrids (trial 
mean yield at Mead, Univenity of Nebraska Research Cen- 
ter, was 4.3 t ha-') with befier lodging res!stance. Detailed 
research, in conjunaion withan ICRlSAT visttingxientia 
at the Univenity ofNebmkz-Lincolncompred i m c l e a r  
hybrids in A, A, and nonnal (non sterile)cytoplasm. Evi- 
dence of cytoplasmic nuclear interanion was found which 
means m i n  hybrids are best in one c)loplasm. dm in 
anorher, and may be better in sterile cytoplasm than nonnal. 
The implication for other cmps like maize for instance. is 
that a hybrid may be better if made by CMS than by 
derasseling. A+ hybrids had better seed set at low tempera- 
tures, fenilityrenontion is better, and inheritance is simple 
and clear. Three further male stwile c)zoplasms, AS A- 
and A, are being incwporated intothe isonuclear parent set 
to permit furthershldies. A visiting wientin from Namibia 
for six months working on hybrid breeding also studied di- 
rect efiects of pollination on hybrid seed. In inbreds. male 
parent pollen directly ixreased seed sire in pollinated 
heads relative to wlfed pollmated seed. This meam that in 
hybrid seed production fieldsvxnemaleparentscansignifi- 
canlly increase yield through increased seed size. on reed 
parents. Similarly, pollination of one hybrid with another 
slightly increased seed size. but nor significantly. 

lNTSORM1L scientiN found large differrnces between 
pearl millet genobpes forabllityto germinate in cool soils- 
which would be uxfulin theMidwest. It is,lhcrefore,possi- 
ble to breed for this ability. MTSORMIL x~enlists tested 
food quality sorghum hybrids from a new generation of pa- 
rental lines synthesized fmrn earlier project germplasm; 
yields of the best hybrids were up to 18% bener than c m -  
mercial checks. Tests in 1999 with more extensive combi- 
natiom produced in the winter nursery should lead to five or 
six new seed parentsand hwo early male parents. Releases in 
the germplasm category (advanced lines) arc also planned 
for 1999. 

During the past year INTSORMIL research has shown 
that pearl millet has potential as an alternate grain cmp in 
dry, short growing searon regions ofthe Great Plains ofthe 
USA. Planting date studies indicate arecommended date of 
June 1. but there is a wide window of planting dates fmm 
May 15 through July 15 for which there is minimal yield 
loss. This wide window ofplanting dates in the G r a r  Plains 
is a characteristic which makes pearl millu feasible as an 
emergency cmp or as a double crop. 

Damageto young millet p l a n s o a u n  foravariety ofrea- 
sons. When I0  cm was mowed OR of 25-day- old plants to 
simulate damage, increased tillering resulted. In early 
plantings latex manuing varieties compensated well in 
termsofyield, while in laterplantings, when yields fmmun- 
damaged plants is lower, latervarietiesaaually gave higher 
yields afler mowing, demonstrating pearl millets' remark- 
able ability to rapidly switch resources to  new tillen. 

This yew re& of a mubyear  w- to dciamme m- 
ommended planting due and mu. spacmg far dwarf parl 
millah~dsusscontinwdwas~soilsite inOgallala 
NE and a silty clay loam site in Mead. ?S. and expanded to 
include a loam soil site in Sidney. NE. uhlch has low rain- 
fail and a short growing season. At the S i h q  site. efforts 
are being made to intensify w h a t  -fallow production s)r- 
tems by incorporating a summer annual cmp. Averaged 
over eight environments. nanorvlng row spacing haeased 
yield o f b o ~ h  pearl millet and grain sorghum by I2 to  15%. 
Pearl milln pmfucedthe higheryield when planted m June 
I ,  but yieM declines w m  small when plammg as early as 
May 15 and as lare as July 15. while $rain sorghum had a 
narrower window for planting. Averqed over environ- 
mcnts. grain m u m  produced approximately 0.4 M g  ha-' 
more p i n  than pearl millel. bul at plammg dater aft- J u b  
I.  pcarlmiltetoflcn pmduced higher yicld. Sina pearlmil- 
let h a  a lowerbase emperamre than grain -hum. further 
study of plantmgdsrn in early May in the Great Plains is 
merited. 

Research of MTSORMIL scientists on weed interfer- 
e w e  in grain sorghum production showed thar velvetkaf 
(Ahurilm fheophrarfi Medic.) is less sucr+ssfUl in compr- 
ing with sorghum hybndroftall he ighLcompar rd to~hy-  
k i d s  of medium hcighr The use of mll gain  sarghum 
hybrids with high vertical leaf areadiQribution would be a 
useful component of an m t e g d  reed  management p 
gram. 

INTSORMIL research on Yrigo. thc parasitic wced of  
sorghum which iswidespreadin A t r i c a d u h i i n v a d c d a  
small. now quarantined, area in the USA is providing wlu- 
able fundamental information &out h e  chemical sigmls 
exchanged benwen crop plants and parasitic -a&. The 
components of biological resistance of @um to  Striga 
whichare beingdiscovered by M O R M I L  research inthe 
USA and collaborating countria arc albwing the USA to 
build defenxs against Srr~go while helping collaborating 
counlries deal with the widesprral yield los raof  sorghum 
in Africa. 

Ergot, Cloviceps q f r ~ r m o .  which atla& sarghrm was 
first obsmtd in the USA in 1997. This hg16 dm+lxs 
sorghum yields by preventing pollinatix o f  the fcmtk 
flower ofthe so@um plant Md can make best ing difi- 
culr by preventing machinery h opaaringnonnally due 
to sticky "honeydew" s e ~ m e d  by the lingus. Non-miff 
b n i t o  impmation 0fU.S. gain  sorghum to  Mexicaand 
other countries could have become a significam p b k m  
once ergot had b a n  idmtitied in US. sorghum fi& so 
INTSORMR. researchus rrspanded to the ne+d for scien- 
tific information on which to base intrmational agreements 
for imponahon of U.S. sorghum. During this past year. a 
visiting scientist from Zimbabwc mnducted revarch on 
several epidemiological and biological aspects of C. 
+kana in Mexico and the USA Sclemtla of C q + ~ a m  
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developed from within sphaceli4 so sclerotia always have 
some sphacelial tissue present Sphaceliaand sclerotia of C. 
&icana should be thought of as different tissues of the 
same shucturc rather than entirely independent structures. 
Captan fungicide greatly reduced conidial germination as- 
sociated with fresh sphacelia but did not penetrate far into 
thesphacelia. Temperature and relative humidity clearly in- 
teract to affect survival of conidia of C. afiicona. Several 
cumulative factors reduce presence and survival of C. 
africana in seed making seedborne ergot a negligible 
source of initial inoculum for infection in the field, espe- 
cially in regions where ergot is already 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 Clmiceps ofricma in grass and 
sorghum seed samples" was also prepared in collaboration 
with Oregon scientists and utilized as part 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 
the course ofthis projectand the associated publications and 
training workshops are promoting the establishment of 
more scientifically-based import/expolt regulations for the 
international seed trade in sorghum. 

Collaboration of INTSORML entomologists was suc- 
cessful with INTSORMIL sorghum breeders andmolecular 
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(1PM)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 advancing greenbug biotype I- and K-re- 
sistant parental'lines for anticipated release. Insect 
resistance technology will contribute to better and 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 inTexas is 
used extensively by extension personnel, private agricul- 
tural consultants and fanners. A "Questionnaire on the Im- 
portance of IPM" was administered to Board members and 
Extension Agents-Pest Management at the Texas Pest Man- 
agement AssociationMid-year Board of Directors' Meeting 
held 2 Oaober 1998 in El Paso, and a "Questionnaire on 
Pest Management Practices by Crop Consultants" was 
handed out at the Texas Association of Agricultural Consul- 
tants' Annual Conference and Exhibition held 14-16 De- 
cember 1998 in Lubbock, and returned by mail. All farmers 
said they benefit from using IPM, a method af pest control 
which is central to  INTSORMIL research and 
INTSORMIL's outreach partnerships in the USA and de- 
veloping countries. To fanners and consultants, respec- 
tively, IPM means considering pesticides only when needed 

(loo%), multiple pest management tactics (95 and 92%), 
natural enemies (90 and 92%), and practices to pre- 
venffavoid pests (95 and 84%). Most farmers (68%) said 
IPM greatly lessens risks. Reduced farming risks (79%), 
less ham to the environment (79%), less trouble or compli- 
cation than current practices (79%), and making money 
(74%) were very importantto farmerswhen consideringim- 
piementing 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 f m i n g  practices do not harm the environment. 

During the past year, MTSORMIL plant pathologists 
have worked closely with INTSORMIL sorghum breeders 
to select lines of sorghum 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 produce grain. 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 inprovidingrecommendations to 
fanners for control of fall armyworm and sorghum midge 
on sorghum in the USA. 

Crop Utilization sndMarkering 

The digestibility of sorghum is a trait which can be im- 
proved by plant breeding. MTSORMIL cereal chemists 
were this year developing an improved rapid screening as- 
say based on a turbidity measurement for the high protein 
digestibility trait. This was done with a buy-in to the 
INTSCRMIL 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 ic storage to preserve their food-quality characteris- 
tics. INTSORMIL food sctent~sts analyzed commcrcinl 
food sorghum5 grown in 199'anJ 1998,and they found that 
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 dewrticated 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 withexcellent foodand feed pro- 



cessing quality have b&a n&xd. Thest Cuhivars poduee 
well in dry climates, but these wrghumr need mae  nsis- 
tame to molds and weathering to be grown in hot humid ar- 
eas, for example, in the C d  Bend of Texas. 

Based on its achievements, the NTSORMIL team is 
well positioned to mhibute even more efFectively to end- 
ing hunger and raise i m a .  With its inneasing seagth 
of scientific expertise in developing countries, 
INTSORMIL is now able to more effectively nduee con- 
swim to production and utilization of sorghum and milla 
to the mutual benefa of developing countries and the USA. 
Advances in sorghum and millet research over 
MTSORMn's first 20 years, INISORMIL wientists in the 
L-SA. AWca and Cmoal America are now able tojoiintly 
plan and execute collabmtive research which will have in- 
creased benefits to developing counbies and the USA. 
These collaborative relationships are keys to 
WTSORMn's success and will continue ss fundamenul 
approaches tomeeting the WTSORMIL mission. In the fu- 
ture, INTSORMIL will target NARS collaborative t i a  that 
reflect regional needs for sorghum andfor millet production. 

Thew tics arc in tbe sorghum aod millet ~ g m c c o w  

ma of western. uasa and s o u h  Afr iq a d  Ccnrnl 
Amaica By -nusing eolL.bartim in xkned s i m  
NTSORMIL optimizes its rruxaas. builds a linitcnieo- 
tific capability on sagbum and m&t, and creates who- 
logical and humn capital that has a aapinabk and globrl 
impact 

Inthepa~lKlSORhULfocuredamprptofitsre- 
sources an gRdusu mdcat mining md g u e d n g  re- 
v a r h  panicular3. useful wnhm rbe scleotific wmmmty. 
The RJTSORMIL agada for rhe t h e  continues IO mlude 
p d u a t e  student wining and generatian of scientific 
knowledge and infonnstion to scieodm kn will be more 
f m x d  a d  d i i  toward usas of the technology g m r -  
ated by INTSORMIL research. Fumrc strategies of 
INISORMIL will maintain INTSORMIL's ctnrrm. highly 
poduaivc manennun, build oa in record of sums, and 
accomplish a nm sea of go&. INTSORMa's smtegisfa 
the futurr are I) slatainabk m a r c h  h s h t k s  md h- 
capital development, 2) conservation of biodiwrsi ad 
natural rrsourcs.3) raad, syscrns developwe1 wirh fo- 
cus on relevant technology genaatim. 4) infamation ad 
rcvarch networking, and 5) demand driven pocesus. 



Sustainable Plant 

Protection Systems 



Agroecology and Biotechnology of Stalk Rot 
Pathogens of Sorghum and Millet 

Project KSU-210A 
Joho F. Leslie 

Kansas State Uoiversity 

Collaborating Scimtirts 

Dr. Elhamy El-Assiuty. Plant Pathology Research Instirute. Agricultural Research Center. Giza Egpt  
Dr. J. Peter Esele. Serere Agricultural and Animal Production Research Institute. NARO. Soroti. Uganda 
Dr. Laszlo Homok, Agriculturdl Biotechnology Center. Godollo. Hungary 
Dr. Chagema J. Kedera, Kenyan Plant Health Inspection Smice. Nairobi, Kenya 
Dr. Walter F. 0. Marasas. PROMEC, South African Medical Research Council. Tygcrberg. South Africa 
Drs. M. Wingfield and B. Wingfield. Univenity of Pretoria. PretMia. South Africa 
Drs. R. L. Bowden, L. E. Claflin and D. J. Jardine. Department of Plant Pathology. Kansas State Univssity. 

Manhattan. Kansas 
Dr. J. S. Smith, Depamnent of Animal Sciences & Industry, Kansas State Univmip. Manhattan. Kaasas 
Dr. G. Ejeta Department of Agronomy. Purdue Univenity. Wen Lafayme. Indiana 
Dr. M. B. Dickman, Department of Plant Pathology. University ofNebraska. Lincoln, Ncbtaska 
Dr. R A. Frederilen. Depamnent of Plant Pathology and Microbiology. Texas A&M University, College 

Station. Texas 

The mating type locus in most fungi governs the ability 
ofthe organism to repmducesexually. In a m y c e t e  fungi, 
such as many plant pathogens. the bait is controlled by a sin- 
gle locus with two idimorphic alleles. The alleles share no 
homology with each other, but some regions have teen gm- 
erally conserved across wideevolutionary distancesandcan 
be amplified using degenerate primen and the polymerase 
chain reaction. We used such primen to identify thecon- 
served regions of the mating type alleles from Fmarium 
species commonly recovered from sorghumand millet. Af- 
ter subcloning and sequencing the amplified fragment we 
constnrcted pnmer pain that were specific for these 
Fusarium species. These primer pairs reduce the amount of 
time required to test for mating type fmm 4-8 weeks to 4-6 
hours, and greatly speeds the analysis of populations, in 
which the scoring of mating type is an essential component 
of the analysis of the population's Rproduaive himy. 
This PCR amplification also can be used to determine mat- 
ing type in smins Bat are sterile, either because they arc ge- 
netically blocked or because a suitable partner of the 
opposite mating type hasnot been identified. The ability to 
identify mating type without doing complete intercrosses of 
populations of field strains reduces the number of crosses 
nquiredto identify new matinppopulationsto less than half 
of the number now used. When c o m b i i  with AFLP tech- 
nology for identifying seains in the same apparent species 
strain identification times can be markedly reduced and ac- 
curacy increased. The similarities between mating type in 
Fusmium species and mating type in better studied systems, 
e.g. , 'warpora crarso and Palaspara amerrno. suggests 
that the basic biological firnctions and genomic organim- 
lion are the same in the plant pathogens as it is in the 
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better-studied model systems. Such similarities should aC 
low the immediate application of f d i g s  hao these model 
systems to these economically imponam plant palhogens. 
Physiological blocks of mating function could potentially 
be used to prevent sexual recombination under field condi- 
tions and limit these wganisms to a s n i d y  asexual form of 
reproduction. Blocking sexual reproduction would mad 
the ability of mains within the species to exchmge genetic 
information and should slow the pathogen's ability to 
evolve in response to changes in is environment. 

Incmas wlleaion of F u w h  ssmples from sor- 
ghum and mi l l a  md idcntil) &c species rccovaed. 
Develop charaaus  such as mning type. lw -ing 
genetic variabiliry in h g a l  populations. 
Provide plm c u b  of bngi hao our encrlsive col- 
lection to U.S. and LDC invcsrigaron to apcdite di- 
agnoses of fungal diseases of sorghum and milla  
Determine mycotoxigenic paential of F&um spp. 
from sorghum and millet. 

F v w M n  spp. awcilued with sorghum andmilluQob 
viws damage as stalk rq grain mold and + k a h  boeng. 
All of these diseaws can cause intermimntly heavy losses 
in the United States and m developing counmes. BRcding 
for resistance to Fusariwn associated diseases islimited be- 
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cause the strains responsible for disease often cannot be ac- 
curately identified and used repeatedly in field challenges. 
Correct identification of the fungi colonizing and causing 
disease is essential for the design of breeding and control 
measures. Without a thorough understanding of the patho- 
gen's genetic diversity and population dynamics, effective 
control measures are difficult to design and resistant lines 
may have unexpectedly brief lives. 

Mycotoxin contamioation limits the uses to which har- 
vested grain can be put, and creates health risks for both hu- 
mans and domestic animals. Fusarium-produced 
mycotoxins are among the most common mycotoxins found 
in cereal grains, yet have not been effectively evaluated in 
sorghum and millet. Since contamination often occurs on 
apparently sound grain, merely discarding obviously 
molded grain is not sufficient to avoid the mycotoxicity 
problems. 

Research Approach and Project Output 

Research Methods 

Strains. We used 128 progeny from a mapping popula- 
tion used to construct a genetic map for G. fujikuroi mating 
population A (see 1995 Annual Report), and 62 additional 
strains representing Gibbereiiazeae, Fusuriuni oxysporum, 
and all of the described mating populations of Gibbereiia 
fi+kuroi. Strains were cultured on a syntheticminimal me- 
dium, if they had no auxotrophic requirements, or on a 
semi-synthetic complete medium, if nutritional supple- 
ments were needed. All incubations were performed at 
25°C under a 12 h lightldark diurnal cycle. Strains were 
preserved for long tern1 storage as spore suspensions in a 
15:SS glycero1:water mixture that was frozen at -70°C. 

Sexual crossing protocol. Crosses with the G. fujikuroi 
strains were made on carrot agar using standard tester 
strains as the female parents. Fertile crosses produced 
perithecia that exuded a cirrhus of ascospores 4-8 weeks af- 
ter fertilization. 

DNA manipulation. DNA was isolated with a 
cetyltrimethyl ammonium bromide (CTAB) procedure. In 
brief, frozen samples (app. 1.5-2g wet weight) were ground 
toa  fine powderunder liquidnitrogen with amortar andpes- 
tle. n e n  we added 8 ml of hot (65°C) 2% CTAB buffer 
(2% CTAB, 100 mM Tris-HCI pH 8.0.20 mM EDTA, 1.4 
M NaCI). We incubated the samples at 65°C for 30 min- 
utes, extracted once with an equal volume of chloro- 
fom:iso-amyl alcohol (24:1), removed the aqucous layer 
and precipitated the crude nucleic acids with an equal vol- 
ume of 2-propanol. We dissolved the pellet in 1 ml TE ( I0  
mM Tris-HCI, 1 mM EDTA, pH 7.4) and extracted sequen- 
tially with equal volumes of phenol:chloroform:iso-amyl 
alcohol (25:24:1), and chloroform:iso-amyl alcohol (24: 1). 
The last extract (app. 600 pl) was treated with 1.5 p1 of 
KNase (2 mglml), and the remaining nuclcic acids precipi- 
tated witheither2.5 volumes of 95% ethanol or I volume of 

2-propanol. The resulting pellets were washed twice with 
70% ethanol, dried briefly, and then resuspended in 50-100 
pI of TE buffer. We estimated final DNA concentrations 
against Hindlll-digested bacteriophage I DNA with an .4p- 
plied Biosystems IS-1000 digital imaging system (Alpha 
lnotech Corp., San Leandro, CA) by running samples and 
sample dilutions in I% agarose gels. 

Plasmid isolation, restriction digestion, ligation, and 
bacterial transformation and Southern hybridizations were 
performed using standard procedures. Agarose gels con- 
taining the amplification products were capillary blotted 
onto Hybond N+ membrane (Amersham International, 
Amersham, UK) and probed with DNA fragments labeled 
with [a-'2P]dCTP. Stringent conditions were used for 
Southern hybridization, i.e., membranes were first washed 
in2 x SSC, 0.1% SDS at25"C for 20niin, then two times in 
0.1 x SSC, 0.1% SDS at 65°C for 20 min. 

PCR products amplified from G. fujikuroi strain 
A-00999 were extracted from an agarosegel with QIAEX I1 
(Qiagen l n c ,  Chatsworth, CA) following the manufac- 
turer's instructions. Purified DNA fragments were 
blunt-end ligated into the EcoRV site of the plasmid 
pBluescript KS II+ (Stratagene, La Jolla, CA). 

Amplification conditions.  We used degenerate 
oligonucleotide primers NcHMGl (5'-CCYCGYCCYCC 
YAAYGCNTAYAT-3') andNcHMG2 (5'-CGNGCRTTR 
TARCGRTARTN RGG-3') to amplify the putative HMG 
box from the 14 STANDARD G. jiijikuroi mating type 
tester strains. The PCRrcaction mixtures (50 PI) contained 
I x PCR buffer (Promega. Madison, Wl), 20 ng fungal 
DNA. 2.5 mM MgCI2, 0.25 mM ofeachdNTP (Promega), 2 
pM of each degenerate primer, and I unit of Tag DNApoly- 
merase (Promega). Amplification used the following pro- 
gram: initial denaturation at 95-c for 3 min, then 30 cycles 
of 1 minat94"C, 30secat5SSC, and 1 minat 72'C, witha fi- 
nal elongation incubation a t  72°C for  1 0  min. 
PCR-amplification products were separated by electropho- 
res is  in 1.5% (w/v)  agarose  gels ,  s ta ined wi th  
ethidium-bromide, and visualized with ultraviolet light. 

We designed two GibbereNa-specific primers GfHMG 1 
(5'-ACCGTAAGGAGCGTCACCA TT-3') and GfHMG2 
(5'-GGGGTACTGTCGGCG ATGTT-3') based on the se- 
quence of the 262 bp putative HMG-box amplification 
product from Gfujikuroi strain A-00999 (EMBL accession 
number A1 131527). These specific primers were used to 
confirm the results obtained from amplifications with the 
degenerate primers, to identi@ the mating type of previ- 
ously untested field isolates, and to confirm matingtype as- 
signments made by classical analysis of progeny of 
laboratory crosses. When the specific primers replaced the 
degenerate primers, we altered the amplification protocol 
by increasing theannealing temperature from 55°C to 60°C 
and by reducing the primer concentration from 2 pm to 0.1 
urn. 
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and Podmpora merino FPRl sequences. respeaively. 
The G. f u j i b o ~  maring population A sequence also con- 
tainsaputative intron(l2)at aconservedsi tebemeen~92 
and bp 138. 

Sequencing protocol. DNA was sequenced with the 
Sequenase kit (Version 2.0, USB. Cleveland, OH). Nucleo- 
tide sequence comparisons were made with the GCG soR- 
ware package. 

Research Findings 

ldentificatimn ofa  MA T-2 HMG-box fragment. When 
NcHMGl and NcHMG2 were used to amplify the mm-2 
HMG box from the tester pain of mating populations A-G 
of the G.fu/ikuroi species complex. all of the strains had a 
bright band of unincorporated primen. and the two G. 
fujikwoimating population D strains each had an additional 
amplification product ofapproximately 800 bp. As the 800 
bp amplification product was found in strains of both mat- 
ingtypes,thisamplification product is not specifically asso- 
ciated with either mating-type idiomorph. Another PCR 
product, approximately 260 bp in size. was clearly ampli- 
fied from one member of each of the tester pain for mating 
populations A. C, E, F, and G but not from their caunter- 
parts. A similar amplification product was obtained from 
the representatives of the B and the D mating populations, 
but the resulting band was less intense that seen forthe other 
five mating populations. 

We cloned and sequencedthe 262 bp fragment amplified 
h m  G.fuj iboi  strain A-00999. The nucleotide sequence 
of this fragment, including the intron. was 58% and 62% 
similar to the HMG boxes in the Newospora crarro mt a 

.~ . 

We used the n u c l a ~ d e  sequence of rhe purarlw VdT-.' 
HMG box from stram A-0099910 d e s y  t no  pnmento be 
used toamplify the homologous 'agment from an) MAT-? 
strainofthe Gfuihwoi species complex. Prima GMMG I 
corresponds to bases 29-49 at the 5' end. and primer 
GIHMG? corresponds to bases 223-252 at the 3' end of the 
HMG box. When we used this pair of primen to amplib 
PCR products from genomic DNAs of the seven pairs of 
mating type testen, a single PCR product. 213 bp in size. 
was generated from one. and only one. of the mating t v v  
tester strains for each mating population. We identified 
PCR amplification producu from GIHMG I and GfHMG2. 
corresponding to the M4T-2 allele in mains representing 
mmA'. matB', m d :  mmDi. mnrE'. nuoF-. and m 4 - .  
We probed Southern blots of these PCR amplifications with 
the 262 bp HMG fragment cloned from A-00999. and o b  
served strong hybridization signals under hi@ stringency 
conditions. No hybridization was observed uhen the 
PCR-product amplified from .C crmso was probed using 
the same conditions. 

Based on the 0 b s e ~ e d  amplification panerns. we as- 
signed MAT- I and MAT-2 allele designafions to the known 
mating types (Table I ) that correspond to thaw assigned in 

- ~ - ~ ~  

Table 1. Correspondence between previous and revised mating type terminobgy in the Cibtud~Jkjih,mispecies 
complex. ~~ ~ 

~ ~ . .~~ ~. 

MATC-I 
MATC-2 

MATF-I 
MATF-2 
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other ascomycetes, e.g. Cochliobolur heterostrophus, 
Cryphonectria parasilica, Neurospora crassa, and 
Podospora anserina. The form for the new terminology in- 
cludes thematingpopulation with whichthe allele is associ- 
ated, because of the multiple biological species in the G. 
jkjikwoi species complex and the potential for significant 
differences in the sequences associated with different bio- 
logical species. Such differences might be exploited to de- 
sign primers that are specific for both matingpopulation and 
matingtype. Ifasingle species is identified by name, e g  G. 
monilrformis instead of G. fujikuroi mating population A, 
then the letter in the gene symbol for the mating population 
is not needed and may be deleted. 

Independent blind tests of the diagnostic ability of 
GfHMGI and GMMG2 were conducted in Godollo, Preto- 
ria and Manhattan using 128 progeny (49 matA+ and 79 
ma&) from the mapping population, the 14 standard test- 
ers representing the seven G. fujikuroi mating populations, 
and 48 field strains representing five of the seven mating 
populations, Fusarium oxysporum, and Gibberella zeae. 
For these tests, these strains were coded such that we knew 
the mating population to which a s h i n  belonged, but did 
not know its mating type. The results of the PCRamplifica- 
tions were identical to the results from sexual crosses with 
standard strains. Thus, the PCR results were predictive of 
the crossing results and the crossing results were predictive 
of the PCR results. 

To summarize, there are three lines of evidence to sup- 
port the hypothesis that the 262 bp fragment is part ofone of 
the MAT alleles of G. fujikuroi. First, the fragment shares 
significant sequence similarity with N. crassa mt a-l and P. 
anserina FPRI. Second, of the 52 field strains from the 
seven different mating populations examined, the fragment 
is consistently associated with only one mating type within 
a mating population. Finally, the presence of the amplified 
fragment co-segregated with the matA+ mating type and the 
absence of the fragment co-segregated with the matA- mat- 
ing type for 128 progeny of the mapping population previ- 
ously used to construct a G. fujikuroi genetic map (48,49). 
Onthe basis oftheseclassical geneticmapping data,theam- 
plified fragment maps with 95% certainty to a 2.3 map-unit 
region that includes MAT, and is unlikely to map more than 
1 map unit from MAT if it is not coincident with it. 

Analysis of homothallic strains and species. We 
scored UAT-I as the absence of the MAT-2 amplification 
product. The accuracy ofscoring will increase when we fin- 
ish the design and testing of primers to amplify a specific 
fragment from the conserved a box of MA T-11, since, at the 
moment, anything that results in no amplification automati- 
cally leads to a diagnosis ofMAT-I. Development ofa  sys- 
tem in which positive results are used to identify both MAT 
alleles is probably essential for studying the molecular basis 
ofhomothallism in G. zeue and G.firjikuroi mating popula- 
tion B. 

We observed no PCR amplification products when 
GMMGI and GMMG2 were used to prime PCR contain- 
ing DNA from two G. reae strains. This lack of amplifica- 
t ion may have several  causes .  First ,  the  
HMG-box-containing MAT-2 allele may be absent, as is 
known for some homothallicNeurospora species. Alterna- 
tively, ihe sequence may be present, but divergent enough 
from that of strains in the G. fujikuroi species complex so 
that amplification doesnot occur. Thirdly, it is possible that 
some G. zeae strains have MA T-1 and some have UA T-2, 
and that the two strains we examined had only MAT-I. 
Finally, there are preliminruy reports that some G. zeae 
strains have coding sequences from both MAT-I and 
MAT-2. Presumably the region corresponding to either 
GiHMG I or GfHMG2 was altered in this fusion process re- 
sulting in no amplification in a PCR reaction using this 
primer pair. 

We also examined strains, e.g. 8-03852 and 8-03853, 
that have been identified as occasionally homothallic. One 
ofthese strains (B-03852) clearly yields a UAT-2 PCR am- 
plification product, while the other strain does not. Thus, 
the basis for homothallism in these strains cannot be due to 
mating-type switching, as has been observed in some yeasts 
and filamentous fungi, but must be due to a novel and as yet 
undescribed mechanism. 

Analysis of strains and species with no known sexual 
stage. With the F. oxysporum strains, four of the eight 
strains examined had a PCR amplification product indica- 
tive ofthe MAT-2 allele. The availability ofmolecular diag- 
nostics for mating type also may enable the analysis of 
purpoltedly asexual fungi, e. g ,  Fusarium oxysporum, and 
12 of the 13 new Fusarium taxa recently described by 
Nirenberg er a / .  These latter taxa have no known sexual 
stage, but should have Gibberella teleomorphs. There is 
circumstantial evidence in F oxysporum for sexual repro- 
duction in the form of high levels ofdiversity with respect to 
the multi-locus vegetative compatibility trait, especially in 
populations of putatively nonpathogenic strains. As de- 
scribed in my 1996 Annual Report, sexual reproduction 
need not be frequent to still play an important role in the 
maintenance and generation of genotypic diversity within 
field populations of these fungi. The availability of mat- 
ing-type data should make it easier to identify potentially 
cross-fertile strains that can be usedto test someof these hy- 
potheses. 

Implications for screening field populations and the 
identification of new biological species (mating popula- 
tions). Molecular scoring of mating type will reduce the 
amount of effort required to screen field populations for 
sexual fertility and should increase the efficiency ofthe pro- 
cess through which new mating populations are identified. 
For example, in the analysis of field populations of G. 

fujikuroi, all field isolates commonly are crossed with both 
mating type testers representing all seven mating popula- 
tions (a total of 14 crosses). These crosses are usually re- 
peated twice, if there is a positive result, and 3-4 times if no 
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perithaia pmducig ascospores are observed. If strains 
were tested molecularly for mating type before ztaning the 
crossing process, then the number ofcrosses needed to iden- 
tify a strain to mating population is reduced by one half. 

Cmrss  an be limited tothe pair of testns horn a single 
mating population if an alternative technique, e.g., 
isozymes (see my 1998 Annual Report). has b a n  u d  to 
identify the mating population to which a main belongs. 
Molecular diagnosis of mating type can reduce the number 
of crosses needed in two ways. First, only crosses with the 
tester of the opposite matiog type need to be made, thereby 
reducing the number of crosses by one half. Second, if the 
initialcmssaare s u ~ ~ h l l , t h m  the crosses need not be re- 
peated to confirm fertility since the molecular diagnosis 
providesthisconfinnation, thereby reducing the number of 
crosses needed to one quarter of the original number. 

The identification ofanew mating population has always 
been a laboriousexercise. Each putativemanberoflhe new 
mating population must be used as both a male and a female 
parent in n o s e s  with all of the oIher ptative members of 
that mating population to identify female-fertile strains that 
can potentially be used as tester strains for the new mating 
population. If a set of 60 strains is used, then 3600 cresses 
(602), repeated three times are needed to ten the 60 mains 
for the presence of female fertility at the 5% frequency level 
with 95% confidence. lfmatingtype is scored molsularly. 
then the number of crosses that need to be made is signifi- 
m t l y  reduced. For example, if a 40:20 split at mating type 
is detected following PCR amplification, then only 1660 
crosses (still repeated thrice) would be needed. 

Networking Activities 

Editor of .4pplied andEnvironinenkd Microbidogv 
Member of the International Society for Plant Pa- 
thology. Fwmium Committee 

Dr. Leslie made the following scientific exchange visiIs 
(1998): 

Denmark - January 12- 19 
The Netherlands - April 30 -May 5 
Egypt - May 3- 12 
United Kingdom - August 16.23 
Isnd -August 23-30 
G m  - Oaober 26 -November I 
Czech Republic - November 1-3 
Austria -November 3-5 
Hungary- November 5-7 
South Africa - November 8-25 
Egypt-Dember7-18 
The Netherlands - D c m b e r  18-20 

Danish Society of Plant Patholog).. Copemhagen. 
Denmark - 1/98. 
Plant Pathology Rcvarch Inmtutc. Agricumwl Re- 
search Cmta. G i a  Egypt - 5WI.  
Novanis Biotshnolopq. Center. R-h Triangle 
Park. North Carolina - 5B8. 
DepMment of Plant Pathology. Nonh Carolina 
State University. Ralei*. Norch Carolina - 5'98. 
Ivy Labolatoria, Inc.. Overland Park. K- - 
6'98. 
8" International Fy~uriwn Wdshop. Egham. 
United Kingdom - 8198. 
6' International Mycology Con-. J e d r m ,  Is- 
rael - 8!98. 
Keynote A d k  I' Eumpean COST S)mposium 
on Genetics of Mycotoxigenic Fungi. Athens. 
Greece - 10/98. 
InstiMe of Biochemical Technology. Technical 
University of Vienna. Vienna AusIria - 11.98. 
Agricultural Genetic Engineering Institute. Buda- 
pest. Hungary - I 1.98. 
Forest & Agricultural Biotechnolog~ Institute. Uni- 
versity of Pretoria. Raoria South Afiica - 1198. 
PROMEC. Medical Research Cwncil. Tygcrbag 
South Africa- 11/98. 
Summer Grains Remmh Center, Agriculolral Re- 
search Council. Potchefstroom. South Africa - 
11/98. 
Egyptian National Agricultural Library. Dd;ki 
Egypt- IU98. 

Dwrhg 1996 dadard F w u r b m ,  Culo,m w o e  
Pmvldcd to: 

Dr. T. Au% Chemwnch. Inc.. Woodbridge. Coo- 
noxicut. 
Dr. Charles Bacon. USDA Russell Revarch Ccnta. 
Athens, Georgia 
Drs. R L. Bowden. L. E. Claflin & D. J. Jardios 
Depwment of Plant Pathology. Kansas Shte Uni- 
vmity. Manhattan. Kansas. 
Dr. L. W. Burgess. University of Sydney. S}&y. 
New South Walq Aumalia. 

* Dr. Fun S. Chu. h S t i M ~  f a  Food Safe. Univa- 
sity of W i i n ,  M d i  Wisconsin. 
Dr. S. Chulze. Univazidad Nacional dc Rim Cum. 
Rio Cuarto. Argentina 
Dr. M. Diome. IER, Bamako. Mali. 
Fungal Gendia SIock Cema. Univcnity of Kansas 
Medical Centa, Kansas City. K-. 
Dr.W.Gamr Cmuaalburrau vmr 
Schimmelculturcs, Baam The Netherlands. 
Dr. L. Horn& Agricuhural Biotechoology Center. 
InstiMe for Plant Scicnm. Godollo, Hungary. 

* Dr. S. C. Jon& American Type C u l m  Collection, 
Manasas, Virginia 
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* Dr. D. C. Kenison, Ivy Laboratories, Inc., Overland 
Park, Kansas. 

* Drs. A. Logrieco & A. Moretti, Istituto Tossine e 
Micotossine da Parassiti Vegetali, Bari, Italy. 

* Dr. W. F. 0 .  Marasas, PROMEC, South African 
Medical Research Council, Tygerberg, South Africa. 

* Dr. H. I. Nirenberg, Biologische Bundesantsalt fiir 
Land- und Forstwirtschaft, Berlin, Germany. 

* Dr. R. C. Ploetz, Tropical Research & Education 
Center, University of Florida, Homestead, Florida. 

* Dr. J. S. Smith, Department of Animal Sciences & 
Industry, Kansas State University, Manhattan, Kan- 
sas. 

* Dr. H. P. van Etten, Department of Plant Pathology, 
University of Arizona, Tucson. Arizona. 

* Dr. C. Waalwijk, D L 0  Institute for Plant Protection. 
Wageningen, The Netherlands. 

* Dr. M. P. Wach, Sylvan, Inc., Kittanning, Pennsyl- 
vania. 

* Drs. M. Wingfield and B. Wingfield, Forestry & Ag- 
ricultural Biotechnology Institute, University of Pre- 
toria, Pretoria, South Africa. 

* Dr. W. Yoder, Novo Nordisk Biotech, Inc., Davis, 
California. 

Other Collaborating Scientists 

* Dr. Lester Burgess, Faculty of Agriculture, Univer- 
sity of Sydney, Sydney, Australia 

* Drs. M. Flieger & S. Pazoutova, Institute of Microbi- 
ology, Czech Academy of Sciences, Prague, Czech 
Republic 

* Drs. A. Logrieco & A. Moretti, lstituto Tossine e 
Micotossine da Parassiti Vegetali, CNR, Bari, Italy. 

* Dr. Anaclet S. B. Mansuetus, Department of Biolog- 
ical Sciences, University of Swaziland. Kwaluseni, 
Swaziland 

* Dr. Maya Piiieiro, Mycotoxins Unit, Laboratorio 
Tecnologia del Uruguay, Montevideo, Uruguay 

* Dr. Baharuddin Salleh, School of Biological Sci- 
ences, Universiti Sains Malaysia, Penang, Malay- 
sia 

* Dr. Charles W. Bacon, USDA Russell Research 
Center, Athens, Georgia 

* Dr. K. K. Klein, Department of Biological Sci- 
ences. Mankato State University, Mankato, Mime- 
sota 

* Drs. A. E. Desjardins & R. D. Plattner, USDA Na- 
tional Center for Agricultural Utilization Research, 
Peoria, Illinois 

* Dr. G. Odvody, Texas Agricultural Experiment 
Station, Corpus Christi, Texas 

Publications and Presentations (1998) 

Journal Articles 

llnv II ,\I I UmglicIJ. I A Coutnho W I 0 \l.msas&J 1: I 4 1 e  
IJJX I'mm clcnlltr) a n J n ~ ~ l ~ n ~ - t ~ p e d ~ . ; v i h u l ~ o n i n a S ~ u l h A f i ~ c m  
p?pulnl~on .A A . ; ~ n a m  iuhgBr . tun~  f rp pml ApplsJ  and 
Vnr ~,?nnlcnLil \ l .cruh~olop 6.1 IOYI.2U95 

I . .  I . Alahm.\rla. R P ILaawn. S Hmllc!. I) Rra) ixd A 
L~ddmylon. I C Cc.rrr..l. h l  -1 Vaouu<r~.  K. I:II%. D I:cmmdel.T 
K Ci.,r.lon I h~ tan .H  (i K m . 1  I. I d i r .  R I) Man\u.Q hl tghr l~.  
h Y \I.urc. K O'Dunne.1. R C Pidco. M ,\ Kulhcrford. B 
Stm~mcvll t '  \\'mluqk k S U'OJ 1998 S ) r a m ~ t i i  numhcrmpof 

Abstracts 

Ker6nyi.L , J. F. Leslie& L.  Hornok. 1998. A PCR-based method forthe 
detectton 01' isolates with a common mating lype in seven mating 
populations of  Gibberello fulikuroi. Proceedings o f  the Annual 
Meetingoflhe Hungarian Society for Microbiology (Minkolc), p. 65. 

Leslie, J. F. 1998. Ger~elics and significance ofvegetative compatibility 
o f  phytopathogenic fungi. Proceedings o f  the 6th International 
Mycology Congress (Jerusalem, Israel), p. 89. 

Leslie, I .  F. 1998. Finding variation in agriculhlrally important loxigenic 
fungi. Procedings of  the I" COST Workshop on Agriculhlrally 
Important Toxigenic Fungi (Athens, Greece), p. 8. 

Zeller, K. A ,  J. E. Jurgenron, J. F. Leslie, E. M. El-Assiuly & H. A. 
El-Shafey. 1998. Genetic variation inCepholosporittmmaydisfrom 
Egypt. Phylapathology 88:S103. 
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Sorghum and Millet from the Greater Horn of  Africa 

KSU-2IOB 
Larry E. Claflin 

Kansas State University 

Principal Investigator 

Dr. Larry E. Claflin. Kansas State University. Department of Plant Pathology. Throckmonon Plant Sciences 
Center. Manhanan, KS 66506-5502 

Collaborsting Scientists 

Mr. Henry Nzioki, National Dryland Farming Research Center-Kahmani. P. 0. Box 340. Machakos. Ken)a 
Dr. Gebisa Ejeta Department of Agronomy. Purdue University, West Lafayene. IN  
Dr. Mitch Tuinma. Department of Agonomy. Kansas State Universi-. Manhatun. KS 
Dr. John Leslie, Department o f  Plant Pathology. Kansas State Univenip'. Manhanan. KS 
Dr. Darrell Rosenow. Texas A&M Agricullural Experiment Station. RR 3. Box 219. Lubbock. TX 
Dr. G. A. Odvody. Texas A&M Research and Extension Center. Route 2. Box 589. Corpus Christi. T S  TWO6 
Mr. Jose Calderon. University de San Carlos de Guatemala Guatemala Cin. 
Dr. Maria Roca de Doyle. EAP. Zamordno. Tegucigalpa. Honduras 

Summary 

Sorghum accessions suxeptible to Clmicep ofricana 
included S. &ummondii. S. virgarum. S a r u n d i ~ ~ ~ o r m .  S 
holepeme. and S bicolor (broomcorn, Tx6232. P954063). 
Ergot symptoms were not observed on S verricillijlorum (IS 
142257)andS drummondii(lSI4 131). Fingermillet. pearl 
millet. proso millet, foxtail millet. big bluestem, little 
blwstem. Osage indiangrass. switchgrass. maize, and Can- 
ada wild rye were immune to ergot. 

Macroconidia o f  C dr icam were recovered h m  vari- 

USA,Mexico'GuatemalaHondm: Screen various 
genera ofplants including Sorghum sp.. Andr3pogon. 
Cenchus. etc.. to ascertain potential alternate hosn of 
Clmicrps driiono. Evaluate the sorghum - m t h  
modeling program. SORK.-I.II. in conjunction withthc 
Natlonal Weather Bureau as a means ofpredicting cr- 
got incidence andseveri~ . This progarn would more 
closely approximate sorghum cuhural practices and 
climatic conditions in the Americas. 

ous surface materials between sorghum cropping seasons in 
Kansas. Recovery was over 95% from surface materials in- 

- USA3Xenya'Mali: Develop an effective screening 

fested with honeydew over the six-month sampling period. protocol to ascertain genecic xuiabiliry ofvuiow sor- 

In a diluted honeydew suspension, less than one pemnt ghum aaessions to Rmulupwasarghr, causal agat 

were noovzred. Viability o f  che maeroconidia rapidly de- o f  stay stripe d i .  

dined over the six-month period. 
Conm& 

Objectives, Production and Utilizmtion Cwslrs iah 
Erg01 wasonly apobkm ingrainsorghum in A f r i c a d  

Asia prior to 19% when the d~seue was fim decaed in 
Objedives 

Brazil and Argentina In 1997.thediwve spread toColom- 
biq ~md- .  Mexico. numerous blank & h e  Caribbean. 

USAMexicolGuatemalaMondurar: Determine the inthe USA ( K ~ ~ ~ ~ ~ .  xehr;a T ~ ~ ~ ) .  nis poses 
.. . 

survivability o f  macro- and microconidla of impliuu,ons for sorghum indusa) xo& 
Clmicep q?icano, causal agent of ergot d i s m  of he", L- due to ergs may be h b u * k  lo 
sorghum on various surfaces. USA: Determine the reduction in grain loss ,,,den and 
overseasoning viability o f  macm and microconidia fd graim to those cmtria has - re- 
of C o f r i c a ~  in infected sorghum panicles. poncd and loss of germplasm and h y b d  seed in- in 

winter nurseries where ergot was darned and quarantim 
USAKenyarEgypt: Continue to screen for genetic regulalions prohibit return of the grain into lhe USA. Grain 
variability of sorghum germplasm to covered kernel sorghum is used as a human food in numerouscounuiaand 
smut and ergot diseases. may be the only food staple available in those areas where 

drcuth i s  a common occurrence and e r g  conmination of 



such grain could result inextensive hunger. It is unknown if 
the macro-, microconidia or sclerotia will survive between 
sorghum cropping seasons in temperate areas. 

Covered kernel smut is one of the more important dis- 
eases of grain sorghum in LDCs. The disease is easily con- 
trolled by chemical seed treatments but these chemicals 
may not be available or the cost may be prohibitive for pur- 
chase by farmers. Incorporation of resistant or immune 
germplasm into acceptable cultivars would partially allevi- 
ate concerns about covered kernel smut. 

Sooty stripe is a major disease of sorghum in those areas 
where the crop is primarily grown under limited or no-till 
cultural practices. Sooty stripe is also important in other 
countries such as Mali where yield reductions are common 
(D. T. Rosenow, personal communication). 

Research Approach and Project Output 

Ergot:. An extremely high incidence of ergot was re- 
ported in grain sorghum over a several week period in Feb- 
ruary (1997) on numerous islands within the Caribbean. 
This is likely attributable to an airborne spore-shower. This 
may occur under climatic conditions of moderate tempera- 
tures and favorable levels ofrelative humidity, coupled with 
a tropical disturbance or a prevailing wind to disseminate 
the spores over wide geographical areas. Ergot was de- 
tected inratoon sorghum %omVeraCmz, Mexico to Dallas, 
Texas and also in Florida in mid-December, 1998. It is be- 
lievedthat hurricane "Mitch" was the primary source of dis- 
semination. 

Durability of ergot conidia will be determined by evalu- 
ating longevity ofspores under natural field conditions. The 
survival rate will also be determined on the surface of vari- 
ous materials such as cotton to imitate clothing, leather to 
mimic shoes, and metal and rubber to simulate machinery 
used in producing grain sorghum. Monel metal disks were 
cleaned with several changes of acetone, washed in several 
changes of sterile distilled water and dried. A portion ofthe 
disks were painted yellow, green andredto determine ifpig- 
ments in paint used in painting agricultural implements 
were toxic to ergot conidia. Other disks were from rubber, 
tarpaulin, paper fmm corn seed bags, and leather. Panicles 
exhibiting honeydew symptoms were collected and stored 
at room temp. Individual ergot-infected florets were re- 
moved and placed in a beaker containing a solution of 10 
mM phosphate buffered saline (PBS). The final concentra- 
tion consistedof6.6 X 107cellslml ofmicroconidia and 1.1 
X 107 cells/ml of macroconidia. Disks were infested by 
placing 2 5 0 ~ 1  ofthe suspension on each disk andthen dried 
overnight in a laminar flow hood. Disks were placed in per- 
forated paper hags for storage in an unheated building. 

Sampling: Disks were removed at monthly intervals 
from the storage facility and placed in 6-well tissue culture 
flat bottom plasticplates. Fourml of PBS was added toeach 
well. Plates were then placed on a Thennolyne rota- 
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I0  

tor/shaker at a setting of 150 rpm for45-60 min. Plates were 
removed and 250 pl from each well was added to a 
hemacytometer. Counts were determined primarily with 
the IOX objective, however the 40X objective was used to 
determine microconidia. At least I0 tields were counted in 
the hemacytometer. 

Volunteer plants: Various species of Panicum, 
Cenchrus, Sorghum, and Andropogon have been reported 
as susceptible to C, africana Seeds ofthese plants will be 
obtained from the plant introduction centers andplanted. In 
addition, various Sorghum sp. such as aethioprcum, almum, 
japonicum, miliaceum, plumosum, saccharatum, 
sudonense, versicolor, verticill~~orum, and virgafum will 
be evaluated under greenhouse conditions as some are po- 
tentially serious weeds if escapes occur. Koch's postulates 
will be used as to identify those susceptible. 

Modeling System: Kramer-Collins spore traps were 
placed in Crosbyton and Corpus Christ;, TX; Lahoma, OK: 
Garden City, Hays, Hesston, and Manhattan, KS; and Clay 
Center, NE during the 1999 growing season in an attempt to 
detect nlovement of ergot macroconidia. This information 
will be utilized in development of a modeling system for 
predicting the incidence of ergot. In addition, the data will 
be incorporated in a model known as "SORKAM that is 
based on growth and development of sorghum plants. 

Sooty stripe: The causal agent, Ramulisporasorghi, has 
been difficult to increase in culture due to finite growth con- 
ditions. Previously in this project, we were able to ascertain 
growth media and temperature requirements to increase 
inoculum for a screening protocol. Conditions that enhance 
disease incidence and severity remain unknown. A misting 
system to increase relative humidity was installed. The 
misting system is controlled by leaf moisture sensors that 
are connected to a controller regulated by a computer soft- 
ware program. It is believed that relative humidity is an im- 
portant component for disease development. In addition, a 
dew chamber will be purchased which will determine the 
optimum epidemiological parameters for optimum disease 
severity under growth chamber conditions. 

Research Findings 

Ergot 

Recovery of C. africana macroconidia was over 95% 
from surface materials infested with honeydew over the 6- 
month sampling period. Less than I% recovery of 
macroconidia of the diluted honeydew suspension was ob- 
tained. Over 90% of the macroconidia were recovered from 
painted metal. In general, recovery was less from the porous 
surface materials such as denim and wood. Viability of 
macroconidia rapidly declined over the 6-month sampling 
period (Table 2). 

Sorghum accessions S. almum (PI 204282, PI 339704), 
S. arundinaceum (IS 14359, PI 302232), S. drummondii (PI 



196890, PI 2 13902). S. vLgatum, S holepnseand the posi- 
tive wnlmls. S. bicdor. were found to be susceptible to C. 
@ i c m  (Table I) Neitha of the two S aerhiqpi~n a 
one of the S verricill~~orym ( I S  4330) developed panicla, 
possibly due to photoperiod sensitivity. Ergot symptoms 
were not observed on S mvndinacewn (PI 185574). S 
kmondi i (1S  14 13 I), and S wmciIIflOrYrn ( I S  14357). 
Ergot symptans were not observed on the millets or grass 
entries. 

Table 1. Genetic variability of various Sorghum sp. 
Millets, and Common grasses to Claviceps 
afrirana. 

S. o h m  
Solaaa 
S aMdr- 
S onrnmmorva 
S. d m -  
S bicolo, 
S bicolor 
S bicolor 
S bicolo, 
S h d i  
S homumdii 
S. d.wnnmdi, 
s. holpn.. 
S urlicilbpaw 
S ur(ic- 

S umciU#lomm 
S. V , ~ O I " n ,  

Finger Mikt 
Foxtail Milla 
h I  Milk( 
Roro Milk  
Big Bl- Kaw 
Liok BhKncm. Aldo 
Caadim Wi Ryc 
Dsage Indim Gras 

S h n a s P r  

IS I4MI NF'D 
IS 14567 NPD 

PI 20428 + 
PI 339104 + 
is 14359 + 
PI 185574 
PI 302232 + 
PI 408820 + 
TX 623 + 
P954063 + 

SC41412E + 
IS 14131 

PI I % r n  + 
PI 213W2 + 
PI 4 ~ 8 0  0 
IS 14257 NF'D 
1s 14330 
IS 14357 

12-26 + 
NE FM 

NE -FOX 
NF'M-I 

ThePI onKSU-2IOBsprnta~nofYarr20ona+ 
batieal leave from Kansas State L'nirasity on a joint re- 
search project involving ergot disease of sorghum in 
Mexico and the USA 

Fourteen swghum acassims fmm the P b t  Geaaic R e  
sources Unit Griffi, GA were b i i  for the 
of Pseudomows &opogonis as pan of the quPanrine 
regulations for shipment to Mexico. 

Thirteen bacteriai c u k  were identified for the Plant 
Pathology Research Institut+ Giza Egypt. 

R b l i t i o n s  and Prcsmtaliams 

NmrDF..L.ECMh.ad0.A.hmmkt 159t  -d 
genetic vuiability of Smrhororor mrprrwis p r  blcicdo 
& w i n e d  rith DNA poba Ph>topda(ag- 571 

Rmmdo. B. A- M R Tvinrm d L E Llallin 1999 Gcmr 
variability of rmrious plant hosu la Clorrctps qfrimw. 
m-ww. 

C M i h  L. E.. n d  B A Ravnm. I999 -id d 
C b r v r p r ~ C I l Y l a & a t o f ~ - o f ~ ~  
Phytop.mobgy 516. 

-- - - - . - - - - - -- - 
Tabk L V i b i l i i  ( O h ) *  of Clmticrpr wqhi mmemmmidh over a 2-yar s8mpli.g period. 
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Summary 

In Honduras sorghum and maize are attacked annually 
by a complex of lepidopterous caterpillars consisting princi- 
pally of four species of defoliator caterpillars and one spe- 
cies of stalk borers. This complex annually damages or 
destroys these grain crops on subsistence farms, thus requir- 
ing costly replanting if resources are available. Studies on 
aspects of the biology, ecology, behavior and population 
dynamics of the three armyworm species (Spodoptera 
frugiperda, S. latifascia and Metaponpneumata 
rogenhoferl] in this complex have been identified and the 
role of each species in crop production systems in southern 
Honduras has been determined. A system was developedfor 
integrated management of this lepidopterous pest complex 
and has been published for distribution by extension and 
EAP personnel in Honduras. Recommended practices in- 
clude two low cost, but labor intensive cultural practices 
which include delayed planting and weed control after crop 
emergence. Improved sorghum cultivars and early maturing 
maize are recommended and a single insecticide application 
may be required. Seed treatment with insecticide provides 
some protection to seedlings. Natural enemy parasitoids 
and weed management practices do not appear to signifi- 
cantly influence infestations andcrop damage by the defoli- 
ators. This information indicated the limited role that 
naturally occurring biological control agents play in devel- 
oping integrated insect pest management strategies for this 
lepidopterous caterpillar complex on sorghum and maize 
during the early crop growing season in this agricultural 
ecosystem and may possibly relate to other areas in Central 

America with similar insect pest constraints to production 
of these grain crops in similar agricultural environments. 
Sorghum production using the published pest management 
system was increased 20% and maize 35% in an on-farm 
study. In years whengrain yieldsandmarket prices are high, 
the recommended practices could return several million 
dollars a year to the production area in southern Honduras 
and possibly similar returns in other areas experiencing 
identical insect problems in Central America. Increased 
yields of both crops would improve diets and nutritional 
level of farm families. 

Investigations in Nicaragua (1998, 1st year) concen- 
trated on the principal insect pest constraint to sorghum pro- 
duction on large, commercial farms on the coastal plains. 
Sorghum midge, Stenodiplosis sorghicola, distribution, oc- 
currence, host plants, aspects of population dynamics, and 
response to planting date, insecticides, and vari- 
ety-insecticide interactions were studied. These observa- 
tions and studies will be repeated in 1999 to provide a base 
for developing effective, practical and economical sorghum 
midge management systems for this region. A brochure on 
sorghum midge biology, and cultural and chemical control 
has been developed for distribution into farm communities. 



Objectives. Pmductioa and Utiliption Coas ln inh  

Investigate insect occwence, infestation levels, and 
aspects of populations dynamics of the sorghum 
midgeon sorghum on the coastal plains in Nicaragua 

Determine insecticide eflicacy. and effects of vari- 
ety-insecticide relationships and planting date on 
populations of and damage to sorghum by the sor- 
ghum midge in Nicaragua. 

Determine the influence of improved smghums, de- 
veloped in the Honduran heeding program. on insect 
pest infestations and specific insect pest population 
dynamics in selected cropping systems in Honduras. 

Evaluate chemical and biological insecticide use pat- 
terns and economic returns forconaolofwhorl, stem, 
and panicle feeding insects on sorghum in Missis- 
sippi. 

Continue interest in developing collaborative ento- 
mological research programs on sorghum in Ethiopia 
and the Greater Horn of Africa. 

Publish collaborative research in scientific journals, 
as well as popular papers and eaension articles, for 
disbibution throughout the sorghum and maize p m  
duction areas in Honduras and Nicaragua 

W i t  graduate students, attend scientific meetings 
and travel to host countries lo plan research and col- 
laboration in entomological investigations. 

constraints 

Ninety peraent ofthe sorghum acreage in southem Hon- 
duras is intercropped with maize becaw of adverse envi- 
ronmental and agronomic conditions. In this area, (all. 
photoperiod sensitive, low yielding sorghum, called 
"maicillo criollo" are intercmppd with main. If thc maize 
crop is lost todrwghk farmas substitute sofghum for maize 
to feed their animals and family. Thus, sorghum is an insur- 
ance crop during dry yew when the maize crop fails, which 
occun in about three of every five yew. More than 40% of 
the sorghum harvested in southan Honduras is destined for 
human consumption. 

The lepidopterous pen complex. the "langona", is the 
principal threat to sorghum-maize intercrops during the 
early period o f m p  development Biological and ecological 
studies have been conducted with the armyworm species in 
this complex, namely S. fn,giperrdo (fall armyworm). S 
lorifmcia @lack armyworm), and M rogenhofe7 in deter- 
mining the role of each species in causing damage to the 

intercmpped sorghum and maize in soudwm H o d .  
Noncrop plant habitats have been identified and crop mor- 
tality factm have been p a n i t i d  in limited d i e s  in the 
intmmpped sorghum and maize systam in this region of 
Honduras. with insectsaccounting fa65Y. of aop damage. 

During the prst ten years. rrvarch emphasis was prhvi- 
pally on S /rugiper& and S Imifmck with limited rr- 
search on M rogenhoferi. Their mkr as economic pests in 
the various intercmppd synems in southam Honduras 
have heen detmined. During the past three to four .yeam 
particular attention has becn given to Af. rogenhoferi. since 
this species has becn given little rrsearch aaanirm in tbe 
past and the literature is relatively void of infamation. llu 
relationships of !his link r d z d  species with nmaop 
vegetation and crop plants in saghum-maize production 
environments var invatigated. Studies were concluded on 
the morphology and identifymg characteristics of this rpc- 
c i a  (a taxonomic paper has been accepted forpublicatim~ 
influmce of host plants on larval developmental time and 
adult survivorship. and influence o f w a d  conmi pograns 
on pests and their parmitoid popllarions. The pest popula- 
tion levels and dynamics of infestations on the aopsdwing 
the growing season for this species. and &n in the 
lepidoptemus complex, assists in denlopiing total imca 
pest management smcgies  f a  the kern in intacropped 
sorghum and mairc in specific agnxcosyacrns. Aspem of 
this rsearch arc transferable to other arcs in Central 
America. 

The inmnatiwal significance of -era s p e c k  as 
well as A t  rogenhoferi. particularly in rclmion t o m i p t k  
pen control, and i n d c i d e  mistance. has impm on sor- 
ghum production for various regions in the Luin American 
Ecogmgraphic Zone. as well as potential imprr m crop 
production in the United States (this is partial ly signifi- 
cant for thc fall armyworm. an insect h m i g ~ t e s  lhrmgh- 
out the Americas). 

Rcsarrh in MSU-205 has ~dcntified iacca pat mmmgc- 
ment tactics ~IM m pnctical f a  use by low i a ame  subsis- 
lmce fanne~~. A pslclge of sustainable and aonomially 
feasibk crop @aim practices has bao devcbpcd f a  
ure by farmers who lack eammnic rcraora lo pDctrav 
off-farm inputs m b  a h c r b i c i k  f W i  rtd imecti- 
cides. The publicaim Y a  L.ngmta del Sorgo y el Maiz" 
(Pme a 4. 1999) h a  been published by U P .  Zamrmw, 
Academic PRss and presents MSU-205 d mmks on 
the inwct pcm on intanoppsd rorghum and m a i n  on sub 
sistcneefwnrinsoumaaHoadunsandrrannmmdttioas 
for limiting insect p a l  damage to thev grain cmps. This 
publication will be diroibuted within fw commmitics. 

The extension of MSU-205 into N i i  is upollding 
fNTSORMn's prrwncc and collaborative parlicipation in 
Central America. Sorghum production in Nicaragua is prc- 
dominantly in commercial synans on large farms on the 
coastal plains. The principal insea pen conmaint to pro- 
duction is the sorghum midge. Shdies have becn initiated 



on midge distribution, seasonal occurrence, host plant rela- 
tionships, and cultural, chemical and biological pest control 
strategies that are effective and ecologically acceptable for 
this region. Studies completed in 1998 indicated limited 
host range for this insect pest, with only sorghum, 
johnsongrass and broom sorghum identified as hosts. Infes- 
tations on each of these hosts throughout the year is under 
investigation, as is aspects of midge seasonal survival 
(diapaise) during the d& period. %influence of planting 
date, and variety-insecticide interactions on midge infesta- 
tions was invesiigated in 1998 and these studieskill be re- 
peated in 1999. A trifold popular article on the sorghum 
midge considering aspects ofthe insects biology andcontrol 
has been prepared by MSU-205 and P4TA for publication 
and distribution into farm communities in Nicaragua. 

MSU-205 activity in the Greater Horn ofAfrica in recent 
years has been limited to site visits in Ethiopia and Sudan 
and communications with collaborator scientists in the re- 
gion in reviews of host country work plans for entomologi- 
cal studies. The principal insect pest constraints to sorghum 
production are stem and stalk borers. This communication 
and participation will continue as time allows. 

Research Approach and Project Output 

Research Methods and Research Findings 

MU-205 activities in Hondwm 

Weed Management: lnflnenceon insect pestand nat- 
ural enemy populations. The influence of weed manage- 
ment systems on pest and natural enemy (parasitoid) 
populations in on-farm studies with intercropped sorghum 
and maize in southern Honduras was completed and an M.S. 
thesis accepted in 1999. Weed control programs did not sig- 
nificantly influence weed species or insect species diversity 
and had no effect on levels of parasitization of the 
lepidopterous caterpillars in the cropping systems investi- 
gated. This information on naturally occurring parasitoid 
population levels and parasitization mortality indicates the 
limited role that these biological control agents might have 
in developing integrated insect pest management strategies 
for the lepidopterous caterpillars on sorghum and maize in 
this agricultural ecosystem in Honduras and may possibly 
relate to other areas in Central America with similar insect 
pest constraints to production ofthese grain crops in similar 
agricultural environments. 

Biology a n d  taxonomy of Metaponpneumata 
rogenhoferi. With research completed on aspects of the bi- 
ology of M. rogenhoferi, the second most abundant species 
on sorghum and maize throughout the growing season in 
most years in southern Honduras, the literature that was 
searched revealed that the taxonomic characteristics of this 
species was lacking in comparison with other closely re- 
lated species. This is an important consideration when iden- 
tification of the particular pest species in a complex of 
species is critical in defining control recommendations. 
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Therefore, a taxonomic study of the morphology of M 
rogenhoferi was completed and a manuscript prepared and 
accepted for publication in a scientific journal. The life 
stages of this important insect pest were described using il- 
lustrations and scanning electron microscope pictures ofthe 
egg, larva, pupa, and adult (E and G genetalia) stages. Com- 
parative notes on host plants and geographical distribution 
of related species in the tribe Eustrotiin: (Noctuidae) are 
presented in the publication. 

As indicated above, the publication, "La Langosta del 
Sorgo y el Maiz" (Pihe et al. 1999) has been published as a 
collaborative effort among scientists inMSU-205 and in ag- 
ricultural research inHonduras. This publication will bedis- 
tributed within farm communities and will describe insect 
pest management tactics for the lepidopterous constraints to 
intercropped sorghum and maize production in southern 
Honduras. 

MSU-20s activities in Nicaragua 

The PI traveled to Nicaragua in mid-1997 to establish 
collaborative research relationships with INTA and other 
agricultural organizations involved in sorghum production 
in that Country. This trip was successful in identifying the 
interest of INTA, as well as academiclresearch institutions 
in collaborating with INTSORMIL. A collaborative agree- 
ment between INTA and INTSORMIL was signed in May 
1998. As the sorghum midge has been identified as the prin- 
cipal insect pest on sorghum in commercial production 
fields on the coastal plain, the MSU-205 project initiated 
collaborative research on this pest constraint to production 
in 1999. Research is coordinatedwith Ing. Laureano Pineda, 
sorghum breeder and others in INTA. Collaboration with 
agricultural universities at Leon and Managus is planned. 

Farm Survey (1998). Results of this survey revealed 
that 72%of the farmers on thecoastal plain planted sorghum 
after the canicula (day season) and reestablishment of the 
rainy season. The most prevalent variety planted was 
DK-65 (DeKalb Seed Company); Esmeraldo (Asgro Seed 
Company) is planted on 25% of the farms. One to three 
chemical insecticide applications areused for control of fall 
armyworm. Granulated insecticides are used by 90% of the 
farmers at planting to control early season insect pests. Bio- 
logical insecticides are seldom used in insect management 
programs for lepidopterous pests. Chemical insecticide 
sprays are used for sorghum midge control without ade- 
quate information on the need for the pesticide during the 
blooming period of the crop. 

Planting Date. Sorghum was planted on three dates (Au- 
gust 18 and September 7 and I5 in a replicated test to mea- 
sure sotghum midge infestations. Infestation levels ranged 
from 40 adults per panicle in the early planted sorghum to 
110 adults per panicle in the late planting, with the later 
planting having significantly greater seed loss than the 
early planting. 



Variety-lascctkiie Effects. Thrw sorghum varieties 
were planted and one-halfofeach plot (in replicated design) 
was sprayed with Lorsban insecticide (3 applications on 3 
day schedule) at a recommended rate. Levels of varietal re- 
sistance to sorghum midge were o b e d ,  and the Locsban 
insecticide treatment had lower levels of midge per panicle 
and reduced Aprostccefussp. (parasitic wasp)pmitization 
of midges compared with the untreated (no insecticide). 

Midge Population Occurrence and Host P h n a .  Sor- 
ghum. bmom sorghum and johnson- were observed to 
serve as horn for the sorghum midge. A population curve 
was developed forthe sorghum midge based on infestations 
on these hosts during the sampling period (August 1998 - 
February 1999). 

-205 activities in Ethiopia 

MSU-205 PI participated in the EAROINTSORMIL 
Traveling W o h h o p  in Ethiopia (and Eritria) in October of 
1997. The PI had previously corresponded with the 
lNTSORMIUHorn of Africa Coordinator (Dr. Gebisa 
Ejeta. Purdue University) and EAROcollaborator in Emio- 
pia (Mr. Tsedcke Abate) in reviewing pmposedentomolog- 
ical research programs for conduct in Ethiopia These 
programs involve: I) Development of pest management 
sliategies for sorghum stalk boren and panicle feeding in- 
sects emphasizing integration of cultural, chemical, and bi- 
ological control tactics, and 2) Economic impact of insect 
pests on sorghum production to be determined and value of 
management tactics to be assessed. 

The principal insect pat consbaints on sorghum include 
stalk boren and panicle feeding head bugs. The principal 
entomological research activities are visualized to include 
sfudies on insect pest biology, ecology, behavior. dynamics 
and pesf control using selective insecticides andlor w l ~ d  
control tactics. Panicipation in this project duringthe nen  
Jew years would extent MSU-205 research d v i t i i  into 
East Africa (Greater Hom of Africa). 

The efficacy of insecticides applied to sorghum was 
again evaluated for insect pest control. A select group of in- 
secticides was evaluated for control of fall armyworm and 
sorghum midge on sorghum innortheastem Mississippi. In- 
secticides were applied at various rates of application to 
plans in various growth stages. The efficacy of mataials 
was recorded on armyworms in various instan to determine 
acfivity of the inseeticides against larvae of various age 
classes. lnsecficides wereapplied ona or Nlice for sorghum 
midge control, depmding upon pest thresholds. This infor- 
mation is useful in poviding recommendations for confrol 
offall armyworm and sorghum midge on sorghum. The data 
has been prepared and submifted for publication in the 
1999-2000 issue of "Insecticide and Acaricide Tests". pub- 
lished by the Entomological Society of America. 

Direction of g d u a e  students in MTSORMIL pogram 
andbavel.The PI d imed the  I N T S O R M I L ~ h a c t i v i -  
ties of four gradua~e students (M.S. degrre undidatcsl c* 
ordinated thesis preparations. prepared papers for 
plblication of l?USORhfIL mearch in wientik journals, 
as well as popular amcks. and bavekd to Honduras and 
Nicaragua to wark with collaboraton and g d u a t e  au- 
dents. 

Nctworhiag Activities 

G e r m p k m  and Rcoarcb Inlorrat iaa  E s c h . t a .  
Supplies and equipment required by pduatc sfudena in 
performance of rewarch activities in the laboratory and 
field in Honduras were supplied (as in previous years) by 
MSU-205. Some financial support is pvided annually to 
the students for mearch expenses whik in Hoodurx. ibis 
suppon will wntinue with funha lKlSORMlL participa- 
tion in Hondum and Nicaragua. A publimion (popuhrar- 
tide) presenting the lepidopcaars cavrpilhr Clangma1) 
pst management prxIices ( m h e d  by MSU-205) that 
can be used by subsistence f m r s  in soudwn Hodmas  
waspreparedby EAPRazandwillbedimibund into Fann 
canmunities. 
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Summary 

Witchweeds (Striga spp.) are obligate parasitic weeds of 
significant economic importance. Control methods avail- 
able to date have been costly and beyond the means of farm- 
ers in developing countries. While combining several 
control measures may be necessary for eradication of 
Striga, crop losses to Striga can be effectively minimized 
through host-plant resistance. Our goal is to exploit the 
unique life cycle and parasitic traits of Striga especially the 
chemical signals required for germination, differentiation, 
and establishment. 

In year 20,we report on progress of our effort to charac- 
terize novel mechanisms ofresistance to Sfriga in sorghum. 
Striga causes much of its damage hidden under ground 
where only the negative effects of its attack are observed on 
the host plant. Our effort is geared towards simulating these 
early stages ofparasitic infectionin the laboratory sothatwe 
can develop appropriate assays for identifying genetic vari- 
ants that can not have complete parasitic association with 
host plants. We recently developed a new procedure, apaper 
roll assay, for identifying early post-infection mechanisms 
of resistance to Slriga. Using this assay, we observed two 
phenomena which may represent host defense mechanisms 
to Striga establishment. First, a hypersensitive response 
where an infected root shows reddening around haustorial 
attachment sites followed by reduced attached and penetra- 
tion. We refer to the second phenomenon we observed, an 
incompatibility response, which is similar to hypersensitiv- 
ity in discouraging development of Striga beyond attach- 
ment, except in incompatibility, there is no apparent 
necrosis in host tissue around attachment sites. An attached 

Strigamrely developson this cultivarin the paperrollassay. 
We need to verify the power oftheseStrigaresistant mecha- 
nisms in tield tests in Africa. 

Objectives, Production and Utilization Constraints 

The overall objectives of our research are to further our 
understanding of the biological interactions between Striga 
and its hosts, and to devise control stmtegies based on host 
resistance. In addressing our goal of developing sorghum 
cultivars that are resistant to Striga, we emphasize the vital 
roles ofthe multiple signals exchanged between the parasite 
and its hosts, which coordinate their life cycles. To develop 
control strategies based on host-plant resistance, we employ 
integrated biotechnological approaches combining bio- 
chemistry, tissue culture, plant genetics and breeding, and 
molecular biology. 

Striga spp. is economically important parasites of sor- 
ghum, millets and other cereals in tropical Africa and Asia. 
Yield losses of sorghum due to Striga infestation, coupled 
with poor soil fertility, low rainfall, and lack of production 
inputs, all contribute to survival difficulties for subsistence 
farmers. Eradication of Striga has been difficult to the 
unique adaptation ofS~rina to its environment and the com- 
plexity of the host-Parasite relationship. Suggested control 
measures including mechanical or chemical weeding. soil - -. 
fumigation, nitrogen fertilization, have been costly and be- 
yond tha means of poor subsistence fanners. Host plant re- 
sistance is probably the most feasible and potentially 
durable method for the control ofstriga. Host resistance in- 



volvcs both physiological and physical meshanisms. Our 
goal is to unravel host resistance by reducing it to wmpo- 
nents based on the signalsexchanged and d h p  theu inter- 
actions at eaeh stage of the S~igo life cycle. The specifii 
objectives of our collaborative research project are as fol- 
lows: 

To develop effective assays for resistanccconferring 
baits and screen breeding materials assembled in our 
Sniga research program for these baiu. 

To elucidate basic mechanisms for S n i p  resistance 
in cmp plants. 

To wmbiie gmes for different mechanisms of resis- 
tance, using different biotechnological approsches, 
into elite widely adapted cultivan 

To test demonswale, and distribute (in coopaation 
with various public, pivate, and NGOs) elite Slriga 
resistantcultivars to fannersand farm communities in 
Slriga endemic areas. 

To develop integrated Strigo conml strategies, with 
our LDC partnm, to achieve a more effective mnml 
than is presently available. 

To msess (both ex ante and exposf) of the adaptation 
and useofthesecontrol strategies, in cooperation with 
wllabaating agricumwl economists. 

To train LDC w l l a h t o r s  in reseamh mahod& 
breeding approaches, and use of integrated Str~go 
control methods and approaches. 

Ramrch Approach and Project Outpnt: 

Field evaluation of cmpr for Srrigo resistance has beem 
slow and difficult with only modest success. Our mearch 
add- the Sniga problem m a scries of intaactim be- 
tween the parasite and its hosts, with potential f a  interven- 
tion. We recognize that sucesshl SIrigo parasitism is 
dependent upon a series of chemical signalspmduccd by its 
host. 

The working hypothesis is thal an inbicare relationship 
beturn the pararite and its hasts has evolved exchange of 
signals and intcmrption of one or more of thew signals re- 
sults in f a i l c d p a m ~  ieadingtopoyibledevelopwat of 
awnml  mategy. &general approach has beem to assan- 
ble suitable germplasm populations for potential sauna of 
resistance, develop simple laboratory &says for m i n g  
these germplasm, establish cormpondence of our labm- 
tory assay with field performance, establish mode of inheri- 
tance of putative resistance baits, and wnsfer gene sources 

into elite adapted cuhivus using a va&y o f b i i k g i -  
cal means. Whmeverpossibk. mahods developad will 
be simple and rapid, in a& to hcilime -ing large 
numbers of enmes. 

We place major emphasis on developing ~ l l o o l  straw- 
g ia  primarily based on boaplrn mistance. To this axl. 
we have in plaa a very comprchaain .Swig0 ~skmtce 
breeding ppm in sorghum. Over the l m  scvenl yeaq 
we have genaated and selaced divaoc and oufsmmhg 
b d i n g  pogenies tha~ m m b i i  %go miaana with ex- 
cellent agronomic and grain quality eh.rancnma . . . Allpc- 
viously known sources of resistance have been 
intersnwsed with elite broadly adapted impovcd lincr. AC 
molt all resistant s- w a  roc& have be- -- 
bled and catalogued. We undaubadly h v e  me hgq 
m o l t e l i t e a n d d i v e r v ~ ~ a r e s i s e u ~ e g w ~  pml uo- 
matched by any program anywhac in the w a l d  However, 
while all resistawe s ~ u a c s  have bem intFogrsrd IO elite 
and most readily usable backgrounds, the only mechaoism 
of resistance we have hlly exploited has ban the low p 
duction of germination signal. We have nM hd the ability 
lo rciun for other mechanisms of mimace in the infdim 
chain or the host-parasite intaaaion cycle. Fuhrre mpba- 
sis, thmfae. will be plmd m developiag additioaal e l k -  
tive methods f a  rnxning has plma fa S&igu misema 
atnagainthepvasiticlifecyckbeymdgermhutioqin- 
cluding low production of houaaial inmath signal, hi& 
urr topcnaratc. hypemamirive reaction, ioamptibility. a 
g a d  cessation of growth a h  penemion. W h  is cur- 
rently in pmgress on developman of assays for some of fhc 
above sfages of patasitic development 

The wealth of g m p h  alrrsdy dm-  m this p 
p m  also needs to be shared by mllobonting natiaul p 
grams in Str i~a  endemic anar of Africa To this cod, wc 
have organized intanaciorul nmaies for dimibutma of 
our germplasm on a wider scale. This will also save as m 
effective way to nawork our .Swim & wid# NARS 
Iha are n a  rtively mllnbauing wim INTSORMU. As 
wccombiueandmnfirm muhipkmeehaismsof~sist.na 
in selected genotypes. the effickcy and durability of rhcp 

resistance mechanisms can be kna lndaaood thrmgh 
such a wide tening scheme. 

Furthamae. in eoopcntion with weed scicntisls and 
~naninsinvtioucNARS.wcpLamdenbpmdtca 
cmnanically fcasibk md pMicabk bHcgried SYriga 
MUO~ for t d I l g  hrmar' kldS S ~ k a e d  
uunbies in Africa. Whik m a  INTSORMIL pmjeaslnvc 
been W e d  m bilamal colbbantive veatlolcs fonusing 
on individual NARS. this 9rig0 p j e d  is h.lldkd as a rc- 
g i m a l o r m a e " g b b a l " ~ .  becurocofthemummak 
ity of the Srriga pmbkm and baause no aha a g a q  has 
the mandate or is b a a  suited to do the job. 
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Research Findings 

Characterization of Novel Mechanisms ojResistance 
to Striga in Sorghum 

The damage caused to cultivated sorghum by Striga spp. 
begins below ground where seeds ofthe parasite germinate 
in response to astimulatory chemical signal from their host. 
In order to survive, emerged Striga radicles must quickly 
make their way to a host root, form an attachment organ, 
called a haustorium, and attach to the root of a host plant. 
The parasite must then penetrate its host's root and establish 
vascular connections forhost-derived water andnutrients to 
support growth and developmentto the point of emergence. 
All this occurs hidden below ground. Ability to monitor 
these early parasitic interactions ofStriga to the host could 
aid in the identification of ways in which a resistant host 
cultivar avoids cooperation in the parasitic association. 
Several years ago we developedthe agar gel assay whichal- 
lows observation of early events in host-parasite interac- 
tion. Growing sorghum in an agar medium containing 
Striga seed led to identification of sorghum lines that resist 
infection by Striga because they produce only very low 
amounts of the chemical compounds required for Striga 
germination. Currently we are exploring a similar process to 
develop a laboratory culture in amedium supporting the in- 
fection process so that we could select sorghum genotypes 
that disrupt association withStriga because of failure to pro- 
duce the haustorial signal or possess defense system that 
discourages penetration or further growth of the parasite. 
Our objective is to identify sorghum variants with unique 
and specific mechanisms of resistance to Slriga. Agar cul- 
ture allows easy visualization of developing Striga but at- 
tachment frequency to sorghum is low in agar. 

Mr. Abdalla Mohamed, a Ph.D. student from Sudan, has 
developed a new laboratory assay that allows observations 
ofthe early stages ofStriga infection of sorghum. The assay 
is still under refinement to optimize attachment of Striga 
miatica to its sorghum host. We call it the paper roll assay. 
Briefly, it involves growing sorghum seedlings with their 
roots between rolled layers of germination paper. When 
seedlings are a week old, papers are opened and filter paper 
ships containing artificially germinated Striga seed are 
placed on sorghum roots. Papers are then rerolled and 
placed in an enclosed glass container which allows light to 
reach growing sorghum shoots. After an interval of 2-3 
weeks, papers are unrolled to reveal parasite progress on its 
host. 

By this method we typically see several attachment 
events. The paper roll assay works best if Striga seed is 
pregerminated with ethylene. This treatment overcomes 
differences in host genotypes for germination stimulant pro- 
duction. Moisture is also critical for encouraging infection. 
Saturated or dry papers reduce attachment events in the as- 
say. We are still working out optimal light, temperature, 
aeration and nutritional factors that contribute to 
reproducibility. 

Weare confidentthat the paper roll assay can be an effec- 
tive tool for identifying early post-infection resistance 
mechanisms. We are currently using the assay, in combina- 
tion with the agar assay for germination stimulant produc- 
tion, to screen a collection of sorghum cultivars with 
reported field resistance to Striga. Among these we have 
observedtwo phenomena which may represent host defense 
mechanisms to Striga establishment. 

By the first, necrotic areas appear at Striga attachment 
sites on the sorghum root. These necrotic lesions generally 
start as red becoming brownish with time. They may be 
large, spreading up to 2mm from the center of attachment 
but most remain more localized. Attached Striea most often 
are discouraged, not developing andeventually dyingon the 
host. We call this a hypersensitive response, though it re- 
mains largely uncharacterized. Among the cultivars in 
which this phenomenon has been observed the response ap- 
pears to be graded. A single infectedroot may show redden- 
ing around most, but not all, haustorial attachment sites. 
Some sites on the hostroot whichappearednecroticupon at- 
tachment fade and Strigagrow normally. The overall char- 
acter of lines possessing the hypersensitive response, 
however, is a greatly reduced percentage of Striga attach- 
ments developing successful parasitic associations relative 
to susceptible cultivars. 

We have observed another response in one cultivar that 
we call incompatibility. Incompatibility is similar to the hy- 
persensitive response in that it discourages development of 
Striga beyond attachment. However, there is no apparent 
necrosis in host root tissue surrounding the attachment site. 
Incompatibility is moreconsistently expressed in a given in- 
dividual than the hypersensitive response, at least among 
the cultivars we've screened. An attached Striga will rarely 
develop on this cultivar in the paper roll assay. 

We plan to further refine the paper roll assay, working 
out those details that improve reproducibility. We will con- 
tinue screening our collection of sorghum cultivars oftested 
field resistance to Striga since they have already yielded 
some promising results. Our collection includes both high 
and low Slriga germination stimulant producers. We will 
continue to characterize the hypersensitive response and in- 
compatibility among the cultivars and make crosses to de- 
termine their inheritance. 

We are currently developing populations from crosses 
made between lines contrasting for the hypersensitive re- 
sponse and incompatibility. Progeny ofthese crosses await 
screening by the paper roll assay. After this, pot and field 
studies underStrigapressure will help us determinethepre- 
dictive Dowerofthe ~aperroll  assay. We expect to have sor- 
ghum ready for the;e studies by the 2000 growing season. 
Bythen we also hope to identify molecular markers as selec- 
tion aids for the hypersensitive reaction and incompatibil- 
ity. 



Refinement of the paper roll assay seem to be painstak- 
ingly slow, however, once refined this assay should facili- 
tate characterization of mechanisms of Srriga resistance as 
well as pyramiding multiple sources of resistance into se- 
lected sorghum gennplasm. This will be a powerful and in- 
expensive technology for breeding Striga resistance 
sorghums which research programs indeveloping countries 
can readily and employ oradopt. Scientists incollaborating 
NARS will benefit from our development and refinement 
effortsasthey adapt theassay to localmourceavailability. 

Intentmiond Terring of Sfriga Resirtam Sorghum 
Selecriom 

Over the last 10 years, m a r c h  on Sfr ip  resistance in 
sorghum has been conducted at Purdue University. The 
findings we have made in basic biology and genetics of 
Strigaresistance are continually being incorporated into our 
sorghum breeding program to generate germplasm having 
good agronomic qualities combined with varied msha- 
nisms of resistance to Srriga. In order to allow selection of 
experimental varieties in a field environment having Sfriga 
pressure. we rely on collaborators throughout Africa to es- 
tablish an MTSORMIL International Striga Resistance 
Sorghum Nursery. In 1997, we sent 25 entries to scientists 
in 12 African countries for field testing in Srriga-sick plots. 
Some data on yield and Srriga count are pmented from this 
trial in the table below. Several experimental entries look 
promising, having both broadenvironmental adaptation and 
good resistance toSrnga. A second trial for the 1998 season 
has been conducted in 13 African locations, but the results 
from several d o n s  have not been received. We hope to re- 
ceive these reports and summarize them for in due time. In 
addition to providing a means of field testing resistant vari- 
eties. the MTSORMlL International Srriga Resistant Sor- 
ghum Nursery serves as a vehicle to dimibute gennplasm to 
areas where Striga is an endemic problem. 

Networking Activities 

Workshop and Program Reviews 

Participate in African Dissertation Internship Awards 
Selection, Rockefeller Foundation, 18 May 1998. New 
York. 

Evaluate and harvest sorghum winter nursery. NC+ Re- 
search Farm, 17-22 March, 1998. Pona, Puma Rico. 

Attend the INTSORMIL International Impact Assess- 
ment Workshop, Corpus Christi. Texas, 20-24 June, 1998. 

Attend the International Sorghum Erg01 Conferem. 
Corpus Christi. Texas, 24-26 June. 1998. 

Participate in Summer Institute for African Agricultural 
Research. June 14-19.1998 University of Wixonsin, Mad- 
ison. 

Participate in Regional Collaborative Remrch in Ethio- 
pia and provide technical guidance to sorghum r e d  in 
Ethiopia 19-26 September. 1998. 

Anend and palicipate in the lntmational Hytvid Sor- 
ghum Seed Workshop. Niamey. Niger. 27 Sept.-2 Oaoba. 
1998. 

Panicipate in review and cvaluarion of M O R M I L  
Horn of Africa program. 2-10 October. 1998. 

Attend American Society of Agronomy Natiaul Mm- 
in@. 18-22 Oaober 1998, Baltimore. Man.land 

Panicipate in African Dissertation Internship A w d  
Selection. Rockefeller Foundation. New York. 11-11 De- 
cember 1998. 

Panicipate in meeting of the Board Members for the Es- 
sential Electronic Agricultural Libram. Rockefeller Foun- 
dation. New York 16-1  7 December. 1998. 

Research Inwrtigator Erchage  

interactions with public. private. and intcnmional sa- 
ghum research scientists continues to be an important hmc- 
tion of PRF-207. The following individuals visited our 
pmgram or worked in our laborator?. during the pojcct 
year: 

Dr. Abena Debelo. Ethiopian Agricuhunl Research Or- 
ganization (EARO, Addis Ababa Ethiopia. 

Dr. Paula BramelCor ICRISAT. lodia 

Dr. Yilma Kebcde. Pioneer. M a n h a m  KS. USA 

Dr. Brian Hare. Advanta Pafific See& Ry Lcd. 268 
Anzac Avenue. P.O. Box 337.TwaoombaQld4350. Aus- 
wl ia .  

carrgLm,-.~)br 

We continue to provide an anay of sorghum gmnplprm 
from our trading program to national &arch in 
developing countries. Our germplasm is provided in cilher a 
formally organized nursery lhai is uniformly d i m i i e d  to 
all collaborators that show interest or upon reguest by a n* 
tiol~al program of specific germplasm cnrries or groups 
from our germplmn pool. Germplasm was distributed to 
cwpcraton in o w  10 wunmes in 1998. 
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Tuinstra, M.. G. Ejeta, and P. Goldsbrough. 1998. Evaluation of 
Near-Isagenic Sorghum Lines Contrasting for QTL Markers 
Associated with Drought Tolerance. Crop Science 38:835-842. 

Mohammed, AH., G. Ejda, L. G. Buller, and T. L. Housley 1998. 
Moisture Content and Dormancy in Slrtgo asiatica seeds. Weed 
Research 38:257-265. 

Conference Proceedings 

Axtell, J.D., I. Kapran, Y. Ibrahim, G. Ejeta, and D. Andrews. 1998. 
Helerosis in Sorghumand Pearl Millet. In Cmrs (ed)The Gmeticr and 
Exoloilation of Heterosis in Croos. ClMMYT Press. Mexico CiN. . - 
~ & i c o  

Kapran, I., J.D. Axtell, G. Ejeta, and T. Tyler. 1998. Expression of 
Heterosis a d  Prospects for MarketingofSorghum Hybrids inNiger. In 
Cmrs (ed) The Genetics and Exploitation of Heterosis in Crops. 
CIMMYT Press, Mexico City, Mexico. 

Published Abstracts 

I;jela 6 19% Intcrdisc~plmar) Cullah,ratnc Rcscarch Toward, Thc 
Convol ofS1ngq p .46  Agronomv Abstrairr ASA. Madson, U'I 

Mohamcd.A . P I  Rich.A Mclakcbcrhan. 1 tlou4e\ .andG Elem 19Y8 . . 
An in v i m  system for evaluating sorghum germd~asm for 
post-infection Striga resistance mechanisms. p.76. Agronomy 
Abstracu. ASA, Madison, WI. 

1brahim.Y.G. EjePand W. E.Nyquirt. 1998. O x  ElnteractionAnalyris 
in Sorghum Using AMMI, p.79. Agronomy Absfracts. ASA, Madison, .,,, 
7 7 , .  

Ibrahim, Y., A. Melakeberhan, Y. Weerasuriya,N. Cisse, J. Bennetzen,G. 
Ejeta. 1998. Construction of a Sotghum Linkage Map and 
IdentificationofLocilnvolved idrri~aResistance. o.156. Aeronomv - . . 
Abstracts. ASA, Madison, WI. 

Invited Research Lectures 

Ejela, G. 1998 Haw Purdue Researchers OuhviltedSlrigo Presented at 
Workshor, for Wabwh Area Lifetime Learnine Association. Momn  
~ommunily Center. West Lafayelk, April 1, 1998. 

Ejeta,G.,J.D.Axtell,B.Hamaker,andK. lbrahim. 1998. R.ITSORMIL:A 
Win- Win Program for US and Developing Country Agriculture. 
Presented at the Dean of Aericulture Team Award Ceremonv. Purdue - . . 
University.12 May, 1998. 

Ejela, G. 1998. Strategies in Collaborative International Development 
Efforts in Plant Breeding. Presented at the Summa Institute for 
African Aericultural Research. 17 June. 1998. University of 
~ i r c o n r i n . ~ a d i s o n  

Ejeta, G. 1998. Interdisciplinany Collaborative Research Towards the 
Control ofStrigo Presented at the Symposium on CRSP: A Unique 
USAlD Parlnerrhip with Higher Education. American Society of 
Agronomy, Baltimore,MD, 19 October 1998. 
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Project TAM-224 
R A .  Frederiksen 

Texas A&M University 

Principal Investigator 

Dr. R A. Frededsen Department of Plant Pathology and Microbiology. Texas M M  Univasity. Colkgc 
Station, TX 77M3 

Collaborating Scientisls 

Ranajit Bandyopadhyay, Genetic Resources and Enhancement Program, ICRISAT. Pamcheru. Andlua hadah 
502 324, lndia 

Carlos R Casela, EMBRAPAICNPMS, Caixa Postal 15 1. Sete Lagoas 35700. MG. Brdzil 
Lany Claflin, Department of Plant Pathology. Kanrar Slate University. Manhattan, KS 66506 
Peter Esele, Uganda Agriculture and Foremy Research Organization. S q h u m  & Mil& Unit S m .  P.O. 

Soroti, Uganda 
Debra E. Frederickso~ Formerly with the University of Zimbabwe. Harare. Zimbabwe (Currently 32. 

Benington Road, Hellesdon. Nonvich. NR6 6PH, U.K.) 
Issoufou Kollo. INRAN, Niamey. Niger (Currently a Graduate Assistant a! Texas ABM Univmity. College 

Station, TX) 
Sylvie Paroutova, Institute of Micmbiology CAS. Videnika 1083. I42 20 Prague 4. Czech Republic 
Dan Jeffers, CIMMYT. Apanado Postal 6-641 06600 Mexico. D. F.. Mexico 
John F. Leslie. Department of Plant Pathology, Kansas State Univenity. Manhattan. KS 665W5542 
Gary Odvody. Texas A&M Universily Agricultural Research and Extension Center. Highway 44, Route 2. 

P. 0. Box 589, Corpus Christi, TX 78410 
W. L. Rooney. Department of Soil and Cmp Sciences. Texas AbM University. College Station, TX 
D. T. Rosenow, Texas A&M University Agricultural Research and Extension Center. Route 3. Box 219, 

Lubbock, TX 7940 1-9757 
Dale Hess, ICRlSAT, B. P. 320. Bamako, Mali 
G. L. Teetes, Deparbnent of Entomology, Texas ABM University, College Station. TX 

Summary 

This has been a year of transition and downsizing. R 
Frederikxn has elected lo Rtire from Texas A&M Univer- 
sity on or about August 3 1. 2000. R. Frederiksen visited the 
collaborative research pmgram in Niger and a n d  the 
Conference on Sorghum Hybrids for Niga. Acrnnonium 
wilt is a serious disease of NADl. the putative hybrid for 
Niger. Mr. Kollo's dissertation is on the etiology of this dis- 
ease and the appareni i n d o n  of AcremoniYnr michm. 
the fungal pathogen. with soil borne nematodes. Thm bips 
were made to Mexim, h t  to review the research done by 
collaborator. 1. N a m  a! Celaya on predicting ergot and on 
the evaluation of hybrids and varielics to the diseases. Ing 
N a r r o w  able to predict the d i ~ a x  with accuracy based on 
the models developed by South African coworker Neal 
McLaren. Two otheraips were made in selecting hotel sites 
and support for the Global Conference on Sorghum and 
Millet Diseases for September 2000. A study in collabora 
tion with Sylvic Pauxltova, and Ranajit Bandyopadhyay on 

the origin of the sorghum agoc inoculum found in h e  
Americas. was submitted for publiatioll. Tbc daaa bocd 
RAPD banding p m  and on sequences of rhe ifS region 
of isolates of the Clavicepr &cam and Clmicepr sw& 
was used to dcvnnine IIIUI the pathogen found in ihc Amer- 
ica's came from Africa and noc Asia In additinn we kuned 
tha! C # i c m  is present in lndia andrespeculac iht it is 
replacing the C sorghi. We hnthcr wrggesl that the dixrv 
in Atrmalia is pmbabiy caused by Asian smim. Thir b ho- 
patant because it acmunts. in part. for some differences 
noted bmwccn studies on toximlogy betwxn Ausollian 
and American isolates. The aggressiveness of the C. 
ofiicana. probably in pan because of its ~ ~ 0 n d a r y  
sponrlation. may accoum for in rapid diemination in Asia 
and the Americas. Continuing progress on grain mold, 
anthracnose. head smut. and erga are ~ p o n e d  in the text. 
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Objectives, Production and Utilization Constraints 

Objectives 

Genetically map disease resistance traits by both con- 
ventional &d bio-technical methods. 

IndidICRISA T Improve disease-screening methods 

Continue collaboration with ICRISAT on growing, 
distributing, and evaluating the International Sor- 
ghum Anthracnose Virulence Nursery. 

Continue collaboration on ergot. 

Begin a collaborative initiative on application of bio- 
technology for control of grain mold. 

Develop technical program for theGlobal Conference 
on Sorghum and Millet Diseases in Mexico. 

Mali 

Study the biology of sorghum pathogens and disease 
epidemiology as needed. 

Organize, maintain, and distribute the international 
sorghum disease and pathogen identification nurser- 
ies in collaboration with ICRISAT, and with TAM- 
222 and 228. 

Detect, identify and catalogue Colletotrichum 
graminicola and Sporisorium reilianum isolates 
worldwide. 

Develop program for Global Conference on Sorghum 
and Millet Diseases. 

Continue efforts to establish a National Sorghum and ~~~~~~~h ~~~~~~~h and project output 
Millet Disease Program. 

We use virtually identical approaches to domestic and in- 
Evaluate the Texas A&M/MTSORMIL nurseries for ternational work on the control of sorghum and millet dis- 
reaction to the prevalent pathogens in Mali. eases. These involve the identification of sorghums with 

excellent resistance(s) to specific pathogens, and collabo- 
shtdy the interaction ofmold and insects on grain de- rate on the incorporation of the resistance(s) into useful 

terioration. cultivars. Essentially all of this work is done cooperatively 
with plant breeders, biotechnologists, geneticists, and ento- 

Niger mologists in the Texas programs, but also occasionally with 
breeders in other states, nations (NARS), or with an Intema- 
tional Crop Research Centers, specifically ICRISAT and 

Continue monitoring resistance to long smut in the CIMMYT. nlis includes [he application ofsuch tect,,,olo- 
Niger Sorghum Improvement Program, along with gies to manage ergot, 
evaluation for resistance to head smut, Acremonium 
wilt, and anthracnose 

Summarize data on the survival of spores of the long 
smut pathogen. 

Summarize data on a trial on the effect of different fer- 
tilization treatments on the incidence of Striga 
hemonthica in pearl millet. 

Determine the role of nematodes in diseases of sor- 
ghum and pearl millet. 

Collaborative Research in Niger 

During 1997 three trials were conducted in the sorghum 
growing areas of Konni in Niger on Acremonium wilt 
(Acremonium stricturn) of sorghum. 

Acremonium wilt (Acremonium sbicfum ) of sorghum in 
Niger: Association with nematodes and effect of nitrogen 
and liming (Prepared by A. lssoufou Kollo Abdourhamane) 

Association ofAcremonium sfricfum 
with Prafyienchus zea 

Domestic Acremonium wilt caused bv (Acremonium stricfum~ has . , 
become a serious disease of sorghum in the sorghum grow- 

Identify sources of resistance to disease. ing areas of Niger, particularly near Konni. Before the 
1990s, the disease was a minor problem. However, with the 

Assist in the incorporation of multiple sources of re- introduction of improved cultivars and hybrids, the disease 
sistance to disease. has become a serious threat to sorghum production in the 

Konni area. Although the disease is generally more serious 

Determine inheritance of resistance. on the improved cultivars, there are cases where even the 
landraces are severely attacked. This indicates that there are 



other factors besides A. strichun involved in the develop 
ment of acremonium wilt. 

The objective of the present study was to investigate the 
role played by plant pathogenic nematodes, especially 
Pratylenchus spp.. Therefore, a nematicide trial was con- 
ducted in Niger in the area of K o ~ i  on a farmer's field 
where the disease is particularly severe. 

Two nematicida Furadan, and Counter were used. The 
nematicides were band applied at the time of planting and 
incorporated in the soil. Rates for Counter were 1.1.2.2 and 
3.3-kgai./ha Ratesfor fwadanwere2.0.4.0and6.0 kga.il 
ha. The wnbol plot did not receive a nematicide. One sor- 
ghum landrace Mota and the hybrid NAD- I were used. The 
experimental design was a factorial wiIh 14 marments in a 
randomized complete block replicated 6 times. 

In order to estimate the preplan1 nematode population 
level, at least eight soil samples wererandomly taken from 
each plot The sample was thouroughly mixed to make a 
composite sample. From this composite, 250 cm3 of soil 
was takenfor nematode exbaaion. Near harvest, the nema- 
tode population was estimated hom soil samples and the 
number of Prqlenchurzea per gram of root was estimated 
Disease incidence was estimated near physiological maN- 
rity. Yield and yield components were taken. 

Fwthc susceptibk hybridNAD-I thepresenceofnana- 
rode is n d  necessary f a  disease development (Figurel). 
The high susceptibility of this hybrid to xremonium wilt is 
evident. With the landnce Mom the level of infection in- 
creases as the nematak n u m k  increases (R2=0.42). In 
presence of nematodes. Mots becomes suxeptible to ..I 
slricrum. This experiment is being acrually repealed in h e  
green house in Niger during the off-season. 

The nematicide matmenu d idna  signifiuntly aKcctthe 
incidence of acranonium wilt m eimcr 1997(which is a 
droughty year) or in 1998 (Table I). For Mota stand eaab 
lishmmt. the number of plants harvested and gram yield 
were significantly impmved by the nematicide macments. 
These treatments did not have any significant effcct on che 
susceptible hybrid NADI.  

EBcl of Liming md hY~trogen Form on f k  
Lkvelopment of Acwmonium HW 4 s o 9 k  

InNiger. soils havegemally low pH (4-5.5)andm vcry 
poor in niuogen and Mher essential nutrients. Both soil pH 
and nitrogen are known to influence soil born d i m .  The 
objective of this experiment was to m d y  the effect of n h  
gen form and lime on the developnent of acremonium wih 
on sorghum. 

Figure I. Relationship between PrmyImchszeaand aemmooium wiltonsorgbwo in Niger. 1997croppingserun. 
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Table 1. Effect of nematicide application on acremonium wilt incidence in sorghum and yields of sorghum in a 
farmer's field in Niger. c r o ~ ~ i n e  1998. 

Nernaticide PlanWplot 1 Percent wilt I Plants harvested 1 Grain yield (kg/plot) 
(Kg a.iiha) NAD-I MOTA* NAD-I MOT+ , NAD-I MOTA* 1 NAD-I MOTA' 
Counter I I 
1.1 56 82 65.22 28.24 37 ! 0.55 0.62 
2.2 55 84 61 6 5  16.73 ! 27 45 0.42 1.52 
3.3 58 96 39.23 20.21 28 54 0.54 1.73 
Furadan 
2.0 2.0 56 74 76.37 35 37 1 0.63 1.01 
4.0 4.0 38 83 84.89 28 44 0.29 1.66 
6.0 6.0 45 98 80.56 - _2Rp 53 0.31 1.63 - . -. 
Control 47 71 78.64 28 29 0.40 0.86 -- 

.Diffsmeer a n  significant at L c  5% probability level. 

The experiment was conductedat the Konni research sta- 
tion during the 1997 and 1998 cropping seasons (Data for 
1997 are shown here, Tables 2,3 and 4). The hybrid NAD-I 
was used. Two levels of limestone was used, 0 and 1 tiha. 
Limestone was obtained from the Malbaza cement plant (40 
km from Konni). The lime was powdered and sieved with a 
60-mesh screen. Before planting, the powder was broadcast 
andthoroughly mixed inthe soil. Twosources ofmineralni- 
trogen, urea and calcium ammonium nitrate (CAN), and 
farmyard manure were used. CAN was used because KN03 
was not available in Niger. Mineral-N was applied at the 
rate of69 kg ha-I asurea orCAN. Manure was applied atthe 
rate of 20 t ha-1 before planting and mixed in the soil. Both 

urea and CAN were also applied at the time of planting. The 
control plot didnot receive any nitrogen. The factorialtreat- 
ments viere arranged in a randomized complete blocks with 
six replications. Disease incidence was monitored and yield 
components were measured. 

Stand was significantly improved by lime and nitrogen 
(Table 2). The interaction between the nitrogen and lime 
was not significant. The control treabnents had the lowest 
number of plants; the best stand was obtained with CAN 
(Table 3). Although the wilt incidence was highest in the 
control plots (Table 3), the differences were not significant 
at the 5% level (p=0.08 for the main effect of lime, and 

Table 2. Analysis of variance for the effects of liming and nitrogen source on the development of acremonium wilt 
and yield of sorghum. Kooni Reseach Station 1997. 

-- Mean Square 
Straw ield Grain ield 

Source df Plantlplot' %Wiltb Plants harvestedc (kg/p&t)d ( k g / p k t c )  
Block 5 0.088 0.007 186183 0.0.756*** 0.020 
Lime I 0.531*** 0022' 588.00** 0178 0.050" 
Nitrogen source 3 0.126" 0.014 4O9.86lf** 0.135 0.017 

Lime x nitrogen source 3 0.056 0.005 201.556' 0.444' 0.036** 

Error 35 0.043 Oao7 85.793 0.144 0.011 
a) w = 5  12% b)cv=27. 19°/LE)cv=22.30% d)w=14.24% e)cv=l1.85% 

*.' Jimificanr at 0.01 probability level .. dpifismt a1 the lsvd of S%pobability 
' simificwt 1 the level of IO%probability. 

Table 3. Means for stand establishment as affected by limingand thedifferent lormsofnitrogen, Konni, Niger 1997 

Lime stone (&%a) Plants/plot Plants harvested 
0.0 52 B 33 A 38 B 
1 .O M A  24 A 45 A 
Nitrogen form 
69 kgNiha (urea 59 AB 20 A 40 B 
69 kgNiha (CAN M A 29 A 48 A 
Manure 20 &%a 60 AB 33 A 44 AB 
Control 50 BC 33 A 35 BC 

Mean followsd by lhs mclener iae not significantly different at Ule S%Icvel. 



p=O. I l for nitrogen). For the numbex of plants harvested. 
the rnlaactim atween lime and nitrogen was not significe 
tive at 5% level. However, the effect of lime was significant 
and the effect ofnitrogen form was highly significant (Table 
2). The control plots had the lowest number of plans har- 
vested Therefore, the ability of plants to survive was in- 
creased by the addition of lime or nitrogen. CAN was better 
than urea or manure. For stover and grain yield. t h m  was a 
significant interaction betwoen lime and souroe of nilmgeo. 
In the absena of lime, mineral nitrogen tends Io decrease 
the maw weight (Table 4). Whereas the shaw yield was in- 
creased in the presence of lime. Manure in presence of lime 
reduced the stover yield. In absence of lime. ureatends to re- 
duce the grain yield. Whereas liming without any nitrogen 
significantly reduced grain yield by about one thud. 

These data were obtained during the 1997cmpping sea- 
son. The 1998 data is being analyzed and compared with 
those of 1997. This comparison is important because 1998 
had excellent rainfall. The data indicated that urea might not 
be the most suitable form of nitrogen for sorghum. Liming 
may be important in managing soil borne di- and to in- 
crease yield of cereals such as sorghum. This is important 
becauseNieer has huee dcwsits of lime and the aericuhunl 
use of limeis not b;ownrby many extarsion &cultunl 
agents. The management of the cement plant in Malbaza is 
very much interested in knowing the potential of using lime 
for agricultural plrposes. 

C o ~ ~  R u e d  in M d i  

Dr. M. Diourte and I reviewed his pgram laa year at 
Niamey, Niger. I have nore* o f h i  w d ,  but he bar writ- 
ten regarding his needs. With Dr. Rosenow, we have ar- 
ranged for him to have an incubator and I have made 
Colldotrichum sclerotio storage units for a study on the 
sunrival of h e x  bodies in Mali. The idea is that this is how 
the pathogen survives in west Africa Dr. Diourtc and I dis- 
cussed the oppomnities ofneworking specific nurseries in 
west Africa, and this is one rearon for my visiting his pro- 
gram andthwofDr. ZacheeNgokoinCameroonthis fall. 

Basically, our only relation wifh H m d u ~ ~  and C d  
America at this time is thmugh h e  &ate research done 
by Jorge M m  on d a m m i n g  the reaction of saghum 
pollenandergot. Tksestudiawill beparcofhisM.S. thesis 
with Dr. Bill R m y ,  plant bmder m Texas ABM Uniwr- 
sity. 

Fine Mapping ofNan-MerirIemaIic HeadSmuI 
(Sporiso~iwu reilianum) Resirram Gene in Sorghia, 
(Prepwed by Dr. Romosomy Perumal) 

Sorghum head smut is an important soil borne fungus 
disease. which appean at seedling sage and d B  in com- 
plete inability ofthe plant to pmha gnin. Hosl phnt =is- 
W e  is the only most efictive way to mml this &. 

The line RT x 635 posxnes both maiacmatic (raa spc 
cific. venical resistance, and resiaMa faccas am ex- 
pressed in the apical meristcm) and non-merimmatic 
(non-race specific, horimntal resistance. and minnoce fac- 
ton areexprcsscdintbcenaiorphttisaKssunaodiog 
h e  apical maincm). Hmce. a ld.1 of 1600 F3 rcannbinml 
inbred lines from the cmss BI x RTx635 were scrmud both 
under natural, and artificial caditions f a  the present rmdy. 
Appmximatdy 3000 individual F3 plants w m  artificially 
iwcdakd under pcuhouse mdii using by pod am^ 
syringe rcchoique 10 differentiate meriscematic and 
non-maistematic resistance d o n .  s i a e  artificial iwcu- 
lation bypasses non-meristematic mimnce. Finally. 209 
F3 mapping populations were selected for identifyiag 
closely linked markas through RAPD and AFLP tech- 
niques. The RAPD marker OPH 4 having 5. I-an d i c e  
has been validated for its coegtcgation panan in thr pcs- 
ent population. To identify the &er form-mcrislcmatiC 
resistma. and to diffamtiate it fmn meriamatic nsk- 
rance martta, a high resolution automated Lica technique 
is being used for AFLP marka. Two AFLP markas vir. 
aflp I and aflp 2 having 2.6 and 2.9 an distances identified 
in RTx635 for head smut maiaanatic mechanism (Osorio. 
1996) w m  used in the present population and thev w o  
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markers resolved high polymorphism in the parents. Fur- 
ther, all the F, progenies will be tested with the same mark- 
ers for fine mapping of non-meristematic mechanisms. 

Grain Mold (Prepared by Chris Little) 

Work as of late has focused in characterizing the level of 
virulence and aggressiveness of isolates of F. moniliforme 
and C. lunata to grain mold resistant (R), moderately resis- 
tant (MR), and susceptible (S) lines of sorghum. These lines 
are being evaluated for levels of several disease incidence 
parameters, including presencelabsence of kernel, fungal 
colonization of intact kernels, kernel filling, germinability, 
and vigor. Similar approaches are being taken with R x S 
hybrids in field trials at the Brazos Bottoms Field Labora- 
tory (TAES). 

RNA blots are currently being produced which corre- 
spond to control, F. moniliforme, and C. lunata treatments 
of R, MR, and S spikelet tissues over a broad range of 
timepoints. At this time, two phenylpropanoid pathway en- 
zymes are the focus of our attention as being candidates for 
functional defense response genes, these are phenylalanine 
ammonia-lyase (PAL) and chalcone synthase (CHS). Ex- 
pression patterns of these genes appear to differbetween in- 
oculated and control over several time points. Theremay be 
a tendency for expression of the genes to be higher overall in 
inoculatedplantsthan in control. Thisneeds to be confirmed 
by use of an internal loading control, to ensure that differ- 
ences that have been observed are due to real changes in ex- 
pression levels and not to quantification errors. An actin 
probe is being generated for Sorghum bicolor using primers 
produced from a S. vulgare sequence (SVOAcl). Actin lev- 
els should remain constant from treatment to treatment and 
line to line. Comparisons between Q MR, and S lines, be- 
tween fungi, and different genes will be ongoing. 

Anthracnose 

The research on the inheritance of resistance and map- 
ping of resistance began by Mr. Curtis Wiltse is continuing 
by Mr. P. J. Mehta for his dissertation. Additional progeny 
evaluations have confirmed the three or four loci with resis- 
tance genes and these sources arenow being advanced inre- 
combinant lines for genetic mapping. Mr. Mehta will 
continue this research over the next two years under the di- 
rection of Dr. William Rooney. 

Disease evaluation studies are conducted primarily in 
large research nurseries in South Texas. Several uniform 
nurseries are grown in locations where sorghumlmillet dis- 
eases are important. These include the International Sor- 
ghum Anthracnose Virulence Nursery (ISAVN), in 
collaboration with ICRISAT, the Uniform Head Smut 
Nursery (UHSN), the Sorghum Downy Mildew Virulence 
Nursery (SDMVN), the International Sorghum Virus Nurs- 
ery (ISVN), and also a uniform nursery for grain mold 
(GWT). These nurseries provide quick assessment of dis- 
ease severity and pathotype differences among locations. 

Elite sorghums are also distributed and evaluated for 
multiple resistances in international nurseries, which also 
provide ameans of distributingelitegermplasm fromdiffer- 
ent breeding programs in INTSORMIL. The most widely 
grown is the International Disease and Insect Nursery 
(IDIN), a 30-entry test, followed by the All Disease and In- 
sect Nursery (ADIN), a 70-entry test, which is composed in 
part ofunreleased experimental materials that are evaluated 
in many different disease environments. Both of these col- 
lections represent one of the best means of comparing 
germplasm from region to region. 

Networking Activities 

Conferences attendedor organized 

R. Frederiksen attended the International Congress on 
Plant Pathology, in August, 1998 where he received the 
Jokob Ericksson Prize presented by the Royal Swedish 
Academy of Sciences and the International Society of Plant 
Pathology. Following these meetings, R. Frederiksen trav- 
eled to Egypt to review the status of the collaborative work 
on sorghum downy mildew. He observed that most of the 
downy mildew was caused by pathotype 1 of  
Peronosclerospora sorghi with some evidence ofpathotype 
2. Most of the work done by the Egyptians was on evalua- 
tion of host material for disease reaction in the field, on bio- 
logical control, and to a limited extent on disease 
management. In October, Dr. Frederiksen traveled with Mr. 
Kollo in Niger and visited the research nurseries at Maradi, 
Konni, Lossa, and Tillabery and later attended the hybrid 
sorghum workshop. In October, March, and June, Dr. 
Frederiksen traveled to Celaya, Mexico to review the work 
on ergot and make preparations for the Global Conference 
on Sorghum/Millet diseases. 

During the year, R. Frederiksen served as a member of 
the Editorial Advisory Board of the African Crop Science 
Journal. 

Other Cooperating Scientists 

Clint Magill, Department of Plant Pathology & Microbi- 
ology, Texas A&M University, College Station, TX 77843 

John Mullet, Dept. of Biochemistry, Texas A&M Uni- 
versity, College Station, TX 77843 

Ralph Waniska, Dept. of Soil and Crop Sciences, Texas 
A&M University, College Station, TX 77843 

Publications and Presentations 

Journal Articles 

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

Principal Investigator 

Dr. George L. Teetes, ProfessorITAES Faculty FellowiEntomologist, Department of Entomology, Texas A&M 
University, College Station, TX 77843-2475 

Collaborating Scientists 

Dr. Niamoye Yam Diarisso, Entomologist, IERISWCRRA, Sotuba, B.P. 438, Bamako, Mali 
Dr. Yacouba 0 .  Doumbia, Entomologist, IERISRAICRRA, Sotuba, B.P. 438, Bamako, Mali 
Dr. Aboubacar Toure, Sorghum Breeder, IERISRAICRRA, Sotuba, B.P. 438, Bamako, Mali 
Dr. Alain Ramadass, Entomologist, CIRAD-CA, ICRISATIWASIP, B.P. 320, Bamako. Mali 
Dr. Christopher S. Manthe, Entomologist, DAR, Private Bag 0033, Gaborone, Botswana 
Dr. Johnnie van den Berg, Entomologist, ARC-Grain Crops Institute, Private Bag Xl252, Potchefstroom, - 

South Africa 
Dr. Gary C. Peterson, ProfessorISorghum Breeder, Texas A&M University Agricultural Research and 

Extension Center, Route 3, Box 219, Lubbock, TX 7940 1-9747 
Dr. Frank E. Gilstrap, ProfessorIAssociate TAES DirectoriEntomologist, TAES Directors' Office, Texas A&M 

University, College Station, TX 77843-2147 
Dr. Darrell T. Rosenow, ProfessorISorghum BreederMali Country Coordinator, Texas A&M University 

Agricultural Research and Extension Center, Route 3, Box 219, Lubbock, TX 79401-9747 
Dr. Lloyd W. Rooney, ProfessorICereal Chemist, Department of Soil and Crop Sciences, Texas A&M 

University, College Station, TX 77843-2474 
Dr. Richard A. Frederiksen, ProfessoriPlaot Pathologist, Department of Plant Pathology and Microbiology, 

Texas A&M University, College Station, TX 77843-2132 

Summary 

The PI traveled to Mali during this repoxting period to 
participate in the review by the External Evaluation Panel of 
the IEWINTSORMIL collaborative research program and 
to determine the progress of sorghum entomology research 
by Drs. Niamoye Diarisso and YacoubaDournbia, both IER 
entomologists. Dr. Diarisso is arecent Texas A&M Univer- 
sity graduate whose Ph.D. program was directed by the PI 
Emphasis was on the need to increase the amount of re- 
search to assess insect pest severity onnewly developed and 
deployed sorghum varieties in farmers' fields and as a 
venue for technology transfer. There is need to determine 
sorghum entomology research responsibilities between 
Drs. Diarisso and Doumbia and this could be done best by 
developing work plans for each scientist with funding from 
the Mali country budget. The PI also traveled to South Af- 
rica andBotswanaduringthisreportingperiod. The trip was 
to establish (reestablish) an INTSORMIL research program 
directed at managing sugarcane aphid, Melanaphis 
sacchari, and developing integrated pest management 
(IPM) approaches for sorghum insect pests in southern Af- 
rica. The entomologyibreedmg program in conjunction 
with Dr. Christopher S. Manthe, Department ofAgricnlture 
Research (DAR) entomologist, Gaborone, Botswana, pre- 
viously conductedresearch on sugarcane aphid in Botswana 

and Zimbabwe. The rejuvenated collaborative research 
program involves Drs. Manthe and Johnnie van den Berg, 
Agriculture Research Council (ARC) entomologist, 
Potchefstroom, South Africa. Resistance of sorghum lines 
and hybrids to greenbug, Schizaphis graminum, and sor- 
ghum midge, Stenodiplosis sorghicola, was evaluated in 
collaboration with Dr. Gary Peterson (TAM-223). In- 
sect-resistant sorghum genotypes were advanced in crosses 
with elite germplasm. Several new sorghum midge-resis- 
tant parental A- and R-lines alone and in hybrid combina- 
tion were evaluated for release to commercial seed 
companies. Numerous selections to advance, cross, and fur- 
ther evaluate weremade among segregating lines. Lines and 
hybrids for resistance to greenbug biotypes E and I were 
evaluated for TAM-223 and a commercial seed company. 
These evaluations were to determine the appropriateness of 
the material for release, or involved segregating material be- 
ing phenotyped for use in mapping genes resistant to 
greenbug. Experiments identified insecticides effective 
against sorghum midge and fall armyworm, Spodoptera 
frugiperda. Progress was made on cloning sorghum QTLs 
resistant to greenbug and differential expression of genes in 
response to greenbug infestation. Several techniques are be- 
ingused toaccomplishtheseobjectives, butdataare too pre- 



iminary to report here. Graduate education p g n m s  ofsix 
students were directed during this reporting period. Two 
Ph.D. students graduated. Efforts were continued to uw se- 
quences fmm the mitochondrial genome to assess genetic 
diversity among populations of greenbug. The program ofa 
new Ph.D. srudent was started. This student will determine 
fitness and virulence of I I greenbug biotypes to sorghum 
genotype differentials. Education programs of two African 
graduate students, one Malian and one Nigerian who con- 
ducted research in Niger, were w4kcted with Dr. Frank 
Gilsbap. One student will graduate this fall. The PI cooper- 
ated with extension education personnel on sorghum insect 
IPM. Also, in collaboration with extension penomel, the 
extent of IPM adoption by farmers and the role public IPM 
specialists and private agricuhural consultants played in this 
adoption were surveyed Based on responses to two survey 
questionnaires, it was very apparent that farmers benefit 
from using IPM, and private agricumval consultants well 
undentand IPM is a multi-tactic approach to maoaging 
pests and recommend IPM tactics to tkirclients. Risk. cco- 
nomia, and the environment were important considerations 
in using IPM. Agriculhnal consuhants obtain mon new 
IPM information from workshops and conferences. 

Objectives, Production and Utilintioo Condrainh 

Mali 

Long-term objectives are to (I collabonte with ERIMa- 
lian scientists to develop IPM matcgies for insect pests. es- 
pecially panicle-feeding bugs and sorghum midge. that 
attack traditional and improved insst-res~stant and suscep 
tible sorghums. 2) increase entomological research effom 
in farmers' sorghum fields, and 3) dmct graduate education 
pognms, provide technological assistance, and promote 
technology transfer and networking The objectives forthis 
reporting period were to I) substaob'ate. for use by sorghum 
breeders, the most r e i i l e  and efMent mdhod to pmtcd 
sorghum p i c l e s  from bugs w r e s h n c e  can be asnssed 
by comparing protected with naturally infestad pmkA 2) 
determine the role of insects and palhogens in kernel deteri- 
oration by applying differem eombiafioos of i n s a i i d a  
and fungicides, and 3) asvs the importance of p i -  
cle-feeding bugs and sorghum midge on traditional and im- 
proved sorghum varieties in farmen' fields. 

The long-term objective is m collabaatc with wwthcm 
AErican scientimto develop IPM strategies forsorghum in- 
sect pests. In collaboration with b r a d m  objectives during 
this reporting period were to ( I )  identify, evaluate, and in- 
corporate resistance to sugarcane aphid into sorghum vari- 
eties and hybrids adapted to southern Africa agricultural 
systems; (2) develop IPM stiategies for sorghum insen 
pests in southern Africa; (3) identify oppommities for grad- 
uate education of southern Africans; and (4)elucidate needs 

for tahniurl assi-. labnology mwsfw. and nawcrk- 
ing. 

Long-term objectives am to pmvide IIIC racarcb base for 
IPM of q h u m  m v a  p a .  Emphasii is on collaborting 
with bmders todevelop. evaluate. and deploy sorghumsm- 
sinant lo sorghum midge. greenbug, yellow sugarcane 
aphid, Siphoflaw. and sugarcane aphid. In d l b o r a t i a ~  
with molecular biologists. biocechnologvtcchniguesarcbc 
ing applied to increase mi- durability by undcrstod- 
ing the genetic relationship of irnmz md resiaant plaats. 
Ancillary research includes aaa s ing  abu&mdd.msgc 
relationships of insect pms m rerinantedsuycpMesor- 
ghum gmtypa and d*cnnining mechanisms a d  causes 
of resistance. In collabmtion with extension pmomel. 
IPM taetia and how they hmaim am delivered to mgbum 
growers. Reporting period objectives were to I)  cooducl 
field and ~ o u s c  exprhnrna to evaluate sorghums rn 
sinant to gncnbug. sorghum midge. and yellow wgacanc 
aphid: and 2)  supuviw graduate student m h .  G n h n t e  
mdmts  supervised arc a US. R.D. mdcot using RFLP 
technology m sswss gemtics of grceobug r e s i n a a  in sor- 
ghum.a US. Ph.D. student using RFLP'RAPD technology 
to asscrs genetic variability of greenbug md in biaypcs, a 
US.  Ph.D. student assessine timess l a d  virulence of ~ ~ 

granbug bi&xs to &&I gmotypc d i m  a 
MS.  student from NignresearchingficM biology and l b  
rat- life-fertility ofmillet hesdminerinNiga(ca~liUrr 
co-chair). and a Ph.D. student from Mali smtymg nmvll 
mortality of millet head miner in Niger (cornmince 
-hair). The PI also participated in Entotnological Society 
ofAmerica. Inumtimal  Plant Resisamc to hsccts W d -  
shop. Consortium for lntsnational Crop Pmccction CRSP, 
and ofher professional and scientific aaivities and wet- 
ings. 

Deploying improved. m-pbaopniod smsitin, can- 
pact-panicle saghum varieties t h r  yicld mm than tndi- 
tionally g r o w  local varinies is comuabed by iozmpsa. 
especially p a n i c l c f ~  bugs. Dawgc by bugs is cxxar- 
bated by pathogen inkction dm signifimntly in- in 
damaged kernels. Damage by bugs a d  infection by ~&Io- 
gens dramatically Rducc grain yield and quality and rcoder 
the w i n  unusabk for hman c~nsumptim. RaoIUWII of 
the internlationship of damage by bags. i n f d o n  by padw 
gens. andredudion in@ )ieldandqmlityrrg~iman in- 
terdisciplinary, team ippouh. Omer insat pests might 
o a u r  whcn agronomic p r a a k  arc dunged awl new sor- 
ghum varieties 4. This project iscentral tothe intadisei- 
plimy team of lNTSORMlLand IER scientists improving 
&hum yield and quality in W a t  Africa. I 
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Southern Afiica 

In southern Aliica (mainly Botswana, Zimbabwe, and 
South Africa), aphids, especially sugarcane aphid, com- 
monly infest and reduce sorghum yield. Infestation by 
aphids and moisture stress often occur at the same time in 
the region and in combination are serious production con- 
straints. This project contributes to a team effort to improve 
sorghum production and develop IPM strategies for sor- 
ghum insect pests in southern A6ica. 

USA 

In the USA, monoculWe production of sorghum exacer- 
bates the severity of insect pests, leading to reduced yield 
and increased production costs. Although insecticides are 
readily available and can be used to lessen the yield-reduc- 
ing impact of insect pests, their sole use results in signifi- 
cantly increased production costs and can cause outbreaks 
of secondary insect pests, insect pest resurgence, ecological 
dismption, and environmental contamination. Conse- 
quently, the researchable constraints addressed in the USA 
by this project are the yield-reducing effects of insect pests 
and economic and ecological costs associated with chemi- 
cal control. IPM is a universally accepted approach to deal- 
ing with insect pests. This project uses the IPM approach 
that requires developing cultural and biological tactics to 
prevent yield-reducing effects of insects and determining 
the prerequisites for use of insecticide when remedial action 
is needed based on economic and ecological parameters. In 
collaboration with plant breeders and molecular biologists, 
the project emphasizes the development and use of in- 
sect-resistant sorghums. Insect pests given most attention 
are greenbug, sorghum midge, yellow sugarcane aphid, and 
panicle-infesting bugs and catetpillars. 

Research Approach and Project Output 

Four approaches are used to achieve project output -col- 
laboratiodpartnership with developing country scientists, 
technology development in collaboration with plant breed- 
e n  and molecular biologists, graduate student education, 
and technology transfer in cooperation with extension edu- 
cation personnel. Project outputs are divided into these ap- 
proaches. 

ColIaboratio~artnership with Developing Country 
ScientiSLF 

Collaborative Sorghum Panicle-/eeding Bug Research 
in Mali. 

The PI traveled to Mali during October of this reporting 
period. The purpose ofthe travel was to participate in the re- 
view, by the External Evaluation Panel, of the 
IER/INTSORMIL collaborative research program and to 
determine the progress of sorghum entomology research by 
Drs. Niamoye Diarisso and Yacouba Doumbia, both IER 
entomologists. Dr. Diarisso is a recent graduate whose 

Ph.D. program at Texas A&M University was directed by 
the PI 

The collaborative research program between IEWMali 
and INTSORMIL/U.S. scientists is one of theme successes 
of the Collaborative Research Support Progam (CRSP) 
model. The program is an outstanding example of collabo- 
rative, multi-disciplinary, team research.  The 
IER/INTSORMIL association has been on-going for many 
years and has matured into an effective research, technology 
development, and technology m s f e r  program. Much suc- 
cess is aresult of long-term efforts in graduate student edu- 
cation, tinancial support, and research parhlering. 

It is the opinion of this PI that the External Evaluation 
Panel that reviewed the collaborative program rated the 
Mali program as excellent in all aspects of research and 
technology development and deployment. The Malian sci- 
entists planned and executed an outstandingly effective and 
efficient program review. The schedule provided opportu- 
nity for research activities to be reviewed in a timely way, 
but tho-oughly enough that progress was apparent inall re- 
search disciplines. The IER sorghum and millet research 
team presented an excellent overview ofproduction inMali, 
production constraints, and research to address the con- 
straints. Most important was the effort of the IER scientists 
to show benefits of research through development of tech- 
nology with direct application to Malian agriculture. The 
IER scientists showed success from team research and real 
accomplishments in technology development and improve- 
ment being adopted by Malian fanners with expectation of 
important economic and social impacts. INTSORMIL's 
collaboration with IER is at the point ofpay-off. The gradu- 
ate education and research partnering resulted in sustained 
progress that will continue to benefit Malian agriculture. 

The success ofthe IERprogram occurred because ofded- 
icated scientists, despite many obstacles. A disappointing 
situation has existed with a former student of Dr. George 
Teetes, Dr. Niamoye Diarisso. When she returned to Mali 
following completion of her Ph.D. Degree at Texas A&M 
University, IER failed to assign her a postion. This failure 
has been costly in time, research oppommity, enthusiasm, 
and professional status. She was eventually assigned to the 
sorghum research program but there was no clear delinea- 
tion of responsibility with regard to another IER sorghum 
entomologist, Dr. Yacouba Doumbia. This led to confusion 
as to the division of responsibility in sorghum insect re- 
search. Recent information however, indicatesthat areas of 
responsibility have been clarified. Dr. Diarisso is now the 
leader of a new World Bank Entomology Project on sor- 
ghum insects andshe serves as the Head of the Entomology 
Research Unit on Fruits and Vegetables. She is also respon- 
sible for aphid and midge insect research on sorghum and 
Dr. Douumbia is responsible for head bug research on sor- 
ghum. 

One very important change needed in the Mali program 
is to provide direct funding to IER scientists 6om the Mali 



Country budget. This issue was discussed with Dn. 
Rosenow and Towe who agree such action would benetit 
the Mali program. ~ u d ~ e &  to individual IER scientists 
would bebased on Plans of Work. Continued funding would 
be based on research productivity. Another action apreed on 
was that the PI would develop a-rewarch protocol &at pro- 
vides options for divided, yet complementary, responsibil- 
ity and explores new opportunities for technology 
development and msfe r .  Much sorghum entomology r e  
search wnducted during past yean has been directed to- 
ward a wmplex of paniclefeeding bugs. Much research 
still is needed Some resear& needs to be conducted on the 
Research Stafion at Sotuba, while other research needs to be 
in fanners' fields. Also, as new varieties are introduced. 
other insects may in- in importance and this potential 
problem needs to be evaluated. 

Having two IER scientists in a discipline is a luxury that 
needs to be exploited. Criticsf research responsibilities for 
each person should be identified and justified. Budgeting in- 
dividual researchers from thewunby budget based on work 
plans will be a workable appoach to resolving the m f u -  
sion of research responsibility. 

Collaborofive Sorghum IPM Research in Soadhem 
Af ica 

During April of this reporting period the Pls for 
TAM-223 and TAM-225 traveled to South Africa and Bot- 
swana. The trip was to establish (recstahlish) an 
lNTSORMIL research program in southern Africa directed 
at managing the sugarcane aphid and developing IPM a p  
proaches for sorghum insect pests. n e  entomologyhud- 
ing program in conjunction with Dr. Manthe previously 
w n d d  mearch on sugarcane aphid in Borswana and 
Zimbabwe. The rejuvenated collaborative research p r e  
gram involves Dr. Christopher S. Manthe. DcparlmeM of 
Agriculture Research @AR)entomologist, Gabomne. Bot- 
swana and Dr. Johnnie van den Berg. Agriculture Research 
Council (ARC) entomologist, Potchefmoom, South Africa 
Other southern African scientists will be included in the 
project as they are identified. 

The Agricumue Rsearch Council Grain Cmpr InstiMc, 
Potcbefsoooa has rrs~onsibilitv in South Africa for re- 
search on su-ergra& includimi sorghum. It is a large in- 
Smute. about 70 wrsonnel with excellent facilities and 
research programs. Dr. van den Berg currently is condun- 
ing many research projects on s e v d  instet pcsa of sor- 
ghum. Most of Dr. van den Berg's research has been 
diicted at large commercial sorghum production. Resear& 
on sugarcane aphid will represent ao expansion of his re- 
search program. including activity in Bolswana with Dr. 
Manthe, and in other countries as collaboratm are idcnti- 
fied. Dr. van den Berg also proposed a survey be conducted 
of insect pcsts of sorghum and millet on snall fams. He 
thought the insect diversity in small-farm sorghum and mil- 
let was I0 times greater than in wmmercial (hybrid) fields. 
An insect identification publication for southern Africa 

would be beneficial. h. van den Berg also has been 
establishing ties with extcnsion specialias m g  with 
pmducen on small hrmr 

Dr. M d  m . D .  in Entomalogy from Texas A&M 
University) mducts  sow mtanologial -h in addii 
tion to nummur adminknative duties. Dr. Manthe also has 
had significant responsibility in the DAR sor- 
ghum-breeding program because the DAR breeder is in a 
Ph.D. program at the Univmity of NcbrsLa Dr. Manthe 
anticipates returning to more entomological rsarch m the 
future. The DAR bmdershould raum to Bomvana in Fall 
1999. Multi-diiiplinary collrbaation then can he e ~ a b  
lished for the DAR br&dio%mtomology pognm. The 
team of Dm van den &rg and Manthe will p v i d c  excel- 
lent on-site orpatire fordevelopmg the sugprcane aphid re- 
sistance and IPM progmn. 

R-h on developing resistance to qarcanc aphid 
will be i n c d  For 1999-2000. INTSORMIL. through the 
Texas A&M University breedmg/entanology progrrm. 
will provide to regional scientias a r e p l i  M-coby test 
toevaluate faresistpnceto s u g t ~ c ~ c  apbiddloca ladap 
tation at sites determined by regional collaborators. 
NS0F.MIL also will develop new sorghum gennplasrn 
lines with novel gene combinations and p v i &  to local cob 
laboraton gumplasm to evahmc for resklana to sugar- 
cane aphid INTSORMIL will lead in k b p i m g  arcgiaoal 
sorghum diseasefind- mt for plrming at nu- 
merous locations. Maarial in the test will rcprrsM a rap 
of diversity to stress resistance, plant type. and yield. Thc 
material will be availabk to regional scientists for use m 
their research programs. 

In Botswana, plots of sorghum were evaluated at 
Goodhope and Sebele. Production was difiicuh because of 
drvconditions. Onlv 168rnmofrain fellat Scbekdurinetbc 

mnment, genotypic d i f k m x  in lodgia& luf/plmt dmh 
and grain yield were appPcnt Most sa@mms w a e  prpk 
plants with red kernels. Few foobrype(pa p 1 4  white ker- 
nel) hybrids wne d e d .  The DAR f- hybid 
BSHl expcsscd excellent grain yield potential and agm- 
nanic traiu. The sorghums also were groan m Scbek 
where BSH 1 had excellent grain yield pomttial and a g m  
nanic waits. MTSORMIL. thmugh T a x  A&M Univcr- 
sity, provided many sorghums to the DAR Thc sorgbms 
should be pmvided again to DAR Errors in packaging seed 
orplantingresukai inplasnNmucbingliacdnursuYpeb 
igtea. A subrequcnt experimeDl would be p h h d  more 
carcfillly. 

&causeitwasodryduringthegtuwing~noninboch 
South Africa and Bdnwwa, infatation by sorghum insect 
pcsa was low. Dr. van dm Berg eumotly m. in tak  a bgc 
research program on stan barn. The WEORMIL do- 
mologylsorghum breeding program has lmk to conmite 
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to this research. Its greatest contribution to a collaborative 
research pamership in South Africa and Botswana is on 
sugarcane aphid because of past experience with and breed- 
ing for resistance to this insect. Also, Texas germplasm is 
well adapted to southern Africa. Collaboration also will 
contribute togeneral encouragement of use of IPM in there- 
gion. From this visit it is apparentthere is excellent opportu- 
nity for collaborative research of mutual benefit. The 
sugarcane aphid is a potential invader of sorghum in the 
USA 

Technology DeveIopmenl 

Results of research beneficial to U.S. agriculture and in 
support of international research collaboration, especially 
evaluating sorghums for resistance to sorghum midge and 
aphids (greenbug and sugarcane aphid), are summarized be- 
low. Research efforts of TAM-225 are in collaboration with 
TAM-223, the project of Dr. Gary Peterson, Sorghum 
Breeder at the Texas A&M University Agricultural Re- 
search and Extension Center at Lubbock. 

Evaluation of lnsect-resistant Sorghums 

During this reporting period, in collaboration with 
TAM-223, standard, annual evaluations of sorghum 
midge-resistant lines and hybrids were conducted at Corpus 
Christi and College Station. Resi'stance to sorghum midge 
of 57 hybrids (including resistant x resistant experimental 
hybrids, resistantx resistant checks, a resistantx susceptible 
check, and susceptible checks), 77 lines (including resistant 
and susceptible checks), 58 and 744 converted sorghum 
lines, 200 segregating lines, and several thousand breeding 
lines was evaluated. Susceptible sorghum planted 3 weeks 
early adjacent to the experimental area provided a source of 
sorghum midge to infest the experimental sorghums. At 
Corpus Cbristi, seeds of the experimental sorghums were 
planted in mid-April in 6-m-long plots, with 97.6 cm be- 
tween rows. Solghum was planted at College Station in 
early May, with 76.2 cm between rows. Grain yield (kg 
ha-') and damage caused by sorghum midge were compared 
between experimental hybrids and checks. Sorghum at 
physiological maturity was rated by plot for sorghum midge 
damage based on a scale of 1 = 1-10, to 9 = 81-100% ofker- 
nels that failed to develop. Sorghum panicles from 0.0025 
ha per plot were hand harvested. Threshed grain weight (g) 
was converted to kg ha-' to obtain grain yield. ANOVA and 
LSDo,oS were used for data analysis and mean separation, 
respectively. Data are provided in the report for project 
TAM-223. 

Drought conditions hindered plant growth at Corpus 
Christi and sorghum midge abundance at College Station 
where the sorghum was irrigated. For the most part, experi- 
mental hybrids and resistant x resistant checks, were signifi- 
cantly less damaged by sorghum midge and produced 
significantly more grain within and over locations than did 
susceptible x susceptible checks. Sorghum at Corpus 
Cbristi was damaged more by sorghum midge than at Col- 

lege Station. Hybrids that performed well under high sor- 
ghum midge abundance at Corpus Christi also performed 
well under moderate abundance at College Station. Evalua- 
tion of sorghum parental lines for resistance to sorghum 
midge, yield, and other agronomic qualitiesprovidedstrong 
support for release of several lines for commercial use. Se- 
lections were made among the better genotypes and will be 
advanced for future evaluation and some crossed with other 
genotypes. Several lines from the sorgbum conversion pro- 
gram showed significant levels of resistance to sorghum 
midge but need further evaluation. Several lines will be used 
to make crosses that will be evaluated more at Corpus 
Cbristi and College Station. Numerous selections were 
made from segregating breeding lines. A diversity of pheno- 
types was selected, but some need further evaluation. Over- 
all, even under very unfavorable weather conditions, good 
progress was made during this reporting period in identify- 
ing sorghum lines useful for production of commercial sor- 
ghum midge-resistant hybrids. 

With regard to greenbug, 1077 sorghum lines developed 
through project TAM-223 and being selected as parental 
lines for release and use in hybrids were evaluated for resis- 
tance to greenbug biotypes E and I in greenhouse experi- 
ments. Several of these lines possessed moderate resistance 
to biotype I. Six hundred forty sorghum lines from Cargill 
Seed Company were evaluated for resistance to biotype E. 
Results indicate that both INTSORMIL scientists and the 
commercial seed industry are making progress in develop- 
ing hybrids resistant togreenbug biotypes. Details ofresults 
ofthese evaluations are not presented here because of space 
limitations. However, sufficient progress is being made to 
conclude that sorghum lines resistant to these greenbug bio- 
types will be released soon. Agronomic data required for re- 
lease and registration are being collected. Greenbug biotype 
E- and 1-resistant lines are agronomically diverse. For ex- 
ample, some are tan plants with red kernels and tan glumes. 
These lines will be valuable to the sorghum seed industry 
both for these agronomic characters and for resistance to 
greenbug. 

Evaluation of lmecticides for Sorghum Insects 

During this reporting period, insecticides were evaluated 
for control of fall armyworm and sorghum midge at College 
Station. A summary of procedures and results are presented 
here. Results have been published. 

A labeled pyrethroid (Baythroid) and organophosphate 
(Lorsban) insecticide were evaluated for control of fall 
armyworm in the whorls of sorghum plants. Seed of hybrid 
sorghum (ATx399 x RTx430) was planted 15 June 1998 on 
rows spaced 30 inches apart. Insecticide treatments were 
compared in plots, 4 rows x 35 Ft long, arranged in a ran- 
domized complete block design with four replications. In- 
secticides were applied on 8 July at 1030 hours to all four 
rows of each plot by using a hand-held backpack sprayer 
with four TX3 hollow cone nozzles at 35 psi, producing a 
finished spray volume of 5.5 gpa. Insecticides were applied 



when the plants were 12-1 8 inches d l .  D m  on abundance 
of larvae in the whal of five randomly selected plann in 
each plot were collsted on 13 and 14 July (5 and 6 days af- 
ter matment) and combined. Each plant whal was dis- 
sected in the field. Whorls from treated sorghum contained 
significantly fewer fall armyworm larvae than did 
nontreated sorghum. Sorghum plants treated with 
Baythroid had sigaifiatly fewer larvae than did plants 
treated with Lonban. Plants heated with Ba@mid were 
significantly talla Iban nonmated sorghum .t the flagleaf 
stage. 

Efficacy of I0 insecticidesand garlic and hot pepper ex- 
tracts were evahmtcd for c o m l  of so&urn midge. Pmce- 
dures used were similar to those described for evaluation of 
insecticides against fall armyworm. However, sorghum was 
planted 21 May 1998 and plots wem eight rows with only 
the center two rows mated. Insecticides were applied on 16 
(when 40-80.h ofthe panicles were f1owering)and 20 July 
(when 90-100% of panicles were flowering). Befm each 
application, 20 randomly selected panicles were inspected 
visually and numbas of aduh sorghum midges Rcorded. 
Dataongrain yield were collected from Ihehwolreatedrows 
ofeach plot. Panicles wnc hand harvested from two. 8.754 
sections of beatad row pa plo~ and mechanically threshed 
Sorghum midge abundance was near the economic thresh- 
old level, abad m e  aduh pa panicle. before both insati- 
cide applications. All treated sorghum exapt that treated 
with azadiihtin or hot pepper e m  yielded more than 
nontreated sorghum. Highest yields multed fmm sorghum 
treated with me highat rate of TD-2344-03. No sigoificant 
yield differences were found among plots of sorghum 
mated with labeled pyrethroid insecticides (Baylhroid, 
Asana XL, or Karate). 

QTL Cloning and D ~ @ e n t i a l  Erpnuion of Greenbug 
Resis~rmce Genes 

For physical mapping of QTLs using a Sorghvn 
propinquum BAC l~brary, two approaches wcn wed to 
bener understand and clone greenbug resistance genes in 
sorghum. Greenbug-resistant Q n s  were previously 
mapped to different linkage groups in mum (Katsar 
1998). Physical mapping of these Q n  loci was in- us- 
ing the BAC clones. A t m l  of 198 m81rezs linked to variom 
gnenbug-resistant QTLs in sorgbum (for b i  C E. 1 
andK)werepvbedmtheSpropimpm(aplrmtmuJin 
the mapping poplation) BAC Iiirury. Gelpurified insem 
ofthe marken were isolatedand fivepmbes wcn pookd f a  
each filter s a  and hybridized with bigb411sity BAC l~kary  
filtcn. A total of 1608 uniqte BAC clones was idanifid 
and rearrayed in 96-well aad 384-well micro-titer plates. 
High-density filters were made with these m y e d  BAC 
clones and probed individually wim markers aaoc*red 
with the QTL for resistance to biotypcs C and E on linkage 
group E around CSU 0330. This region was chosen because 
these loci accounted for mcre thaa 45% of lhc phenotypic 
variation. Forty-six marken were used. BaKd on the hy- 
bridization, five m t i g s  w m  arscmbled in this region. To 

examine gemexpenion aftagmabug infatation. scvsal 
expaimentr were cooduned. The genotypes of sorghum re- 
sistant and susfcplible to greenbug b i  E and I were 
grown in a pxhouy.  Fotmcen pee of e r b  m h t  sor- 
~umgenotypc,eachunwmmg.ban2Op*nts.wmlscd. 
At the three-leaf stage, I0 qrema punbugs pr plant 
werc plaadon t h c s e u n d m r  leafof eacb plantwhen 
planh were 6 8  inchestall. Pasofinfcshd pl.llIs8wefov- 
eredwitha62~75~75mcage.AtO. 1,4.7.mdIOdaysaf- 
ter infestation. plants wem harvested and leaftisave vrrJhed 
and fmzen in liquid nibogen for RNA irobtion. F a  each 
p containing infested plants. a pa of noninfund p h t s  
served as a control. Sorghum gmorypes were PIS50607 (re- 
sistant to biotypcs E and I) and RTx430 (aocepibk). and 
Tx2783 (resistant to b i  E) and IS71 73C (-Me). 
Two cDNA libraries werc constructed from 
greenbug-infested m u m  I d  &sue of PI550607 and 
Tx2783 in lambda ZAP veeta. mass excised in pBhKsaip 
(SK+) orderd in 384 micro-tiur plam (~pproxhnrcly 
18,000 clones per library). Also. a cDNA I t b u y  fmm 
b i a y p e I ~ b u g w a s ~ d a n d o r d a c d i n 3 M m i -  
cro-titn plata. A difhmbal hybridization appoacb was 
undertaken to isolate genes induced or r r p s c d  by 
greenbug infedation. These expaimenn are in progress. 

Summaties ofgrsduae student RseaFch pow n pc- 
m1ed below. 

C d y S u e  K a u .  Thii sludmt pAwd in A m  
1998 and her -h on mokcuharlaalysir ofgrrenbug re 
sisrance in sorghum and other P m a a o w  hosI plank was 
summarized in lasi year's mual mpat. Ho-. based on 
ha -h. she formulated a new Eampc in IPM to be 
considered fordeployment ofmicClncegmcs 'Ihecmapc 
relatestommspondcoceamong~bug misrana loci in 
grain cmps and inplicatialr far g a ~  rontion m*cgies. 
Managemem of biotic mmeaims m cmp poductioa such 
as pests is c o m p l i  by UK ability of somc pcst poplla- 
ticms to rapidly pmpagatc vitukot b i .  h mly 30 
ye4 grrmbrg gave rise to eight new bi- tbn o w -  
came p lm resislance a- imecticides. Sa- 
ghwn bicdcr, Trir- oarinq d H a d p l e n  vulgm, 
distantly-dated gnin emps o h  grown nuv a c h  atber a 
in rotation, contain mistma g e m  r tome amqmdbg 
chromosomal locrtions. suggesting similar resistance 
mahanisms may k used in each. In saghum. some 
grunbug resistance g m a  arur u piPltivelydupWed 
chromcsamal localiars. possibly nrggesing funher rrdun- 
dency in the rcsisana mechanisms being deployed. T d i -  
tional crop roution merely may k challenging the 
grecnbugwithawriaofrc lrtcdrcs idlwc~macby 
providing only a m i n i i l  baricr to b i a y p  famation. 
"Gene rotation" sbmegies using p o s h a l  and hmtional 
information about mistance gcnes in diffacnt cmps to 
challenge pcns with a s m a  of diverse rcsisia~ce mech, 
nisns may add a new dimension m IPM. m m  effcctivcly 
preservingthc efficacy ofexisting rcsiranagmes. Dixov- 
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ery of a large epistatic component of resistance to greenbug, 
together wifh resistance genes located in one genomic re- 
gion intentionally subjected to a genetic bottleneck by hu- 
mans, warrant accelerated efforts to introgess novel 
resistance genes 6om exotic genotypes into cultivated vari- 
eties. 

Andrea B. Jensen. This Ph.D. student's research is on 
biotype-associated genetic variation in greenbug. It in- 
volves use of RFLP to characterize genetic diversity of nat- 
ural populations of greenbug. Sequences from the 
mitochondrial genome will be used to determine the degree 
of divergence among greenhug biotypes and whether 
greenbug biotypes are derived from one or several maternal 
lineages. Fragments from the 16s rRNA and Cytochrome 
Oxidase I1 (COII) genes have been PCR amplified from the 
mitochondrial genome of greenbug biotypes and isolates A, 
B, C, E, F, G, H, I, K, New York, and South Carolinaand an 
outgroup. These fragments have been sequenced with for- 
ward and reverse primer sets. Forward and reverse se- 
quences have been compared using Sequencher 3.1. 
Alignments have been performed usmg CLUSTALX. h e -  
liminary analyses were performed with PAUP 3.1 1. A third 
mitochondrial gene fragment (COI) will be PCR amplified 
and sequenced during July and August. The tentative com- 
pletion date for this phylogeny is September 1999. 

Microsatellite probes wiH be used to determine genetic 
variation in natural populations of  greenbug. 
Microsatellites are nuclear genomic markers used to infer 
population structure and subdivision including estimates of 
levels of gene flow, sexual reproduction, and effective pop 
ulation size. Microsatellite primers have been developed 
and screenedforpolymorphism. Microsatellite primers will 
continue to be developed while screening of field collec- 
tions will begin in August 1999. 

Hame Abdou Kadi Kadi n i s  Nigerian M.S. student 
conducted laboratory and field research on fecundity, lon- 

gevity, and oviposition of millet mead miner in Niger. His 
education program is near completion and he soon will re- 
turn to :*liger. Results ofthis student's research are in the re- 
port of TAM-225B. 

Soualika Boire. This Malian Ph.D. student conductedre- 
search on the impact of natural enemies on abundance of 
millet head miner in Niger. lXe student completed his re- 
search but not his courses, preliminary exam, or dissertation 
defense. Results of his research are in the report of project 
TAM-225B. 

Roberto Gorena. This Ph.D. student is new to the 
INTSORMIL project. His research objectives are to deter- 
mine fitness and virulence of I1 greenbug biotypes to sor- 
ghum genotype differentials. Preliminary data from two 
experiments using choice procedures are provided in the 
following table. 

Technology Transfer 

Farmer and Agricultural Consultants' Perceptions of 
Use and Contributions ofIPM 

A "Questionnaire on Importance of IPM" was adminis- 
tered tct Board members and Extension Agents-Pest Man- 
agement at the Texas Pest Management Association 
Mid-year Board ofDirectors' Meeting held 2 October 1998 
inEl Paso. A "Questionnaire on Pest Management Practices 
by Crop Consultants" was handed out at the Texas Associa- 
tion of Agricultural Consultants' Annual Conference and 
Exhibition held 14-16 December 1998 in Lubbock, and re- 
turned by mail. 

All farmers said they benefit from using IPM. 
Ninety-two percent of consultants think their clients benefit 
very much from IPM. To farmers and consultants, respec- 
tively, IPM means considering pesticides only when needed 
(loo%), multiple pest management tactics (95 and 92%), 

M u n  Damage lo Sorghum GenoIypcs by Eleven Greenbug Biotypcs, 1999 
- .  

Sorghum C E NY B F S.CAR. I H CWR K G 
Wlnlcr data 
WOO0 8.0a 6.8a 6.5a 6.3a 5.8a 5 5 a  5.0a 5 0 a  5.0a 4 0 a  3.8 a 

KC2737 4.3ab 4.8ab 1 . 5 ~  2.0bc 4 8 a  1.8b 7.3a 4 3 a  1.5 a 2.5 ab 2.0 b 
TX2783 4.5ab 1.5b 3.8b 5.3ab 4.5a 4.0a 7.3a I S b  4.0s  l.Ob 2.5ab 
PI550607 1.0 b 3.8ab 1 . 0 ~  IOc 4.0a 1 3 b  4.0a 2 5 b  1.3 s 2 5  ab 3.0 ab 
Summer data 
TX7OOO 7.0 a 7.0a 7.0a 8.5a 7.8a 7.0s 6 3 a  6.5a 5.8a 7.8a 5.5 a 
TX2737 3.8 b 4.8ab 5.0ab 4 5 c  4.0b 6.5s 4 0 a b  5.3a 3.0a 4.3h 3 5 ab 
TX2783 1.5 b 1 . 3 ~  4.0b 6.5b 6.5ab 5 0 a  4 3 a b  l.Oc 4.3a 2.5b 4 8 a b  
PI550607 1.0 b 2.0bc 2.8b 2.0d 3.8b 4.8a 2.8b 3.0b 2.3a 3.0b 3 3 b  
Winter sad rumotr  d8P combined 
TX7000 7.5 a 6.9a 6.78 7.4a 6.8a 6.3a 5.68 5.8a 5.4a 5 9 a  4 6 a  
TX2737 4.0 b 4.8b 3.3bc 3.3b 4.4ab 4.1ab 5.6a 4 8 a  2.3bc 3.4b 2.8b 
TX2783 3.0bc 1 . 4 ~  3.9b 5.9a %Jab 4.5ab 5 8 a  1.3b 4.3ab 1.8b 36ab 
PI550607 1.0 c 2.9 bc 1.9 c 1.5 b 3.9 b 3.0 b 3.4a 2.8 c 1.8 c 2.8 b 3.1 ab 

M- followed by th rsme lcnafororerch dm wt in a sdumn w not significantly diffaenf 
~- .. 



natural enemies (90 and 92%)). and practices to p r c  
ventlavoid pests (95 and 84%). Farmers would use more 
IPM if it resulted in less governmental regulation (90Y.), d c  
creased production costs (9094). or more money (7%). 
Consultants (44%) said IPM use slightly increases their 
risks but slightly lessens clients' risks. Most farmen (6899) 
said P M  gnatly lessens risks. Reduced farming risks 
(79.h). less harm to the environment (7%). less trouble or 
complication than arrreot practices (79%). and making 
money (74%) were very important to h a s  when consid- 
ering implementing anew IPM praaice. Making money for 
clients (92%) and reducing client risk (83%) were very im- 
portant when consultants recommended new practim. 

To famen and consultants, respectively, wry important 
indicators of IPM program success were that fannm knew 
more IPM (95 and 96%). increased net profits (95 and 96%). 
used avariety of practices (90and 96%). more used IPM (90 
and %%), increased yields (74 and 6P?),  and used less pes- 
ticide (79 and 16%). Fanners and consultants, respectively, 
thought it very imporfant that the Extension Suvicedemon- 
mate and evaluate new practices and technology (94 and 
92%). provide infomaion and trouble shoot (83 and 80%). 
beavailable to helpdecide on IPM practices yeararwnd(83 
and 68%). write croppest starus newsletten (74 and 72?/.). 
and scout (90 and 24%). Mast farmers (82%) did nol want 
Extension IPM programs moved after a number of yean. 
Most consultants (46%) thought Extension IPM pograms 
shouldnot bemoved butthat acreagescoutedshouldbe lim- 
ited. 

Most farmen (74%) think IPM can improve environ- 
mental quality, and most c o o s u ~  (72%) think IPM can 
greatly improve environmental quality. Ninety percent of 
farmers believe preserving environmental quality is very 
important and that their fanning practices do not harm the 
environment. Preserving environmental quality is wry im- 
portant to 72%of consultants. Mmt h e n  andcomuhants 
would use less pesicidc if fanom could make the same or 
more money (95 and 100%) or othet practices w m  avail- 
able (95 and 88%). They would use a less environmentally 
toxic pesticide if it ust the same (84 and 83%) or slightly 
more(74 and 63%). Govmunental regulatiansof pesticides 
have somewhat hurt consultants' ability to unsuh (52%) 
and somewhat helped the need for their services (48?4). 
Most farmen (68%) think governmental regulations have 
somewhat hurl their ability to farm. Forly-nvo p a a n t  of 
consultants would be interested or ~erhans interested in be- r .  

ing ccrnfied IPM consultants. and 44% thought them clients 
wwld be mterested la bc~necntlfied IPM users Mosl h- 
e n  (63%) warld be intem.ed in being certified IPM users. 
especially ifgovernmentwould regulate farming less (90%) 
and the public beau regard IPM pmducts (95%). Sev- 
enty-seven pacent of amsultants wwld be interested in be- 
ing certified IPM consultants if IPM products were more 
regarded by the public and worth more. 

Most consultants obtain information on economic 
thresholds (92%) and monitoring procedures (80%) from 

experience and on m paticides (88%) and tcchnobgy 
(96%) han w h h 0 p S  and ~ f e m  Co~l l Iants  p 
vide services for insect pests (100%). weeds (88%). anddis- 
eases (72%) in 41 counties. C o m u b t s  had consuhed for 
averages of 16 ycus on 18.719 am. F- had farmed 
f a  averages of 25 years 00 2-62 1 a a u .  

Farmasunnmented that IPM lowas risk and pmduaion 
costs whik maximizing profits and is l a s  harmful to the en- 
vironment They said IPM is the bm scnomic sdu6an to a 
pest problem andallows chemicals to main on the msftet 
longn. A consultant commented that pa l  management uses 
all the tools available to produce the highest quality. least 
expensive product with the least damage to himself. the con- 
suming public and the envi-nt as possible. 

Research by dK PI is the basis for IPM of sorghum i n M  
pests in the USA. especially Texas. The infomuboa fmm 
this pjed is used extensively by Extension petwnnel pri- 
vate agrimlbWI consultants. md h m c a .  A sumy  con- 
ducted in 1997 using a questiormaire sent to 739 sorghum 
growm showed 87.4% of Texas sorghum mas use IPM 
f a  insm pests of sorghum. Thc crituia used to determine 
an IPM user were very mingent and based on quaotiative 
assessment. Orha impaa assessments have shown that re- 
search. primarily from this projm. muhcd in a65Xreduc- 
tion in insecticide use in Texas during the pas two decadcs. 
T k  PI f a  this projea provides technii mistl lce to sor- 
ghum xed company reprrunlaives and privafe agricul- 
tural uxlarltants. Collaborative rrscarcb  sub in wca 
Africa especially Mali. providedthe methodolog toeullu- 
ate sorghums f a  resistance to paniclcfccdi  bugs. Using 
this methodology. sevcral new. improved tug-mistant 
sorghum varieties have b a n  developed and am being tested 
in o n - f m  experiments. 

Nctworkiimg Activities 

George Tcaes. Tom Fuehr and Bonnie Pmdl*oo. Qua- 
hnnak on impatmcc of IPM. Entanology Science Con- 
femue. 27-29 October 1998. College Soticm. Texas. 

Gmrgc Tcaes. BOM* PmdluO0 a d  Roga An&som 
Review ofsorghum entomology rrsavch. Entomology Sci- 
encc C o n f e r n .  27-29 Oaober 1998 College Sation. 
Texas. 

Geage Tffles. Farmu and ag eomll)bnt Penepoom of 
use and conbibnnions of IPM. T a a s  Pes Management As- 
sociaticm A M U ~  Meeting. 18 Fcbruar). 1%. Galveston. 
Texas. 

George L. Tccta. h i e  B. Pendieton and Roy D. 
Parker. Texas sorghum growen w extensive users of IPM. 
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1999 Sorghum Conference. 21-23 February 1999, Tucson, 
Arizona. 

Bonnie B. Pendleton, George L. Teetes and Thomas W. 
Fuchs. Farmers and private ag. consultants' assessment of 
successful IPM use. Forty-seventh Annual Meeting of the 
Southwestern Branch of the Entomological Society of 
America. 23-26 February 1999, Las Cruces, New Mexico. 

George Teetes. Farmer and ag consultant perceptions of 
use and contributions of IPM. IPM Technical Advisory 
Committee Meeting. 5 March 1999, College Station, Texas. 

Research Information Exchange 

The PI provided much information in different forms to 
scientists from several developing counhies. Journal re- 
prints were sent to 39 scientists. The newly revised insect 
management guide for sorghum is extremely popular, and 
15 copies were sent to scientists in developing countries. 
The most rapidly increasing way to request information on 
sorghum entomology is by electronic means. The PI re- 
ceives many requests for sorghum entomology information 
via e-mail. Also, he authored an Internet site chapter on 
plant resistance to insects that often is used as an informa- 
tion source. The PI is developing a sorghum entomology 
Internet site that contains information, including photos, of 
sorghum insects and damage they cause. Duriig travel to 
Mali in 1997, the PI and collaborator Dr. Niamoye Diarisso 
intemcted with World Vision personnel and traveled with 
them to on-farm sites where local farmers were using a vari- 
ety of sorghum developed by IERIINTSORMIL plant 
breeders. This relationship with World Vision has contin- 
ued. 

The PI serves as Chair of the Board of Directors and Ex- 
ecutive Committee of the Consortium for International 
Crop Protection (CICP). The goal of CICP is to electroni- 
cally provide information on IPM to all parts of the world. 
CICP's Internet site, IPMnews.org, is a popular source of 
IPM information to scientists and practitioners in develop- 
ing countries. From funding sources other than 
INTSORMIL, the PI is contributing to development of a 
Comprehensive Sorghum Crop Management Manual. The 
PI contributed to revision of the Sorghum Disease Compen- 
dium and wrote a chapter in a sorghum monograph. The PI 
continues to serve on the Editorial Board of the Journal of 
Insect Science and Its Application. 

Germplasm 

PIS for projects TAM-225 and TAM-223 annually eval- 
uate sorghum germplasm for resistance to insects. Con- 
verted exotic sorghums regularly are evaluated for 
resistance to sorghum midge. Also, sorghum accessions 
regularly are evaluated for resistance to greenbug and yel- 
low sugarcane aphid. 

Each year, the TAM-225 PI receives many requests for 
seeds of sorghums resistant to insect pests. These requests 
are forwarded to the TAM-223 PI. 

1m.c act 

Four studies have been published on the value or 
costlbenefit of the development and deployment of in- 
sect-resistant sorghums with which this project was associ- 
ated. Greenbug-resistant sorghum hybrids, developed in 
collaboration with breeders, have been calculated to have a 
net benefit to the USA of $113 million, with an annual rate 
of return on the research investment of 33.4%. For each dol- 
lar invested in research and development of a sorghum 
midge-resistant hybrid, the value of benefits to increased 
crop yields from the use of the resistant hybrid ranges from 
$24.2 to 2.7, depending on discount rate. Other calculations 
indicated the value of sorghum midge-resistant hybrids to 
be $9.3 million annually. Following are the citations from 
which the information was obtained. 

Dhmaratne, Gerald S., Ronald D. Lacewell, John R. 
Stoll and George Teetes 1986. Economic impact of 
greenbug resistant grain sorghum varieties: Texas 
Blacklands. MP- 1585. 

Eddleman, B. R., C. C. Chang and B. A. McCarl. 1991. 
Economic benefits from INTSORMIL grain sorghum vari- 
ety improvements in the United States. TAMRF No. 9045. 
Report t o  University of  Nebraska-Lincoln 
USAIDITNTSORMIL. 

Eddleman, B. R., B. A. McCarl and Chi-Chung Chen. 
1998. Potential economic benefit of midge resistant sor- 
ghum variety improvements for Texas. Annual Report. The 
Agriculture Program, Texas A t M  University. 

Ervin, R. Terry, Tieiso M. Khalema, Gary C. Peterson 
and George L. Teetes. 1996. Costlbenefit analysis of a sor- 
ghum hybrid resistant to sorghum midge (Diptera: 
Cecidomyiidae). Southwestern Entomologist 21: 105-1 15. 

Publications 

Abstracts 

Andenon. R. M., G. L. Teeter and B B. Pendleton. 1998. Control of 
panicle caterpillars on sorghum, 1997. Arthropod Management Tests 
2 3  271 -. 

Anderson, R. M., G. L. Teetes and B. B. Pendleton. 1998. Evaluation of 
insecticides for suppression of rice stink bug on sorghum. 1997. 
Arthmpod Management Tests 23: 274-275. 

Andenon, R M., G.L. Teeter end B. B. Pmdlcton. 1998. Sorghum midge 
supp~ession on sorghum, 1997. Arthropod Managsmnt Tsts 23: 
273-274. 

Andenon, R. M., G. L. Teem and B. B. Pendleton. 1999. Fall armyworm 
control in mghum whorls, 1998 Arthmpod Management Tests 24: 
280. 

Andenan, R M., G. L. Teetes and B. B. Pendleton. 1999. Sorghummidge 
suppression on sarghum, 1998. Arthropod Managcmnt Ts t s  24: 
280-281. 



kterm.GqC..laryW.J-GsorgLTtet~BomieB.Rndlnm 
and RogaM. An-. 1998.0161) y*ld ofsorghmn midgc-rcsinnr 
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Summary 

Project TAM-225B addresses arthropod-insect pests of 
millet. These pests are key constraints to production in West 
Abica, and require detailed ecological understanding for a 
sustainable management strategy, especially during times 
of year when pests occupy noncrop portions of an 
agroecosystem. Our collaborative research program in 
Niger addresses biological control of the millet head miner 
(MHM). An important part of the program in the USA is to 
providetraining for graduate students and evolve theory and 
concepts for implementing biological controls in West Af- 
rica, evolve concepts and definitions for functional 
agroecosystems, de~&~methods  for measuring impacts of 
natural enemies, and validate results of biological controls 
when implemented. 

In INTSORMILYear 17 (January 1996), 1 accepted two 
scientists from West Africa to begin research programs in 
Niger, and they are workimg at the International Crops Re- 
search Institute for the Semi-Arid Tropics- Sahelian Center 
(ISC) in collaboration with Dr. Ousmane Youm. One stu- 
dent is a Ph.D. candidate (S. Boire, Mali) and the other an 
MS.  candidate (H. Kadi Kadi, Niger). Their research objec- 
tives and results build on findings for MEW biological con- 
trol reported by this project in INTSORMIL Years 15 and 
16. 

In Year 20, Boire began writing his dissertation on field 
studies he began in Year 17 on MHM immature stage mor- 
tality, adult MHM biology and fecundity, and MHM biol- 
ogy on alternate host plants. All of his work is conducted in 
thefieldwith some experiments at ISC, and others innearby 
farmers' fields. His is assessing sources and importance of 
natural mortality of MHM. In Year 20, Kadi Kadi com- 

pleted his thesis work initiated in Year 17 on MHM imma- 
ture stage development and adult biology using four tem- 
peratures and four artificial diets. Boire will defend his 
dissertation in INTSORMIL Year 21. 

Results from these students' research are being used to 
construct stage-specific life tables, providing an under- 
standing of factors that regulate the abundance of MHM. 
These results will be used for improved plans to manage 
MHM on pearl millet in West Africa. Using the database 
available on climatic conditions in the Sahel, and research 
data from this and other research on MHM, improved ap- 
proaches to managing MHM will be possible. Ultimately, 
these data will support developing a "Millet Head Miner 
Warning System" model to forecast the probability of 
MHM outbreaks in a given area so that appropriate mea- 
sures can be implemented to control MHM before it dam- 
ages pearl millet. 

Objectives, Production and Utilization Constraints 

Objectives 

Collaborarive Research Objectives 

The collaborative research objectives of TAM-225B are 
to (1) assess natural enemies for biological control of stalk 
borers and the MHM; (2) implement effective biological 
controls; and (3) provide graduate level training on pro- 
cesses and strategies for biological controls in sorghum and 
millet, and (4) assess biological control for on f m  pest 
management of sorghum and millet pests in local crop pro- 



teaion practices. We pursue the l i e d  objectives in the 
United States and in the Republic ofNiger on millet. 

Grodvme Shcdem Reremch Objecriver 

TAM-225B is baining two scientists horn West Africa. 
Their objectives are to (I) improve methodologies for sam- 
pling and manipulating populations of MHM. (2) assess the 
spatial dim~bution and monality ofall life stages of MHM, 
(3) conduct experiments to show age-specific mortality in 
populations of MHM, (4) identify and assess the role of al- 
m a t e  host plants occupied by MHM, (5) determine the o p  
timal survival of MHM in a laboratory envirunment and (6) 
conduct field cage experiments to asses MHM fecundity. 
Both students conducted restarch in Niger in wllebwation 
with Dr. Ousmane Youm. ICRISAT-Sahelian Center. Other 
graduate studentr misted with TAM-225B in Year 18 
finished their degrees, or have finished their research and 
are writing their dissenatiom. 

CbnIlrRhh 

1-t pests of mgbumhnillet admascd by this pmjat 
are key pests and constraints to production in the US. and 
West Africa. Detailedecological understanding of- and 
their natural enemies is essential for a sustainable manage- 
ment strategy for an annual crop. especially during times of 
year when pests occupy noncrop portions of an 
agoecosystem. Collaborative research in Niger addresses 
biological control ofMHM. USA research seeks to pmvide 
training for graduate students that evolves theory and con- 
cepts for implementing biological controls in Wen Africa. 
evolves concepts and definitions for functional 
agmewsystans, develops m e h d s  for me&g impacts 
of natural enemies, and validates results of biological con- 
trols when implemented 

Resurcb Appmreb and Project Omtpnt 

MlUclHeadM&crRM.rclk A NgCT 

IPMofmilletpests is apminentgoal ofROC- 
and early in network activities. cmp pmtMion palkipma 
identified key pests of Sahelian millet as the m i f k h a d  
miner(HeliockiluralbipumteIIa(de Joannis, millet* 
borers (Conies10 ignefucalis (Hampson)) and dcwny mil- 
dew disease (Sclerospora grmninicola (Sam.) (-)). 
The MHM infessations sometimes approa~h 95% rilb r 
wlleaive grain loss of 60%. Clmmt management clptpar 
are mainly c u b l  practices (e.g.. h e  planting ad &q 
plowing). and these are generally impractical. w, 
MHh4 is a good candidate f a  a control straregy anplrdz- 
ing effectivenaturalenemies. ic.. biological control. It- 
ports a large guild of nannal enemies (reputed in pcriour 
TAM-225B annual repom and by others), occupies 8 prr- 
diaable h a b i i  in an ecosystem with consistent annual 
presence, and has one generation per year. 

Before advocating a mwg). using biological controls 
we are assessing extant n a n d  enemies. a particularly im- 
p ~ t a n r  step for low input and fragile Sahclian farming sys- 
tems. We began this process in 1993 w* a mearch project 
on MHM survival. seeking to undmtand the conmbutions 
of MHM nanual enemies to total monalify. Specific objec- 
t ivesofw rrwarchareto(l)expandaspeasofMHM biol- 
ogy; (2) evaluate the impact of MHM enemies; and (3) 
construct an age-specific life table Or-factor anab~is)  for 
MHM. 

Research M u h d  

Methodology for Boit  and Kadi Kadi was reporfed in 
Year 18. 

Research Findbrgs 

Iloirc. Mr. Boire is currently preparing hi dismalion. 
and this will be the h i s  for reparing f a  INTSORMIL 
Year21. 

Kadi K d .  On pearl millet spikes. young m i l k  head 
miner larvae cut and f e d  on mi lk  flowm and p r f m t e  
glmes. Late-instar larvae bore and m e  mines a tunnels 
under the kernels on spikes. In the mined kernels. m i l k  
head miner larvae demoy flower pcdicelr prevent kanel 
formation. and cause kernels to abssiv befwe mshrrity. 
Different management &tics have beat tcned including 
C U ! N ~  techniques (e.g.. fire. tillage. ploughing and plant- 
ingdate)toreducedamagc by millet headminerin Wcn Af- 
rica. 

The longevity ofmilla head mincr amsln was longerand 
m a e  affecfed by hnpcrwve &an was dut  of rmles. Mi lk  
head miner females reared in the labaator).. a 24T. the 
coolest tempcram t& lived a m a n  of4.0 d 0.8 d Ion- 
ger than the mak longevity of 3.2 d. The longevity off+- 
males declined by .O.2 d for each 2-C increase in 
m a p r a m .  At warmer t e m p w m  of 263093. millet 
head miner longevity w a  3.5-3.8 and 3.2-3.5 d lor adult fc- 
males and mala, respectively. Mi lk  head mincr females 
and malessurviwd inexclusioncages inthe field f a ) .  1-40 
and 3.2-3.8 d. 

The ovipmitim paid of mi lk  head miner was sigrufi- 
cmtly longera 28.C. 3.2 d. than at 24T. 2 3 d u 30'C. 2 7 
d. Mean numbm of days of o v i p o s i i  in the labaaioty 
w a e  similar to those in the fie142.4 and 5.1 d in 1996 and 
1997. ~spcctively. Females in the labomor).. tend to lay 
moreeggs at higher than Iowa cempmannq but notsignifi- 
cartly m a .  Faexampk.& f e d  hidatoralof 144.8 
and 125.0egec ai 28 and 3093. mpectinly. mparcdwith 
106.0 and 99.8 eggs at 24 and 26T. r e s ~ n l y .  In the 
field. each female laid means of 29.6 and 34.9 eggs in 1996 
and 1997. but the numberof- laiddiffercd by (hctime of 
year. Each female laid only 7-10 eggs on pearl millet 
planted on 23 June 1997. but 13-106 eggs on pearl millet 
planted 4 July 1997. Tanperahrr diff- infhKoced, 
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but not significantly, the hatching ofmillet head miner eggs. 
Mean percentages of eggs that hatched in the laboratory 
were 66.1% of 106.0 and 77.9% of 99.8 eggs laid at 24 and 
2 6 T ,  respectively. Lesser percentages hatched, only 
55.5% of 144.8 eggs and 61.6% of 125.0 eggs laid, at 28 and 
30°C. During both years, many eggs were laid and hatched 
at 28EC in the laboratory. 

When millet head miner cohorts were fed Bio-Sew@ 
diet, mean developmental times in days from eggs to adults 
were less at 28 and 30°C. Survival to the adult stage was 
greatest (5.4%) at 30°C. When fed early exertedmillet diet, 
mean developmental time from eggs to adults was least and 
percentage survival was greatest, 2.3, at 26'C than at the 
three other temperatures. Developmental times were short- 
est and survival greatest whenmillethead miner cohorts fed 
middle-flowered millet diet were reared at 28 and 30°C. 
Millet head miner cohorts fed soft-dough millet diet devel- 
oped faster and survived best to the adult stage when reared 
at 24OC. 

Temperature affected millet head miner development 
rate, reproduction, and cohort survival. Low and high tem- 
peratures tend to increase and decrease, respectively, these 
parameters. An apparent difference was noted for number of 
days required for eggs to hatch at cooler (fewer days) and 
warmer temperatures (fewer or more days). More individu- 
als of millet head miner cohorts survived when fed 
Bio-Sen" than any ofthe millet-based diets. Developmen- 
tal times from eggs to adults were longest (51.1-55.4 d) 
whenmillet headminercohorts were fedBio-Servadiet and 
shortest (40.2-50.2 d) when fed soft-dough millet diet. Per- 
centages of survival from eggs to adults were greatest when 
millet head miner cohorts were fed Bio-Sewa diet, 
2.4-5.4%. Survival to the adult was lower, 1.3-2.6, 1 .I-2.9, 
and 0.0-2.3%, when millet head miner cohorts were fed 
soft-dough millet, middle-flowered millet, and early ex- 
erted millet diets, respectively. 

Results indicated that temperature influenced population 
increase of millet head miner fed Bio-Serve diet. The best 
temperature to rear millet head miner fed Bio-Serve diet 
could be 28 or 30°C because percentages of survival from 
eggs to adults were 3.5 and 5.4, respectively. The next best 
diet to rear millet head miner, could he soft-dough millet 
diet at 24°C because only 40.2 d were required for cohorts to 
develop and become reproductive adults and 2.6% ofthe in- 
dividuals of the cohort survived to become adults. 

Assessment of millet head miner reproductive statistics 
revealed that the highest net reproductive rates (R,) of 5.84 
and 4.33 females per female were estimated when millet 
head miner was fed Bio-Servmdiet at 30°C and early exerted 
millet diet at 2 4 T ,  respectively. Cohort generation time 
(T3 was shortest when millet head miner cohorts were fed 
middle-flowered millet diet at 28°C (16.98 d) or soft-dough 
millet diet at 24°C (18.37 d). 

Survivorship curves for all millet head miner reared on 
four different diets at four different temperatures revealed 
that most of the population died as larvae. Based on the dif- 
ferent survivorship curves observed, millet head miner co- 
horts could best be reared on soft-dough millet diet because 
cohort survival was similar to that illustrated by the cumula- 
tive curve. 

In 1996, mean percentages of different millet headminer 
life stages were greater on early than late-planted pearl mil- 
let in the field. Mean developmental times for millet head 
miner life stages on pearl millet spikes enclosed in field ex- 
clusion cages showedthat time when pearl millet was avail- 
able influenced survival. Developmental time from eggs to 
neonates required only 5.0 d on pearl millet planted on 6 
June or late. 7 July. But, asignificantly higher developmen- 
tal time of 6.9 d was required for millet head miner on pearl 
millet planted on 2 I June. 

Most eggs developed into medium-sized larvae (18.8%), 
prepupae (5.6%), and pupae (I 3%)  on pearl millet planted 
on 6 and 21 June 1996. but only 9.9,2.0, and 0.5% of the 
eggs developed into medium-sized larvae, prepupae and pu- 
pae, respectively, on pearl millet planted late, on 7 July. De- 
velopmental times from eggs were longest on pearl millet 
planted 6 June - 13.7 d to medium-sized larvae, 22.2 d to 
prepupae, and 27.8 d to pupae. 

In 1997, the percentage of neonates that developed was 
inversely proportional to the amount of eggs placed on a 
pearl millet spike. Percentages of eggs that developed into 
neonates were greater, 89.0 and 92.5 and 96.0 and 91.5, 
when 5 and 10 eggs were placed on spikes of pearl millet 
planted on 23 June and late, on 16 July, respectively. When 
15 or20 eggs were placedonspikes, 70.5-77.0%survived to 
become neonates on pearl millet planted on the three dates. 
Developmental times from eggs to neonate stages were 
5.0-6.7 don pearl millet planted on the three dates. 

Percentages of eggs that developed into medium-sized 
larvae, 47.0-73.0,prepupae, 26.3-54.5, and pupae, 6.5-21.3, 
were greater on pearl millet planted 23 June than on pearl 
millet planted later. When 10 eggs were placed on each 
spike of pearl millet, significantly more, 73.0%. developed 
into medium-sized larvae but significantly fewer, only 
6.5%. developed into pupae. 

Overall, time when pearl millet was available in the field 
influenced millet head miner cohort survival and develop- 
mental times. During both years, more prepupae and pupae 
developed on spikes of pearl millet planted in June than 
later. More days were required for millet head miner to de- 
velop from eggs to pupae on early planted pearl millet than 
on pearl millet planted late. Manipulation of planting dates 
could be a recommendable management tactics that can re- 
ducesurvivaland damage by millet headminer in the Sahel. 

Because acohesivemanagement strategy is not available 
for millet insect pests, efforts should be devoted to search- 



ing for solutions to efficiently conlml this insea pest of 
pearl millet. Detmination of the contribution of parasites 
and predators to millet head miner natural mortality 
(Soualika Boid, unplblished data) could lead to a major 
breakthrough in managing this insect pest by using biologi- 
cal control. A biological control plan could be designed to 
use nahual enemies to conml millet head miner larvae be- 
cause most m o d i t y  ofmillet head miner occurs duringfhe 
vulnerable larval stages. Because many indigenous para- 
sites and predaton of milla head miner w m  identified in 
Sahelian wuomes, effom shouldbemade t o r n e r v e  thcx 
natulal enemies by manipllating the ecasystw so that we 
can enhance their activity agaion millet head miner. 

It is possible to develop improved managcmeat strate- 
gies and a simulation model by using the database on 
agro-climatic conditions in the Sahel and information 
gained from millet head miner life tables. Over several 
years, we need to quantify major millet head miner mortal- 

ity fadocsrcquirrd todcvclopar.gnreoological modclasa 
basis for designing integrated pest mvlagewnt saarcgics. 
Such a model may be used to devise a "Millet Head Miner 
Warning SysIem" to f o m a  h e  probability of m i l k  head 
miner a&k in a given a m  so Gmpriate masum can be 
taken to conml the p e n  before il damages pearl m i l k  This 
may require interdisciplinary team & a r c h  dunng s long 
period and should cover the a m  where m i l k  head miner is 
a threat to pearl millet. 

Nawodciing gtivities consisted of Hame Kadi Kdi 
sharing his m h  muhs with his colkagues at INRAN. 
Also. pcparationr wac  made f a  h. Julio b l  to repre- 
sent TAM-22SB by p d c i p l i n g  in the Scientific Confer- 
ence of the Afikan Associatian of Imea Scientists in 
Ouagadogou. Wins Faso. July 1 %23,1999. 
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Summary 

Several sorghum nurseries were established in Bot- 
swana, Zimbabwe, and Zambia by TAM -228 in collabora- 
tion with other INTSORMIL projects and NARS scientists 
for evaluation against foliar diseases, charcoal stalk rot and 
drought, and sugarcane aphids. The response of some 
cultivars indicated it was possible to use multilocational 
testing to identify sorghum that had both broad adaptation to 
the SADC region and resistance to major disease and insect 
pests. Sorghum ergot was almost non-observable in com- 
mercial sorghum fields in Northern Mexico and Texas in 
1998 during the normal growing season. Rains and flooding 
beginning in September, 1998, across much of Texas pro- 
moted sorghum growth and conditions for ergot. By 

mid-December sorghum ergotwas easily-observed inevery 
surveyed area of Texas where a sorghum crop was at a 
growth stage capable of infection by C africana. Claviceps 
africana demonstrated its capacity for survival under ex- 
tended unfavorable dry environments and its ability to 
quickly reach epidemic proportions over vast regions upon 
areturnto favorable wet, coolenvironments. TAM-228 par- 
ticipated in publication of a manual, training workshop, and 
pamphlet that will assist in training personnel involved in 
identifying and detecting sorghum ergot in seed. Work- 
shops and well-illustrated reference material will increase 
accuracy of ergot detection and reduce misidentification to 
produce seed import andexport regulations based on readily 



available scientific data Sevaal hgicides were evaluated 
for efficacy in sorghum ergot control but triaroles, espe- 
cially triadimefon, continue to provide the best control 
which was also demonstrated in aerial application. 
Actigani an SAR (systemic acquired mistance) chemical 
that stimulates host plant & f e w  mechanisms, pvided 
good control of sorghum ergot but it reduced or prrvmted 
seed set. 

Objectives, Prodnctiocl and Utiliatioo Constminb 

Evaluate the ecology and emnomic importance of 
Errerohilvm twcicum and Rmndirpara sorghi. and 
evaluate specific versus general leaf disease resis- 
tance.(Zambia, Zimbabwe) 

ldentifyadaptedsounesofdmught tolerance with ad- 
equate charcoal rot and other disease minana.  (Bu- 
swana, Zimbabwe) 

Assist national programs in identification of adaped 
foliar disease mistant cultivars that have stable dis- 
ease resistance reactions in mategic multiiaational 
nurseries over several years. (Botswana, Zambia, 
Zimbabwe) 

Develop controls for sorghum ergot (Clavicep 
~ i c a m )  through chemical control, identification of 
host plant resistance, and otha means as determined 
through biological investigations of C fiicono. 
(Zimbabwe, Zambia, Swth Africa, Bwwanq Puerto 
Rico, Mexico, United States) 

Determinethe level ofhost:plrrasite mpatibilitythat 
exists for C. qfiicom and several previously reported 
alternate hastr including pearl milln (Brazil, Mex- 
ico, United States) 

la 199&99, sevaal swghum disease nurseria wsc  
planted at one or more locations in Zambia and two loca- 
tions in Zimbabwe toevaluate respmw to kaf 
blight, and sooty stripe. The Anthncnose Resistant 
Germplasm Nurseries (ARGN-I and ARGN-2) were con- 

these materials m y  niU have nhr in otha SADC loo 
tions where foliar pabogens m not consistently a p b k m .  
In Zimbabwe. lateplanting and low levels of disease ak 
lowed only the identification of disease susceptible 
cuhivars which was cvidcot in the s m b d  cbakr. 'Ihe ad- 
aptation of SC326-6 derived mated like 86EON 36 I and 
86 EON362 continued to be impmive a a o s  Zimbabwe 
and Zambia; however. m n  dKu mrsiols b d  higher kv- 
elsofsooty mipcat Golden Vally.Zambiaundcrtheheavy 
sooty mipc prcssurc obsaved this yer. 

trics. 2 +j was pi t  togem& in amert with TAM-223. 
TAM-225, and TAM-222. Thii n u ~ y  was planted a s v -  
era1 SADC laations including Matopos, Zimbabwe lad 
Golden Valley. h b i  'Ihe h e r  laatioo occaicadyhx 
heavy sugammc aphid activity but the primary vrreniDg 
factor in 1999 was provided by sooty mipe. Smnl amies 
were susceptible to sooty mipe and did n d  war to have 
good adaptation to d~ Golden Valley mgim bn othcn 
did have boh accepabk abpat im ;rod a kaa moden* 
mistana to sooty mipe. Thii indicatd it was possibk lo 
w multiloearimal testing to idmtify cultivars &at bad both 
broad & p a t h  to the SADC -ion and miaaoce to ma- 
jordixareandinsectpds. 

S e v d  dmught mistant malerials eider new a ~IW& 
arrl y tested in Botswana were selected f a  d d k i o d  m l w  
ation in Bonwana and two different subsets w s c  to be 
evaluated in Matopos. Zimbabwe and Goldcn Valky. h- 
bia Due todrought the mataials were nu planted in Sebek. 
Botswana and the planting at Matopor was a month M a  
than most materials which Rduced some stand establish 
ment due to shoot fly and otha facurs. Of 103 c u h i m  cr- 
Wished at this location, 56 had "days to pbyzidogical 
m a u r i t y " t h s t w e r e ~ t o a k s s h a p r r c o l r l ~  
M i a  AtGoldcnValky.Zunbiasootymipcwukmoa 

solidated from two wparate nuneries into a single nursery Yinu 
(ARGN, 61 entries. 2 reps). Twenty mtries were new to the 
ARGN because they were King evaluaIed elsewhem for VinrPrracrioN in the in- Sagh,,,,, Virur- 
sugarcane aphid resistance or they had parmn (SC326-6 a cry (lSVN) at the Pandamatenga R-h Stabon in Bot- 
86E0361)previously associated with progeny having good rypical of pcviw years but do - to adaptation and foliardisease resistance in the SADC region. adequately fit host mponse panems for 
Unfortunately, most of these materials had a high suscepti- SCMV-B, Live virus spccimeos collaned wo ,- in 
bility to either or both sooty stripe and anthracnow. Some of BotswaM and Zambia were identified as sirnil= to 
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Table 1. Sooty stripe ratings of advanced generation cultivars a t  Golden Valley, Zambia in Apri11999. Most entries 
had previously shown good drought response in Botswana. 

Pedigree 

(M84-7.87E0366)-LF40 
(ME0361.TX2183)-HLi 
M84-7*WSV387)-HD7.. CAI 
(M84-7'WSV387)-HDl,. CA4 
(TAM428'SVl)-HDIO 
(TAM428*SVI>HO40 
WciaTAM428)-HDI 

SCMV-B by S. Jenkn. He is also evaluating additional live 
vims specimens recently collected in South Africa in April 
1999. 

Survival ~d Redccurrence of Claviceps africana in 
South Tern mdMerico in 1998 

Sorghum ergot caused by Claviceps qfricanapersisted in 
an active phase predominantly on feral grain sorghum as far 
North as Corpus Christi, Texas through February 1998. In 
Mexico, sorghum ergot was observed in Tamaulipas state 
only in early January 1998 at the INlFAP San Fernando Ex- 
perimental Station. In the Pacific Coast states of Sonora, 
Sinaloa and Nayarit, the El Nino storms provided rainy, 
cloudy, cool conditions which favored ergot development 
from February through May of 1998. During September 
sorghum ergot was observed in several states in the Bajio 
and High Plains regions of Mexico. Cool temperawes fa- 
vored ergot expression in sorghum hybrid seed production 
fields where incidence was sometimes severe despite appli- 
cation of preventative fungicides Incidence of ergot in 
some commercial grain sorghum fields averaged 1% with 

slightly higher incidence in commercial fields of forage sor- 
ghum. Despite active C. africuna through Febiuary 1998, 
season long drought and heat stress prevented observation 
of any naturally-occurring sorghum ergot across South 
Texas during the normal growing season. 10 Tamaulipas 
and surrounding states in Mexico sorghum ergot again be- 
gan to be observed in September 1998. During September 
1998 high rainfall and extensive flooding across South Cen- 
tral Texas produced a flush of sorghum growth that 
bloomed into increasingly cool temperatures from October 
through December 1998. The wet, cool environment and 
extended bloom period promoted a rapid increase and 
spread of sorghum ergot on feral andratooned grain and for- 
age sorghum and johnsongrass within fields and along 
roadsides. Increased incidence and severity of somhum er- - 
got was related to cooler temperatures that progressively re- 
duced pollen fertility on later blooming sorghum heads. In 
November 1998, male-steriles in some commercial hybrid 
seed production fields in the Lower Rio Grande valley 
(LRGV) of Texas bad a high incidence of ergot despite ae- 
rial applications of propiconazole (Tilt). Commercial grain 
sorghum fields and a test of commercial grain sorghum hy- 



bids in the LRGV also bad an incrcavd incidence of ugot 
at this same time. By mid-December sorghum ergot was 
easilydbsewed in every surveyed area of Texas whae a 
sorghum crop was 5 a growth stage capable of infection by 
C. oficanu. It is unknown whetha the sources of initial 
inoculum for this late s- epidemic of sorghum ergot 
came from local or distal sources or both. The epidemic oc- 
curred outside of the normal growing season so it had mini- 
mal or no ewoomic impact but it demonsbated that C. 
rgFicum is a well-established, recurrmt pathogen of Mex- 
iw and Texas. CIavicepsoficamdemomrated its capacity 
for survival under eaended unfavaable dry envimnments 
and ib ability to quickly reach epidemic pmponions over 
vast regions upon a return to favorable w*. cool environ- 
ments. 

In 1999, sorghum ergot was present in winter nurseries 
on the West Coast of Mexim and common in Puerto Rico. 
Sorghum ergot developed at low levels on m e m a l  grain 
sorghum hybrids in the LRGV and Coastal Bend regions of 
Texas and regions of Northern Mexico but by the end of 
June it had been 0bSe~ed primarily in regions of South 
Texas. 

Only sorghum species have been observed with sorghum 
ergot across Mexico and Texas. In May and June 1999, en- 
vironmental wnditions at Corpus Chrini wae extremely 
favorable for sorghum ergot development but pearl millet 
remained uninfected despite being grown among sorghum 
plants of a male-sterile heavily i n f d  with C. oficum. 

Chemical Cmbd of Ergot in lhe Fvld 

In fall 1998 tests utilizing inoculation and natural wc- 
ondary spread of C. qhma the strobikrin fungicides po- 
vided limited or no pmtsaim against ergot when applied at 
any time from pre-boot to bloom initiation. The tr*zola 
propiconazole (Tilt), tebuconazole (Folicur), and 
triadimefon (Bayleton) effectively unuulkd sorghum er- 
got when applied to heads at bloom initiatim using coaocn- 
bations from 125 to 250 ppm. lo the fall tests, ergot mUol  
b p p d  off tapidly at 62 ppn with propiconazole and 
tebuwnamle and 3 l ppm f a  Bayleton. In 1999 fKId tests 
utilizing differtat bloomingmalcstailes at Cupus Cbristi, 
TX (ATX623) and Rio Bravo (AVar). madhnefm was I 
least 3 times more efkctive than pmpicmanole or folicur in 
control of C. 4fricanu when data was anal@ using expo- 
nential decay regression models.. Triadiunefon was & (bc 

mast effective triamle when aerial applications wac ma& 
at ram of 12S g a i h a  in 47 L%a (5 gallac) of wata. 

Actigard, an SAR(systemic acquired resistance) chemi- 
cal from Novartis that stimulates host plant defense mecha- 
nisms, provided apparent conbul of sorghum ergot that was 
similar to Bayleton when applied at bloom initiation; how- 
ever. phytotoxicity was usually p m t  in the form of re- 

duced a compktc prmntion of sad S& Sad a was 
sometimes m p k r c d  preventad by ammtratiom as b w  
as 12 ppm when application was made until runoff on indi- 
vidual heads at bloom miriarioo. At Actigard ~menOationr 
above 50 ppm foliar and head tha o h  had a slight red- 
dening or bronzing symptom of phytotoxieity. Actigard is 
thought torapidly elicit aphysiologicalmponvthat makes 
the ovary nonmeptive and inmpabk of eitbcr f m i l d o n  
by pollen or infection by C a/riemrr. Application of 
Aaigard prior to bloom initiation pvidcd no contml of 
sorghum erg& 

TAM-228 and N a  Montes arc collaborating with T. 
lsakei J. Dahlbcrg and othm in evahming commercial 
sorghum hybrids from Meximand the U. S. faarcccptibil- 
ity to sorghum ergot at sevaal locatias in Muico ad (bc 

US. Atsomeofthe locationssaghum he~dsarcbei inoc- 
ulaed with C. 4fricum al bloom initiation to provide a mi- 
form level of inoculum for sorghums with different 
maturities. Susceptibility to other naturally-rring dii 
eases is also being evaluated if they occur at suf l ic i i r  se- 
vmty at thtx locations. 

Networking Activitkr 

TAM-228. N a  Montes. I. N m  (INIFAP) and D. 
F d e r i c b n  wae the Wors of the saghum ergot stctim 
of the manual entitled *A Laboraaoly Guide to the Identi& 
cation of Clavicepr pwpwea and Cloviceps +hww in 
Grass and Sorghum Seed Ssmpks". The guide was spon- 
sored by Mexican, American. Orrgon, and Texa seed umic 
associations for w in a seminar and uaining mrksbop for 
sad inspection p m a u ~ l  in Mexiw. The meting wm held 
April 19-20.1999 at the Sanidad Vcgetak Hadqumas in 
Mexico City. Noc M m r s  pmaued dx sorghum aga in- 
famation at the workshop ad pvidcd lr8osWm for tbe 
other speakas. The Spanish muslation f a  this guide was 
aka done by N. Mmta. 

A pictorial pampbkt entitled "kqbum Ergd, D i s h  
guishing Sphkclia and Sclautia of ClPviqn & i c o  in 
Sad" was prrpared by TAM-228 and D. Fredcridrsao .ad 
publishedin June 1999tomirtseedmrpectionpusonnel 
and&sorghmworLerswhow~with+orghumuga 
in seed. A Spanish version of the pamphlet provided by ad- 
ditionalmauthorN. Montawill bcplblisbed in July 1999. 

TAM-228 parcicied in a Rvim of a m a  ad po- 
jccted sorghum crgot Rsarrh xtivities at an NC-501. Er- 
got: A New Disease of US. Gram Sorghum, meaing at 
Manhattan, KS in September, 1998 and a USDA-ARS 
sponsored review (S. J-) at K ~ l s a s  C*, MO in April 
1999. 
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Through Southern Africa Regional Program funds, 
TAM-22% sponsored N. McLaren of South A6ica to travel 
with him during April 1999 through Zimbabwe and Zambia 
to establish collaborative linkages with scientists participat- 
ing inthe SADCregional ergot research project being led by 
McLaren. 

Plant pathology discipline chairman of the Sorghum Im- 
provement Conference of North America 1997-200 1. 

Member of graduate committee of J. Moran, Honduras, 
B. Rooney, Texas ABM University, major professor. 

Continuing research collaboration with INIFAP of Mex- 
ico through N. Montes, a visiting INIFAP research scientist 
from the Rio Bravo Experiment Station, Rio Bravo, Mex- 
ico. 

Member of a Texas Seed Trade Association delegation 
that visited Sanidad Vegetale officials in Mexico City dur- 
ing July 1998 to discuss Mexican seed import restrictions 
related to sorghum ergot in commercial sorghum seed from 
the USA. 

International Travel 

TAM-228 PI traveled to Southern Africa April 5-22, 
1999 to evaluate nurseries and determine future collabora- 
tive research activities in the region. Locations visited in- 
clude SMIP scientists and Zimbabwe national sorghum 
breeder in Bulawyao (Matopos), Zimbabwe, and collabo- 
rating scientists at PPRIRSS in Harare, Zimbabwe, Mt. 
Makulu and Golden Valley Zambia, DAR in Sebele and 
Pandamatenga, Botswana, and the sorghum pathologist and 
sorghum entomologist at Grain Crops Institute in 
Potchefstroom. South Afiica. 

In the 1998-99 growing season, SMlP sorghum breeder 
Tunde Obilana grew 1344 materials from national collec- 
tions of eight SADC countries at the irrigated Aisleby nurs- 
ery site near Bulawayo, Zimbabwe. N. McLaren and 
TAM-228 rated much of the collection for diseases that 
were present and trained assisting SMIP personnel to evalu- 
ate the remaining entries. 

Publications 

Journal Arficles 

Rodngucz, J (ionale?-Dommgucz. J P Krauu. G N Odvody. J P 
btlson. W W Hmna and M Levy 1999 Fmt repon and epldcmtrs 
of b u f f c l g a ~  blght cauxd b) P y c u l o r u  grwa  Plant D~scaqc 83 
(4) 398 

Proceedings 

Odvody, G.N.,T. lsakeit N. Montes, 1. Nmo-Sanchez, md H. Kaufman. 
1999. Occurrence of Sorghum Ergot in Texas and Mexico in 1998. p. 
62. In Pmceedingr of the 2ls1 Biennial Rexarch and Utilization 
Conference. Tucson, AZ, Feb 21-24, 1999. 

Isakeit, R. Bandyopadhyay, G. N. Odvody, I. Dahlberg, and I. 
Nmo-Sanchcz. 1999. Reaction of sorghum hybrids to ergot in South 
and Central Texas Puem Rico and Guanajuato, Mexico T. p. 63. In 
Proceedings of the 21 Biennial Research and Utiliation Conference. 
Tucson. k, Feb21-24. 1999. 

D. E. Fredcrickran and G. N .  Odvody. 1999. Survival of sorghum ergot, 
Clovicepsafricona p. 54. Inproceedings ofthe 2Ist Biennial Research 
and Utilization Conferena. Tucson, AZ, Feb 21-24, 1999. 

Miscellaneous Publications 

Aldman,S.,D. Frederickson,G. MilbrUh,N. Monks, J.Nma-Sanchez, 
and 0. Odvody. 1999. A Laboratory Guide to the Identification of 
Claviceps purpureaandClmicepsajricannin Grass and Sorghum Seed 
Samples. 18 p., April 19, 1999, Oregon Department of AgriculNre. 
Alu, a\a~lahlc .I "www oda stavor us" 

Fredericksno, 0 and G Odvod) 1999 Sorghum Ergot, Distingwrhing 
Sphacclia and Sclcrotm ofClov~c~pr  oficaoa in Seed 1.-53 15.6-99 5 
p. Texas Agric. Extn Sva .  
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Temperature and relatin humidity clcarly interact to af- 
fea nwival of wnidia of Cbicepr q?icmna with pares( 

survival associated with low tempaatwc and low rclab'vc 
humidity. Sad storage environmew wwld not favor high 
viability of coaidia to pmia in sphaeelia stored (whb seed) 
fmm the end of m e  ~easw until the beginning of the next 
In late 1998 C. q f r i c m  demonstrated that it is a 
well-establishcd, re-t pamogen of Mexico and Texas 
with the capacity for survival unda  enended unfavorable 
dry environments and the ability to quickly nach epidemic 
proptiom over van regions upoa a return to favorable wet. 
cool mviroammts. Suscepbiiity ofmacroaaidiaarid sec- 
ondary coaidiaof C. &cam to UVB inadiation are similar 
and suggest that the windbame hyahme s u m +  mnidii 
may remain viable ova distances of 10's to 100's of Km. 
However t h y  am unlikely to m i n  m n l  o m  100's to 
1000'sofKm likethe pigmented Nnsporcr DisasJpead 
over a large colltinmt like N. America would thaeforr be 
due to inoculum disperral m a series of modcrate *kapa" 
rather than om long distance dispasal event It altoaeg.tes 
the possibility of the initial migin in the westam bemisphere 
bcmg due to windbome spread fmu Abica to Bndl. 
ScledaofC q?iCrnYl&velopfmu w i t h ~ m d t o l b e b K  
of, sphacelia Tbe ergot fungal bodies may thur mp from 
be ig  mtircly sphaeelii to having a h g c  pnwda, of 
sclemtial tissue present However, sckrotiaahvaYSb.ycm 
sidud sphacclial tissue at td~d .  ' lkefcic lh spbwliu 
and xlemtia ofC. q f r i f m  should be thought ofas differcat 
tissues of the uw m u m  m h r  than entirely i w k p d -  
cut mudurrs. A four-page pampbld wrr published cuUin- 
ing the pmmincnt fa;lhrrcs of sphaccli and scladia The 
external sphwlial surfacer and htan8l tissue cores of 
fnsh spbaceliatnated with captau badagnatfy and slightly 
reduced p"eeatage of sphaalia, rcspcdinly, that showed 
any visible Maidial germinstion corn@ to conbols. The 

dad sccd c l&ng opraioas. secd (&I'*) A 
wim cadan. and me plmting of s e a l  bebw rbe mil ollma 

Maerocoaidi. .ad xcoodry caaidia rt Rspoaribk for 
t a d '  ' " o f ~ a j + ~ m d ~ ~ o f  



of each spore-type in disease propagation following ex- 
tended periods away from the host. 

The obvious honeydew exuded from parasitic sphacelia 
is only one source of conidia. Any surface coated with hon- 
eydew, e.g.. leaves, seeds, soil, may also be a source. Simi- 
larly, sphacelia, which may become incorporated into seed 
at harvest, or are residual in the field after harvest, may be a 
source of conidia. Sclerotiaisphacelia, normally only con- 
sidered for the production of the teleomo~ph, also carry a 
large population of macroconidia in the sphacelial portion 
and should be considered more important as a potential 
source of secondary conidia than of ascospores. A major 
concern of all those associated with the sorghum seed trade 
has been the possibility of seedborne transmission of dis- 
ease through inoculum associated with sclerotia/sphacelia 
mixed with seed. 

Pertinent information required to address this question is 
firstly the correct recognition of sorghum ergot fungal bod- 
ies. Whether or not these sources are productive and are im- 
portant sources of inoculum will depend on how the 
macroconidia are affected by environmental variables such 
as temperature, moisture and ultraviolet radiation. If 
inoculum does survive, the next question is whether current 
seed treahnent procedures are effective at eliminating 
inoculum or sufficiently reducing its viability. 

Effect of Storage Temperature and Relative 
Humidity on Survival of Conidia in Sphacelia 

Sorghum panicles with C. africanasphacelia h m  recent 
inoculations were harvested, rinsed and allowed to dry over- 
night. They were divided to give three replicate samples for 
incubation at each of the following temperatures: 6% 
20°C. 32°C and oscillating temperatures of the greenhouse, 
or were divided for incubation at one of three relative 
humidities (5.5, 49, 90%) at a temperature of 20% At 
set-up, the viability of conidia, retrieved by crushing 
sphacelia from each batch, was measured in triplicate by 
spreading a suspension of lo6 spores per ml over nutrient 
agar. Germination (Oh) was measured after 24 h at 20°C. 
Germination was re-assessed in this way at regular intervals 
following storage. 

There was a marked effect of temperature on survival of 
conidia (Figure 1). Storage ofsphac&a at high greenhouse 
temperawes or at 3Z°C resulted in a rapid loss of viability. 
No ;pores survived after only two weeks at 32°C or seven 
weeks in the greenhouse. However conidia still showed 
some germination even aAer 17 weeks at2O0C. Viability did 
not begin to decline until after 12 weeks at 6'C, and was still 
5CPh at 22 weeks. 

Low relative humidity of 5.5%. which caused desicca- 
tion of sphacelia, maintained a high viability of conidia. In 
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Figure 1. Effect of storage temperature of spbscelia on 
survival of conidia of C. africana. 

-- - -- 

contrast, viability was reduced to zero after four weeks at 
both of the other humidities tested (Figure 2). 

Survival of conidia is promoted by low temperature and 
low relative humidity and, comparingthe 20°C curve in Fig- 
ure 1 with Figure 2, temperature and relative humidity 
clearly interact to affect sunival. Under natural environ- 
mental conditions there are wide diurnal and seasonal fluc- 
tuations in temperature and relative humidity, which are 
factors that do not promote survival. Viability of conidia 
from stored sphacelia was not found to exceed five months 
inKansasandthe sharpest decline wascoincident witharise 
in warm temperatures in MarchIApril (Claflin, 1998). We 
wouldtherefore not expect a high viability of conidiato per- 
sist in sphacelia stored (with seed) at the end of one season 
until the beginning of the next. This verifies what has al- 
ready been found by several workers in Atiica. Futrell & 
Webster (1966), Mower et al. (1973) andFrederickson et al. 

- 
0  4 8 12 16 20 24 

Time (weeks) 

Figurel. Effect of storage relative humidity of 
sphacelia on survival ofconidiaofC africana. 



(1991; 1993) all usd conidia from low-temperature- a 
dry-stand rpbwlia to inoculate raghums the following 
year but only a very low severity (~1%)  of ergot resulted. 

Hmvever, as long as that  arc flowering jolmscmgrass 
panicles or panicles from sorghum regro* there is the p 
tential formfectionofaaaltsnatehortkfm inocuhnnvia- 
bility declines ahogaha, maintainiiinocuhm in anactive 
statc. 

Sorghum ergot caused by Clmiceps &mm persisted in 
an active phase pedaainrmty on faal p i n  sorghum as far 
North as Corpus Christi, Texas through February 1998. In 
Mexico, sorghum ergot was observed m Tamaulipar mte in 
early January 1998 at the M A P  San Fernando Experi- 
mental Station but dmught prevented further agot develop 
ment and observation in this and nmwnding states until 
September 1998. Cool w a  weather in the Pacific coad 
statcs favored ergot fiom February through May 1998 and 
cool weatber during Septemberpromoted egot on sorghum 
in several sartw in the Bajio and High Plains regions of 
Mexico. Despite active C. africamthrcugb February 1998. 
season long dmught and hear mcss prevented observation 
of any nanoally-occurring sorghum ergot across South 
Texas during the normal growing season. During Septan- 
bcr 1998 high rainfall and extensive flooding anoos South 
Central Texac produced a flush of sorghum grow& that 
bloomed into i n u e a s i i  wol tcmpaahlrrr from Oaobcr 
duough Decanber 1998. Thc w q  cool envimnmmt and 
extended bloom peiod pmmokd a rapid incrrssc and 
spread of sorghum ugot on fwl and m o o d  grain and for- 
age sorghum and johntongrass within fields aod along 
roadsides. lmrrased incidence a d  w a i t y  of sorghum er- 
got was related to cooler tempaahua lhat pmpsively re- 
duccdpollen fatility m lata blooming sorghum heads. By 
mid-Darmbersagtnrmagawas easilysbJemd in every 
surveyed a m  of Texas when a yorghum crop wm at a 
growth stagecapableofinfediw by C. @kana. This dun- 
oostratcd that C @ma is a mll-eaablirbcd rranreDt 
pathogar of Mexico andTew lhat ha the capacity for rur- 
vival umkr extendedunfavaablc dryenvimnmena.ndthe 
ability to quickly reach epidemic pqmrtion.5 over van re- 
gions upon a rehnn to hvorable wet, cool environments. 

Effect of UVB Dose on Loogevity of M8erowmidh and 
Secondary Cocridu: Pmhbk Coangm- for 

Long-Distua D i a l  

A macrocooidal s u s ~ i o n  (lo6 conidii pr ml) m d e  
from f k h  sphacelial infarions was plated at least in bipli- 
cak onto b h  Kircboffs agar of tbm d*. Plates were 
maintained m ice in the dark until inndiatioo of spats with 
W B  ( 290-320 nm A) of mesnrrcd enagy (raiicwm) for 
increasing doses. Irradiated spores w a t  iocubatcd at 20 C 
and toral dadmess, a Under the fluorescent lights of the in- 
cubalor, for approx. 18 h and then gamination was s- 
sesed. G e r m i o n  of irradiated sp- was rrprrssed as a 
pmmt of non-irradiated spom ( c m l s ) .  Gaminnion of 
midia m controls w 7040%. Exprimeno with second- 

aryoonidm w a e ~ l y t h e w w a c c p t f a o n e d d i -  
t ima l .ear tys tcptopmducethe~spaa i iun ibe  
ma~rocwidia lk plated mwmmid* w a t  incubated at 
20'C for 18-20 h and d m  the raorrdry spom wert de- 
Eacbed and spreadovathe plate rurfaacainga glan rod. 

Theef farofWBwashrmmpoao&wbcn 
~ i d i a  were ioeubated m the dark following imdidm 
mOinibelight(Figrm3).Tl1elechl~was9-15KI/M~ 
aAcr darlr incubation eaapucd to 40-50 K.IlM2 following 
light incubation The rate ofdaliaewa abo k m m  rqid 
for dark incubuted spaa. with tbc LDSO b c i i  rppnoxi- 
mately 5 KIM1 cumpared to 20 for light incub.cd 
A phuo-stivatrd. DNA repair mechanirm invotving DNA 
photolyapc, similar tothat found in other fmyi and bacdcri. 
(Kim 81 Sancu. 1993; Sundin & Murillo. 1999). wouldex- 
plain these diffamces. 

hislpparrotbanmClimrnrrtbrtmonUVimdajaa 
experimam are waduacd in armpktc dPlmar elimi- 
n8tetbecompliatia1ofDNA rrpir.OudmsbowUuttbc 
suscepibities ofUVacxposed mrmcoaidi. adscmw& 
a r y m ~ i d i a a r c t k ~ . C ~ g & e d . n m d m o f d b e r  
h r a g u s r p o r r r . c m ~ o f C . q h L w . m u l d b e ~  
with V e ? z t w i a u r a g u d u ( A y l a & ~  1997khbebiod 
auhpigmemedsporr-cypanPvDcinm~ia(Mddboa 
& M-, 1973). III Lb. qlsiwnFi ( A y k  &-O. 
1997),95%of K orpduemidia w u e t i k d  by adox  of 
8-11 KJlm~mdtisesrimmdIbat~conidi8manvin 
asbogu12hrsmaanrr IfC.~*orrramidhb.v+azu- 
viva1 umpwtive to K inapdir in vivo. as in vioo, this 
would suggest that the wiadbome secondary amidir may 
m a i n  viabk ova  dkmce of 10's to 100's of Km. How- 
e m  they are unlikely to sutvive m tnvel100'sm 1000's of 
K m l k t h e p i g m c ~ r u a s p a c s . D i r m e ~ o w a  
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large continent l i e  N. America would therefore be due to 
inaculum dispersal in a series of moderate "leaps" rather 
than one longer distance dispersal event. This mirrors ex- 
actly what was witnessed once ergot reached Brazil. It also 
rules-out the possibility of the initial origin being due to 
windbome spread from Africa to Brazil. We hope to con- 
firm these in vitro data from in situ experiments in Southem 
Africa, assessing the combined effects oftemperature, rela- 
tive humidity, W and other variables. 

Recognizing SclerotidSphacelia in Seed 

The field symptoms of ergot are familiar to just about ev- 
eryone involved in the sorghum production industry, but 
recognizing the pathogen in seed is more difficult. This is 
because there is a poor understanding of the structure and 
function of sphacelia and sclerotia. Additionally, cracked 
andmoldy seedand otherforeignobjects are often mistaken 
for ergot fungal bodies in seed. If seed is viewedas a poten- 
tial source of introduction of ergot inoculum, correct recog- 
nition of sphacelia and sclerotia is critical both to remove 
ergot bodies in the seed-processing plant and to minimize 
wrong rejection by the importing country. We responded to 
the difficulty of identification with the production of a 4 
page paper outlining the prominent features of sphacelia 
and sclerdia (Frederickson et al., 1999). The salient points 
are as follows: 

Spbacelid sclemtia can only be accurately differen- 
tiated from other objects using a magnification of at 
least 10X. To aid diagnosis it is strongly recom- 
mended that suspect bodies are soaked in water for 
a few hours before examination. If used, the saline 
float test should ALWAYS be followed by a close 
visual examination of products at magnification be- 
cause it is a highly inaccurate method if used alone. 

C. afiicana sclerotia develop from within, and to 
the base of, sphacelia. The ergot fungal bodies may 
thus range from being entirely sphacelial, through 
having some, to a large proportion of sclerotial tis- 
sue present. However, sclerotia always have resid- 
ual sphacelial tissue attached. Therefore the 
sphacelia and sclerotia of C. africana should be 
thought of as different tissues of the same structure 
rather than entirely independent structures. 

* Sphacelial tissues are cream to white in color, com- 
prised of loosely woven "threads" of fungal hyphae, 
forming a furrowed and convoluted surface. 
Sphacelial tissue forms the conical to pointed por- 
tion at the top of the structure if sclerotial tissue is 
present as well. During soaking, the loosely-packed 
tissues absorb water, swell, become soft and spongy 
to the touch; conidia diffuse into the water. 

Sclerotial tissues, found at the base of the structure, 
consist of a thin, orange-brown surface (rind) en- 
closing a white interior. The tissues are sub-globose 

in shape when mature and are comprised of tightly 
compacted fungal "cells" unlike the"threadsW or fil- 
aments of sphacelia. The tissues remain firm after 
soaking due to their compact structure and lack of 
water absorbance and swelling. 

Effect of Captan Seed-Treatment on Germination of 
Conidia from SclerotidSphacelia mixed with Seed 

Sorghum seed is routinely treated with captan, which has 
been shown to prevent the germination of C. africana 
conidia on the seed surface. However the efficacy of captan 
applied to sphacelidsclerotia has been questioned since the 
fungicide may only have low penetrative ability and it's ac- 
tivity against innermost conidiawouldbe limited to the time 
of diffusion of conidia following contact with moisture. 

Fresh sphacelidsclerotia were dissected from panicles, 
washed, spread to dry overnight, and added to sorghum 
seed. Captan 400 at the commercial rate of 3.0 fl ou'100 wt, 
was added to each 8 oz seedlergot batch with a red dye 
(Pro-ized red-colorant) to assist in even application. Con- 
trols were dye only. Sphacelidsclerotiawere then manually 
retrieved from the seed. 

Intact sphacelidsclerotia from treatments or controls, or 
the interior tissues (cores) were tested. The experiment was 
performed twice, on completely different batches of 
sphacelidsclerotia each time. Tests consisted of plating 10 
bodies (4-5 plates of 10 per rep; 3-6 reps) on Kirchoff s 
agar, addingadrop of waterto promote honeydew leaching, 
and incubating at 20 C overnight. The surface of each indi- 
vidual sphacelium or core and the zone of conidial diffusion 
on the agar was examined at XI00 magnification for spore 
germination. Germination was assessed on a 0-3 scale 
where 0-0 germination; I=germination barely detectable; 
2=abundant germination, often in clusters; 3-profuse ger- 
mination covering a large, unbroken area. Incidence was re- 
corded as the number ofthe total with any germination at all. 

Results 

There were clear differences between treatments (Tables 
I and 2). The percent of captan-treated sphacelia/sclerotia 
with any germination was significantly reduced (P, 0.0001). 
There was a slight reduction in percent of captan-treated 
cores with germination, indicating that captan has some 
penetration. Data for the mean germination of conidia from 
control sphacelia, control cores and cores of treated 
sphaceli were not significantly different (P<0.001). How- 
ever the mean germination of conidia in treated sphacelia 
was significantly less, with thevalue of0.9 beingjust below 
the threshold of detection of germination. 

Conclusions 

Seed is subject to a rigorous cleaning process and 
sclerotid sphacelia are removed at many stages, e.g., fol- 
lowing the screen-cutting (sieving) and air-blowing stages 



Table I. Perrent ofspbacelir with any germination of 
eonidu foUoriar c a ~ t a r ~  treatment. Data fob 
lowed by the same kttcr are not signifiaotiy 
diNerrnt at R 0.0001. 
- -- 

Table 2. Germination ofconidu from spb.eclia follow- 
ing uptan  tmtmcnt. Data foUowed by tbc 
same krter are not siguitiantly different at P, 
0.001. 

and at the gravity table. Withgood clean-up, very few am in- 
wrporated into seed. In a final step, the xcd is mated with 
captan using equipment that accwatcly delivm the fuogi- 
cide and provides good coatingof su?d and any contaminat- 
ing ergot. Thc pxentage gemination ofconidia from those 
few remaining sclerotialsphxelia per Kg seed is negligible 
corn@ to f m h  sphacelia, and is reduced by the captan to 
below the threshold of detection. Flothermm seed and 
sphacelia arc destined to be buried below the soil surface 
where, in the improbable event of any spores being p m  
d u d ,  they would have no inoculum potential. To get the 
perspective even clearer, when seed is to be planted in an 
area,kgion witere C. aj+1~101(1 is atready endemic, d i m  
outbreaks followingwindborne spreadof inocuhun fmm al- 
ready present sources are ahnost certainly provided condi- 
tions more favorable for disease development Therefore 
sclerotial sphacelia in capmdeaad ~ c c d  should not be 
wnsrdered a potential sowa of i n o e u h .  

June 24,1998. Ergot of Sorghum - a Global View. D. 
Fredericksos Keynde address. In: Codwemeon the - 
ofsorghum ergot in North America. Corps Chrini, Texas. 

February 2,1999. Current R-h on sorghum Erga of 
Special Relevance to the Sorghum Seed Trade (Including 
how to ncognise sclerotia). D. Fdcrickson. Invited 
speaker at tbe Texas SadTnde Association Reduction and 
Research Conference, Dallas, Texas. 

Febnrary 23. 1999. Survival of tbe Sorghum Ergot 
Pathogen. Cloviceps africona (How to recognize 
sclerot~a). D. Fredcrickscm. 2 1 Biennial Research and M i -  
zation Conference.T- A 2  Feb 21-24. 1999 

February 24. 1999. D. Frcdcrickson (jointly with R. 
Bandyopadhyay and N. McLam) rcfeived tbe award for 
outs&ding ichievemm in the sorghum in* a the 2 I 
Biennial ResearchandUtilizatimCwfau~ce. Tucsotr.AZ. 
Feb 21-24. 1999. The award was in mognition of tbeir 
unoibutioos to international wllabaative sorghum ergot 
mearch. 

A pictorial pamphlet entitled 'SMgbum Ergot. Distib 
guishing Sphafclia and Sclemtia of Clmicepr 4fncmw in 
Seed" was prepared by TAM-228 acd D. Fmiaickson ad 
published in June 1999 to assia seed inspcboa permoel 
and other sorghum w d m  who work with saghum ccgoc 
in seed. A Spanish version ofthe pamphlet provided by ad- 
ditionalc~autborN. Monm will be publisbedinluly 1999. 

(MTFAP) wen UIC a u k  of che sorghun agot scctiaa of 
the manual entitled "A Laboratay Gui& to thc identifie, 
ticm of Clovicepspwpureo and Clavuep &icam in Gras  
and Sorghum Seed Samples". The guide was spoosmd by 
Merim, American. Oregon, and Texas ucd oadc associa- 
tions for use in a seminar and training wakshop for seed in- 
spection p~sonnel in Mexico The meeting uas held April 
19-20.1999 a1 theSanidad Vegctale Headqwras in Mcl- 
icoCiry. Noc Montes prsmled the sorghum a@ infomu- 
tion at the workshop and provided nanslation f a  tbe dbn 
speakus. The Spanish translation f a  thi guide war also 
d o l ~  by N. Montes. 
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Coulibaly's studyofwban cousumptna pattans in Mali 
showedthesubstitution potcntial between imported riceand 
the traditional carals, sMghrnn and millet. With the &c- 
tion of impon tariffs and devaluation, the net effect was an 
increase in the traditional cereal price relative torice. Future 
devaluations will have a larger subsritution effect now that 
rice tariffs are only I 1%. Lawrence's m d y  ofthe impact of 
housebold and agriculhnal technologies on women showed 
the importance of heusehold tabnologics indrpendeat of 
decision-making in the household. As the borgaioing posi- 
tion of women impmves. thee was a substantial umbiied 
effect ofthetwotypes of technology on the poleotial income 
ofwmm. l n a t h i r d s h d y l k ~ o f ~ p  
ductivity of sorghum snd milkt was stnsred especially 
with the impcoking dietary sbi% to higher animalproteh 
consumption. Finally, we renewed two very diffcrmt ini- 
tiatives for increasing productivity in Bwkina Faso and 
Ethiopia 

The general objativcs ofmunvarcb arc to cstimafc the 
potential effects of new techwlogies. to idmtify the con- 
saaints to t he i  diffusion. and to recommend amplemen- 
tmy p o l i c i e s t o a a x ~  the inaomnim p a s s .  (I) We 
compare lnbao food consumphon in Bamako before and af- 
ter* 1994devaluariw. Thcpinciplemphasiswrrr onthe 
substmaability between t h e d s .  especially between im- 
ported rice and the haditional cereals (milla and sorghum). 
(2) We consider the impacts on women fmm s e v d  Wh- 
nologies with different systems of household deci- 
sion-makiiog. (3) Then some e a r t h  policy implications 

fmm a review of the h k h a  ~searcb~cxtcmion mvrr- 
men6 are made. Our u ~ c m  bere was on movmg bcyold 
the fm generation low-input, low-risk. low-yield-' - 
technologies in semiarid Rgora ar~I m r m t i c i  tbe 
shiR indemand foranimalpmtein witbd~~ca~scqucot  rq id  
inaeaw in feedgrain demand. (4) Both Bwkina Faso and 
Ethiopia have developed national pmgrws to inucasc food 
cmp poductivity. In Burkina theemphasis ison s u b s i i  
the utilization of r a k  phospbslc. In Emiopii he go- 
mmthaspranottddnao~lrtmion t r i a l s o f o e v c u l t i ~  in- 
organic fertilizer and & cbemials. 

Fortwodccads S.helian d c s  have bem pan- 
Ihc subaibltion of imported seals for their tnditional cc- 
d s .  4wghum and m i l k  with their "nphash ca food aid. 
low lobro c d  pries. n d  au ovavllusd exchmge me. 
Tbese policy d i i  make it d i h h  m inboduce a w  
technology involving higher inpn expadimm in the M i -  
timal ccral sator. W i  dcvalumioo cbging Ibe p i c 6  of 
imponcdm~aodanrls.aaimportmtrrwarcb~on 
istherrsponsivnwofunsumastocb.llga inrelativccc 
4 priar. 

In the abscnccofdomesficrrspomerof~ly Pdlordc- 
mwd for rice the SO*% reduclicm of the CFA in 1994 would 
double the price of imported ria. Howwa. om ynr &a 
devaluation the govcmmmt rtduced the miff m rmparted 
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rice from 100% to 46% and then a year later to 11% 
(Coulibaly, 1999, p.8). The rice price relative to domestic 
cereals actually declined after devaluation. Thus the ex- 
pectedprice-incentiveeffect ofdevaluation, stimulatingdo- 
mestic cereal production was offset by government policy to 
eliminate rice tariffs. 

Sorghumfmillet was shown to be a substitute for im- 
portedrice but not for domestic rice. Note that Mali imports 
the low-quality, low-cost, high-broken rices. The overall 
change in the consumption pattern was modest. The substi- 
tution could not be explained using relative price changes 
since the net effect ofdevaluation andchanges in rice miffs 
was to increase the relative price of sorghum and millet to 
rice. Note thattraditional cereals are stillcheaperthan rice in 
absolute terms1 and that devaluation has an income reduc- 
tion effect even if cereal prices do not increase. Income 
effects2 apparently encouraged a small increase in sor- 
ghumlmillet consumption. 

The government was able to protect urban consumers 
from the cereal price effects ofthis devaluation by removing 
most of the import tariff on rice. A future devaluation is ex- 
pectedto result in more substitution of traditional cereals for 
rice now that there is only a minimal rice tariff. A 9 to 19% 
increase in monthly sorghum/millet consumption, when the 
imported rice price increases, is a substantial recovery for 
traditional cereals (Table 1). Since soil fertility is an increas- 
ingly serious problem in the Sahel, the increasedprofitabil- 
ity of traditional cereals will enable more intensive 
production practices to overcome the nutrient depletion. 
Now governments need to resist the impulse to drive down 
urban cereal prices and thereby discourage investment in 
their agricultural secton. 

Table I. Changes in cerealconsumption from the 1994 
devaluation and future imported rice price 
changes. 

- 

Before With 1994 
devaluat~on devaluatton' I m p N d  rice 

1993 (199-6)- prlce mcrexed by -~ ~ 

- 25% 50% 
Imported ricz 0.8 0.7 0.6 0.4 
So~hunw'millct 9.7 10.3 10.6 

* Also incluhd wiff reduction on imported rice fran 100 to 11% 
Source 8. Coulibaly, 1999, pp. 22.53. 

The Impad of Technologies on Women in Burkina Faso 

Many new agricultural technologies, especially new 
seeds andinorganic fertilizers, increase the demand for labor 
and therefore result in female (and male) household mem- 

bers working more on the commonly farmed area and less 
on their private plots. Tbishas been shown to reduce the in- 
come received by women (Lilja and Sanders, 1998; 1997 
INTSORMIL Annual Report, pp. 52,53). However, there 
are presently institutional changes, in which other family 
members besides the household bead (including women) 
are struggling to obtain a larger share of the income streams 
generated by the new technologies. 

The concern here was with the combination of tecbnolo- 
gies and household decision-making that would most affect 
women's incomes. Farmmodeling had already been under- 
taken in a higher rainfall zone of Burk'ia Faso, where tech- 
nological change has been rapidly introduced in the last two 
decades. The income levels of individual women on the 
fam were estimated by summing their wage payments on 
thecommonly farmedareawiththeirrevenue from theirpri- 
vate plots for different actual and potential technology lev- 
els. 

On-farm wages were determined by the type of family 
decision making on the farm. The most commonly dis- 
cussed types of decision making were exploitative, altruis- 
tic, and bargaining. In exploitative decision-makiig the 
household head canmake dictatorial decisions and capture 
the gains from technological change on the commonly 
farmed area. In the altruistic model the wife is paid the value 
of her marginal product.3 ?be bargaining model assumes 
that the household is similarto aminwhichthere  iscoop- 
eration ta produce a f i a l  product and conflict over the reve- 
nue from the product. The share of each party then depends 
upon their bargaining power. Here the threat points of the 
household head and the average female householdmember 
were calculated based upon what it would cost the house- 
hold head to use hired labor and forthe women theiroppor- 
tunity costs. Then we split the difference in the standard 
Nash equilibrium method." 

With the introduction of new agricultural technologies 
farm income increased by 26% and the area in private plots 
decreased by almost half Intheexploitativecase women do 
not benefit from this agricultural technology introduction. 
The combination of household and agricultural technolo- 
giesdoes benefit womenand increases farm incomeby 37% 
in the exploitative case (Table 2). Hausehold technologies 
release the time of women and directly benefit them as well 
as the household. 

At lower income levels, there is centralized deci- 
sion-making by the household-head. As technology intro- 
duction proceeds, increasing within-family contention over 
the new income streams would be expected, with an evolu- 

' Coulibdy dusted for rofcrsing costs so that both pmducts mre in the ready-to-cook stage. 
2 From &-val?atioon mc?incoms maem over time 

A runhcr cxtsnsion would beforlhe household head to split the profits with the family members, ar in acoopcrativc, after paying them the valu 
of their marginal pmducts. . 

Notc that more recent bargainmgmodels are co~ccmed with @e b aining proces and make adjustments for Ulc dative power position. There 
were insufficient data for going any funher wth thcsc technlquzcrc.  



T . b b 2  Ananal farm incorncola fcm~k worker 8.d 8 bra family bc fo~udaf tc r t lcmtradKtDmof~w techel- 
&a iamrpontins: different bo~lcbold behavior ia animal-tmtioa hm LoacLdQ (USS) 

tion t o w d  the emflia and cooperation of bargaining 
howhold decision-making. 

W i i  bargainimg, agriculhnal techwlogie incrrrrre thc 
i n m e  of women by 29% and the combmed sgricuhunl 
and household technologies by 68%. With economic 
growih, the bargaining decision-making is expected to be- 
wmc predminant kn at any given time all thnx deci- 
sion-making mehods would be expeaed among farm 
families. 

Policy recommendations arc to acalaatc the inboduc- 
tionoftechnological cbangeonto the wmmody fanned ar- 
eas whik also inc~asing the bargaining power of w o m a  
The evolution in f i d y  decision-making toward bargab 
ing will be influenced by the oppaamity msts of women, 
which in nun are detercoined by haes ing  off-farm oppor- 
tunities for women and their achievement of highaedueb 
tional levels. 

A g r i c ~ d  amlaprnorl Pm~ps ir  in ikt M d :  
me T r a d ~ t  G?lwh 

In a recent review of agriculawl developmmt pda- 
mance, some inferences abwt p r g ~ ~ ~ s  snd perfamana 
wue  relevant to the sagbun-millet waa in the Sahclira 
w&. 

The Sahelian f l o h i e s  have g d l y  becn very suc- 
cessful in the higher-rainfall regiom in inucasingthc p 
duaivity andourpaofcottm. maizc. iad rice. Now doow 
and nationalgovanmeats an alsoempbasiriag nichecrop 
based upon the demandprospc*sfathesc activities. Nicbe 
crops bcneM only a few farmerr and coosumen hn I bq  
can be useful by paying f a  smim to the Rsrarcb and cx- 
tension systems. Howrvw, tbe misrmg ckmem is raising 
produaivity and h m c d  incomes in tbe low-miofall rr- 
gionr of these w&a. 

In these regions, the nops witb a mpsrativc advantage 
are the traditional cereals with their tolerance to inadequate 
water availability and low soil femlity.Unforbtnmly. with 

hi* pqdmion p s u r c  and govanmeat policies m a b  
taininglmv~~prim.thesecrqx~~~bci ipPsbediao 
mote marginal soils and thnc is liak nlmieot replamneat 
wbac soil futility is king abauned. Hence. area is a- 
panding and yields declining for the bditioaal d. 
Area expansion of the dhn meals. rice. maia and arbcst 
is ummained by their h igba  wara and nuoicot requim 
meats. 

New cultivw of raghum 4 milkt am i n c r r n i  
available b m d ~  lm-snsl, low-riskmcchodr prrsmtly ured 
to in- waIcr availability and soil farilify io tk S.hel 
(cootour d*es or brmdr. t.S animal mame. c o m ~  
are iaruffrcient to ~ s p o n d  to the nimgcn abd phcsphoM 
deficiencies sod the seasod wata sbomga. TecbaoC 
ogia M available but the missing facrm rc public policy 
suppm and sufficient nmka denlopmcm to nxbx t& 
pice collapse in good rod even normal rainfall years. N b  
t i o d  govanmmts ream to pria laaeasa of the c d  
witb appeals f a  food aid Gowmmtnts need to be cob 

ccmed with their farmus earning pmfm md m a L i  u- 
pcodmcra for inputs to inause soil farilii and w t a  
avaibbil'i. 

Finally, large secton of the poplhtiao of tk .%Man 
cumtries (45% in Burkina F a )  do noI earn enough in- 
come to pulthpu a dia to move than om of mahutritia~. 
lmpmvements in agicuhural productivity of thc mtak 
will only help this group in thc long NIL given thcir W of 
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purchasing power. In the short run, ways to increase the 
ability ofthe poor to obtain minimum diets need to be found. 
It is necessary to distinguish between responses to demand 
shifts and the development of income or entitlement mea- 
sures to increase the access of the poor to minimum diets. 

Developing Fertilizer Strategies in Sub-Saharan Africa 

With the accelerating nutrient depletion especially of ni- 
trogen and phosphoms, the principal focus for raising pro- 
ductivity and output is improving soil fertility. Elsewhere 
we have pointed out the importance of combining 
soil-fenility improvement with increases in water retention 
(1997 INTSORMIL A ~ u a l  Report, pp.54, 55). 

Over the last decade there have been searches for 
low-cost, low-riskmethods for increasing soil fertility. Var- 
ious methods to increase the quantity and quality of animal 
manure have been successfully extended in the Sahcl. Pres- 
ently, several countries are now promoting rock phosphate 
to be applied directly to the farm or put into the compost 
heap for increased solubility. Unfortunately, these various 
substitutes for inorganic fertilizers also are low-yield solu- 
tions because they do not provide sufficient N and 
P205.There is an increasing consensus among soil scien- 
tists andeconomists that combinations of organic and solu- 
ble5 inorganic fertilizers will be necessary. 

BurkinaFaso'sresponse has beento buildanational con- 
sensus to attempt to convince donors to subsidize the appli- 
cation ofrock phosphate all overthe country. The proposed 
donor costs toextendthese input subsidies to 700,000 farm- 
ers would be $25 million. So far, no major donors have 
signed up to support this program. 

In Ethiopia a skategy of subsidizing demonstration trials 
ofnew cultivars, inorganic fertilizers, and other agricultural 
chemicals has been pursued on a large scale all over the 
country. Maize yields on the trials average 5.2 to 5.7 t ha-' 
compared with 1.7 t ha-' country averages. There have been 
significant increases in yields and production ofmaize, teK 
and some minor cereals on farmers' fields. Moreover, sub- 
stantialpmgress has been made in developingprivate input 
and product markets. 

It is unlikely that Sub-Saharan Africa will discover new 
methods to increase crop yields that are different from what 
is being done in the rest of the world. For how long is it 
worthwhile to hold up on just adapting what is done in the 
rest ofthe world to increase crop yields while searching for 
new, unique solutions? The magic-solution approach of na- 
tional programs that believe they are going to make a break- 
through in soil-fertility improvement without their farmers 
incurring out-of-pocket expenses and without utilizing for- 
eign exchange for inorganic fertilizer imports threatens to 

further delay the improvement of yields in Sub-Saharan Af- 
rica. 

In many regions it will be necessary or economical to 
combine inorganic fertilizers with other fertility measures, 
such as manure or rock phosphate, but the starting point will 
need to be getting the input markets functioning for the im- 
portation and distribution of inorganic fertilizers. (Also, the 
input markets need to function better for seeds and credit.) 
Countries that have been rationing foreign exchange and 
putting a low priority on fertilizer imports will have to re- 
consider their priorities. Once the input markets and the 
product markets for the increased output are functioning 
better, more effort needs to be made to reduce the costs of 
fertilization with one or more of the very labor-intensive 
measures now commonly recommended as alternatives to 
inorganic fertilizers. 

Networking Activities 

Workshops 

In September, Tahirou Abdoulaye presented a paper at 
the Regional Hybrid Sorghum and Pearl Millet Seed 
Workshop organized by INTSORMIL, ICRISAT, and 
INRAN in Niamey, Niger. 

In October, Sanders presented a paper at a workshop on 
soil fertility jointly organized by the World Bank and the 
American Society of AgronomyISoil Scientists in Balti- 
more, Maryland. The paper compared and contrasted the 
technology-introduction processes in Burkina Faso and 
Ethiopia. 

InNovember, with Will Masters and Jeff Vitale. Sanders 
gave a two-week workshop on estimating the impacts of 
technological change in agriculture to 18 economists from 
the various Sahelian countries. The workshop was orga- 
nizedand coordinatedbv INSAH. the reeional economicor- 
ganizalion for CILSS, A d  held in ~uagadou~ou ,  Burkina 
Faso. 

In December and April, Sanders participated in work- 
shops of the West African Millet and Sorghum networks in 
Cate d'lvoire and Togo, respectively. In Cbte d'lvoire, he 
participated in their performance review and plans for the 
future &d explained some ofthe potential collaboration be- 
tween INTSORMIL and the Millet network. In the Sor- 
ghum workshop in Togo, he presented a paper on the 
introduction of new sorghum and millet cultivan (see Pre- 
sentations). 

In March, Sanders represented INTSORMIL at an IFAD 
stakeholders meeting to plan the implementation of a tech- 
nology-introduction project developed by ICRlSAT for the 
five West African countries. With Barry Shapiro he re- 

' The solubilityaf the rock phmphde is cxlrcmely low vnlcrr rt is a*dulrtcd and this ptoscnr gsncrally requires impotting th. acid. in more acid soils and hightcr 
rainfall region% rolubilily is tn-scd but the mck phosphate Rill requires the addition of more ralublc inorganic futilircrr for a madcratc. ~ustainsble yield increase. 



viewed some pmblems of saghum-technology inaoduc- 
tion. The meeting was held in Sadore, Niger. 

In April, Tahirou Abdoulaye repesented INTSORMIL 
at theconference on Global Agricuhureand the Midwen or- 
ganized by USAID and Iowa State Univmity. Tahirou 
gave a talkon the benefirs of INTSORMIL to host m m e s .  

In September, Sanders went to Addis Ababa to collabo- 
rate with Barry Shapiro of lLRl (now with ICRISAT) on 
fmishing up papers. The principal objective of the trip had 
been fieldwork on Sbigwesistant sorghum introduced 
principally in Tigre. Gebisa Ejeta also came but we were 
unable to visit the fields because they were in the war zone 
of the EritreaEthiopia mflia. 

In November, Sanders went to Dakar, Senegal, as one of 
the members ofthe scientific advisory cornminee to evalu- 
ate the performance of ISRA during the previous year. 

From late December h g h  March, Sanders panici- 
pated in a review of the invemnenh of the World Bank in 
Burkina Faso during the last decade. Sanders' contribution 
was to analyze the AgriculturaVNatural Resource sector. 
He also did an audit (Bank review) of the specific programs 
in agricultural research and extension. 

Publiations and Presentations 

Journal ArticIn 

CouliWy. Ollanarr N.. k&y D. V i i  d lahn H. S n d c n  199% 
E m  &car of dnsbtion m md produaion in hc S k i m  
rrgion dMi. ~~ S y n m  75(4):48%503. 

L a m a .  PsmnaG. Joh H SndcrJ. md Sunder Rnqnnm)l. 1999. 
' l l ~ ~ l r n p a o f  Agriwlnnl ndHovvhold T&nologmon Women: 

W n .  idn H.. md kffny D V i .  19% T- P-I 
r~~mditnrPl-mhcs.Le~c- i~-s5-bk 
Farming Syslcmr in Sub-Saharan Afnu.  Tayc Bcnaeb. S 
Omlmgo. J.M. Maymgq I -D Zonp. md M. Ouafqo I&L 
pp 253-263 Scintifr pqar pranrd r hc Seami In- 
S)mporium of hc A b n n  kmsisim of F-* s>- RBcrcb 
Erumim. d TTrmnmg held rn O u g d m p m  LWth Fso. Aug 
I996 Omgadougou. Burkma F.ro AAFSRFI d 
OAISTRC-SAFGRAD 

a dcrcl&mcnl projccl lo mmddduce nrr sorghum and m k c l  
lcshnoloem In vrrnl W a  4fwm awma W u a i S l d a c .  
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Cropping Systems to Optimize Yield, Water 
and Nutrient Use Efficiency of Pearl Millet 

Project UNL-213 
Stephen C. Mason 

University of Nebraska 

Principal investigators 

Dr. Stephen C. Mason, University of Nebraska, Department of Agronomy, Lincoln, NE 68583 
Mr. Adama Coulibaly, Cinzana Research Station, IER, B.P. 214, Segou, Mali 
Mr. Nouri Maman, MTARNA, INRAN, B.P. 429, Maradi, Niger 
Mr. Minamba Bagayoko, IER, Bamako, Mali 
Mr. Samba Traore, IER Bamako, Mali 

Collaborating Scientists 

Prof. David Andrews, University of Nebraska, Department of Agronomy, Lincoln, NE 68583 
Dr. Ouendeba Botorou, ROCAFREMI, Niamey, Niger 
Dr. Max Clegg, University ofNebraska, Department of Agronomy, Lincoln, NE 68583 
Prof. R. Klein, West Central Research and Extension Center, University of Nebraska, North Platte, NE 69101 
Mr. Zoumana Kouyate, Antime Sagara and Oumar Coulibaly, IER, Cinzana Research Station, Segou, Mali 
Dr. Drew Lyon, Panhandle Research and Extension Center, University of Nebraska, Scottsbluff, NE 
Dr. Jerry Maranville, University of Nebraska, Department of Agronomy, Lincoln, NE 68583 
Dr. Alex Martin, University of Nebraska, Department of Agronomy, Lincoln, NE 
Mr. Moustapha Moussa, INRAN Food Quality Lab, Niamey, Niger 
Dr. Salvador Fernandez-Rivera, ILRYICRISAT, Niamey, Niger 
Mr. Seyni Sirifi, INRAN, Kollo, Niger 
Dr. Abdoulaye Traore, IER, Sotuba Research Station, Bamako, Mali 
Dr. Taonda Sibii Jean Baptiste and Mr. Pale Siebou, IN.ERA, Koudougou, Burkina Faso 

Summary 

Research completed during the past year indicated that 
plant breeding efforts to produce high yielding grain sor- 
ghum genotypes @at are tall or have high vertical leaf area 
distribution wouldbe more competitive with weeds and be a 
useful component of integrated weed management pro- 
grams. Research also determined that ethylene is essential 
for early grain sorghum seedling vigor and growth. The ge- 
notypes Naga White, CE 145-66, PI 550590 and San Chi 
San are eithertolerant or resistant to temperature stress dur- 
ing germination and emergence, and would be useful in 
plant breeding programs to improve temperature stress tol- 
erance. An ethylene inhibitor bioassay using 
2,5-Norbornadiene was developed that should he a useful 
genotype screening tool for seedling vigor response to tem- 
perature stress. 

Pearl millet shows potential as an alternate grain crop in 
dry, short growing season regions of the Great Plains. 
Planting date studies indicate a recommended date of June 
I ,  but that it has a large window for planting &om May 15 
until July 15 without large decreases in grain yield making it 
a viable alternative for an emergency crop or to use as a dou- 
blecrop.Narrowingrow spacing from 76 to 38 cm increases 
grain yield by 12 to 15% in both eastern and western Ne- 
braska. 

Studies on management of late maturing Maiwa pearl 
millet in southern Niger was initiated. This type of pearl 
millettillers profusely, and initial results such that tillers can 
be harvested 65 to 85 days after planting for use as livestock 
feed without reducing grain or stover yield. This provides a 
unique opportunity to integrate grain and livestock produc- 
tion. 

Research in Mali and by the West and Central Abica 
Pearl Millet Research Network (ROCAFREMI- 
WCAMRN) indicates 10 to 19% yield increase to croprota- 
tion with cowpea or peanut across the region, while other 
production practices appeared to be more site specific. This 
research also showed grain yield increases to application of 
both organic and inorganic fertilizers, but inorganic fertil- 
izer by itself, or preferably in combination with organic fer- 
tilizer, was essential to produce the highest grain yields. 

Collaborative research ties with IN.ERA in Burkina Faso 
were formalized during 1998-1999 with signing a Memo- 
randum of Collaboration, initiating collaborative research, 
and identifying a student for graduate study. Strong collabo- 
rative activities with the ROCAFREMI Agronomy (P4) 
Project were maintained. 



Objectives. Pmdnction .MI Utilintioa Coastnints 

Objcaiwr 

Conduct long-term shidies to determine pearl mil- 
letlcowpea cropping systems (monoculture, 
intercropping, mtation) by nitrogen rare interaction 
effects on grain and stover yields, and nitrogen use ef- 
ficiency at CiruanaandKopom. Mali. and Kamboise, 
Burkina Faso. 

Conduct long-term studies to dctermim the influence 
of cmp residue removal, incuporation, and leaving 
on the surface on grain and stover yieldofpearlmiller. 
and the long-term effecti on soil nu- levels. 

Actively pak ipa te  in the West and Central Africa 
Pearl Millet Research Nenvork (R0CAFREMI)agro- 
nomic research in West Africa. 

Develop production practice recommendation for 
long-season Maiwa pearl millet production for grain 
yield while utilizing tillers for livestock forage in 
soulhem Niger. 

Determine the influence of planting date and mw 
spacing on grain yield ofdwarf pearl millet hybrids in 
eastem and western Nebraska 

Determine the effect of velvetleaf interfetmce on 
growth of grain sorghum genotypes. 

Determine the mle of ethylene in grain sorghum 
emergence problems under sires inducing tempera- 
turn. 

Conveal longiam cmp rotstion mwly u Mead. ?4E 
from grain sorghum-soybean to pearl milk-soybcm 
with nodulating and nm-nodulating isolines. 

Constraints 

This pmjea has focused pimarily on crop pmductim 
systems which increase the probability of obtaining h ighs  
pearl millet grain and stover yields. This involves *ems 
which increase nubient and water availability to growing 
cmps. and pmduces desired uniform stands. Present effons 
emphasize crop mration, interampping, inorganic and or- 
ganic fenilim. and residue management interntiom with 
naditional and impmved cuttivan. Thoe cropping systems 
research effons require long-term investments o f  
well-hained. interested wimtirtsandstablefun&ngEduc& 
tion of additional scientists in crop production and contin- 
ued support oftheir work afterrerum to their home counfies 
is needed to improve productivity ofcropping systems and 
to  maintain the soiVland reso-. 

R a a r c b  Approlcb and Rojcct Ootpnt 

Pearl millet is usually p w n  in m f u l  environments 
with high temperanuts. lack of predi ible  warer supply. 
fragile soils with low nuuient QaW and limited p w i n g  
season length. Lack of water is usually owsidmd to be the 
most critical environmental fMor conmlling growth and 
limiting yield in Ahica. bm a s o m u  of n-m d ' o r  
phosphorus often is m m  critial. This is  especially rme for 
intensive cropping syslems using impmvcd cultivars on d c  
graded land. Nutrient use and w a r  use efficiencies arc 
closely interwoven with hi* yields possibk with im- 
pmved cropping systems utilizing impmved cuhikan. 
Since human capital for rrsearch and enension xt iv i t i a  
arc very limited for pearl millet producing areas in W t a  Af- 
rica. the project conducts moR activities eima as graduate 
education programs for scientists from this region, 
mentoring collaborative activities upon mum of f a m a  
graduate students, or collaborating with pearl milkt r e  
search mhvork (ROCAFREMI) activities. In &cU.S. Great 
Plains.availabiliry ofhigh yielding, dwarfh>bids. markets. 
and production panices have limited it's doptia, ar a 
grain crop This compkx interaction of warer. n-n. 
phosphm.  cultivars and yield enhancing poduch p c -  
tices is the focus of Rojed UNL-213's -h effah.  
Since grain sorghum is important in pearl m i l k  p i n  p 
ducing areas. additional -h on vmperanue smss ef- 
fects  on grain sorghum emergence and  weed 
competitiveness is being conducted 

S ~ d i e s  of weed i n t a f e r ~ ~ e  in grain s a @ m  [Sorgknr 
b~color (L..) Moaxh] are limited and have tocured primar- 
ily on puportion of species. spatial ananganent ofthe crop. 
and timing of weed mnoval. Impmved k n o w w e  of uop 
growth paramamofsaghum hybridsandtheir- to 
weed interference could mnaihne to skdicm of Eultivars 
with greater competitiveness with weeds. Velvetkaf 
(Abwilon rkophrasti M&) interferrnr with gnin sor- 
ghum hybrids was evaluated in field experiments on 
Sharpsburgsiltyclay loam soils(fine sncct&, mesicTypic 
Arguidoll) during 1996 and 1997 r L i d a  NE. The re- 
search objectives were ( I )  to dnamine the effects of 
velvetleaf i n t a fmme  on interception of PAR and gmwth 
ofgrain saghum hybrids with different heights.(2)tocval- 
uate the relationship between p o d  parammar and dry 
maner pmduction of@ sorghum. Sorghum hybridr used 
were FS2 (tall). and DKS4 and X260 (medium height). 
Weed merits included grain sorghm in monocuhrc, 
sorghum kept weed-he for hvo weeks a R a  emergence, 
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and sorghum and velvetleaf grown in mixture for the entire 
season.- 

Research Results 

Medium height hybrids had greater leaf area indices 
(LAIs) and leaf area ratios (LARS) throughout the growing 
season and intercepted more PAR during the early pan of 
the growing season. Interception ofPARwas similar among 
hybrids 6om anthesis until maturity, likely due to the 30 to 
70 cm greater height and20 to 40 cm higher vertical leaf area 
distribution (Figure I) of the tall hybrid compensating for 
the lower LAI. Grain sorghum hybrids intercepted more 
light and produced more biomass in monoculture than in 
mixture, but the reduction in growth in presence of 
velvetleaf w s  less for the tall hybrid. Correlation analysis 
over the growing season indicated that grain sorghum 
height, LAI, LAR interception of PAR, relative growth rate 
and net assimilation rate were highly correlated with dry 
matter accumulation, but the relationship was complex and 
changed with growth stage (Table 1). Correlations between 
plant height, LAI, relative growth rate and net assimilation 
rate with dry matter production decreased with progressing 
growth stage. The use of tall grain sorghum hybrids with 
high vertical leaf area distribution would be a useful compo- 
nent of an integrated weed management program. 

Ethylene involvement in Grain Sorghum 
Germination and Early Seedling Growth - 

Roger Stockton Ph.D. Dissertation 

Research Methods 

Grain sorghum is a major feed grain in the USA and a 
major food grain in much of the world's arid and semi-arid 
regions. Colder or warmer than optimal soil temperatures 
often hinder germination and emergence of this crop. The 
gaseous hormone, ethylene is frequently produced in re- 
sponse to plant stress and has been correlated with germina- 
tion and release from dormancy in many plant species. The 
objectives of this research were to: 1) identify heat andlor 
cold tolerant grain sorghum genotypes for germination and 
emergence; 2) quantify ethylene and I-aminocyclopropane 
1-carb~xylate oxidase (ACCO) production during the first 
week of seedling growth; and 3) determine if ethylene was 
necessary for normal germination or early growth. Thirty 
five grain sorghum genotypes were screened for percent 
germination and early seedling growth at 14, 19, 28 and 
35°C. Nine selected genotypes were grown in the field at 
Lincoln.NE in 1996 and 1997 for laboratory tests at 23 and 
35°C. and for ethylene inhibitor bioassays using 
2,5-Norbornadiene (NBD) in varying concentration to ex- 
amine ethylene's effect on sorghum seedling growth. 

Sorghun vrimoul V b h W  l@@7 Sorghum with Velwtbaf 1997 

7w 

.-----..-.._..l_._ --- ..,.... OIY - _,.,** u,a,r..u "'"::'+*-* 
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Havelock Havelock (b) 

Leaf area density (cm2/cm) 

Figure 1. Leaf area density for grain sorghum hybrids without (a and d), and withvelvetleaf (b and e), and velvetleaf 
(c and 1). 

-- - 



Table 1. P e n ~ o n  comlatioll eaf f r ienhand probability kveh for grain sorghum dry d g b l  Lt pph.1 heigbf leal 
area index. intemptioll of PAR, leaf area ratio and net wimibtion r a t e  

Research R& Ra& RaYm 

Average ethylene production was 0.21, 0.22 and 0.27 Averaged over eight mvironmcllb (years and locdoo 
pmolkxdhrat 14.23 and 3S°C, while ACCOactivity was combination) narrowing mw spacing i n d  yield of 
93,213 and43 1 pmol ethylene!seed/hr. ACCOrtivity wr- both pearl mi l la  andgiainsorghum by 1210 15% Pearlmil- 
related negatively R2 = -0.78) to percent germination at let produad thc higher yield when p h t e d  on June I. but 
3S°C. Genotypes Naga White, CE 145-66 and PI 550590 yield declines wue small with plantingas tarty as May IS 
had 19% higher germination. 80.h bener vigor, 14% less 
ACCO activity, and similar ethylene production as other 
genotpyes. and w m  thusclassified as temperahlre mess re- 
sisIant. San chi san had 28% less ACCO activity, poduced 
34% less ethlene, had 50% bener vigor rating and similar 
germinatioo than okgenotypcs, and was thus classified as 
temperam mess tolerant. Thex four genotypes shwld be 
utilized in future breediig efforts to improve temperature 
stress response for germination and early seedling growth. 
Germination was not affected by NBD until the concmua- 
tion became toxic at I 1.8 to 23.7 mVL. Increasing NBD wn- 
centration from 0 to 6 mVL decreased root and shoot 
growth, while increasing ethylene production. This 
bioassay should be a useful tool foruxgning genotypa for 
seedling vigor rrsponsc to tempaanne s a u s .  

Planting Date and Row Spcing 
of Pearl MU*1 in Nebmka 

Research M&o& 

An ongoing study to ddamine rreommcoded planting 
date and mw spacing for dwarfpearlmill* hybrids war wn- 
tinued on sandy soil site in Ogallala and a sihyclay loam site 
in Mead, NE. and expanded to a loam soil in Sidney. NE 
which has lowrainfall, short growing season, d efforts am 
being made to intensify wheat-fallow production syotems 
by incorporating a summer annual q. The pearl milkc hy- 
brids 68A x 89-0083 and 68A = 086R responses to planting 
date, and narrow (38 to 50 cm) and wide (76 cm) row spac- 
ing were corn& to the grain sorghum check DK28. 

and as late as July 15 while rwghum had a numwer 
window for planting. Averaged over envimamenn. grain 
sorghum poduccd appmximately 0.4 Mg ha-' morc grain 
than pearl millet, but at plantingdatesaRer July I. pearl mil- 
let oAen produeed higher yield Since pearl mi lk  bar a 
lowerbasetempemturchgiain sorghum. funhcrrmdy of 
plwting dates in early May is writed. 

Effect of Phnt  Popbtioll d Tilil*r 
Prc-Harvest l a t e  Mahrity om Parl  

Milkc Grain l a d  Stwcr Y i .  a d  Fccdbg Vahc 

A mdami compktc block d c s i  cxpaimnt was 
anductal with plant spring of lm x lm ?ad I.5m x im 
plml spcings with threc thioniug at.lwna of2 phfsbill  
a 14 days aRaplonting(BI). BI plvr t i l k  bmwSd65 
days aRerplantia& and B, plus tilkrs hrnsted 85 dayr af- 
taplantiag. Ti lks  wae hawud, dried, weighed and a& 
lyzcd for digestibility and nubiml value. Grain and awn 
wac  hamsted at thc end of the growing season. 

Plant popllstimand thiiingmPmemr badmeffatm 
grain or stover yield. Thacforc. it is possible f a  famms to 
harvest tillers for fonge wimovt adversely effect@ grain 
yield or stoverpmdu&on. Forage nhu of b a t e d  &IS 
and food qality ofpearl mi lk  grain rc b e i i n g ~ i n d  
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and the study is being continued during the 1999 growing 
season. - 

ROCAFREMl and Mali 

Principal Constraints and 
Fertilizer Response Studies 

Research Methods 

Between 1994 and 1998 the West and Central A6ica 
Pearl Millet Research Network (ROCAFREMI) conducted 
studies in Burkina Faso, Ivory Coast, Mali, Niger and Sene- 
gal on pearl millet principal constraints of tillage, crop rota- 
tion, organic and inorganic fertilizer application, crop 
residue management, anduse of improved pearl millet vari- 
eties; and regional studies were conducted on pearl millet 
grain yield response to application of organic and inorganic 
fertilizer. Specific treatment levels varied among countries, 
but could be summarized. In addition, MTSORMIL Project 
UNL-213 has conducted long-term cropping system and 
residuemanagement studies at Cinzana and Koporo, Mali. 

Research Results 

The principal constraints research produced inconsistent 
results for crop residue management and use of improved 
varieties. Constraints were site specific (year andor loca- 
tion) except crop rotation with either cowpea or peanut con- 
sistently increased grain yield by 10 to 19% in lvory Coast, 
Mali and Niger (Table 2). However, no yield increase was 
found on a heavier soil in Burkina Faso. Tied ridges in- 
creased pearl millet grain yield by 0.4 Mg ha-1 in dry years 
in heavy textured soils inBurkina Faso, buttillage hadno ef- 
fect on yield at other locations. Both organic and inorganic 
fertilizers increased pearl millet grain yields with the best 
yields requiring application of inorganic fertilizers (Table 
3). Although the treatment combinations used do not allow 
making definitive conclusions, the trend is that organic and 
inorganic fertilizers increase yields most when used to- 
gether. 

' M w  weighted based on number of environments 

- - - . ~~ . .. -- 
Table 2. Crop rotation with grain legnme(cowpeaorpeannt)influence on pearl millet grain yields in West Africa. 

. 

- ROCAFREMI 
Cmepinp, sysrem Burkina Faso Ivory Coast Mali Wigghted mean' 

._______________._...~... kg ha I _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ ~ ~ . . . . .  

Table 3. Pearl millet grain yield response to organic and inorganic fertilizer application from ROCAFREMI Agron- 
omy (P4) Regional Trials. 

Continuous 681 992 1297 1449 

Rotation 6 7  J 1089 1542 1::: I657 

Yield i n c r e w  0% 10% 19% 19% 14% 

-- 
BurkinaFaw, r -- Mali PI Nigsr Senegal 

1225 
1404 

15% 

Fat i l im Yield l n m a v  1 Fertilizer Yield lncrcase 1 Fotilizer Yield herease 1 Fotilizcr , Yield lncnass 
I K i n W e )  k@a % 1 (KindiRale) kgiha ; (KindkteL % kgiha % . (KmdiRatc) kfla % - 
Zero 423 - Zero 515 - 1 Zrro 605 -- i k o  898 - 

Number of 2 2 3 4 1 I I 22 
environmenu ~~ 

2.5 Thamanurctl3 1 30-24-30 
K#haP20~(200kglha 605 43 38-15-15 798 PX)r+23 1093 81 kgihdi43 998 1 1  
Rwk Phosphuc) kgiha' 1 kgihaN 

I 

' Only t h r s s e n v i m e n u ,  d~unedbasedanmeanyicldr. 12-12-12 equals 75 kgiha 15-15-15 fenilim 
IW kgiha diammmium phosphate + 23 kgihiha N as urea ' 1Wkgiha IS-15-15 fertilizer+ 23 kglhaNrs urea ' 75 and IS0 kgiha 20-16-20 fsrtiliaer 



Networking Activities 

Workshops 

American Society of Agronomy Meetings. 18 - 22 Octo- 
ber. 1998. Baltimore, Maryland. 

ROCAFREMl (West a n d C e n d  Africa Pearl Millet Re- 
search Network) Agronomy (P4) Meeting. 5 - 8 April 1999, 
Ouagadougou, Burkina Faso. 

Visited rexarch collabordton from Burkina Faso. Mali, 
and Niger during 30 March - 8 April hip to Wen Africa 
This included on-site visits of research in Burkina Faso and 
Mali. 

Cemajor professor for Ph.D. degree for Samba Traore 
(1995-99). Also have had frequent interactions with 
Minamba Bagayoko wncerning Ph.D. thesis research con- 
ducted wim the University of Hohcnheim and lCRlSAT 
Sahalien Center. Haversruited Pale Siebou (Burkina Faso) 
and Nouri Maman (Niger) to start graduate studies in Jan. 
2000. 

Hosted at the University of Nebraska and worked with 
two ROCAFREMl Agronomy (P4) scientists (Taonda Jean 
Baptine, Burkina Faso; Nouri Maman. Niger) on data anal- 
ysis and interpretation for five-year repon of research re- 
sults. 

Memorandum of Collaboration signed with MERA. 
Burkina Faso (8 April 1999) which allom NIXORMIL to 
initiate collaborative research. 

Fundspaseal IhroughtoBurkina FasaMali andNigerto 
assist with collabontive rewarch e h  

Computer was puchased to assia in research effom in 
Mali. 

Publiitioos and Prrucltstioas 

N m .  M.. SC. Mnon a d  T C a l d n  1999 bW d a- 
inllua~lc on psrl mi lH  poduam m Eicbah ?id6 m md 
ni- uptltc md e m .  A g m  I. On Rm) 

Nam.M.S.C.MsonmdS Sbifi 1999 V m c l y a d r ~ k v d  
influma MI p e d  milla pod- in Stgu I Cllm pcld ad 
m m a  m t m u l a i m  Afri Crop Ei I On R m )  

Noul. M . S.C. M m n  d 5 Snfi 1999 V m  md r-I lCItl 
i n 0 u c n a r n p c l l m i M p o d u r m n i n W u p N m d P s n a m r ~  
n d  xcumulRm. A m  Crop So J (In h l  

slockum RD 1999 Emyrnc mvolrarm D gm ~oahun m~oa 
nddysad lmggorr th  Ph D hrrcmrnbwmq of?Wr&r 
L~noln.  M l  I 0  pp 

T-.S 1999 E k u o f g ~ p s m d d r e n o ~ a l m l k ~  
ablln, of gnm wghwn Ph D Dmmmn. Unnwsa) of-8. 
L a d n  kl 208 pp 

Actively participated in ROCAFREMl Agronomy (P4) 
meeting on research efforu, daIa analysis and inlcrpma- 
tion, and report preparation, 5 - 8 April 1999, Ouagadougou, 
Burkiia Faso. 
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Nutrient Use Efficiency in 
Sorghum and Pearl Millet 

UNL-214 
Jerry W. Maranville 

University of Nebraska 

Principal Investigator 

Dr. Jerry W. Maranville, Department of Agronomy, University of Nebraska, Lincoln, NE 68583-091 5 

Collaborating Scientists 

Professor David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 68583-0915 
Dr. Steve Mason, Department of Agronomy, University ofNebraska, Lincoln, NE 68583-0915 
Dr. Darreli Rosenow, Department of Crop and Soil Science, Texas A&M University, Lubbock, TX. 
Dr. S. Madhavan, Department of Biochemistry, University of Nebraska, Lincoln, NE 68583 
Dr. R. K. Pandey, World Bank, Visitmg Scientist, University of Nebraska, Lincoln. NE 68583 
Dr. John Markwell, Department of Biochemistry, University of Nebraska, Lincoln, NE 68583 
Mr. Abdoul Toure, Sorghum Agronomist, IER, B.P. 258, Bamako, Mali 
Mr. Minamba Bagakoyo - IER Cropping Systems, B.P. 258, Mopti, Mali 
Mr. Sogodogo Diakalidia - IER Cropping Systems, B.P. 258. Bamako, Mali 
Mr. Sidi Bakay Coulibaiy - IERPhysiologist, B.P. 258, Cinzana, Mali 
Dr. Damba Traore, Sorghum Agronomist. IER, B.P. 258, Bamako, Mali 
Mr. Seyni Serifi, Agronomy Divis~on, INRAN, B.P. 60, Kollo, N~ger 
Dr. Samuel Buah, Sorghum Agronomist, SARI, Tamele, Ghana 

Summary 

On-farm trials were conducted in Niger to study im- 
provedmanagement consisting ofapplied fertilizers anduse 
of tied ridges for water harvesting. Trials were located in 
three different agroecological zones having low, intermedi- 
ateand high rainfall. However, this seasonmore rain wasre- 
ceived in the low rainfall region than the intermediate. 
Eleven f m s  participated and were used as replications 
within a region. Poor germination and plant development 
resulted in crop failure in the wet region. Grain yields in the 
dry zone were greater than in the intermediate zone due to 
rainfall differences. The new hybrid, NAD-1, produced 
greater yields than the variety when grown in tied ridges in 
the low rainfall zone. There was no difference in the inter- 
mediate zone. The variable and often stresskl environment 
of 1998 made interpretation difficult. An additional on-farm 
trial conducted collaboratively with Dr. R. K. Pandey ofthe 
World Bank tested the NAD-I hybrid, two plant densities, 
and five N treatments in the irrigated perimeters of Konni 
(loam soil) and Maradi (sandy soil). Three farmers partici- 
pated at each location. The results showed that yields were 
higher inthe loam soil locationand yields were increasedup 
to 120 kg N ha-'. Partial factor productivity of ameasure of 
return to farmers showed higher returns by using the NAD-I 
hybrid versus an improved variety. Sandy soil required 
more N to reach equal yields to the loam. 

Studies conducted on station in Niger which tested the 
effects oftied ridges, high plant population and fiveN rates, 
showed tied ridges increased yields substantially over flat 

beds. Nitrogen application improved yields up to 135 kg 
ha-', and the return to farmers was higher if N was used in 
conjunction with tied ridges and increased plant density. 
Rainfall in these tests was 547 mm in 1998. Another test 
where hybrid NAD-I was compared to the varieties 
Sepan-82 and RAT-204 confirmed that the hybrid out 
yields the varieties at all N fertilizer levels, and responded 
up to 180 kg N ha-' in this test. The economic return tofarm- 
ers was significantly greater when using NAD-I. 

Mali studies on the effect of previous crop on sorghum 
yields showed that sorghum following corn or cowpea was 
better than sorghum after peanuts, pearl millet or dolichos. 
Sorghum following sorghum resulted in the poorest yields. 
Responses were modified positively and linearly by N ap- 
plication up to 60 kg ha-l. Application of Malian rock phos- 
phate also increased sorghum yield about 9%. 

Greenhouse experiments conducted to test inherent 
chlorophyll differences on N responsiveness in sorghum 
showed that the maicillo line Lerdo Ligero (low chloro- 
phyll) did not maintain as high photosynthesis as CK60 
(high chlorophyll) under N stress. Further tests are needed, 
but it is unlikely that leaf chlorophyll per se is responsible 
for the observed lack of stress tolerance. In anothertest, two 
new Niger sorghum hybrids WAD-I and NADJ) were 
compared to two improved lines (Sepan-82 and IRAT-204) 
for N responsiveness. In terms of photosynthesis and leaf 
stomata1 conductance, there were no differences among the 



genolypes even though k e  pamnaers were reduced with 
N stress. Funher analysis of tissue N conccnhation and N 
use eficiency will be made. 

Ob ja t i va ,  Prodoclion and Utilimtion Constmints 

Objedba 

Identify sorghum and pearl millet genotypes which 
are superior in nutrient use efficiency (primarily nitro- 

Determine the physiological and morphological 
mmhanisms which allow gendypes tobe nutrient use 
efficient. 

Determine optimum nutrient (particularly nitrogen) 
management practices for arid and semi-arid environ- 
ments. 

Conduct on-farm trials to t e a  improved management 
recommendations for sorghum production. 

Provide long and short term mining experiences for 
students and scientists ofcollaborating institutions. as 
well ascertain technical expertise for w l l a h t i v e  ef- 
forts related to overall INTSORMR. objectives. 

Soil nutrient deficiency strew. 

Lack of adequate nutrient use efficiency in current sor- 
ghum and pearl millet cultivan. 

Inadequate knowledge of proper management praaica 
to help cope with nutrient stresses. 

Lack oftcchnicallybaiaodperwmel whocandmkeaad 
cany out sound raearch programs. 

On-farm Stnd ia  on (he U x  of Nntricnts 
and T i  Ridga  in Niier - Scpi Sirill 

On-farm studies on nutrients use and ridges mrr con- 
ducted in Niger during the 1998i99 cropping zaxm. Si t a  
ofthe studies w e n  lofated in thm differentsgrozcological 
zones (dry, intermediary and humid). Thc dry W o n  
Tillakaina, hac an average annual rainfall of 300 mm, while 
Komi, in the intermediate rainfall zone received annually 
about 400 mm of rain an average. Fk.ngw location in the hu- 
mid zone has usually an average rainfall of more Ihan 600 
mm. Two improved genotypes (NAD-I. a hybrid, and 

9DSN7) were comprsd lo Lml ~ f e  eultivan under im- 
p v e d  and aditid sagbnm culcivaim. lhc  improved 
cuhivarion cwriaed of ridges and ticd r i d g a  nmbmnl 
with 5 t ha-' manure and 50 kg ha-' urea M n m  was a p  
plied b e f m  planting, a~ soil pcpwtioo whik m a  was 
wd at early growth aage. A r a n d m i d  m m p k  bbck 
was wd where each producer wac cmsidacd lrra mpliatc 
and five replicates wenpllnncdm be imalkd in ach loeb 
tion.Plwsiacwas4mx8mandpkooingdencirywas41 
675 hills(0.80mx 0.30m) w i t h 0 . 8 0 m m b c e n  m3md 
0.30 m bawm hills. h plmn w a  k f ~  pa hill lAer 
thinning. During the 1998-99 season rainfall received at 
Tillakaha. the dry location. was 456.7 mm in : l days. whik 
in Komi, in the intermediary rainfall nm, 3985 mm in 29 
days have ban received. Raiifall in the rby lacation was 
higher than the ow received in the immediate region in this 
cropping seasw. Trials were waded  twice and any major 
problem was obsaved during the growing period. Huwa 
was ended in October at Komi and in November at 
Tillakaina Production of grain and n o v n  of each plot was 
weighed m estimate the yield of these variables. 

Trials conducted at Bengw, in the humid climate. hikd 
dueto bad germination and development. Thcir~sulo were 
not analyzed. thenfore. they were not included in the report 
Raults of Kauri n d  Tillakaina trials wac p m i e d  in Ta- 
ble I and concerned avaage grain and stover yields o v s  
replicate (farmer) and location. In the dry location 
(Thkaina). rsults of five bials w a c  analyzed whik in the 
medium site (Korni). results of four I d s  wac used in the 
analysis, the fiWl trial Failed to pmdua. Grain )idcis f a d  
the matmnts  and gendypa were mucb highcr in the dry 
m e  h in tbe medium rainfall one. Wn no significant dif- 
ference was obrcrved in stover yields in bo(h locatiom. The 
cmaasting situation observed in grain yield m l d  be ex- 
plained bythe factthat inthe 1998 season. rainfall inthedry 
location was p x t e r  d m  the on obtained in thc medium 
rainfall m e .  Mmver, droughiocctlmnceaod severity a p  
pmrcdtobecaamauintbemediummoethanmtbedry 
@on of Tillakaina Rainy season also war sborIer in the 
medium kearioa than in the dry. Gcwrype N A D I  p 
d u d  thc highengnin yield (2240 kg ha-') with M ridges 
5Tillak.ioa Wn at Konni iaykldwasooly432 kg b-' f a  
the m e  atatmen1 (tied ridges). Grain yields of the smne 
gmotypcOJADl)aITilkk.inaw~nadiffcreatbmnen 
ridga (m lied) and m d i t i a d  cultivation matmeno. 
hywereesfimatedat 1401 and 1614kgha-1 faridgesand 
oalmonal cumwl pnaices. Rspatively. At Konni. mc-  
theless. grain yields of NAD-1 were na  mly low bur also 
deucasd horn me improved to the ua impoved m- 
men& 'They w a c  432.602 ad 625 kg bs-i for tied ridgu, 
ridges and aad i t i od  cultwe. Grain yieldr fa the local 
gamplasm m the dry location looked nabk  and high m all 
thebcatmenk. They w a c  1752 kg&' forticd ridgq 2473 
kg ha-I f a  ridges and 2236 kg ha-l f a  naditional cuhurr. 

Avenge stover yield f a  aU the m m o  in all kca- 
tions wen  around 4500 kg ha-' for most of the genaypes. 
Significant diff- were not obwrved b e e n  mat- 
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Table 1. Mean grain and stover yields from on-farm sorghum trials a t  two locations in Niger in 1998. Treatments 
consisted of three genotypes grown with ridges and tied ridges plus manure and inorganic nitrogen (im- 
proved) versus the same genotypes grown using traditional cropping practices. 

K e  ha-' 
NAD-I Improved (tied ridges) 2240 3734 
9OSN7 Improved (tied ridges) 805 3923 
Local Improved (tied ridges) 1752 4688 

Average 1598 4115 

Tillakaina - - - - T n i  I Averaze 
Genotype Treahnent Grain stover Grain stover Grain stover 

K e  ha-1 K e  ha-1 
4498 1336 41 16 
7714 787 5818 

NAD-I Tradilional (ridges) 1401 3176 
90SN7 Traditional (ridges) 968 3516 
Local Traditional (ridges) 2473 5009 

Average 1614 3900 

NAD-I Traditional 1614 3006 
902N7 Traditional 1571 3667 
Local Traditional 2236 4480 

Average 1807 - 3718 

ments for this variable either in the dry or medium rainfall 
zone. 

Results of the 1998 season were variable compared to 
those of 1997 in terms of grain and stover yield. In 1997, in 
all locations, tied ridges performed better than traditional 
cultivation and genotype NAD-1 gave the highest yield. In 
1998, on the con-, the performance of genotypes were 
diverse and in some case the traditional and the local variet- 
ies tended to be more productive than the improved. Due to 
that contrasting situation, it's difficult to make any conclu- 
sion aboutthe results ofthe 1998 study. It will be necessary 
to repeat that study next season in order to make appropriate 
recommendations about these technologies. 

On-farm Sorghum Technology Evaluation to Enhance 
Sorghum Productivity in Niger - R.K. Pandey 

Improving sorghum yield on farmers field in Sahelian 
environment is a primary goal of on-farm trials. Evaluating 
improved crop technologies with farmer participation under 
joint farmer-researcher managed trials provides an opportu- 
nity to farmers to learn about new technology and thus im- 
prove their farm income. An on-farm trial was conducted to 
evaluate sorghum technology .@ybrid vs local variety 
Sepan-82) in two soil types (sand and loam) and two plant 
densities (low and high) at five N levels (0,40, SO, 120 and 
160 kg N ha-') in two irrigated perimeters in Konni and 
Maradi. Three farmers in each soil types were selected to 
evaluate the effect of cultivars, plant density and N rates on 
grain yield of sorghum. Data were analyzed as custom de- 
sign with farmers as replications. 

The crop was planted at 60 cm between rows and 25 
and 37.5 cm between hills with 4-5 seeds per hill followed 
by manual t h i i i ng  to achieve desired plant stands. The 
crop received 498 and 547 mm rain in the cropping season 
in Konni and Maradi, respectively, and was also occasion- 
ally irrigated when experiencing water stress. Half ofthe N 

was applied at planting and half at heading. The crop was 
hand weeded. Chlorophyll measurements were taken on 
fully expanded leaf at flowering as measure of N suffi- 
ciency. Data on grain yield, chlorophyll and partial factor 
productivity (PP) over plant densities are presented (Table 
2). 

Grain yield was significantly higher in the loam soil 
compared to the sandy soil. Grain yield of both cultivars in- 
creasedlinearly up to 120 kg Nper hectare. Cblorophyllme- 
ter readings as a measure of N sufficiency was higher as N 
level increased. Partial factor productivity as measure of re- 
turn to farmers from N investment was higher for NAD- I 
compared to Sepan-82 in the loam soil compared to the 
sandy soil. Greater N availability and reduced water stress in 
the loam soil provided better growing condition for higher 
grain yield. Further, farmers having sandy soil would re- 
quire more N fertilizer to produce the same yield as the 
fanners of loamy soil. 

The findimgs ofthis study suggestedthat in the Sahelian 
environment of Niger, improvement in sorghum productiv- 
ity can be achieved by developing soil based management 
practices, particularly nutrient N, for optimizing grain yield 
of hybrids and open pollinated varieties. This may ensure 
greater resource use efficiency of resource poor fanners for 
grain production and maximize their farm profits. 

Nitrogen Response of Sorghum as  Influenced 
by Cultivars and Nitrogen Rates in a Sahelian 

Environment - R.K. Pandey 

Low productivity of sorghum in a Sahelian environ- 
ment demands examination of yield potential of sorghum 
cultivars at different N supply levels, where N is the major 
limiting production factor. Field experiments was con- 
ducted to examine yield potential of sorghum cultivars and 
nitrogen responsiveness on a sandy soil on a Lossa farm in 
Niger. Three cultivars namely IRAT-204 Sepan-82 and 
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NADl were evaluated on five N levels; 0.45.90.135 and 
180 kg N ha-I. The aop wsr planted on July 10, 1998 and 
received - 465 mm ninfall. Half of N was applied basally 
and half six weeks after plmtiag. The cmp was haad 
weeded. Chlorophyll was measured by the Minolta 
SPAD-500 at flowering. 

The ctup rcspcm&d well to N fatilizatim. Signifisam 
diffuences were obvrved to N rates f a  bah in hybrid and 
local cultivars. Mean yield of NAB1 was 4165 kg kt 
comparedto 3122 kgha-I ofSepan-82and3136 IRAT-204. 
Gnin increased almost linearly up to 180 kg N ha-' in all 
three genotyps. Although N O 1  &cod numerically 
higher grain yield a r m  N level compared to the &her two 
genotyps, the full benetit in yield iaaew to bcaa man- 
agement was visible at higher N levck. ChIoqhyil met- 
readings suggested inerrescd leaf N sufficiency kvel oc- 
curred with N fertilization which improved potential grain 
yield. P d a l  factor pductivity as a m- of return to 
farmers h m  N inveslment ioacssed in NAD-1 ampared 
to Sepan-82 and IRAT-204. (Table 3.) 

The f i m g  of this mdy arggesDd thzQ in p m i t  of im- 
proving saghum productivity. beat3 of innuduction of 
hybrid tahnology cao be realid fully if it is xcompmied 
by simultancoln improved management w h i i  wwld in- 
c ldc  N lac. 

Trials w a e c o o d u u c d t o t a t ~ d f c c t o f ~ a o p  
and different N rra m sorghum producrian in Mali. Sor- 
gh~m was planted fnllmving peanurs. doliehos. 
par1 m i l k  mm and sagbum a N nm of 0.20.40 d 60 
kg ha-!. one m m ~ e o r  with I I m m m .  Two genaypcg 
CSM388 and N'Taimi i  were used Results showed that 
saghumyie lQwerr~bythepcv iourcropmdge-  
naypc (Table 4). Cam was the he c q  to Follow md sor- 
ghum the wont CSM388 outyielded N'Tenimissa an 
average of 449 kg ha-I ova  dl matmenu. The positivc ef- 
fect of previous crop vaned to dcpod m m gmmh dma- 
hon andlor h biomass produmm. Gcwrypc CSM388 has 
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Table 3. Grain yield as influenced by cultivars and nitrogen rates 1998, Lossa, Niger. 
- - 

Nitmaen Grain yield ~hlorophyll meter readinm . . 
(Kg hid)  (Kg h d )  

- 

NAD-I Sepan-82 1 R . T - 2 0 4  -=_ Sepan-82 RAT-82 Mean 
0 2097 1571 1317 1662 29.7 30.5 29.6 29.9 

Table 4. Sorghum grain yield as influenced by previous crops and genotypes in the rainy season. 
-- 

Previous crop G e n a h . ~ e s  Differences --- 
CSM388 ~ ' ~ e n i m . ' g a T ~  

Sorghum 1492 C 1218 B 284' 
Millet 1523 C 1229 B 295' 
Peanut 1833 B 1337 AB 496' 
Dolichos 1863 B 1373 AB 490' 
Cowpes 1896 AB 1405 AR 313' 
Corn 2095 A 1446 A 619' 

Mean 1784- 1 3 3 5 -  449 

Simificant at 5Y.; Means with the -c lctlrn ars not sigifisant at 5%. 

high nutrient uptake efficiency compared to N'Tenimissa, 
and this may account for the yield differences. 

There wasa linear increase in yield up to 60 kg ha-I. No 
significant difference in yield was obtained from 1 t ha-' 
manure over that of the control (data not shown). Applica- 
tion of Malian rock phosphate increased overall yield by 
about 9%. 

Domestic Research 

Comparison of sorghums with genetic 
differences in leaf chlorophyll 

Jerry Maranville, John Markwell, Gary Peterson 

Changes in leaf chlorophyll in sorghum generally indi- 
cate corollary changes in leaf N. However, it is known that 
there are genetic differences in the amount of chloro~hvll a " . d 
given genotype can produce. It is not certain if those types 
having inherently less chlorophyll have the same N re- 
sponse characteristics as those with more chlorophyll. Sor- 
ghum line 'Lerdo Ligero', maicillo criollo sorghum with 
comparatively "yellow" leaves when grown under adequate 
N was compared to 'CK60' which has a dark green leaf. The 
study was conducted in pots in the greenhouse at two N lev- 
els (high and low) with eight replications. The low N me- 
dium (1 mg N kg-') caused N swss  to be evident. 

Results showed that the Ligero variety had 40% less 
chlorophyll in its leaves than CK60 when grown with ade- 
quate N (Table 5). There was no difference in carbon ex- 
change rate (photosynthesis), however. When plants were 
put under N stress, Ligero lost 62% of its leaf chlorophyll 
and CK60 lost 56%. The CER was not reduced by the N 
stress in CK60, but Ligero values decreased by almost 50%. 
Our previous work has indicated a good comelation exists 
between leaf chlorophyll and leaf N in sorghum 
(INTSORMIL An. Rep., 1995,pp. 60-65). Leaf chlorophyll 
is not always a good predictor of photosynthesis and pro- 
ductivity, however. There is a good chance that the drop in 
photosynthesis shown by Ligero under N stress is due more 
to the d i s~pt ion  of carboxylation enzymes than the loss of 
chlorophyll per se. We have more experiments underway to 
study this further. 

Nitrogen response of four sorghum cultivan - 
R.K. Pandey, Jerry Maranville. 

In Sahalian environments, N use is low and soil is de- 
graded, and sorghum yields are low. In order to improve 
sorghum yield, more productive cultivars that can use N 
more efficiently are needed. A glasshouse study was con- 
ducted to evaluate nitrogen response of four sorghum 
cultivars. A complete randomized design with five replica- 
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Tabk 6. Nitrogen response diRercnm amwg Niger hybrids and open pollinated celtivar* 
~ ~ ~ . .  -- - .  ~ 

T m c m  C h l o m ! - -  - _- P!mmxIheir . C~~ 
Wl N 0 2-7. 
Y A D l  49-32, 25.97. 02J2i.d 
V A D 3  48.128 2221.b 02ISJ.b 
Scpn-82 4700s 3.02ab 0252lab 
JUT-204 47.90. 26 69. 02521d 

LwrN 
N A D l  24.84b 19 R b  02073lb 
NAD3 23.34b 179Jb 0 I803.b 
- 4 2  21.62b IS99b 0 I W I B  
IRAT-204 26.66b 1363b O l Z I l b  

tions was used. Data on plant dry weight, leaf area. chloro- 
phyll and photosynthesis were collected. 

Significant differences between N levels were ob- 
senred; however, differences among sorghum cuhivars 
were not fomd(Table6). At low N leveb,thm wereno dif- 
ferences among cultivan for any trait Higher photosynthe- 
sis was associated with greater conducfance. Funher 
analysis will be made on tissue N concentration and N use 
efficiency. 

Networking Activities 

Project UNL-214 is continuing wllaboration with Dr. 
R.K. Pandey ofthe World Bank. Cunmtly, Dr. Pandey is at 
the Univenity of Nebraska doing research and writing 
manuscripts h m  collaborative studies in Niger. UNL-214 
is paying Dr. Paodey's salary, and expenditures to date is 
$12,000. He will be at UNL through Dmmber, 1999. 

A new MOU was hfted bewrm lNTSORMIL aod 
SARI of Ghana and UNL-2 14 is UK primary faus of 66 

new wllabaative effort. IX Samuel Buah will be receiving 
funding tostart agronomic studies in soc&um in the coming 
season. 

UNL-214 is still waiting with World Vision latema- 
tional on consulration. 'lhe UNL-2 14 PI will make a trip to 
three African counmes to review WVI studies at thc ex- 
pense of the InterCRSP funded program managed by 
Bean/Cowpea. 

Publications 
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Breeding Sorghum for 
Increased Nutritional Value 

PRF-203 
John D. Axtell 

Pnrdue University 

Principal Investigator 

John D. Axtell, Deparbnmt of Agmwmy. Purdue University, West Lafayak. IN 47907 

Collaborating Seientirts 

Gebisa Ejeta, Sorghum B d e r .  Depamnmt of Agrunomy, Purdue Uniwrsity. West Lafayme. IN 
Lee H o w ,  Sorghum Breeder, 547 Broadbranch Rd., Bakersville. NC 28705 
Issoufou Kapran. lNRAN/TNTSORMIL Coordinata for Niger. Sorghum Breeder MRAN. B.P. 429, Niamey. 

Niger 
Bruce Hamaker, Cereal Chemistry. Food Science, Purdue University.. Wen Lafayme. IN 
Adam Aboubacar, Cereal Chemist. Postdoc. Food Scimce, Purdue University. West Lahyme, IN 
Ouendeba Botomu. Millet Coodinam, ROCAFREMI, Niamey. Niger 
Robat Schaffert Sorghum Breeder, EMBRAPA. Brazil 

Summary 

Four major achievements of this project will be cited 

Plant biotechnology has become apowaful tool to com- 
plementthe traditional methods ofplant improvement. Scv- 
era1 methodologies have b m ~  developed to identify and 
clone agronomically imporIan1 genes and to crdnsfer gmes 
from any living organism to plants. This report includes the 
development of a protocol for sorghum transfmation via 
Agrobacferium fumefaciens. It demonstrates that 
Agrobacferiwn-mediated hausfornunion is a feasible tecb- 
nique for the genetic transformation of sorghum. Sorghum 
transgenic plants were produced via Agrobacferium 
rumefocienr, and the msformation widenad by Southern 
blot analysis of To and TI  plants, detection of GUS activity. 
and production ofT, plants resistant to hygromycin. Imma- 
ture embryos of sorghum were very sensitive to 
Agrobacferiwn, and embryo death after coaltivation was 
considered the limiting step to increase che transformation 
efficiency. Key facton were the co-cultivation medium, rhc 
use of a genotype andan explant with good tissue c u l m  re- 
sponse, and the addition of P lmicF-68  to the inoculation 
medium. Sorghum transformation via Aflobocf~iwn is 
still not a mutine technique, but it seems to have good poten- 
tial once the protocol is funher refined and impved. 

The significance ofthis restarch means that saghum can 
now benefit from the rmid advances in croomolecular biol- ~~- ~ ~~~~~~ ~ ~ 

ogy utilized by other cereal grains. A significant part ofthis 
researcb is that the selectable marker used was not a herbi- 
cide. The selectable marker used was the antibiotic 
hygromycin, which worked very well and is a feasible 
marker to select transformed plants. This has great advan- 

PREVIOUS PAGE BLANK 

tages over the use of a babicidc resinace maker, which 
nms the risk ofspreading hnbicidc mkmceamong w a d y  
sorghum relatives. In our enimation this meach means 
that sorghum can join the new biology in Imns of oppatu- 
nities for improving sorghum in the fume. 

Several yean ago Purdue'lNTSORMR prommd sev- 
nal brown m i h b  mutants in saghum by chartical muta 
genesis. These mutants were evaluated f a  theb rrduction in 
lignin eontent and f a  impovd  cby ).a digestliility. 
Three of these mutants w m  fully c w e r i z c d  and rc- 
leased to rhe seed inhrslry fa imorpamioa into amuner- 
cial forage varietin. se&nl cmn& haw b c k d  
the low lignin genes into sudengms so that swghum-Sudan 
hybrids& bcprcduccd. ~orghum sudaogtass hybids are a 
very high yielding foragegrown on several million ana in 
the United Stares alone. The forage yields are very high. but 
the foragequality is generally \own than other forage pass 
spezia. This can now be remedied by rhc korpontioa of 
the brown midrib gene in sorghum-sudan hybrids. Tbey arc 
alzomc~ivetyuailized in Asiancocmuies asa foragecrop. 

Several seed COmpnlIies arc nm producing ued of 
brown midrib saghum sud8ngrrrs commmidly. Re- 
sponse of liv& produce~ has ban exa lkm due to hn- 
proved digestibility mdsignificmtly i m p r o d  palatability. 
Dairy famrsarethe fimrosathe benefitsofthe improved 
nutritional qunlity in i n d  milk p d u c t h .  Thac an 
approximately five million acres of sorghum sudangtass in 
the United Stares at the present time. compared with nine 
million acres of hybrid sorghum f a  grain production. Tbe 
potential of brown midriisorghum wbn in W. Africa is b e  
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ing explored through collaboration with Dr. lssoufou 
Kapran. The value of forage in W. Africa is high and there is 
a chronic shortage ofgood quality forage which we believe 
can be partially alleviated by brown midrib sorghum sudan 
hybrids. At this point in time, there has been extensiveculti- 
vation ofbrown midrib sorghum hybrids in Pakistan and in 
some Asian countries. The potential value in lndia has been 
recognized since lndia is now the largest milk producer in 
the world and they are heavily investing in research on 
brown midrib forage cereals. 

Seed Production of NAD-I in Niger 

The sorghum hybrid, NAD-I, was released in Niger in 
1992. The hybrid was developed from collaborative re- 
search between the Nigerien sorghum breeders and 
INTSORMIL breeders at Purdue University In Niger, the 
hybrid was involved in on-farm demonstrations where it 
raised excitement amongfaimers. In 1995, INRAN (Institut 
National de  Recherches Agronomiques du Niger) and 
INTSORMIL-Purdue (International Sorghum and Millet 
CRSP) expressed interest in using this hybrid to launch a 
seed production and marketing activity in the private sector. 
That seed production be in the private sector is now widely 
accepted in Niger. 

Testing indicated a 4 0  to 65% increase in y ield compared 
to the best local varieties. Yield results from on-farm dem- 
onstrations have ranged from 3000 to4500 kg ha-' with ade- 
quate moisture to 1200 to 1500 kg ha-' on dryland (the 
national average is around 270 kg ha-'). Farmer enthusiasm 
and interest is strong. 

Production and marketing of seed in the private sector is 
not new in Niger. Rice seed used in the country is produced 
by a co-op. Seed of onions is privately produced and mar- 
keted. A private company, Agrimex, markets vegetable 
seed through a well organized marketing program and their 
seed comes from Holland. ICRISAT expects to have hybrid 
pearl millet ready for seed production in 1999. They cur- 
rently are involved with experimental seed production. 
There is some use of hybrid maize seed coming from Nige- 
ria, but hybrid maize is currently being developed in Niger, 
some ofthis being done privately. Pearl millet is grown on 
over 3 million hectares and sorghum on over 1.5 million 
hectares in the country, providing ample marketing oppor- 
tunity. The successful establishment of a seed industry in 
Niger would stimulate the establishment of industries in 
other West African countries, particularly Mali andBurkina 
Faso. 

A Hybrid Seed Workshop for W. Africa, was held in 
Niamey, Niger on September 28 through October 2, 1998. 
The purpose of the workshop was to acquaint W. African 
sorghum and millet research scientists about the benefits of 
hybrid seed for W. Africa. Speakers discussed relevant hy- 
brid seed experiences in their own developing countries, in- 
cluding lndia, Zambia, Sudan, and Brazil. The goal was to 
explore opportunities for development of sorghum and 

pearl millet hybrids for W. Africa and to assist the develop- 
ment of a private sector seed industry which brings many 
benefits to farmers in W. Africa. 

The Workshop consisted of approximately 150 partici- 
pants from 14 countries including: United States, Niger. 
Ghana, Mali. Cote d'lvoire, lndia, Burkina Faso, Kenya, 
Chad, Egypt, Senegal, France, Nigeria. Zimbabwe, and 
Zambia. The following organizations participated: 

* Winrock International (SenegallMali) 
* PROCELOS-CILSS (Burkina Faso) 
* World Bank 
* ONAHA (Niamey) 
* USAlDlWashington 
* ITRA (Chad) 
* INTSORMIL 
* ARCiFCRI (Egypt) 
* INRAN 
* CIRAD-CA (France) 
* lER/Mali 
* ISRA (Senegal) 
* WCASNWROCARS (Mali) 
* DDEIAICUN (Niamey) 
* IDESSA (Cote d'lvoire) 
* Premier Seed Nigeria Ltd. (Nigeria) 
* Mahyco Seed Ltd. (India) 
* ICRISAT Sahelian Centermiger 
* C.TRA.P.A. (Burkina Faso) 
* ICRISATIWCA (Nigeria) 
* ROCAFREMI (Niger) 
* Ministry of Food and Agriculture (Ghana) 
* Mahindra Hybrid Seed Co. (India) 

* PASP (Niamey) 
* N E R A  (Burkina Faso) 
* Minisw of Agriculture (Namibia) 
* Care lntl. (Niamey) 
* SADCIICRISATISMIP (Bulawayo) 
* World Vision Int. (Ghana, Mali) 

* AGRIMEX (Niamey) 
* Rockefeller Foundation (Kenya) 
* USA1D:REDSOIESA (Nairobi) 

Transposon Tagging in Candy Stripe Material 

Transposon tagging is a powerful method for identifying 
and isolating genes. Once a gene is mutated by insertion o fa  
transposable element, this gene can be cloned using the 
transposable element as a probe. Thus, transposon tagging 
makes possible gene isolation on the basis ofmutant pheno- 
type, rather than relying on prior knowledge of the gene 
product. Tagging of genes can be done using endogenous 
transposable elements or transposable elements from other 
species. Nina V. Federoff demonstrated the applicability of 
plant transposable elements by cloning the bronze gene in 
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maize. Since then, several plant genes have been isolated 
with the aid oftransposable elements, including the cloning 
of the f i t  disease resistance gene in plants. 

The mutable pericarp color gene designated as "candy 
stripe" was tint identified by Orrin Webster in Sudan. Re- 
searc5 done in collaboration with Surinder C h o p  and Tom 
Peterson at Iowa State University has now identified and 
cloned this mutable gene in sorghm. The transposon is a 
very high molecular weight element with all the characteris- 
tic properties of other transposable elements. The unique 
feature of these elements horn our perspective is that they 
can be used to identify agronomically important genes in 
sorghum. The probes are just now available which will al- 
low us to isolate important genes for such important tnits as 
drought resistance and to study them in other plant synems 
and other gene expression systems. This is an important Rep 
forward in the identification of important genes hom sor- 
ghum which can now be studied in greater depth. A manu- 
script will be published in PNAS later this year describing 
the details of this research. 

Objectives, Production and Utilization Constnints 

Objectives 

Sorghum and millet production in Africa is limited 
by the lack of high )-ielding cubivan with superior grain 
quality for utiliaion as a subsinencc cereal by pmpk in 
West Africa. This projea addresses imprownent of sor- 
ghum 1-ield potential rhrough utilization of elite sorghum 
lines and hktrids with good food p i n  qualm. An addi- 
tional comnaint a d d r e d  is thc lack of a viable private 
seed industry in West Africa which would allow- the esploi- 
tation ofheterosis or hr%rid v iga  f a t h c  bmetit ofagicul- 
ture in W a r  Africa. Experience in the rest of the wald  has 
shown that pure lines h a ~ e a  s i gn i fmt  role lopla!, but also 
that lhereare~parunities forutilizationofhybrid cuhivars 
ofsorghumandmillet with b e n e f i t s f a h b  inmasmimess 
tolerance and high yield potential under appropriate man- 
agement. 

Both sorghum and pearl millet are usually gown under 
suess conditions (particularly moisture and temperature) in 
semi-aridenviments. Mmt cacal bmdersacknowkdge 
the benefits of heterosis in pruvidin_e superior performance 
of 'lybrids when grown under stress conditions (see Astell 
review article in CIMMYT heterosis s)mposium published 
in 1999 by the Crop Science Society of America.) 

Collaboration with lssoufou Kapran to develop the A~p-ch md &Wt 
hybrid seed production potential-in Niger so that this 
well adapted and well accepted sorghum h"brid O b j r r t i v c ' - S o ~ u m k ~ ~ i n x ~  

NAD-I c& be produced for u&ation;n ~ ige ; .  
The following update will demonmac signifieant pmg- 

ress in the production of NADl  d. First. a private seed 
Collaborate with Bruce Hamaker to develop rapid the govmment wed Farm at 
screening Iechniques for breeden assess the new Dr. Salifou. who was h n e d  g Mississippi Statc in seed 
high digestibility bait recently discovered by Dr. lechnolopy several )-ears qo. is kading of 
Hamaker in germplasm from our program. a private secta  seed indusry for N i w .  INRAN and thc 

~ovemment  ofNiger are supportive ofthis pn \ae  seed sec- 
To determine rhe inheritance of the recently discov- tor activity. NADl  will be the fim h)brid d p d u c e d  
ered sorghum cultivars with very high digestibility and mark&edbythiscompany. ~ e c o n h  vved h&dsor- 
and to incorporate this trait into improved African and ghum seed producers in Niger have formed a seed p o h K e n  
U.S. sorghum germplasm 

Improve forage quality of solghum stover for bertn 
ruminant animal nutrition. 

Train LDC and US .  scientists in plant breeding and 
genetics with special emphasis on exposure of gradu- 
ate students to the U S  seed indusw. All graduate 
trainingat Purdue involvesactive involvement for ev- 
ery graduate student in plant breeding with hands-on 
experience with new technologies including sorghum 
transformation and molecular marker studies through 
collaboration of PRF-203 with other Purdue Univer- 
sity scientists. 

association. This association recognizes RJRAN as an hon- 
or- member. but is intent on controllinz the seed assaia- 
tion outside of Ute formal arucnne of h e  gnvemmenl. We 
think this is an encouraging developmnt which we will 
nurture Third. thc demand for hybrid wed iar exceeds the 
supply even though the wed is sold at approximately eight 
times the price ofgrain. The important distinction h e e n  
seed and p i n  is now mognizcd in Niger. Weestimatethat 
60 tons ofhybrid seed will be pmduced this year m Niga. A 
grcat deal of this Kcd pduct ion will be on small Farms. 
One imponantobwwation should be noted which bas made 
this asuccessful cnterpiu. Themalepermt ofthe hybrid in 
itself a very popular varier). among farmers in Niger. 
MR732 has goodgrain qualm-.excellent foragequalit)., and 
good yield potential with appqwiate manesment. This al- 
lows the small fanners to buffm their h>-brid production 
lields with an ample quamin ofthe male parent so that is* 
lation frmn l a a l  varieties can be achieved even though 
t h ae  are mal l  produnion units of less than I hectare. This 
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is important because the farmers don't hesitate to get ade- 
quate isolation forpurehybridseed by using wide borders of 
the male parent, which in fact they like very much as a vari- 
ety. This may seem asmall point, but it is important inasitu- 
ation where many small h e r  seed producers are involved. 

Objective 2 -Develop Rapid Screening Techniques for 
Breeders to Assess the New High Digestibility Trait Re- 
cently Discovered in Germplasm from our Program 

A new rapid screeningtechnique, which measures disap- 
pearance of alpha kafuin in sorghum grain has been devel- 
oped by B N C ~  Hamaker and Adam Aboubacar. The test is 
rapid and readily distinguishes between normal sorghum 
and the highly digestible sorghum cultivars. LexNduulu has 
tested this technique across several environments and found 
that it is accurate and yet simple enough to be applied to 
large populations of breeding materials. 

Objective 3 - IdenttJication ofMolecular Markers 
Linked to High Protein Digestibilily andlor High Lysine 
in High Lysine Sorghum Lines 

Sorghum genotypes with high protein digestibility and 
others with hard kernels have been reported. A population 
derived from a cross between P85 1 17 1 and P72 1N has been 
used to construct a genetic map and evaluate phenotypic 
traits. P851171 is high in protein digestibility and has soft 
kernel endosperm whereas P721N is low in protein digest- 
ibility and has hard kernel endosperm. P851171 x P721N 
crosses were made in the Mexico winter nursery in February 
1998. A total of 5 to 10 crosses were made. FI plants were 
grown and selfed at the PU-ARC at West Lafayette in the 
summer of 1998. The F2 seeds were bulked and sent to the 
Mexico winter nursery to be grown. Five hundred randomly 
selected F2 plants were self-pollinated and harvested when 
mature to produce F2 derived F3 families. Out ofthe 500 se- 
lected F3 families, 80 to 300 will be used for QTL analyses 
depending on the heritability results. Data for protein di- 
gestibility and kernel hardness will be collected on the F3 
seeds of all the selected F2 plants including their parents to 
determine heritability of the digestibility trait. 

Polymorphic markers will be selected using SSR tech- 
niques. The frequency of high protein digestibility (HPD) 
and kernel hardness (KH) alleles for each family will becal- 
culated and a distribution obtained. The observed polymor- 
phic markers will be used to construct a linkage map using 
Mapmaker. Map distances will be estimated according to 
Kosambi function. 

Objective 4 -Improve Forage Quality of Sorghum 
Stover for Bener Ruminant Animal Nutrition 

Chemically induced bmwn midrib (bmr) mutants of sor- 
ghum [Sorghum bicolor (L.) Moench] were characterized 
with regard to phenotype, fiber composition, and in vitro 
dry matter disappearance (IVDMD) several years ago. The 
recessive bmr genes produced brown pigmentation in the 

leaf midrib and stem of mature plants. Pigmentation varied 
among mutants in intensity, time of appearance, and degree 
of fading as plants matured. Ten of the 13 mutants had sig- 
nificantly less stem iignin than their normal counterparts. 
Reductions in lignin ranged from 5 to 51% in stems and 
from 5 to 25% in leaves. Increases in IVDMD and 
IVCWCD of as much as 33 and 43%. respectively, were as- 
sociated with the presence of bmr genes. Seed company re- 
searchers have now incorporated one of our low lignin 
brown midrib genes (bmr-6) into both parents of a sorghum 
x sudangrass hybrid. Results on improved palatability and 
performance of the brown midrib cultivar have been excel- 
lent and commercial studies have shown the brown midrib 
hybrid seed is producible on a commercial scale. Currently, 
in vivostudies confirm the higher digestibility for dairy and 
beef animals than were seen in our earlier studies using in 
vitro tests. Pacific seeds, a subsidiary of Zeneca, has an ex- 
tensive research program on brown midrib for forage qual- 
ity in Argentina, Australia, and India. Pakistan has now 
widely adopted the brown midrib trait in their dairy opera- 
tions and is reportinggains of 8 to 10 pounds of milk per day 
per cow. In the USA there are currently five million acres of 
sorghum sudangrass compared to nine million acres of hy- 
brid grain sorghum. So the forage component of sorghum 
research is frequently underestimated and will play an in- 
creasing role in the world as we approach thenext erawhich 
many call "the meat revolution". 

Objective 5 - Train LDC and U.S. Scientists in PIant 
Breeding and Genetics with Special Emphasis on 
Exposure of Graduate Students to the U.S. Seed 
Industry 

Graduate student education continues to be an important 
and vital activity of our INTSORMIL program. A partial 
listing of graduate students who have completed degrees 
with Purdue INTSORMIL was presented in previous re- 
ports. Students can be divided into roughly four categories 
according to their current employment activities. 

* Academic Appointments 7 
* National Program Scientists17 
* Seed Industry Scientists13 
* International Center Scientists 9 

During the past year, Mr. Carlos Carvalho from Brazil 
completed his Ph.D. degree and returned to the National 
Corn and Sorghum Program in Sete Lagoas, Brazil. He will 
be director of the biotechnology lab at this EMBRAPA re- 
search center. LexingtonNduulu is a graduate student from 
the Machakos Dryland Station in Kenya currently studying 
at Purdue. The identification of molecular markers which 
can be used to tag the high digestibility trait in sorghum will 
comprise the bulk of his Ph.D. thesis research. 



Networking A c t i v i i  

The West Ahican Hybrid Sorghum and Milk  Wortr- 
shop was held September 27 - October 2, 1998. Appx i -  
mately IS0 participants from 14 countries were in 
attendance. Sevaal government officials participated and 
made favorabk presentations. There is in fac~ a geoaai wn- 
sensus that the development of NAD- l sorghum hybrid is 
one of the fbst significant uram'butici6 from the INRAN 
program to the people ofNiger. T h m  was general recogni- 
tion of the valuable contributions made by INTSORMR. 
and Lee House, as an INTSORMIL eonsuhant to the seed 
program. As a result of the wwkshop, t h m  seems to be 
movanent among the ICRISAT staff towards eltpditing 
their hybrid pearl millet program, which in fact hiis pro- 
duced some good hybrids, but the technology hiis been 
pretty much on the shelf. Annnd Kumar is an excellmt pearl 
millet breeding witha stmng interen in hybrids. A highlight 
of the meeting was the presentation by Mr. Barnale, horn 
Mahyw Seed Company in India He prsented an excellent 
history of his experienec in developing the private seed in- 
dumy in India, which is now a one billion-dollar industry in 
India. His recount ofhisexpaienecwill be a highlight ofthe 
proceedings which is currattly in preparation. A second 
workshop activity during I999 was a trdining program con- 
ducted at the ICRlSAT Sabelian Center m the Spring of 
1999 by Lee House and lsswfou Kapran. Traiaig was on 
elements of hybrid seed production for lNRAN and World 
Bank technicians in Niger. This activity was very useful and 
productive during the p w h g  season and will definitely be 
repeated in the Spring of 2000. A pmctical lraining manual 
on hybrid seed production in Niger war prepred in English 
and French. 

A number of sorghum scimtias from the USA and 
h u g b o u t  the wordwere involved in exchanges moing 
1998-99. Dr. Robert Schaffcrt h r n  the EMBRAPA po- 
gmm in Brpdl spent a oneyear sabbatical leave as a visiting 
professor at Pvrdue University. Suppon war p r o d  by 
EMBRAPA. MTSORMIL, lPlA and the Depuhnmt of 
Agronomy. Main activities included a mnfacoec on h e  d e  
velopnent of sorghum hybrids, which arc tolerant to the 
acid high aluminum savannas in Brazil, which was held dur- 

ing& Springof 19%. A majarlopic ofdisausim wasbow 
to lransfer the very suooasful expaiaKc in Brazil to m y  
problem soil atus in Africa. m c f u d i  Niger. l d o u  
Kapm will be attending a planning walcshop in October 
1999. 

Numaws ~questr f agamplam a d  iatommh w a t  
received and dibuttd to coll.boratm in A f t i q  Sarth 
Asia, and Llti. AmeTiQ 

high pmDin digtstibiiihi@tysiw poIatdm C a d  Fmds W a M  
4.. < A .  

H.lmta. B Id ID. Artll. 199( NPri601PI qn&y 01- mi 
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Summary 

Breeding sorghum varieties and hybrids for use in devel- 
oping countries requires proper recognition of the major 
constraints limiting production, knowledge of germplasm, 
and an appropriate physical environment for evaluation and 
testing. Successful breeding efforts also require knowledge 
ofmode of inheritance and association oftraits that contrib- 
ute to productivity as well as tolerance to biotic and abiotic 
stresses. Research and germplasm development activities in 
PRF-207 attempt to address these essential requirements. 

PRF-207 addresses major biotic and abiotic constraints 
(drought, cold, grain mold, and other diseases ) that limit 
productivity of sorghum in many areas of the world. Over 
the years significant progress has been made in some of 
these areas. Superior raw germplasm have been identified, 
mode of inheritance established, chemical and morphologi- 
cal traits that contribute to productivity as well as to toler- 
ance to these stresses have been identified. Selected gene 
sources have been placed in improved germplasm back- 
ground, some of which have already been widely distrib- 
uted. 

In Year 20, we report on the results of two major studies 
conducted under PRF-207 that were recently published. 
The first is a summary of several recent publications on ge- 

netic analyses of drought tolerance using molecular mark- 
ers. We employed marker analysis to identify QTL that cor- 
relate strongly with drought tolerance at specific stages. We 
then developed isogenic lines to test the phenotypic effects 
ofgenomic strongly associated with measures of agronomic 
performance in drought and non-drought environments. In 
most cases near-isogenic lines (NILS) contrasting for a spe- 
cific locus differed in phenotypes as predicted basedon ear- 
lier Q'CL analysis. Further analysis indicated that  
differences in agronomic performance may be associated 
with a drought tolerance mechanism that also influences 
heat tolerance. 

In the second study, we assessed changes in concentra- 
tion ofphenolic compounds insorghum grains duringits de- 
velopment and to determine if changes in phenolic 
concentration play arole in fungal invasion of sorghum ker- 
nels. We observed that there is significant association be- 
tween the concentration of certain phenols, particularly 
flavan-4-01s and proanthocyanidins and build up of major 
mold causing fungi. Infection ofkernels by fungi increased 
with decline in concentration of tannins and flavan-4-01s 
suggesting that these compounds may play asignificant role 
in mold resistance in sorghum. 



Objectives. Pmduction and Uti l int ion Comstninb 

Research 

Tostudy the inheritanceoftmitsaswciated withrcsis- 
lance to biotic and abiotic stresses in sorghum andior 
millets. 

To elucidate mechanisms of resistance to these 
stresses in sorghum and'or millets. 

To evaluaie and adapt new biotechnological tech- 
niques and approaches in addressing sorghum and 
millet consmints for which conventional approaches 
have not been successful. 

Germplarnt Developmenr. Comenw~ron and 
Divers@ 

To develop sorghum varieties and hybrids with im- 
proved yield potential and broader environmental ad- 
aptation. 

To developandenhance sorghum germplasm with in- 

creased levels of resistance to drought. cold, diseases. 
and improved grain quality characteristics. 

To assemble unique sorghum germplasm. and to en- 
courageand facilitate freeexchange ofgermplasm be- 
tween U.S. and LDC scientisb and institutim. 

To assess applicability of various starktical and DNA 
fingerprinting technologies for evaluating genomic 
similarity or for discerning genetic diversity of sor- 
ghum and millet germplasm pools. 

Train~ng Nef~wking, and Insrihuioml Dewlopmen! 

To provide graduate and non-graduae education of 
U.S. and LDC scientists in the area of plant bxd ing  
and genetics. 

To develop liaison and facilitate effective collabora- 
tionbetween LDCandU.S. sorghum and milletxien- 
ti-. 

To encourage and facilitate positive innirutional 
changes in research. extension and seed programs o f  
collaborating countries involved in sorghum and mil- 
let research and development. 

Research Approwb a d  h j r u  

The m h  effms of PRF-207 M entirely intenlisci- 
plmar).. The on-camps research at Puniue is in close cot- 
labomion with colleagurr in x v d  dcparmenb. We 
undertake basic research in the ~ t a s  of biotic a d  abimtic 
mcsscs where a c o r n e d  effat is underway m elucidating 
the biochemical and genetic mechmirm of resistance to 
these conmaints. Field and laboratw maluations of sor- 
ghum and millet germplasm are coordinated the results 
from one oRen complimenting the other. In addition. k r c  
have been collabwative research efforts with colleagues in 
Africa where field evaluation of joint experiments are con- 
ducted. 

Our germplasm development and enhancement pmgram 
utilizes the wealth of sorghum and millet germplasm we 
have accumulared in the propram. Intercross ac made in 
specific combinmiom and popllations gexrated \ia con- 
valtlonal hkbridization techniques. Ihrmgh mutagmais. 
or through tissue c u l ~ r c  ;n rrrro. Conventional progenies 
derived from these popula~im are evaluated both in the 
laboratory and in the field n Wea Lafa?ttte. Indiana for an 
array of baits, including high yield porential. -grain qualit).. 
as well as certain chemical constitwne that we have found 
to conrlau well with field resistance to pests and diseases. 
We also evaluate our germplasm for tropical adaptation and 
disease resistanceduring the o f f - s e m  at the USDA Tmpi- 
cal Agriculnual Rese~rch Center ar lwbrlla Pueno Rico. 
Selected progenies from relevant populations are tkn  Sam- 
pled fa evaluation o f  specific adaptation and uafulncss to 
collaborative programs in Sudan. biiger. and more recently 
Mali. Evaluation o f  the drought t o l e m e  of our breeding 
materials have been conduacd at L u M .  Texu in collab 
oration with Dr. Darrell Rosenow. in  a winter nursery at 
Pueno Vallana. Mexico. as well as the Lrniveasity of Ari- 
m a  Dryland Stmion at Yurna. Arirona. Over the years. as- 
sistance in lield evaluation of nurseries has also been 
provided by industry colleagues panicularly at Pioneer 
H i B d  and DeKalb Gmetin. 

The trainink networking and innitutional dcvelopmt 
effom of PRF-107 harc been provided through gradrule 
education. organization of special workshops and ernposia 
as well as d i m  and closer interaction with -h scicn- 
tias and program leadm o f  NARS and associated 
grams. Much of h e  effon in this area has been pimarily in 
Sudan and Niger. with limited airit) in Mali and some in 
Southern Africa through SADCICRISAT. 

Ramrch Findings 

Sekaion and Ccoctic Amalpis of 
Dmogbt Toknncc i m  Sorgbsm 

The development o f  molecular genetic markem and the 
use ofthese markers in quantitative n i t  loci (QTL) analys~ 
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is increasingly becoming a common approach for evaluat- 
ing the inheritance and evaluating the feasibility of acceler- 
ating gains from selection for complex quantitative traits in 
crop plants. Drought tolerance is one such trait for which 
QTL analysis holds great promise. The genetic and physio- 
logical mechanisms that condition the expression of 
drought tolerance in crops are poorly understood. Con- 
trolled by many genes and dependent on the timing and se- 
verity ofmoisture stress, drought is one ofthemore difficult 
traits to study and characterize. Sorghum is one of the most 
drought tolerant grain crops and its rich genetic diversity for 
stress tolerancemakesit an excellent crop model andchoice 
for studying the genetic and physiologic mechanisms of 
drought tolerance. Nonetheless, even in sorghum, direct se- 
lection for drought tolerance using conventional approaches 
has been slow and difficult. A number ofphysiological and 
biochemical traits have been implicated to enhance drought 
tolerance. Yet, only a few of these mechanisms have been 
demonstrated to be causally related tothe expression oftol- 
erance to drought under field conditions. We believe the use 
of molecular markers and QTL analysis based on carefully 
managed replicated tests has the potential to alleviate the 
problems associated with inconsistent and unpredictable 
onset of moisture stress or the confounding effect of other 
stresses such as heat. To this en4 we conducted several ex- 
periments on both phenotypic selection for drought toler- 
ance as well as QTL analysis of drought tolerance in 
sorghum. We summarize below the highlights of these find- 
ings: 

Phenotypic Selection for Drought Tolerance 

We have made a slow hut significant progress via empir- 
ical breeding of sorghum for drought tolerance by breaking 
the trait of drought tolerance into specific phenological 
stages. Our approach has been to break down the complex 
trait ofdroughttolerance intosimplercomponents by study- 
ing drought stress expressions at specific stages of plant de- 
velopment. We have been particularly interested in 
midseason @re-flowering) and late-season (post-flower- 
ing) drought expressions in sorghumgemplasm. Our ratio- 
nale is that if individual components associated with a 
complex trait can be identified, we can mcasurc the contr- 
hution of each of the factors or mechanisms independently 
without the confounding effect of other factors. Using this 
approach, we have identified sorghum germplasm that are 
uniquely pre-flowering or post-flowering drought tolerant 
and few that combine tolerance at both stages. We have de- 
veloped new improved drought tolerant sorghum lines in di- 
verse and elite germplasm background. Some of these lines 
have been officially released and distributed to both public 
and private sorghum research concerns. Several more await 
release and distribution following further characterization 
and cataloguing to facilitate specific mode of utility. Our 
breeding and selection effort was based on reliable 
phenotypic markers associated with morphological and 
yield related symptoms that occur at pre-flowering and 
post-flowering stages of crop development. Some of these 
marker traits are simply inherited and others appear quanti- 

tativerenderingthem amenable to QTL markeranalysisand 
introgression. 

QTL Mapping and Analysis of Drought Tolerance 

Molecular markers linked to QTL for drought tolerance 
couldbe used in increasing efficiency of breeding efforts to 
select sorghum germplasm with enhanced drought toler- 
ance once these markers are identified through carefully 
monitoredchamcterization ofappropriate germplasmunder 
stress conditions. Such an approach provides a more sys- 
tematicmode for identifyingspecifictraits that contribute to 
drought tolerance. Further analysis ofthese traits could lead 
to better understanding of the biological basis of drought 
tolerance. In the last several years, we undertook a number 
ofstudies toward this goal using a set ofrecombinant inbred 
(RI) sorghum lines especially developed for an array of in- 
terdisciplinary evaluation of the genetics and physiology of 
drought tolerance in sorghum. First, the RI lines were care- 
fully evaluated for response to drought in a series of 
pre-flowering and post-flowering stress environments. 
Drought tolerance was estimated in several ways: evalua- 
tion of grain yield under drought, stability of yield, rate and 
duration of grain fill, seed weight, stay green and associated 
traits. Evaluation of the RI lines indicated segregation of 
drought tolerance during both developmental stages affum- 
ing its genetic basis and suggesting complementary interac- 
tion of loci from both parental sources. Second, the RI 
population was scored for the segregation of RAPD, RFLP, 
and SSR markers and these markers were ordered into a ge- 
neticmap by linkage analysis andusedtodeterminethe con- 
tribution of the parental genotypes to each of the RI lines. 
Single factor analysis was used to identify QTL associated 
with yield and other measures of agronomic performance 
under drought and non-drought conditions. Several regions 
of the genome were associated with the expression of yield 
or yield components under pre-flowering and post-flower- 
ing drought, and under fully irrigated conditions. In each 
case, the marker allele associated with higher yield under 
fully irrigated condition was also associated with improved 
tolerance or agronomic performance under drought. On the 
other hand, two regions on two separate linkage groups 
were strongly associated with agronomic performance un- 
der pre-flowering drought but not under full irrigation. Sim- 
ilarly, two other regions of the genome on yet two other 
linkage groups were found to be associated with agronomic 
performance under post-flowering drought but not under 
full irrigation. These findings suggest that these loci medi- 
ate the expression of pre-flowering or post-flowering 
drought tolerance independent of mechanisms that control 
yield. Several QTL for stay green were identified on five 
linkage groups, however, QTL on three of these linkage 
groups were also positively associated with grain yield un- 
der non-drought conditions. This indicates that theremay he 
a physiological link between the expression of stay green 
under post-flowering drought and grain yield under 
non-drought conditions. 



aeVelopmem ofNem-isogenic Lines that D~ff'for 
Drought QTL 

Although our QTL analysis idmtified regions ofthe sor- 
ghum genome that condition the expression of drought tol- 
erance, it provided little information concerning the 
expression of individual QTL. Analysis of near-isogenic 
lines that differ at QTL can be an effective approach for the 
detailed mapping and characterintion of individual loci. 
However. the use of NILS in analysis of important agro- 
nomic haits has beco limited perhaps becaw of the time 
and effon required todevelop these lies. We, therefore. de- 
velopeda procedure for drawing NILS for any region ofthe 
genome that can be analyzed with molecular or other ge- 
netic factors. The procedure utilizes molecular marfrns to 
identify heterogeneous inbred families that are isogenic at 
most loci in the genome from NILS that differ for markers 
linked to QTL of interest. Using this procedure w devel- 
oped NILS for several QTL associated with yield unda 
dmught enviroriments and other maphological traits assc- 
ciated with drought tolerance. 

The pmcess of identifying linkage between markers and 
baits in amappingpopulation followed by test ofmarkeref- 
fens in NILS can be powerful and useful to molve several 
issues. First, marker linkage to a QTL can be c o n h e d  by 
examining the phenotype on NILS that only differ for indi- 
vidual QTL. lnifial Q n  analysis indicates regions of the 
genome that may contain Q n  but the particular phenotypic 
effects ofthese loci need to be confmed Second, NILS can 
be used for fine mapping of QTL. Evaluation of a series of 
NILS that contrast at a specific locus can be used to narrow 
the genetic interval known to contain the QTL. Third, NILS 
that differ at a QTL can be used to characterize the expres- 
sion and function of a specific locus. In our case. we rea- 
soned that NlLs diffaiag f a  QTL associated with drought 
tolerance can be used to identify the specific mechanism of 
drought tolerance conhulled by each QTL. We focused on 
the analysis of NILs maast ingat  Ihtu loci and evaluated 
differences in the sire of the g a m i c  region difTe-g 
each set of NILS by testing markas liwking each targa 
QTL. Agronomic evaluation of these NILs indicaa large 
differences in yield and seed weight awciatcd wim each 
QTL marker. In mostcaxs, NILS conwsting f a  as v i f i c  
locus differed in phenotype as predicted by QTL -is. 
Further analyses indicated that diffcrcnces in agmoomic 
performance may be associated with effects of hsll toler- 
ance, water status, and expression of stay g m  suggesting 
that these loci mediate the exprcssion of drwght t o h c e  
via diffncnt biological mechanisms. This can be mb 
rated with careful physiological studies that can be more 
readily undotaken using NILS than randai and umlated 
genotypes. We plan to conduct these studies to identify and 
define the specific mechanisms of drought toleranee medi- 
ated by these loci. We believe that the approach ofnarrowly 
focussing on specific genomic regions associated with 
drought tolerance holds pmnise for developing a clearer 

undcrsmding of the specific biological basis of this m- 
plex bait. 

High u x l ~ h i n i o n  ofcmnin phenolic compamds, par- 
ticularly flavan-44~. have been found to conrkte moogly 
with grain mold mi-. We continned this mong asso- 
ciation. in another study. by saunmg2JO diverse &m 
landraces frmn a collection of sorghum germplasn main- 
tained at Purdue University However. wherein &ere is a 
mong awciation beween mold resistance and lcvcls of 
flavan-4-01s. certain genotypes have high levels of 
flavan-4-ols but are suscepnile to grair, mold and m e  am 
low in flavan-4-01s yet resinant to grain mold This discrep 
aney suggestedthac othermechanismsare the &is forgrain 
mold mistance in those gemtyp, athai thccoaccnaation 
of f l a W - o l s  at certain nages of kaocl development is 
m a e  critical. or that flavan-Qk are mmly Mvan-QkaWn of 
ofher chemical factors hat bma determine genetic mis- 
tance to grain mold infection. We caducted a rmdy to as- 
sess changes in conccnmion ofmajor phenolic compolmds 
during seed development and to &lamine if thae  changes 
are associated wim shifts in fungal populationorifadecline 
in flavan-44s conanmion in carain gcml)pcs during 
sad devciopnent mdas (hem suscepbile to grain mold 
infection. Ten sorghum genotypes with diffmnea in phe- 
nolic compound concenbation and grain mold r c s ~ e c  
w e n  evaluated over three crop wauns to makc these ar 
sesments Sampks were colkcted for9 weeks at 74ay in- 
tervals m i n g  7 days after anthais. Aciriifd methanol 
exbaas of the weds were assayed to daennhv c-ab 
tions of 3-deoxyanthocyanidins. flavan-4-01s. and 
pmanthocyanidilu. Sads were also phted on biological 
media to observe the level of seed infection by mold-sus- 
cepfible genaypa at early sages of sad devtbpamt. In 
susceptible genotypes. the flavan-4-ol concentration 
dmppcd by 67% between the third and the laa sampling 
dates compared with a 20% decline f a  the resistant gmo- 
typesinlhesamcpaiod.Inadditionthercsinamgmotypes 
had high c w ~ p a t i o n s  of pmanchoqmidiar throughout 
the season compared with susccpiibk lines. which lacked or 
had negligible amoums of this mmaial. Ahbough signifi- 
cant differences occurred among genotypes for 
3-deoxynnhaywidii, the prscnec of these pigments did 
not differentiate mold-rcsisam and mold-suuepibk gmo- 
typs. T h e  was significant and negative com*rion bc 
tween concenmion of pmantgaaidins (Urnins) and 
build upofmajamold-uusing hmgi and visual mold rating 
indicaCing that chis subaamr plays an impatant role in 
grain mold rcrktmce in sorghum gamypcs that product it. 
Thc mb also showed that the hi* incidence of seed - ~~~ 

i n k o n  by fungi acumd bcnmn 25 and 35 day3 after 
anthcsis. As the concentration of flatan-4-01s and 
proanthocyanidins in seeds of the different genotpcs 
started to decline, -1 seed infection on thosc g a m p s  
showed pporrional increaus. This obsmaticm suggests 
that both flavan-44~ and tannins play a significant mk in 
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mold resistance in sorghum. It is also possible that at an 
early stage of development, the seed might contain other 
secondary metabolites that have activity against fungi. 
Grain mold is caused by a diverse and dynamic group of 
fungi from different genera and it is unlikely that one or two 
mechanisms ofresistance would be totally effective against 
all of them under all environmental conditions. Identifying 
different mechanisms ofresistance to grain mold and incor- 
porating them into agronomically important genotypes 
could provide a more lasting and effective solution to this 
major sorghum disease. 

Networking Activities 

Workshop and Program Reviews 

Participate in African Dissertation Internship Awards 
Selection, Rockefeller Foundation, 18 May 1998, New 
York. 

Evaluate and harvest sorghum winter nursery, NC+ Re- 
search Farm, 17-22 March, 1998, Ponce, Puerto Rico. 

Attend the INTSORMIL International Impact Assess- 
ment Workshop, Corpus Christi, Texas, 20-24 June, 1998. 

Attend the International Sorghum Ergot Conference, 
Corpus Christi, Texas, 24-26 June, 1998. 

Participate in Summer Institute for African Agricultural 
Research. June 14-19,1998 University of Wisconsin, Mad- 
ison. 

Participate in Regional Collaborative Research in Ethio- 
pia and provide technical guidance to sorghum research in 
Ethiopia, 19-26 September, 1998. 

Anend and participate in the International Hybrid Sor- 
ghum Seed Workshop, Niamey, Niger, 27 Sept.- 2 October, 
1998. 

Participate in review and evaluation of INTSORMIL 
Horn of Africa program, 2-10 October, 1998. 

Attend American Society of Agronomy National Meet- 
ings, 18-22 October 1998, Baltimore, Maryland. 

Participate in African Dissertation Internship Awards 
Selection, Rockefeller Foundation, New York, 11-12 De- 
cember 1998. 

Participate in meeting of the Board Members for the Es- 
sential Electronic Agricultural Library, Rockefeller Foun- 
dation, New York, 16-17 December, 1998. 

Research Investigator Exchange 

Interactions with public, private, and international sor- 
ghum research scientists continues to be an important func- 

tion of PRF-207. The following individuals visited our pro- 
gram or worked in our laboratory during the project year: 

Dr. 4berra Debelo. Nazret Research Station, P.O. Box 
436, Nazret, Ethiopia 

Dr. Paula Bramel-Cox, ICRISAT, India 

Dr. Yilma Kebede, Pioneer, Manhattan, KS, USA 

Dr. Brian Hare. Advanta, Pacific Seeds Pty Ltd, 268 
Anzac Avenue, P.O. Box 337, Toowoomba, Qld4350, Aus- 
tralia 

Germplasm Exchange 

We continue to provide an array of sorghum germplasm 
from our breeding program to national research programs in 
developing countries. Our germplasm is provided in either a 
formally organized nursery that is uniformly distributed to 
all collaborators that show interest or upon request by a na- 
tional program of specific germplasm entries or groups 
from or germplasm pool. Germplasm was distributed to co- 
operators in over 10 countries in 1998. 

Publications 

Refereed Papers 

Menkir, A ,  P. Goldsbrough, andG. Ejeta. 1998. RAPDBased Assessment 
ofGenetic Diversihi in Cultivated Races of Sorahum. Croo Science - 
37:564-569. 

Tuinstra, M., G. Ejeta, and P. Goldsbrough. 1998. Evaluation of 
Near-lsogenic Sorghum Lines Contrasting for QTL Markers 
Associated with Drought Tolerance. Crop Science 38:835-842. 

Mohammed, A.H., G. Ejeta, L. G. Butler, and T. L. Housley. 1998. 
Moisture Content and Darmancy in Slrigo osiorico seeds. Weed 
Research 38:257-265. 

Conference Proceedings 

Axtell, J.D., I .  Kapran, Y. Ibrahim, G. Ejeta, and D. Andrews. 1998. 
Heterosis in Sorghum and Pearl Milletln Coon (ed) TheGenetin and 
Exploitation of Heterosis in Crops. CIMMYT Press. Mexico City, 
~ & i c o  

Kapran, I., J.D. Axtell. G. Ejets and T. Tyler. 1998. Expression of 
Heterosis and Prospects for Marketing afSorghum Hybrids in Nigerln 
Cwrs (ed) The Genetics and Exploitation of Hetermis in Crops. 
CIMMYT Press, Mexico City, Mexico. 

Published Abstracts 

Ejeta, G. 1998. Interdisciplinary Collaborative Research Towards The 
Control ofS1'rriga p.46 Agronomy Abstracts. ASA, Madison. WI. 

M0hamed.A.. P J. Rich, A. Me1akeberhan.T. Housley. andG.Ejeta. 1998. 
An i n  wrro system for evaiuating sorghum germplasm for 
post-infection Sfriga resistance mechanisms.p.76. Agronomy 
Abstracts. ASA, Madison, WI. 

Ibrahim. Y.,G. E j e h  and W. E.Nyquist. 1998. Gx EInteractian Analysis 
In SorghumUsing AMMI, p.79 Agronomy Abstracts. ASA, Madison, 
W1 .... 

Ibrahim, Y., A. Melakeberhan, Y. Weerasuriya, N. Cisse, J. Bennetzen, G. 
Ejeta. 1998. Construction of a Sorghum Linkage Map and 
ldentiticationofLoci Involved inSIrigoResistance, p.156. Agronomy 
Abstracts. ASA, Madison, W1. 
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Germplasm Enhancement for Resistance to Pathogens 
and Drought and Increased Genetic Diversity 

TAM-222 
Darrell T. Rosenow 

Texas A&M University 

Principal Investigator 

Darrell T. Rosenow, Sorghum Breeder, Texas A&M Agricultural Experiment Station, Route 3, Box 219, 
Lubbock, TX 79401-9757 

Collaborating Scientists 

Dr. Aboubacar Tourd, Sorghum Breeder, INTSORMIL Host Country Coordinator, ER, B.P. 438, Sotuba, 
Bamako, Mali 

Dr. Aberra Debelo, Sorghum Breeder, Nanet Research Station, PO Box 436, Nmet,  Ethiopia 
Mr. Hector Sierra, Sorghum Breeder, Escuela Agricola Panamericana, PO Box 93, Tegucigalpa, Honduras 
Dr. Medson Chisi, Sorghum Breeder, Golden Valley Research Station, Golden Valley, Zambia 
Dr. R.A. Frederiksen, Plant Pathologist, TAM-224, Department of Plant Pathology, Texas A&M University, 

College Station, TX 77843 
Dr. G. C. Peterson, Sorghum Breeder, TAM-223, Texas A&M Research and Extension Center, 

Lubbock, TX 7940 1-9757 
Dr. W.L. Rooney, Sorghum Breeder, Department of Soil & Crop Sciences, Texas A&M University, College 

Station. TX 77843 
Dr. L.W. Rooney, Cereal Chemist, TAM-226, Department of Soil & Crop Sciences, Texas A&M University, 

College Station, TX 77843 
Dr. R D. Waniska, Cereal Chemist, TAM-226, Department of Soil & Crop Sciences, Texas A&M University, 

College Station, TX 77843 
Dr. G. N. Odvody, Plant Pathologist, TAM-228, Texas A&M Agricultural Research and Extension Center, 

Corpus Christi, TX 78406 
Dr. G. L. Teetes, Entomologist, TAM-225, Department of Entomology. Texas A&M University, College 

Station, TX 77843 
Dr. Gebisa Ejeta, Sorghum Breeder, PRF-207, Department of Agronomy, Purdue University, West Lafayette, 

IN47907 
Dr. H.T. Nguyen, Molecular Biologist, Department of Plant and Soil Science, Texas Tech University, Lubbock, 

TX 79409-2122 

Summary 

The principal objectives of TAM-222 are to identify and 
develop disease resistant and drought resistant sorghum 
germplasm in genetically diverse backgrounds for use by 
bost country and US.  scientists, to identify, evaluate, and 
utilize new elite exotic germplasm, and to collaborate with 
host country scientists in all aspects of their crop improve- 
ment programs. The disease and drought resistance breed- 
ing p r q & n  continued to develop germplasm for use in the 
USA and bost countries. Twenty-seven new fully converted 
exotic lines and 70 partially converted lines from the coop- 
erative TAMU-TAESNSDA-ARS Sorghum Conversion 
Program were identified for release in late 1999. 

Seed of over 2,000 entries from the Mali Sorghum Col- 
lection were introduced into the USA, and is being prepared 
at NSSL for the quarantine growout in St. Croix in winter 
1999-2000. 

Performance of stay green hybrids under severe 
post-flowering moisture stress showed that the stay green 
trait dramatically reduced lodging and produced higher 
yields than non-stay green hybrids. 

Selected breeding progenies looked very good in the 
Southern Africa region, combining drought resistance, 
grain quality, sugarcane aphid resistance, and high yield. 
Many Macia derivative limes looked excellent. 

The white-seeded, tan-plant, guinea type breeding 
cultivar named N'Tenimissa continued to look promising 
for yield and adaptation in on-farm trials in Mali. Grain 
quality evaluations indicate that the grain has good food 
quality traits for various commercial food products. It 
should be useful in Mali and West Africa as an improved 
guineense type sorghum with grain that has improved qual- 
ity for use in value-added commercial food products. 



Objectives. Production and Util'mtion Constrainti 

USA 

Develop agronomically improved disease and 
drought resistaoI l i e s  and germplasm and identify 
new genetic sources of desirable traits. Select for 
drought resistance wiIh molecular marken. Evaluate 
new germplasm and inmgrm useful trak into use- 
able lines or germplasm. 

Assist breeders in developing agronomically auxpc- 
able white seeded. tan plant Guinea type sorghum 
cultivars, to enhance the commercial value and de- 
mand for improved value, high quality sorghum p i n .  

Charaaerizlc and describe the indigmars Mali aigin 
sorghum wlleaion and evaluate for useful traits and 
breeding potential, introduce into the USA. 

Identify andassist in developing new germplasm with 
resistance to grain mold, drought, head bug, 
anthracnose, and Striga. 

Identify molecular markers for head bug resistance to 
develop improved sorghums for Wesi Africa. 

Cenrrol America 

E ~ ~ ~ ~ ~ ~ I ~  &with-of~~istancc to 
grain mold, foliar distass and dmught. and food type 
sorghums, and lmes for adapted commercial hybrids. 

Enhance drought resistance and d i m  resinace 
with the development of improved high yielding. 
adapted germplasm and elite l i .  

Drought is the major cnnmaint to sorghum and mill* 
pmduction amuad the world. West Texas has a semi-arid 
environment, ideal for l q c d e  field screening and bmd- 
ing for improved resistance to dmught. !kwghwns with 
identified high levels ofspecific types ofdrought resinance 
in Texas have a similar rrspoav undu mwght in ha 
countries of the world, inchrding Sudan. Mali, Niger. and 
Honduras. 0th- adaptation waits such as gnin quality, dis- 
ease resistance, and gnin yield must be combined with 
drought resistaoce to make a new cultivar mehtl. 

Di- are impman worldwideand amoRcn region or 
site sprcific. Mon internationally impataot di- am 
present and are seriaus canmaints in Texar. especially 
downy mildew. chgmrl mt, grain moldlrentwing head 
m u &  and head blight. Oma diwpvs such as anthnmae, 
leafblight. rua. mate.  and gny kaf spd acalso p a c n t  in 
Texas. The Texas envinnmcn particularly South Texas. is 
ideal for screening and b d m g  sorghums with high levels 
of resistance to mon in t ana t id ly  imporkan disaus.  

Poor graio quality is a major poMem m Mali and much 
of W e 9  Africa where guinea typ sorghumsaw ahnos ex- 
clusively gmm. This quality poblm is prOaarily due to 
the head buglgrain mold compkx. Head bugs arc the major 
constraint to the use of improved high yielding 
nongukenwtyprwghumsinmwbofWcst Africa Head 
bug dfnnage i s o h  compounkd by grain mold resulting in 
a soil and discolored endmpno. rendering it unfit for 
deconication and tndiimal food pmduns. Thearfy maw 
rity of ineoduced types increases me grain daeriomim 
problem. In southem Mali. late mahuing phaoperiod sen- 
sitivesorghums arc mcded toassumgain manuity aftathe 
rainy searon. In the drier nonhem areas of Mali and in Niger 
where drwght sbcs is severe. earlier. k*l photosensitive 
material can be 11x4 and drought tolerant Durra and 
Fnerita sorghums perform well. 

Mali and Nign arc both h u g h t  pone area where both 
pre- and post-flowering drought tokraae ac i m p c a m  
Foliar diseaser such ac anthracnose and sooty mipe arc im- 
portant in the central a d  sowhem pa% of M i .  la S u d ~ .  
and much of ! k t  Africa, the ma ja  amsbaim is drought. 
and related production problems. M o i i s l r c s  rekled 
charcoal rot and Subsegwnt lodging are scrims pubkms. 
Yriga is a maja conmaint in Mali. Niger. ad Sudan. 

In Cenbal America, di- 8e a rnajormnsnaiol. with 
dmught also important in &e drier +N of lhe region. 
Improvement in the photopcriod sensitive, food-type 
maicilla criolla grown in association with maim on small 
hillside farms is a unique challenge. lmpuvement in the 
ncaphaoperiod smsmve wmbine-type sorghum hybrids 
and vari*ies used O V ~  ponhs of Caba l  Amaica can oc- 
cur d i i  fmn inbudunion of Texas adapted cultivan or 
hybrids. 

Thsc is a m n a ~ t  need in both hon  cam^ and the 
USA for wnsuving gamic divas@ and u t i l i i g  new di- 
vase p m p h  sarrar withrrsiaaaa to pcm, d i i  
and environmental mess. Many devekpingcannriesarcan 
imponant m o f  d i m  gamplasm in sagbum andmil- 
l a .  The colkctim. praaMion and utilization of gawtic 
diversity in sm'ghum ir impaanl to b a g - m .  Nslairuble 
swghum impmvemcnt- to poduce nrfficimt food 
for increasing populations in che funnr. 
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Research Approach and Project Output 

Research Methods 

Introductions from various countries with drought or dis- 
ease resistance, or specific desirable grain or plant traits, are 
crossed in Texas to appropriate elite U.S. lines or elite 
breeding materials. Seed of the early generations are sent to 
host countries for selection of appropriate traits and adapta- 
tion. Technical assistance is provided, as time and travel 
permits, in the selection and evaluation and use of such 
breeding material in the host country. 

Disease resistant breeding material is generated from 
crosses among various disease resistant sources, 
agronomically elite lines, and new sources of resistance. 
Initial screening is primarily in largedisease screeningnurs- 
eries utilizing natural infection in South Texas. Selected ad- 
vancedmaterials are sent to host countries as appropriate for 
evaluation and are also incorpomted into various standard 
replicatedtrials for extensive evaluation at several locations 
in Texas and host countries. 

Breeding crosses are made among various sources ofpre- 
and post-flowering drought resistance and elite, high yield- 
ing lines. Progeny are selected under field conditions for 
pre- and post flowering drought resistance, yield, and adap- 
tation at several locations in West Texas. Molecular mark- 
ers for the stay green trait are used in a marker assisted 
selection program to transfer QTLs into elite commercial 
and breeding lines. Selected advanced materials are incor- 
porated into standard replicated trials for extensive evalua- 
tion at several location in Texas and sent to host countries 
for evaluation and use. 

Conve~ted and partially convened lines from the Sor- 
ghum Conversion Program, exotic lines, new introductions, 
and breeding materials are screened and evaluated in Texas 
for new sources of resistance to internationally important 
diseases and resistance to drought. 

New sorghum germplasm is assembled or collected as 
opportunities exist, introduced into the USA through the 
quarantine greenhouse or the USDA Plant Quarantine Sta- 
tion in St. Croix. andevaluated in Puerto Rico and Texas for 
useful traits. Selected photoperiod sensitive cultivars are 
entered into the cooperative TAES-USDA Sorghum Con- 
version Program. We also work with NARS to assure their 
couo@y's indigenous sorghum cultivars are preserved in 
long term permanent storage, as well as evaluated andused 
in germplasm enhancement programs. Growouts of entire 
collections are sometimes grown in their country of origin 
for characterization, seed increase and evaluation prior to 
introduction into the USA Assistance is provided in devel- 
oping smaller working or core collections for the NARS to 
actively maintain and use in their improvement programs. 

Research Findings 

Thirty fully converted exotic lines and 30 partially con- 
verted hulks from the cooperative TAMU-TAES/ 
USDA-ARS Sorghum Conversion Program released in late 
June 1998 were distributed and evaluated. Twenty-seven 
new fully converted lines and 70 partially converted lines 
were selected for release in 1999. Two new male sterile 
(A-lines), A807 and Al,  were increased in a pre-release pi- 
lot increase in 1998. Several additional A-B pairs and R 
lines were selected for release as germplasm stocks. These 
lines contain various desirable traits, including resistance to 
downy mildew, head smut, grain moldlweathering, 
anthracnose, charcoal rot, both pre- and post-flowering 
drcught resistance, food type grain quality, and lodging re- 
sistance. 

Breeding, selection, and screening for droughtresistance 
and disease resistance continued using disease screening 
field nurseries in South Texas and field drought screening 
nurseries at Lubbock, Halfway, Lamesa, and Chillicothe. 
The growing season was very dry and extremely hot state- 
wide with severe post-flowering stress in South Texas. No 
dryland plots were established at Lubbock due to lack of 
moisture. Good pre-flowering drought was obtained at 
Lamesa and Chillicotbe, while quite good post-flowering 
ratings were attainedat LuhbockandHalhay under limited 
irrigation. Breeding derivatives of the stay green line, B35 
showed good stay green and outstanding lodging resistance. 
Sterilization of new B lines continued. Major diseases in- 
volved in the disease resistance breeding were charcoal rot, 
grain moldlweathering, downy mildew, head smut, 
anthracnose, and foliage diseases such as rust, zonate, and 
leaf blight. 

The stay green trait is an extremely useful drought resis- 
tant trait under post-flowering moisture stress and results in 
significantly higher grain yield, while also yielding well 
when under non-stressed conditions. Hybrids involving a 
stay green parent performed well in South Texas under sea- 
son-long severe moisture stress. They showed good stay 
green ratings, no lodging, and yielded well (Table 1). 

Molecular analysis using RFLP markers, along with 
drought evaluation wascontinued onF9 recombinant inbred 
lines (RILs) of (B35*Tx430) and (B35*Tx7000). Five 
QTLs were identified for the stay green trait in the cross 
(B35*Tx7000) with two or three appearing to be the most 
important. In the cross (B35*Tx430), the same QTLs were 
identified for stay green along with two others. Two hun- 
dred different RILs each from two populations, 
B35*Tx7000 and SC56*Tx7000, were evaluated for 
drought and lodging and DNA analyzed to map QTLs for 
lodging resistance. Crosses and backcrosses were made us- 
ing marker assisted selection (MAS) for stay green and 
greenbug resistance. Also, crosses and backcrosses were 
made with converted exotic lines to identify QTLs for yield 
and heterosis. 
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Table 1. Performmce ofsclectcd stay green and mm-aay green hybrids nnda  sever droqbt. Corps Cbrbti 
Texas, 1998. 

Several breeding progeny from crosses generated for 
Host County and USA use looked very good agronomically 
in Southern Africa in 1998-99. Various progenies showed 
excellent drought resistance. grain quality. and sugarcane 
aphid resistance, combined with excellent yield potential. 
The cross. Macia9Dorado. was especially outstanding. 
Many Macia derivatives look excellent. Other lines giving 
good progeny included 87E0366. WSV387, TAM428. 
SRN39. ICSV1079. Sureilo. Dorado. and 90EON328. 

The Mali Sorghum Collection Growout in Mali was very 
successful and it is being processed at NSSL for a quaran- 
tine growout in St. Croix in the winter 1999-2000. Them 
was much more divenity in the Collection than expactcd. 
especially amongtheDurra derivativecultivan. S e d p o -  
tential new candidates for the Sorghum Convmion Ro 
gram were identified. 

The guinea-type. white-seeded, tan-plant sorghum 
cultivar'N'Tenimissa" developed at IER continued to per- 
form well in IER and World Vision LnterCRSP on-farm m- 
als in Mali. It was also included in the ROCARS (Sorghum 
Regional Network) regional trials. Its  head bug msinance is 
slightly inferior to the local guinea cultivars. but appears to 
have an acceptable level underon-farm conditions. Farmers 
seemed happy with it grain quality wise. and also f a  yield. 
even though it exhibits some peduncle breakage. 

Approximately 10 tons of N'Tenimissa grain was prc- 
duced in increase plantings for use in various food quality 
and fwd product trials. Grain quality evaluations consis- 
tently show N'Tenimissa as being superior to non-guinea 
breeding materials, but not quite as good as local guinea 

cultivars in deconication yield a measure of hardness of 
cndospem. The quality of food products however. isexcel- 
lent. 

Other white, Ian guinea brrediing lines are being devel- 
oped in Mali. They arerarrplant lines aith excelknt guinea 
baits. andare freeofthe peduncle breakage pmblem. Selec- 
tion also continued among non-guinea t)pe. tan-plant 
bmding lines aith improved levels of hcad bug t o h c e  
and grain mold resiStBloe. 

Excellent segregation for head bug resistance ~ c u n e d  in 
the F3 progenies of the cross (Maliror84-7*S34). Hmeva.  
Dr. Aboubacar TourC. in his Port-Doc research. failed lo 
identify any QTLs for head bug mistance. as thac  was a 
problem with low polynolorphism in h e  nors as well as 
some problems with variability in one paras 

Participated in and chaired a vssian a tbe R e g i d  Hy - 
brid Sorghum and Pearl Mi lk  Seed W&hop, Scpt. 
28-October 2, 1998. at Niamev. Sign. Interacled with lead- 
ing xienlists lium West Africa ICRISAT. and France. 

Panicipated in and presented a paper at thc WCASRN 
Workshop - Sustainable Swghum Production. Utilization. 
and Mnrketing in W m  and Cenml Ah-ca April 19-22, 
1999, a Lome. Togo. 
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Participated in the 1999 Sorghum Industry Conference 
and 21st Biennial Grain Sorghum Research and Utilization 
Conference (SICNA), February 2 1-23,1999 at Tucson, Ari- 
zona, and co-authored one invited paper and three posterpa- 
pen. 

Research Investigator Exchanges 

Traveled to Niger, Sept. 26-Oct. 2 for the Hybrid Seed 
Workshop and interacted with leading scientists from West 
Africa, ICRISAT, and France. 

Helped coordinate the INTSORMIL EEP Review in 
Mali, October 4-7, 1998, and traveled to several IER Sta- 
tions and on-farm sites, and to Worldvision on-farm sites. 

Traveled to Mali October 2-9, 1998 to evaluate and plan 
INTSORMILIIER collaborative research. 

Continued coordination of the introduction of the Mali 
Sorghum Collection into the USA and the plans for the 
growout of the Collection under quarantine in St. Croix the 
winter of 1999-2000. 

Participated in the Sorghum Crop Germplasm Commit- 
tee (SGC) as Ad hoc member, February 22, 1999, Tucson, 
Arizona. 

Participated in and presentedposter paper at the Annual 
American Society of Agronomy Meetings, October 18-22, 
1998 at Baltimore, Maryland. 

Participated in the Sorghum Biotech Partnershipmeeting 
(Cargill, Novartis, NC+, Crosbyton), April 12-13, 1999 at 
College Station, Texas. 

Presented a talk, Breeding for Drought Resistance in Sor- 
ghum, at the USDA-ARSITAMU-TAES Bushland Field 
Day, and to the TAES Wheat Breeding Group, August 12 
and 13 respectively, at Amarillo, Texas. 

Participated in INTSORMIL Technical Committee (TC) 
meetings, May 11-12, 1999 at Kansas City, Missouri. 

Coordinated the visit and hosted Dr. Andrew Borrell, 
sorghum stress physiologist from Queensland, Australia, at 
Lubbock, Texas, June 28-July 2,1999. 

Coordinated the training (B.S. to lead into MS.) for Mr. 
Niaba Teme, sorghum breeding technician from Mali, at 
Texas Tech University and TAES at Lubbock, beginning 
August, 1995. 

Hosted many other visitors to Lubbock, including 
Medson Chisi, from Zambia, during the year. 

Other CoUaborating/Cooperating Scipntiws 

Cooperation or collaboration with the following scien- 
tists in addition to the collaborating scientists previously 
listed was important to the activities and achievements of 
Project TAM-222. 

Dr. Issoufou Kapran, Sorghum Breeder, INRAN, 
Maradi, Niger. 

Dr. A. Tunde Obilana, Sorghum Breeder,  
SADCIICRISAT, Bulawayo, Zimbabwe. 

Dr. Chris Manthe, Entomologist. DAR, Gaborone, Bot- 
swana. 

Dr. B.N. Verma, Sorghum Breeder, Chilanga, Zambia. 

Dr. leff Dahlberg, Sorghum Curator, USDAIARS, Trop- 
ical AgriculNreResearchStation, Mayaguez, PuertoRico. 

Dr. L.E. Claflin, Pathologist, KSU-208, Kansas State 
University, Manhattan, KS. 

Prof. D.J. Andrews, SorghumIMillet Breeder, UNL-218, 
University of Nebraska, Lincoln, NE. 

Dr. I.D. Eastin, Physiologist, University of Nebraska, 
Lincoln, NE. 

Dr. Bob Klein, Geneticist, USDAIARS - Texas ABM 
University, College Station, TX. 

Dr. John H. Mullet, Biochemist, Molecular Biology, 
Texas A&M University, College Station, TX. 

Dr. P.K. Subudhi, Molecular Biology, Texas Tech Uni- 
versity, Lubbock, TX. 

Dr. Fred Rattunde, Sorghum Breeder, ICRISAT, 
Bamako, Mali 

Dr. Inoussa Akintayo, WCASRN Coordinator, 
WCASRN, ICRISAT, Bamako, Mali 

Dr. Mitch Tuinstra, Sorghum Breeder, Kansas State Uni- 
versity, Manhattan, KS 

Dr. Ken Kofoid, Sorghum Breeder, KSU, Hays Experi- 
ment Station, Hays, KS 

Germplasm and Research Information Exchange 

Germplarm Conservation and Use 

Continued to coordinate the work with the Mali Sorghum 
Collection, including plans for planting, seed increase, and 
completion of characterization of the growout of the com- 
plete Collection in St. Croix the winter of 1999-2000, and 



for the eventual dis~bution of seed to NSSL. ORSTOM, 
Mali and ICRISAT. 

About 35 new exotic sorghums were selected for entry 
into the moperarive TAMU-TAEWSDA-ARS Sorghum 
Conversion Program in winter 1998-99. They included 
some cold tolerant lines from East Africa. and several elite 
cultivars from an old Ethiopia collection which were grown 
out (about 2,000 plots) in Puerto Rico. 

Several recent introductions from Southern Africa were 
grown and evaluated in Pueno Rico and seed increased. The 
reported ergot resistant line. lS8525. was grown out and 
seed increased and crossed to several elite gennplasm lines. 
Several photoperiod insensitive sorghum cultivars fmm the 
Sudan Collection were identilied as promising sources of 
drought (mostly pc-flowering) resistance. 

Twenty-seven new fully convened exotic lines from the 
cooperative TAW-TAESILISDA-ARS Sorghum Conver- 
sion Program were selected for release in 1999. along with 
70 partially converted lines. 

Seed Production and Distribution 

Several sets of released fully converted lines and par- 
t i a l l y  converted bulks from the cooperative 
TAW-TAEStUSDA-ARS Sorghum Conversion Program 
were distributed. THO new male sterile lines (A-line) were 
increased as a pre-release pilot release. prior to their official 
release in 1999. A large number o f  sorghum breeding and 
germplasm lines, from early to advanced generation prog- 
eny, A, B, and R lines, converted lines, and experimmlal 
hybrids were increased and distributed to international and 
domestic collaborators. These contained sources of desir- 
able traits such as resistance todowny mildew, anthracnose. 
leaf blight, r u q  and charcoal rot pre- and post-flowering 
drought resistance. grain mold and weathering resistance. 
and lodging resistance. Seed was increased and many sets of 
standard replicated trials containing e l k  germplasm and 
source lines were packaged and distributed in the USA and 
internationally. These include the A D M  (All Disease and 
Insect Nursery), I D M  (lntemational D i m  and Insect 
Nursery), G W  (Grain Wealhering Ted). DLT @mught 
Line Test). DHT (Drought Hybrid Ted). and the UHSN 
(Uniform Head Smut Nursery). Countries lo which large 
numbersof germplasm items were distributed include Mali, 
Niger, Zimbabwe, Botswana, Zambia. Ethiopia Guate- 
mala, Honduras, Nicaragua. Mexico. Bradl. and Egypt. 

Assistaxe Given 

Joint evaluation o f  germplasm and nursery and ten entry 
decisions was in c o l l a h t i o n  with national xienlists in 
Mali. Training on disease and drought breeding methodol- 
ogy. as well as information on sources of new useful 

germplasm and souras of desirable naits Bas povided to 
several visitors. Pollinaling bags. coin envelopes. and 
breeding supplies were provided to IIK Mali breeding po. 
gram. 
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Summary 

This project is the breeding for resistance to insects com- 
ponent of the integrated Texas A&M University sorghum 
improvement program. Project objectives are to identify, 
characterize and utilize the genetic diversity of grain sor- 
ghum to develop improved cultivars, germplasm, or paren- 
tal lines resistant to selected stresses. Research is conducted 
to determine the genetic factors responsible for resistance 
and their associated mechanisms. Insect pests receiving 
major emphasis are the sorghum midge (Stenodiplosis 
sorghicola), biotype E and I greenbug (Schizaphis 
graminum), and sugarcane aphid (Melanaphis sacchari). 
Some research is conducted on resistance to yellow sugar- 
cane aphid (Siphaflava). Breeding and selection activities 
primarily use conventional methodology. Collaborative 
molecular biology research projects map genes for resis- 
tance to greenbug biotypes, and use molecular markers to 
concwrently select for greenbug and stay green (post-flow- 
ering drought resistance). 

Sorghum lines resistant to sorghum midge that are suit- 
able for hybrid production has been a primary research oh- 
jective. In addition to pest resistance the lines should 

produce excellent grain yield potential under high pest den- 
sity, acceptable yield with pest absent, and contain other 
needed traits including adaptation, foliar quality, etc. 

Molecular markers diagnostic for resistance to the sor- 
ghum greenbug biotypes C, E, I andK have been identified. 
Nine markers on eight linkage groups were determined to 
condition resistance. Greenbug resistance sources used in 
the research were: Tx2737 (resistance from SA7536-I), 
Tx2783 (resistance from Capbam), and PI550607. Only 
two loci were biotype specific and most acted in an additive 
or incompletely dominant way. Digenic interactions ac- 
counted for a greater portion of the resistance phenotype 
than did independently acting loci. Unfortunately, low lev- 
els of DNA polymorphism in existing populations made 
high-resolution mapping impossible. New populations are 
being developed for high-resolution mapping of the QTLs 
conferring GB resistance. Results fromthe mapping are be- 
ing used in a marker-assistedselection (MAS) study to com- 
bine greenbug resistance with stay green (post-flowering 
drought tolerance). The research is using molecular probes 
to combine the two traits, and to study the efficiency of 



MAS versustraditional wleetion methodology. Lines resis- 
tam to greenbug biotype i arc in hybrid evaluation. and final 
selection and resinanceevaluation. Iffhe lines maintain re- 
sistance and prcduce agonomically acceptable hybrids 
they will be consided for mlease to private industry. 

Objcctka, ProdoctMa and Utilimtioe Constraints 

Obtain and evaluate germplasm for resistance to ar- 
thropod pests. Mennine the resistance s m e  or 
mechanisms mas  useful to sorghum improvement. 

Sorghum midge. SIenodiploss sa-ghicdp a h e  only 
ubiquienm sorghum insec~ pea and may be ihc S a g h m  
species most destructive pea. As LDC propam inaoduce 
exotic germplasm with impmved agmnomic traits intowr- 
ghum improvement programs. cultivars with less 
photoperiod sensitivity will be developed & sorghum 
midge damage will become inczeasingly =\ere. Dc 
pending on he envirmment &r i m  psts (including 
aphids. head bugs and borers) will damage grain sorghum. 
For all ofthe insect p a  genetic resistance edsn  andcan be 
integmed into he production synem in an ecologically 
safe. economically inexpensive. and mvinnunentalty sus- 
Qinabk manner. 

Among the major consmints to sorghum produdion in 
Determine the inheritance of insect resistance. Sahelian Africa m: soil acid*. exuemely c k f ~ i m t  kvels 

ofN and P. spatially variable soil toxicity & limiiedavail- 
Developandreleasehighyieldin&agronomically im- able water. Thew fanon hpcncty  m ~ m t  w* food 
proved sorghums resistant to selected insects. shortages msuhing. Solutions to fk problems mun meet 

site specific needsofsoil. rainfall. rrsourns. labor andcapi- 
Utilize molecular biology to increase undemanding 
of the genetics of plant resistance traits. 

R a a r c h  Appmcb and Pmjcct 0mtp.t 

0 Identify and defme sorghum genotypes with varying 
RLIcoreli Mdodc levels w tolerance to droueht and chemical smss of - 

Sahelian soils. 

Constraints 

Sorghum production and yield stability is constrained by 
many biotic and abiotic stresses including insects, diseases 
and drought. Insects pose a risk in allareas of sorghum pro- 
duction with damage depending on the insect and local en- 
vironment To reduce mess impact research to develop 
m p  genotypes with enhanced environmental fimess suit- 
able for use in more sustainable production systems is 
needed. Cultivars are exposad to smss concurrently w se- 
quentially and a line with genetic resistance to multiple 
messes will experience reduced environmental risk and 
contribute to improved productivity. This is especially im- 
portant as production ecosystems experience induced 
change due to cuhivars an&or technology. the nafunl bal- 
ance between cultivars and biotic strcsws also changingand 
insect damage becoming inmasingly severe. 

Collaborative research is cooduned in LDCs on specific 
problems. LDC research is s u p p o d  IIUDU~~ graduate ed- 
ucation eerm~lasrn exchanee and evaluation. site visia. - .  - 
and revarch conducted at nurun locations in Texas This 
project supports collaborative research in three 
ecogeographic sites. R-h in Mali is primarily faresis- 
tame to head bugs and identificatioo of sorghum gcnol)pcs 
resirmntholerant to soil toxicity. Rescarch in Southcm Af- 
rica is aimed at incorpodng res is t~cc  to SUgHcane aphid 
into adapted cultivars. Research in Nicaragua povides thc 
oppommity for additional rrvarch on sorghum mi* (the 
most important production constraint in Nicaragua). 
drough~ disease. and adaptation. F a h e  United Slales, sor- 
ghum mldge. biotyp E. I, and K granbug and yellow sug- 
arcam aphid resistant souroes have been identified aad used 
in developing elite reJiaant scrghwnr Through collaborr 
tivc ties with aha p j e c a  gmetic inheritawe and resis- 
once mechanisms m detamincd. Moleculrr biobgy is 
wd to map genes for gmmbug rcsimvrc and conduct 

Genetic resistance may be utilized at no additional cost to 
marker- assisted setmion. 

the producer to meet the demands of increased food pmduc- Germplasm is evaluavd fa resimncc lo economiully 
tion inan economically pmfitable. environmentally sustain- important inseas in the colhborativc brrcdingm~anolog) 
able production system. This requires a multidisciplinary in fieldnuMia fscilities. dcpnd- 
research program to integrate mistant hybrids into the man- ing on h e  insect modeof infestation. Sources of germplasm 
agement system. Cultivars resistant to insects readily intc- 

for evaluation arc inooducticms horn 0th- pugram (in- 
grate other i n ~ u u  s pan an cluding ICRlSAT), exMic lirrs. & W a l b  a hlly con- 
ecologically sound production and stress conbol sbatcgy 

nned exotic genotypes horn the mgbum connnion 
with large potential benefits in subsistence and mechanized Nov samws EIosvd to elite Rsis- 
agriculture. Host plant mistance to insects is acontinualef- 
fort in response to a dynamic evolving production tan1 germplasm. and lo ocher gamplam lines with superior 

agroecosptem. mil@). Alfhough the primary selection criteria is for imml 
resistance.theaeopraphical divmirvofTexasnursery hxa 
tions provides i h e ~ ~ i t y  to al&nlecl forwide adapt* 



tion, resistance to specific diseases, drought resistance, and 
weathering resistance. Studies to determine the genetics of 
resistance and resistance mechanism(s) are conducted when 
possible. Basednn dataanalysis and phenotypic evaluation, 
crosses are made among elite lines to produce additional 
germplasm for subsequent evaluation. The overall objec- 
tive is to combine as many stress resistance genes as possi- 
ble into a single high yielding genotype. 

For insects important in LDCs but not in the USA, 
germplasm is provided to the LDC cooperator. The 
germplasm is evaluated for resistance to the specific insect 
under the local production system (fertilizer, tillage, plant 
population, etc.) and agronomic and yield data collected. 
Based upon experimental results crosses are made to pro- 
duce populations for inheritance and entomological studies. 
These populations are provided to the cooperator for evalu- 
ation. Whenpossible, the populations are grown in the USA 
and selected for adaptation. Molecular biology has been 
used to study head bug resistance in Mali and the USA. 

For soil toxicity research, diverse cultivars from the USA 
and other countries are evaluated in field nurseries at 
Cinzana, Mali. Lines which show promise are selected for 
further evaluation. Research on soil toxicity is hindered by 
the site specific nature of the problem, poor germination of 
experimental entries in nurseries planted for screening and 
evaluation, and no funds from the country budget assigned 
for the research. 

Research Findings 

Research to broaden the genetic base of the sorghum 
midge resistance breeding program, to incorporate addi- 
tional sources of resistance into elite lines, and to identify 
new superior A- or R-lines continued. Significant progress 
to improve agronomic traits and grain yield potential of sor- 
ghum midge resistant germplasm has been achieved. 

Breeding lines and hybrids were evaluated for sorghum 
midge resistance at two locations in the USA under high 
(Corpus Christi) and moderate (College Station) population 
density. Themidge h e  testwas alsogrown at the INTA re- 
search station near Managua, Nicaragua. Selected con- 
verted exotic sorghums were evaluated for resistance at 
Corpus Christi and College Station. Diverse locations to 
screen for sorghum midge resistance are needed since lines 
and hybrids that perform well under moderatellow midge 
density may not perform well under high sorghum midge 
density. 

Evaluation for sorghum midge resistance was hindered 
by the extremely hot, dry climate in 1998. As a result, sor- 
ghum midge population density was less than required for 
excellent evaluation. Seventy-three lines were evaluated 
for resistance to sorghum midge and agronomic desirability 
in the Midge Line Test (Table I). Included were four sus- 
ceptible and eleven resistant checks, and 59 experimental 
breeding lines. Most resistant checks and experimental 
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lines were significantly less damaged than the susceptible 
checks. The most resistant checks were not significantly 
less damaged than several experimental entries. Sorghum 
midge density was greater at Corpus Christi (MDRz2.3) 
than at College Station (MDR=3.0). 

The primary sorghum midge resistance source is 
TAM2566 (SC175-9) a partially converted zera zera 
(IS12666) from Ethiopia. Major research emphasis for sev- 
eral years has been to use other resistance sources to 1) 
diversify the genetic base of the program for resistance and 
2) anemptto improve the level ofresistance. Several midge 
line test entries derive resistance from two or three different 
sources. These resistance sources include IS3390C 
( S C 5 7 2 - H E ) ,  1S12572C ( S C 6 2 - E E ) ,  IS2579C 
(SC423-EE), 1S2549C (SC228-EE), and two lines from 
ICRISAT (PMI 1344 and PM12713). Utilization of these 
lines enables a broader resistancegenetic base and selection 
for other useful traits including tan plant, improved foliar 
quality, and larger kernel size. Many of the selections de- 
rived from these lines have excellent resistance and agro- 
nomic traits. Several were selected to test in hybrid 
combination. 

The converted exotic sorghum collection has formedthe 
basis for the sorghum midge resistance breeding program in 
the United States. Based on evaluation of the converted ex- 
otic collection in anon-replicatedtrial at Corpus Christi and 
College Station to evaluate for additional sources of resis- 
tance, 47 converted lines were selected for more extensive 
evaluation. The lines were evaluated in a replicated trial at 
Corpus Christi and College Station. Based on analysis of 
the data, several lines were identified with potentially use- 
able resistance. However, agronomic characteristics will 
hinder use ofthe lines in the breeding program. One line se- 
lected for additional use is IS1261 IC (SCI l l -HE),  a con- 
veited zera zera with tan plant, white pericarp, and excellent 
foliar traits. 

Combiningability for yield potential and sorghummidge 
resistance was studied to evaluate advanced germplasm for 
use as hybrid parents. A major constraint to production and 
use of sorghum midge resistant hybrids has been the lack of 
superior lines which possess excellent resistance and grain 
yield potential under pest infestation, and excellent grain 
yield potential in the absence of the pest. Release of 
AiBTx639, AlBTx640, and AIBTx641 represent signifi- 
cant progress in development of sorghum midge resistant 
hybrids. Improvement is now needed in R-lines to provide 
additional heterosis and superior agronomic traits. To de- 
velop a useful sorghum midge resistant hybrid the grain 
yield level has to be increased 10 to 15%. 

Grain yield and midge damage rating for entries in the 
Midge Hybrid Test at College Station are shown in Table 2. 
The standard resistant check is ATx2755*Tx2767 
(MDR=2.0, grain yield=4035 kg ha-') and the standard sus- 
ceptible check is ATx2752*RTx430 (MDR=4.7, grain 
yieId=2772 kg ha-'). Most experimental hybrids produced 
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Table 2. Grain yield, midge damage, and agronomic characteristics of hybrids in the Midge Hybrid Test at College 
Station, Texas, 1998. 

ATx640'91Ml8 
ATx640.RTx430 
ATx640897M7 
ATx27S?'97Ml8 
ATx640.97M17 
ATx2755.97MI 
ATx640'97MIO 
A944.Tx2767 
ATx640997M3 
A97-l'Tx2767 
ATx640'Tx2161 
ATx2755.Td161 
A'rr640'97M13 
ATx2755.97MZ 
A94-14.Tx2167 
ATx2755'97M9 
ATx640'9lM14 
ATx641'Tx2767 
A94-6Tx2882 
A94-17.Tx2882 
A94-17Tx2767 
ATx639.Tx2882 
Ah640.97M16 
A94-IS.Tx2880 
ATx640'97MI 
ATx639.Tx2161 
A94-17Tx2880 
ATx27WTx2880 
ATx2755.97MIO 
AT= M0'94ML66 
ATx640.Tr2882 
A94-IS8Tx2882 
ATx275S.Ti282 
ATx639Tx2880 
A807TiTx430 
A94-14.Tx2882 
ATx2755.97M17 
ATxMO'Tx2880 
ATx2755.97MI.68 
ATx641'Tx2882 
A94-7.Tx2882 
ATx2755'97M3 
A94-IS'Tx2767 
ATx2755'9lMLf16 
ATxMPTx2880 
ATx2752*Tx2783 
ATx2752'RTx430 
A94-6.Tx2880 
ATx639.97ML66 
A94-7.Tx2880 
ATx275SSRTx430 
A3S.RTx430 
ATx399*RTx430 
AISTx2862 
ATx639'RTx430 
ATx641.RTx430 
ATx3042Tx2737 
Mean 
LSD 05 

MDR' -- 

- 

Days 50% 
anthesis 

I MDR= R a d o n  a rcaleof I =0-lo%, ... up to9  =91-10O%ofkemclr that f ded to  dewlop. 
lB = Insecticide hum (phflaoxisily) rated on a scale o f  I -no phflomricity, ... up1 Lo 5 = 100% 
Agmnomis dsirabilify r e d  on a scale of I =most desirable. . . l o  5 =least desirable. 

DES' 

2.2 
2.3 
2.7 
2.3 
2.7 
2.7 
2.2 
2.3 
2.6 
2.5 
2.3 
2.5 
2.2 
2.3 
2.4 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.4 
2.4 
2 1  
2.5 
2.7 
2.4 
2.5 
2.3 
2.6 
2.3 
2.2 
2.2 
2.5 
2.2 
2.4 
2.4 
2.3 
2.2 
2.2 
2.7 
2.6 
2.4 
2.4 
2.2 
2.9 
2.5 
2.6 
2.7 
2.8 
1.3 
2.3 
2.3 
2.3 
0 
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significantly more grain than the susceptible checks Al- 
though no experimental hybrids produced significantly 
more grain than ATx2755.Tx2767, eleven hybrids pro 
duced m m  grain. Seven of the top hybrids contained 
ATx640 as the resistant parent. ATx640 is one of the most 
recent releases for sorghum midge resistance and will pro- 
duce excellent hybrids in late planting regardless of 
whether sorghum midge are present. Differences at Col- 
lege Statlon (avenge grain yield of 33% kg ha-') under 
moderate pest density represent grain yield potential under 
conditions more likely to be encountered in producers 
fields. 

Selections were made to continue development of 
germplasm resistant to biotype E. I, and K gmnbug. New 
R-lines resistant to biotrpe E continue to produce excel- 
lent hybrids. The lines represent a range of plant types in- 
cluding tan plant. white pericarp and tan plant. red 
pericarp. Other favorable baits include wide adaptation 
and resistance to several diseases. Several lines could be 
used todevelop foodtype sorghums with improved biotic 
stress resistance. 

The primary sources ofresistance to biotype I and K are 
PI550607 and P1550610. BothPoumes are used in devel- 
oping R-lines, and PI550610 is used in B-line develop- 
ment. Selections to develop biotype I< resistant lines 
were made in many populations. Screening against bio- 
types 1 and K greenbugs identified genotypes that contain 
moderate resistance to both biotypes. Resistance to 
biotype I and K iscontrolled by different genesand amod- 
erate level of resistance to both biotypes is emphasized in 
the selection criteria. Many crosses to inbogress resis- 
tance gene(s) into an m a y  of elite germplasm were made. 

Molecular bio1o.g research identified molecular mark- 
e n  resistant tobiotype C, E. I, and K greenbug. For this re- 
search (Ph.D. dissertation of C.S. Katw) TAM-223 and 
TAM-225 collaborated with Dr. A.H. Patenon to provide 
unique mining in brdmg,entomologyand molecular bi- 
ology. Significant new undemanding of the nature of 
grecnbug resistance resulted from this m a r c h .  Nine mo- 
lecularmarkers on eight linkagegroups were identified for 
resistance to gmnbug. Two markers on different linkage 
groups were identified for biotype C resistance derived 
from SA7536-1. For biotype C resinance derived from 
Capbam two marken on different linkage groups were 
identified. One marker for biotpe C resistance was com- 
mon to both SA7536-I and Capbam. For biotpe E resis- 
tance derived from Capbam three markers on two linkage 
groups were identified. For resistance genes in PI550607 
one marker for biotype C, three marken for biorype E, and 
threemarken forbiotype K wereidentified. For PIS50607 
the markers for each biotype were on different linkage 
groups. A low level of greenbug resistance was identified 
in a susceptible cross with BTx623 as a parent. This could 
lead to identification of additional resistance genes with 
small effects that enhance greenbug resistance. Greenbug 
resistance is not simply inherited but is muhigenic and 

mostly quantitative. the number of resistance loci found 
ranging from one to five (depending on the population). 
The relationship between p n b u g  resistance in sorghum. 
wheat, and barley was also studied. Conapondmce ex- 
ists between greenbug resistance in he different specla. 
This cou:d lead to strategies of gene managanmt or de- 
ployment to improve durability of resistance. .4dditional 
populations are in development to condwt fme mapping 
activities as a prelude to cloning. 

For h e  marker-assisted selmion research. crosses and 
backcrosses to incorporate greenbug resistance and 
post-flowering drwght tolerance into a single genotype 
were made. Three p n b u g  resistance wwoes are uxd: 
Capbam through Tx2783. P1550607. and PI550610. The 
s o m e  of post-flowering dmu@~t tolerance is the cross 
BWTx7000. Molecular anal!sis using RFLP markers 
will identify genor)pes that contain grecnbug resistance 
genes and QTLs for drought resistance. The research is a 
collaborative project between TAM-225, TAM-112. and 
the molecular biology laborator?. of Dr. Henry &guyen 
(Texas Tech Univenitv). Mr. Sidi Bekaye Coulibaly 
(Mali) is conducting R . D .  research to comparr the e f i -  
ciency of marker-assisted selection versus traditional se- 
lecting in this project . 

For soil toxicity research at Cinzana a 17 entry paired 
plot experiment was developed and sent to Mali. I 1  en- 
tries in the test were specifically requested by Dr. 
Mamadou Doumbia. IER soil chemist. The experiment 
was planted in the soil toxicitv site on he Cinzana station 
and in a farmen field adjacent to the Cinzana station. Re- 
search in soil toxicity continued to be hindered b )  poor 
germination in the sites selected for the w. 

Work with Malian collaborators to develop improved 
guinea type varieties with higher yield paential. superior 
grain mits, Qn plant and other needed plant mi l s  contin- 
ued. One tan plant. white seeded line named 
"N'Tenimissa" has consistently shown excellent grain 
yield and agronomic traits. It i s  cumntly in on-farm tcsu 
prior to relearc. 

A SO-cnrr). ten for sugarcane aphid mistance was mi 
to Southern Africa in collaboration with TAM-222. 
TAM-228, and TAM-225. The test uas ebaluated for re 
sistance to sugarcane aphid in a prrrnhouw w m n i n g  and 
for resistance to roory smpe at Golden Valley. Zambia 
(Table 5 ) .  For s u g a m m  aphid minamc.  nine expai- 
mental enmes sustained no more damaged than he resis- 
tant checks (SDSL89426. UrM#322. FGYQ353. 
TAM428. FGYQ336. CEI 5 1 .  U'W177. Ent. 62.34DC. 
and Simat. For soor). smpe mi-. only thrrr entries 
exprrssed resistance. However. no expannmral entries 
were mistant to both sugarcane aphid and sooty smp. 
Sugarcaneaphid resistant breeding materials am in devei- 
o p k t  for he c o l l a b o r a t i v e ~ .  Resistance sources 
including TAM428. CEI 5 I .  WWs177. Sima (ISZj250). 
~ ~ ~ ~ 8 9 4 2 6 .  FGYQ336 have been intercnasedorcnused 



Germplasm Enhancement and Comervation 

Table 3. Rating of sorghum lines for resistance to sugarcane aphid based on aphid severity and aphid damageat 
Gaborone. Botswana. and for sootv stripe a t  Golden Valley, Zambia. __ 

~&sev~e&I -~ 

Pedigree 21 DAP' 27 DAP~ 
(Macia'TAM428)-HD1 (F7) 1 .0 1.0 

Aphld damagez - -- 

21 DAP 27 DAP - -- 
1 0  1 0  

~ 

Sooty 

' Rated on a sale of I =no aphid papulation butldup. up to 6 = plan0 100% covered by aphids. ' Raled on a sale of I =no plant damage. up to 6 =all plants dead. 
' DAP-Days aRsr planling. 

-- -~ 

to locally adapted cultivars to develop a range of popula- 
tions. Exotic cultivars used include Segaolane, 
Marupanue, Macia, Town, SV I, and A964. The lines were 
crossed to elite TAM-223 germplasm to introduce addi- 
tional favorable traits including foliar disease resistance 
and backcrosses of selected Fls to adapted cultivars were 
made. The germplasm was planted at Corpus Christi, 
Texas for initial selection. Selections from Texas will be 
providedto collaborators in Southern Africa for evaluation 
inthe local environment. The lines should contain wide ad- 
aptation, sugarcane aphidresistance, anddisease resistance 

(primarily sooty stripe and anthracnose). Plant traits se- 
lected to enhance potential use include tan plant, white 
pericarp, and appropriate height and maturity. 

Networking Activities 

Workshops 

Participated in the Workshop on Hybrid Seed Produc- 
tion in West Africa, 28 Sep. - 2 Oct. 1998, Niamey, Niger. 
Participated in discussion regarding development of a hy- 



brid seed industry in West Africa and observed field pro- 
duction of the parental lines and hybrid. 

Participated in the 1999 Sorghum Industry Conference 
held in conjunction with the Biennial Grain Sorghum Re- 
search and Utilization Conference co-sponsored by the Sor- 
ghum Improvement Conference of North America 
(SICNA). 2 1-24 February 1999. Tucson. AZ. 

Research Inwstigator Exchanges 

Niger - 28 Sep. - 2 Oa. 1998. Participated in the West 
Africa Regional Hybrid Sorghum and Pearl Millet Seed 
Workshop. Participated in discussion regarding develop 
men1 of a hybrid seed industry in West Africa and observed 
field production of the parental lines and hybrid. 

Mali - 2-9 Oct. 1998. Participated in the External Evalu- 
ation Panel Review of collaborative activities between IER 
and MTSORMIL. Evaluated field research at Sotuba and 
Cinzana, and on-farm trials conducted by World Vision in 
the Bla region. Met with representatives of the ICRISAT 
West Africa Program to discuss current and future collabo- 
ration. 

South Africa'Botnvana - 5- I I April 1999. Met with col- 
laborators  a t  the ARC - Grain Crops Institute 
(Potchefstmom) to discuss initiation of research on sugar- 
cane aphid resistance. Evaluated research for ergot, sugar- 
m e  aphid resistance, and other entomological problems. 
In Botswana, discussed research on sugarcane aphid resis- 
tance. Evaluated research conducted by the DAR sorghum 
program and production of the sorghum hybrid BSH-I and 
parental lines. 

Honduras/Nicaagua - 3-8 May 1999. In Honduras. par- 
ticipated in discussions with representatives of the Escuela 
.4gricola Panamericana (EAP), Zamorano, concerning fu- 
mre direction of the collaborative sorghum research p r o  
gram Met with representatives of DICTA to discuss 
Governmmt of Honduras participation in the research pro- 
gram. Met with USAID representatives to discuss 
INTSORMIL participation in Hurricane Mitch relief. In 
Nicaragua. met with representatives of MTA to discuss 
continued collaboration. Met with USAlD to discuss 
MTSORMIL activity in Nicaragua Met with represenla- 
lives of the Univenidad Nacional Agraria (Managua) and 
the Univenidad Nacional Authomia de Nicaragua ( L e W  
to discuss potential collaboration with MTSORMIL. Met 
with representatives of PROMESA to learn of their activity 
and discuss how MTSORMIL can mtributc to their pro- 
jm. 

Mr. Travis Taylor. Texas Grain Sorghum Board Execu- 
tive Director. several occasions 
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Accessions fmm the sorghum conversion program were 
grown for in- and evaluation. R e h  from the sor- 
ghum conversion pmgarn were deposited in ihe National 
Seed Storage Laboratmy. G e r m p h  was distributed to 
private companies as regumed and to the following coun- 
hies. including but n a  limited to: Mali. Bolsuana. Niger. 
Guatemala Nicaragua Ausualia.. South Africa Boowana 
Zimbabwe. and Zambia. Entries in the .411 Diwaw and In- 
sect N u n e ~  (ADM) were evaluated at many locations d o  
mestically and internationally. 

Germplasm previously developed and released b? this 
project iswidely usedbycommercialucdcmpanies inhy- 
brid production. Bionpe E --bug mistant R-lines hom 
this project are widely used in the production of p e n b u g  
resistant hybrids. 

Trained Malian IER bmedinz collabontors in the use of 
computer s o h a r e .  

Collabocation with the following scientists was imp-  
tan1 in the activities of TAM-23: 

Dr. R.A. Frederikan. Depamnent of Plant Pathology 
and Microbiolw, Texas A&M University. College Sta- 
tion, TX 77843 (TAM-224). 

Dr. L. U'. Rooney,Cereal Chemisby. Depmment ofsoil 
and Cmp Sciences. Texas A&M University. College Sta- 
tion. TX 77843 (TAM-226). 

Dr. G.N. Odvody, Plant Pathology. Texas A&M Re- 
search and Extension Center. Route 2 Box 589. Capus 
Chris~i. TX 78406-9705 (TAM-228). 

Dr. R. D. Waniska Cereal Chemim).. Depamnent of 
Soil and Crop Sciences. Texas A&M Univmity, Colkge 
Station TX 77843. 

Dr. W.L. Rooney. Sorghum &ceding, Depamnent of 
Soil and Crop Scienas. Texas A&M University. Colkge 
Station. TX 77843. 

Dr. T.L. Archa, Entomology. Texas A&M University 
Agriculnrral R-h and Enension Center. Route 3 Box 
219. Lubbock TX 79401-9757. 

Dr. JA. Dahltxrg. Sorghum Bmding and Gmnplasn. 
USDA-ARS. Tropical A g r i c u b  Research Station 2200 
Avr. Pedro AlbizuCampos, Suite 201. May-aguez. PR 
00680-5470 (Now Research Dimtor. National Grain Sor- 
ghum Pmducm). 
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Dr. R.G. Henzell, Sorghum Breeding, Hermitage Re- 
search Station, via Warwick, QLD 4370, Australia. 

Dr. A.H. Paterson, Molecular biology, Deparbnent of 
Soil and Crop Sciences, Texas A&M University, College 
Station, TX 77843 (Now at the Univ. of Georgia). 
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Summary 

Sorghum and pearf millet are the major mditional cereal 
c r o ~ s  on which millions of m ~ l e  are de~cndcot in exten- . . 
sive drought prone areas of low-resource agicuhve in Af- 
rica and the Indian sub-continent. T h e  two cereals are the 
best adapted to most reliably pmduce food in the unpndict- 
able umditions of erratic lainfall, low soil fertility and nu- 
merous pests and diseases. In such conditions, agronomic 
interventions such as the use of chemical femlizcn have 
dramatic effects but their cortr and the risks involved arc 
still too high for most low rescurce farmers. Seed of new 
cultivars is a highly wst effective technology even without 
agronomic support, but they am more effective with and en- 
courage the use of aher agronomic interventions. Where 
production increases have teen obtained in low rsarrce 
conditions, they have always been dependent on new 
cultivars. Plant breeding is therefore the key. and the cam- 
lyn to improving food pmduction in Africa. and has already 
done so in India 

Sorghum is widely used as a gnin feed in intensive agri- 
culture, in North and South America. southern Europe, 

Swth Afiica and Australia. with consequent high kvek  of 
b r a d i g  research. some results of w h i i  can kc modified 
and used in rrxarch in developing countrin. The ssituarion 
is different f a  pearl milk. which so far has only bem uti- 
lized as a forage crop in intensive agriculm.  However. 
pearlmillet hasammnvtritiousgniothan~um,andso 
has the potential IO become a high yielding feed grain with a 
somewha! diffacnt adaptation panem than saghum. h has 
fqucnt ly  bun shorn in lndia that p c d  m i l k  hybridscan 
pmduce 5 tons of grainha in 3 months. and the same yield 
has bun obtained on a field scak in Katsas. 

The gods of this projm arc sMnl: lo develop ~~IUIIA 
maaia l  of higher y ie ld i i  a b i l i  that can kc used in collab- 
m i v e  brrcdii pmgnmr in developing counnies; in the 
USA. to in- the gmrtic diversity in saghum and to 
produce the adapted plant type mded to grow pearl millet 
as a wmbme feed pi in  aop; to identify of useful 
baits and develop methods to umsiaencly select f a  thcm: 
and to provide mdents thesis topics from the on-going re- 
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search which are relevant to the problems they will face in 
their research programs at home. 

Collaborative breeding with pearl millet to make hybrids 
with the best varieties was continued in Mali and Namibia 
and was begun in Zambia, the latter two with the assistance 
of the SADCIKRISAT Sorghum and Millet Improvement 
Program at Matopos, Zimbabwe. Collaborative breeding in 
sorghum in Botswana is also done with the participation of 
the SADCIICRISATISMIP program. Breeding material 
and information, mostly on pearl millet, is routinely ex- 
changed with the ICRISAT programs in India and the West 
Afican center in Niger. Sorghum germplasm was sent to 
Niger. 

In the US.,  both applied and basic research is conducted 
on both crops. Good progess was made in developing pearl 
millet hybrid parents which show high levels of heterosis, 
lodging resistance and early maturity. Basic research on the 
new A4 cytoplasmic male sterility system (CMS), and re- 
cently, in collaboration with ICRISAT, the A5 system was 
continued. These appear to offer significant advantages in 
breeding and producing hybrids both in the U.S. and tropi- 
calareas. Studieswith the same (isonuclear)pearl millet hy- 
brids with A ,, A4 or normal cytoplasm, showed evidence of 
cytoplasm/nuclear interaction, which could vary according 
to cytoplasm, and nuclear genotype. Some hybrids made in 
sterile cytoplasm appeared better than in normal cytoplasm. 
I this cytoplasmic contribution to heterosis is substantiated? 
it would have important implications to all crops with CMS 
hybrids. The development of isonuclear stocks of three fur- 
ther CMS systems, A5, Aepp and A,, continued. The main 
thrust of the sorghum program is to introgress new high 
yielding tropically bred food sorghums into U S .  grain 
sorghums and use some of the resulting early generation 
segregating populations for selection in Botswana. This 
ingogression continues to provide new genetic diversity for 
early and full season grain hybrids in the U S .  including 
white grain-tan plant food quality hybrids. Work continued 
using developed screening methods, on using sources of ge- 
neticresistance to low and high temperatures at germination 
and initial stages of seedling growth. 

Objectives, Production and Utilization Constraints 

Objectives 

For both crops 

To build and improve a diverse range of breeding 
germplasm from crosses between US adapted lines 
and proven tropical breeder stocks. Such diversity is 
used in collaborative country projects, in deriving 
parent lines for the USA, and in genetic and breeding 
methods research. 

To train LDC personnel in genetics and plant breed- 
ing. 

SpeciJicaNy in Pearl Mdlel 

To determine relative values of alternative cytoplas- 
mic male sterility (CMS) systems for breeding hy- 
brids and their seed and grain production. 

To produce Aq top cross hybrids from adapted parents 
ttxough collaborative breeding in Namibia, Zambia 
and Mali. 

To produce and release parental lines, both in A, and 
A4 CMS systems, for making early maturing, high 
yielding, lodgingresistant grain hybrids for theUSA. 

For Sorghum 

Continue to produce and evaluate hybrid parent lines 
for Botswana (in collaboration with ICRISATI 
SMIPIZimbabwe). 

To produce and release parental lines for food quality 
hybrids for the USA. 

To develop screening methods, and study inheritance 
of seedling heat tolerance. 

Constraints 

Pearl millet and sorghum are major food crops in low re- 
source semi-arid (LRSA) subsistence farming in Africa and 
Asia. LRSA production is limited by both agronomic and 
non agronomic (negligible capital, small and fragile mar- 
kets, competing imported cereal grain prices and social fac- 
tors). Principal agronomic constraints are lack of plant 
nutrients and moisture (drought), timely operations, andoc- 
currence of pests, diseases and weeds. When these con- 
straints to plant gowth exist, local varieties often perform 
relatively well, and give stable yields. Improving produc- 
tion conditions in LRSA agriculture has proved difficult 
mainly because of cost and risk involved to the individual 
farmer and because the inability of many developing coun- 
tries to provide support to LRSA farmers. In this context, 
higher yielding cultivars developed through plant breeding 
are the most viable low cost route (seed costs are much 
lower than fertilizer) to increased food production. How- 
ever, new cultivars are always essential prerequisites for 
any successful agronomic package. 

Improved varieties, where seed can be self increased (in 
contrastto hybrids, forwhichnew seed must beobtained for 
each crop), can and have been successfully bred for LRSA 
agriculture. However, progress in variety breeding is rela- 
tively slow (even in developed countries) and variety multi- 
plication requires continued government support because 
varieties do not normally attract private enterprise in devel- 
oping countries. Hybrids however do attract private enter- 
prise and all this entails in providing farmers with quality 



seed. In the last few years, attitudes have changed in regard 
to the hybrid concept in developing wunmes and their local 
production and sale to farmers is now viewed as desirable 
and possible. 

Hybrids use growth resources most efficiently. particu- 
larly when they are in short supply. and generally give 20.h 
more yield than equivalent varieties. While varieties in pearl 
millet are internally heterotic, higher yields are given by FI 
hybrids, even those where the best variety is used as a parent 
in top cross hybrids. Increased yields at the small farmer 
level, often at low productivity levels without other inputs. 
has been the reason why pearl millet hybrids have bmn suc- 
cessful in Asia. If the hybrids are of a stable and durable 
lype, they can also perform in low resource agriculhue in 
Africa. Therefore, the project, with this in mind, has been 
examining aspects oftop cross hybrid development and pro- 
duction with conventional CMS or protogyny seed parents. 

Research Approach and Project Output 

Research Meihodr 

The general approach for both crops is to create diversity 
by crossing high yielding U.S. stocks with new germplasm 
from developing countries a ICRISAT (and in the case of 
sorghum. from the Kansas State intmgression program). 
This diversity is used in collaborative breeding projects in 
host counties to select for adaptation there. and also in the 
US.  to incorporate new genetic diversity into lines for re- 
lease. In both crops, the principal breeding method is pedi- 
gree selection combined with ten crosses and hybrid 
evaluation to select for the parental lineschat make the best 
hybrids. Winter nurseries are used to expedite the selection 
process. In sorghum some selection for host countries is for 
varieties also. Seed parents are produced in A I CMS system 
in sorghum but both A (Tift 23AI cytoplasm) and in- 
ingly A4 (monodii cytoplasm) and now AS CMS are being 
used in pearl millet A4 male sterility has been t r a n s f e d  
into lines derived from a Smegalese long headed dwarf 
pearl millet variety, IBMV 8401. These can be used then to 
detect existing or inucduced R, genes in adapted varieties 
in Senegal and elsewhere with the eventual aim of produc- 
ing top cross hybrids made with R., derivatives or R, ver- 
sions of the best varieties as male parents. A similar 
approach is being used in c o l l a h t i v e  projects in Namibk 
Zambia (see Southan Africa regional report) and Mali. 
Using a phenotypic marker. studies have commenced in 
pearl millet on direct effects of pollen (male genotype) on 
seed growth. Field screening is conducted to identify genni- 
nation cool tolerance in peal  millet. where like sorghum. 
earlier planting can be advantageous. 

Sorghum germplasm arising from lskender Tiryaki's 
M.S. thesis (see last annual report) will beevaluated both for 
production performance and germination cool tolerance. 
The inheritance ofseedling heat tolaance in sorghum using 
a simplified lab screening technique is being studied by Pe- 
ter Setimela forhis Ph.D. dissertation. A foodquality B-line 

sorghum population based on genetic mak  sterility gene 
ms, is being pmduced by random mating. 

Pearl miller 

Dr. K. N. Rai. from ICRISAT continued his rescad at 
University ofNebraska -Lincoln (UNL)on the utility ofA, 
and A4 CMS systems with the support of a research - m t  
from the Mahyw Seedcompany. Jalnh lndia Cold s u ~ p  
tibility at flowering. production performance. and inheri- 
tance of male fenilit?. restoration were mdied. W%en 
dayhight temperatures were lowered to 18°C day:lO0C 
night (12 hr each). differencesdue toc)loplasm were found 
between isonuclear hybrids made in AI A, and B (mmnal 
cyKopIasm). Proportion of viable pollen (87-9TiL pollen 
production score. 3.8 - 3.9 (5.0 best) and ulfed seed set 
(5463%) was reduced for hybnds pmduced in normal and 
A4 cytoplasm, but was lower (respectively 67% 3% and 
2.7%) fortheAI hybrid.This reduction combined with the 
longer protogyny period of Al hybrids. conmbutcd to the 
low open pollinated seed set which has been experienced 
with At hktKids at low flowering tcmperanues. A, cpo- 
plasm does not appear to increase vulnerabilir?. to cool tem- 
p e r a m .  

A test was conducted at Mead. N e b d a  and ICRISAT, 
Hyderabad. lndia to compare performance oftheAI. A, and 
B (normal) cymplasms in isonuclear h>brids produced by 
crossing t h w  seed parents with t h m  restorers (Table I ). 
Comparisons for all naits was n u  possible because the re- 
storers were not completely dual restorers as intended. 
However. some ckar mults emerged. In general Al and A, 
hybrids yielded similarly but at the individual hybrid kvel 
either the A I or A, vmion may be better. which is cxplain- 
able if cytoplasmhuclear interactions contribute to 
heterosis. A further indication that this can occur derives 
from an A or A, h>%rid apparenth being k n t r  than the 
same hybrid made in normal c)loplarm. This fnding. that 
c)loplarm/nuclear interaction may contribute to hybrid 
yields. is of considerable importance not only f a  pearl mil- 
leL but forothermps uhercCMS h j t d s  arepossible. Co- 
operative experiments are planned with ICRISAT adding 
AS CMS hybrids. An additional r r m l ~  was that A, h+ds 
are about me day earlier in flowering and (not shown in T, 
ble I) have a shorter potogyny period. both of which are 
useful effects of A, c>toplasm. In another cxperimcnL ex- 
amination of R, male fenile'mak sterile segregation ratios 
in sterilecytoplm.showedthat mak fcnility msloration in 
the A* CMS system in the singk cross and backcross stud- 
ied was due to a single dominant nuclear sene. 

Mr. S. A. Ipinge. from Namibia while studying h y ~ d  
breeding methods in the LWL pearl millet program. mea- 
sured the direct effects (Xenia )o f  pollen genot]pe on u e d  
size. Prior rexarch had shown when a mixwe of selfed 
(created by sibbing) and crossed wed is created on the same 
head, using a singie dow of mixed pollen. then the crosxd 
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Table 1. Mean grain yield, time to 50% flowering, and selfed seedset in cytoplasmically different isonuclear hybrids 
of pearl millet Mead, Nebraska 1998 summer; and Patancheru, India 1998 rainy season'. 

Hybridcombination 
Mead. 1998 summer reason 

378 x 16RlR4 
x 58001R1 
x 68A4R4 

SEd 
Mean 
SEA 

Pa1.nrheru. 1998 n i n y  season 
293 r I6RIR4 

r S8001RI 
r 68A4R4 

Gram veld (t h Q  - 
A4 B -A1 

(hybrid) seeds could be up to 10% heavier than adjacent self 
pollinated seeds. The question remained whether this repre- 
sented a just reallocation of growth resources between the 
two seed types within the head, or a net gain. 

Using a dominant white grain color marker (pollen from 
a white seededparent produces white seed on a gray seeded 
female), Mr. Ipinge studied seed weight and head harvest 
indices (HHI = grain weighthead weight) in crosses be- 
tween two lines and two hybrids, one of each pair being grey 
seeded (used as female), the other white. Thus when a grey 
seeded line is pollinated with a mixture of its own pollen 
(from another tiller or sister plant) and white male pollen, 
thecolor ofthe resulting seedindicates whether it is selfpol- 
ha t ed  (grey) or cross pollinated (white, hybrid seed). 

White (hybrid) seed was significantly heavier (13%) in 
the mixture on the female line, but although white seed was 
slightly heavier (3%) than grey in the mixture on the female 
hybrid, the difference was not significant (Table 2). All 
beads used in comparisons had full seed set. The selfedseed 
in the mixtures was not lighter than seed on 100% selfed 
heads, indicating that increase in hybridseed weight wasnot 
at the expense of selfed seed weight. 

Because average head weights could not be compared, 
due to the very large number of hand pollinations required to 
remove sampling bias, the alternative approach of compar- 
ing head harvest index (HHI) was used. Since the structure 
of the head is fixed prior to pollination, different increases 
in seed weight on a head after pollination will be reflected 
by a change in the ratio or percentage of grain weightto total 
head weight (HHI). 

Differences in HHI were significant between selfed and 
100% crossed heads. both in lines and hybrids. HHI of L I x 

(LI + L2) (see Table 2) was not as high as expected but not 
statistically lowerthanL1 x L1.Hl x (HI+ HZ) wasnotsig- 
nificantly different from either selfed or hybrid heads, but 
was intermediate in value as expected. 

Pollen genotype increased seed size in the female line 
and thus xenia affects may substantially contribute to seed 
yield hi hybrid seed production, through increased seed 
size. The results suggest but donot prove a similar effect oc- 
curs between hybrids, where theoretically it would, on aver- 
age be about half that between lines. As with any kind of 
heterosis, the magnitude of any xenia effect would be ex- 
pected to vary with specific combinations. For it to have 
practicalvalue, it would have to occur between hybrids with 
similar yields. Further experiments are planned. 
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Table 2. P u r l  mllkt p i n  weight Xeni. t a b .  100 seed weigbb from h a d r  of grey Kcdcd p a m b  w k .  Hit polli- 

oatcd,crmvd with pollen from a whitesceded mak prcnt,or pollinated with a m h h r r o ~ o w n  (grry)md 
-- m.lehwlka___-___-_ -- - - - -- - - . 

- - -_ - - . l m n o d r t & u  I& ~ - - ~ ~ 

Rrcnlr ..- Cmaer ..~ ~ -~ 
C m m  HHS Sib (= rcllrl Mhcd Pollen WhiL p o h  
and sibr ~ p~ K Gr?@ -- W%nr - d . - _  ~~. **Rd_ - -~ 

MBREDS 
LI L l  (sib) 60.9 0.73 
L I  r ( L I +  L2) 
LI - L2 
L2 = L2 (sib) 
LSD (0.05) 

HYBRIDS 
HI H l  (sib) 611.1 0 74 
HI r(I l l rH2) 712  
HI x H 2  71.4 
H2.W 69.6 I 0 4  

Support for the brading of locally adapted hybnds in 
Namibia. Zambia and Mali were continued Aa~vi t~es  for 
Namib~a and Zambia are contained in the Southern Afncan 
Regional report. Breeding f a  Mali consisted of providing a 
CMS option of producing hybrid CIVAREX 9106 x 

Tmmbedie, currently being made by the u x  of pmtogyny. 
lnitial crosses aod backcrosses were made to convert CVX 
9 106 into an A, seed parent and Trombedie to an % re- 
storer. Seed of these crosses was sent to the p e d  millet 
breeding program at C i  Mali so the original adapted 
parent populations can be used to complete the backcross- 
ing. 

We hare continued to improve pearl millet parenlal lines. 
many in both A, and A4 CMS systems, for combining abil- 
ity and lodging resistance. New early hybrids in lbc 1998 
ten yielded upto26%rnore than the check,andalate hybrid 
gave 69?? more (Table 3). The lodging scows. taken one 
month after harvest on parts of plots lefl for that w e .  
also show large irnpmvements. Seed pamnts NM-I through 
NM-5 and restorers NM-6R and NM-'IR wen released in 
May 1998. Release of seed parnt 59043 Al and A, among 
othen, is planned in 1999. The Crosbyton Sccd Company 
Texas, successfully produced some 1.000 ibr of four pesrl 
millet grain hybrids, and intends to continue production of 
two a three of these in 1999. 

An ismuclear set of seed parents in A I. At AS. A, and 
A, is nearing completion so that the parental and hybrid at- 
tributes of these cytoplms can be d i l y  compared. Re- 
storen for AS (Rs) A OLgd and A, (R,) have been 
discovered in advam%lina. One released male parent. 
NM-7R(xe Table 3) is a multiplerestarr w all cytoplasms 
except % which is being backcmssed in. 

In the spring of 1998 a Lincoh kld cold tdezaoce for 
early germination of 25 pearl mi lk  enfries (3 popularionr 
and their top crosses and I I parental l i )  was evaluated in 
a repl~cated ten. Seedling emergem was rewided begin- 
ning at I I days after planting at a 5 cm dcph in soil tempera- 
tures of IS-16°C. Good cold tol- was identified in 
populatim NPM3Sid and N C 4  and parental lines IRm 
and 4Rm (figure I ). L i n a  NM- I and NM-3 showed moder- 
ate levels ofcold tolerance while NM-7Rwm cold surccpti- 
ble. In additional field scrrmings, d i n g  cold tokrance 
war found in dcrivativesof thrreaherpopulatiars (NPM- I. 
NFPM- I. and 2 W A 4  %)and nuo seed parent lina (5%68 
A, and 59037-2 A,). 

Pearl milla plants often suaain ealy damage fmrn a n -  
ricty of causes. @& i n m ,  heat slnd blasting and as 
hap.&ncd to a &ionaim in the U.S.. had damagcCpia to 
boot stage. Pearl millet is known to exhibit recovery fmm 
such even&, and we d a e d  am apaiman. uhm mow- 
ing 10 cm from 25 day old plane, simulated early dmage. 
The resub in Table 4 show in the early plating only 
one of the five millet hybrids showed yield Ion. pobably 
bccauw it war tbc earliest. In the Iataplming k s c  wac  no 
significaa yield reductions in pearl milkt due to mowing 
but the two later m a m g  hkbrids gave signilicantty higha 
yields, mainly due to higher hrad numbers (data m t  shown). 
Pearl milla shows remarkable tder~ve to early defoliation 
(where growing points are wt damaged). and may respond 
by producing more heack m2. 

The gmaation of tan plant food qualify wed pafmh and 
male parenu continued. Hybrid tests in 1998 identified fin 
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Table 3. 1998 Pearl Millet A]/& Grain Hybrid Yield Test - Lincoln, NE. Performance of top 10 entries and check, 
out of 25 entries. 

57135 A) x 91-2085 R I  
NM-5 AI x N M d  R,' 
59043 A,  w NM-7 RI 
59043 k w 6 1163 A R4 w 
59043 A] w  x 91-2085 RI 
NM-5 An 1 51028 A, 14 w  
89-0083 Al  r 9Rd4& 
NM-I A,  x NM-7 R I  
59043 A) w r NM-7 RI 
59043 A l w  1 51028 A, Ra w  
2068 A) . 89-W83 R)' 

Mean (25 mhia) 4300 73 115 4 3  

LSD 0.05 .- 955 4 . 4  . s- $3 
' Mewred on plot borders I month after harved 
* NM-I through NM-7 released May, 1998. 

Check entry 
w = whits weded 

Days after field planting 
Soil temperature 15-16 C ot 5 cm deprh 

70 
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Figure 1 .  Pearl millet seedling field emergence of cold tolerant and susceptible varieties in 1998. 
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Table 5. Sorghom collaborative hybrid t a t  98-13 Mad .  Tbmsccd parcntr (DJA) r I I mtorrn(Jm)plasckclu 
Yield. days to bloom and height ofxven b u t  hybrids, chccks and avenge effcels ofthe tbm la( sccd pr- 
ents. 

or six potential seed parent releases and two or h e n e w  tan 
plant male parents. Hybrid tests now planted in 1999 will 
provide defmitive data. A wllaborative test with Dr. Jeff 
Pedenen. USDA-UNL tested a set of I I tan plant male par- 
ents (JFP) on 3 tan plant wed parents (DJA) (Table 5). One 
seed parent N298A. gave on average, significantly better 
hybrids than others. There were also significant differences 
for general combining ability amongmale parents. Line 5R 
(a TX430 x E35-I:'E35-I derivative) gave the best hybrid 
with each soed parent The top hybrid. N298A x 5R a tan 
plant food quality type, gave 18% more grain yield than the 
best wmmercial hybrid. 

Results from Peter Sethela's continuing rrwarch on 
sorghum seedling heat tolerance (using enent of movery 
growth aftera heat shock of50"C for IOmin.). indicates tol- 
erance is mostly recessive. For tolerant hybridr therefore 
both plants should carry heat tolerance. However ten 
crosses showed that the contribution of hetemsis to hybrid 

Workshops 

Program speaker. INTSORMIL'ICRISATIINRAN 
West African Sorghum and Pearl Milk  H}brid Seed P m  
duction Workshop. Niamey. Niger. Scpt 23 - Octoba I. 
1998. 

Conmitutor. ASA Annual Mceolng, Bahimorr. Mary- 
land. 18-24 Oaober. 19W. 

Dr. K.N. Rai, Senior Millet Bradcr. ICRISAT. 
Patanchent. Visiting scientist a! UNL Nebraska Jmu- 
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ary-December, 1998, primarily working on pearl millet 
CMS systems. 

Mr. S.A. Ipinge, Senior Millet Breeder. MAWRD, 
Okashana, Namibia. Visiting research scholar, May - Octo- 
ber, 1998, hybrid breeding techniques and xenia effects. 

Germplasm and Information Exchange 

Supplied three seed parents and two male parents to 
Niger for production of sorghum hybrids selected in 
INRAN tests. 

Supplied eight U.S. seed companies requested sorghum 
releases. 

Supplied seed ofbase crosses to Mali which will allow an 
existing Mali pearl millet top cross protogyny hybrid to be 
produced by the A4 CMS system. 

Supplied seed of initial crosses needed to convert 
Namibia MKC pearl millet variety to an Rq restorer male 
parent, and two MKC test hybrids. 

Provided Namibian pearl millet breeding program with 
belt head thresher. 

Provided information to Zambian pearl millet breeding 
program on R4 hybrid breeding. 

Received 49 pearl millet lines from ICRISAT India, 7 
from ICRISAT Niger and 22 from ICRISATISMIP pro- 
gram, Zimbabwe. 

Publications and Presentations 

Presentations 

Andrews, D.J., J F. Rajewski and K. N. Rai. New Cytoplasmic Male 
Sterility Systems far Hybrids in Pearl Millet, West African Sorghum 
and Pearl Millet Hybrid Seed Production Workshop, Niamey, Niger, 
Sept. 23 -0ct .  I, 1998. 

Andrews, D.J., I F .  Rajewski, K.N. Rai and Fabien Juetong. 1998. 
Advantages ofA4 male-sterile cytoplasm in breeding grain hybrids of 
pearl millet. Paper presented at ASA meeting, 18-24 October, 1998. 
Baltimore. 

Rai, K.N., D.J. Andrew J.F. Rajewski. 1998. PolentialafA5 male-sterile 
cytoplasm for breeding forage and grain hybrids afpearl millet. Poster 
presented at ASA Meetins. 18-24 October. 1998, Baltimore. 

Andrews, D J and J.F. Rqjewski. 1998. Breeding grain pearl millet for the 
U.S. Agron. Abstr. p. 44. 

Rajewski, J.F.,D.J.Andrews, G.W. Bunon,G.J.Cuomo,D.L. Klinkebiel, 
and W.D. Steerneier 1998. Photoperiod sensitive pearl millet forage 
hybrids utilizing dwarf grain type seed parents. Agran. Abstr, p. 81 

Rajewski, J.F. and D l .  Andrews 1998. Pearl millet grain hybrid response 
toearly and mid season defoliation. Agron. Abrrr. p. 82. 

Proceedings 

Govila,O.P.,K.N. Rai,K R. Chopra,D.J.Andrews,and W.M. Stegmeier. 
1998. Breeding pearl millet hybrids for developing countries -Indian 
experience. In: Rosenow, D.L. et al. Pmc. Int'l Conference on Genetic 
Improvement of Sorghum and Pearl Millet. Lubbock, TX, September 
23-27, 1996. pp. 97-1 18. 

Johnson, J.W.. W D. Stegmeier. D.J. Andrews. D.T. Rorenow. R.G. 
Hanzell and R.L. Monk. 1998. Genetic resistance to lod%ing.ln: 
Rasenow, D.L. et d. Proc Int'l Conferenceon Genetic Improvement of 
Sorghum and Pearl Millet. Lubbock, TX, September 23-27, 1996. pp. 
481.4.89 

Ka. K h . K Anand Kun.ar, D J A n d r r ~ r  S C GuplhanJB Oueodcha 
1998 IIrccd~ngpcX rndlel lor g a m  )tclJ and nabiht) In Rnscnou. 
D I. el31 P r ~ c  In! Confcren;~c~nGcnn~~ impro\cmenli~fSurghum 
anJ Puarl \ltllcl Ltnhh.~'k. I X .  Scptmhcr 23-27. 1996 pp 481.489 
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Summary 

In the pact year, studies have continued on couscous pm- 
-in& development of a more rapid, high sample thmugh- 
put protein digestibility screening assay, and the 
fundamentals of stickiness in sorghum foods and how to 
con1101 it. A new smdy was initiated, with a Kenyan @u- 
ate stud en^ with the goal of finding methods to in- the 
amount of sorghum~millct flour that can be wed in uwnpos- 
ite bread. Two scientists &an our group participated in the 
West African Regional Sorghum and Millet Hybrid Seed 
Workshop held in Niamey in September 1998, and we 
planned and moderated the utiliation section held on the 
third day. The major achievement from this year's work 
was the development of a new, simplu screening assay for 
identification ofsorghum lines with high protein digenibil- 
ity. The assay is currently beiig usedin acollaboration with 
I. Axtell's group to scrun p g e n y  from amvs bawcm 
normal and highly digestibldigh lysine sorghum g e m  
types. This work was done with the financial assistance of 
the Texas Grain Sorghum Board. 

So&um pmtein and starch digmibilities in livestock 
animals have been shown to be slightly Iowa than for other 
feed cereals, and are substantially lower in cooked ponidges 
fed to children. Previous work done in this laboratory 
(Kirleis' and Hamaker's groups) showed that the potein 
bodies of sorghum, that encapsulate about 7033 of total 
grain pmtein. am difficult to digest and become even more 
resistant to digestion following cooking. The high pmtein 
digestibility sorghum found in this laboratory has dramati- 
cally different, irregularly-shaped protein bodies resulting 
in easy access of proteases to the norage p ro t c i~  called 
kafirins. The screening assay is based on the principle that 

the major storage F i n ,  a-kafirin. digem away m y  
quickly in the highly digestible sorghum. A now assay was 
developed using the principk that solubilizcd lufirir, 
teins can bc fmcipitrted m f m  a nrrbi suspmion. Rela- 
tive turbidity can be quantified using a v i s d  wavekqqh 
s p a u p h a o m e m .  Following an bw digestion with the 
poteay. pepsin, the undigested p a e i m  were e m a c h d  
praipitated with b i eh l~ r (~cn i c  acid, Pad the a o m t  o f r e  
maining a-kafuin was mcaslmd bared m relniu turbidity 
of the suspension Turbidii values were invmely care 
lated to digestibility. This very simple ~ p p o r h  har re- 
sulted in a screening assay mat can be performed by a lab 
technician. High throughput of at lean 100 s m p l a p r  day 
war achieved. 

Studies in Niguand at M e  cominued with the goal of 
optimizing saghum and milk-bared cowan procasing 
f a  eventual commacial production by small-scak eoa 
prmeurs. The pmjm this yearprrduvd a smdl m m w r -  
cial-scale rorghlrmlmilla decar icua  and llour mill for the 
Niger LsborPtory Thir and the buildiag of a fairly brge 
s a l e  solar dna.  completed rhc muscow porrnmg MR I 
INRAN Nger Optunmlon md~a. f a  the poductnn of 
a high quality competitive produa d f a  high pamvlout- 
pnwmbegundwillbcfmishcdinrhcrmapjectyar. 
Pmcescd cou ruu r  made horn the hybridNADI. will bc 
marka t a d  At Purdue we have identified a soluble can- 
ponmt h cwc~a that is highly carelaed to poduct 
stickiness. Stickiness is an undesirable fcannr m coucow 
and isa poblem in a numberofsorghum cubvus. We have 
further charaaerized the c a n p m n t  md studied its origin. 

PREVIOUS PAGE BLANK 
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In a new study started this year, we have investigated 
methods to  incorporate higher quantities of sorghum flour 
into wheat-based composite breads. Tbis addresses the 
need to find ways to utilize processed flours in Africaand at 
levels in composite breadthat would make its incorporation 
economically worthwhile. Currently, acceptable composite 
flourbreads can be made only at about 15% sorghum substi- 
tution. In a model study, we have shown that addition of 
preconditioned corn storage protein, zein, which is 
analagous to sorghum kafirin, tn20% sorghumlwheat com- 
posite flour notably increases dough elasticity and bread 
loaf volume. Further studies will show whether sorghum 
proteins will behave similarly, and whether protcins can be 
made available in sorghum flour to contribute to dough 
viscoelasticity. Sorghum (or millet) flour could then hypo- 
thetically be added with wheat flourat higher levels than can 
presently be achieved. 

Objectives, Production and Utilization Constraints 

Objectives 

Develop an understanding of traditional village sor- 
ghum andmillet food processing and preparation pro- 
cedures and determine the grain characteristics that 
influence the functional and organoleptic properties 
of traditional food products. 

Determine the relationships among the physical, 
structural, and chemical components ofthe grain that 
affect the food and nutritional quality of sorghum and 
millet. 

Determine the biochemical basis for the relatively 
poor protein and starch digestibility of sorghum grain 
and many cooked sorghum products. 

Develop laboratory screening methods for use in de- 
veloping country breeding programs to evaluate and 
improve the food quality characteristics of sorghum 
and millet grain. 

Research on the food and nutritional quality of sorghum 
and millet grains is of major importance in developing 
countries. Factors affecting milling qualities, food quality, 
and nutritional value critically affect other efforts to im- 
prove the crop. Ifthe grain is not acceptable to consumers, 
then grain yield and other agronomic improvements to the 
crop are lost. Inaddition, breeding grains that have superior 
quality traits will more likely give rise to processed food 
products that can be  successi%lly and competitively mar- 
keted. This is especially true for sorghum which is per- 
ceived in some areas to have poor quality characteristics. 
The overall goal ofthis project is to  improve foodand nutri- 
tional quality of sorghum and millet through a better under- 
standing of the structural and chemical components of the 

grain that affect quality. This knowledge will be applied to 
develop useful methodologies for screening germplasm for 
end-use quality, develop techniques to make thegrain more 
nutritious, and improve grain utilization through process- 
ing. 

Research Approach and Project Output 

Sorghum Couscous 

Work has continued both at Purdue and INRAN, Niger to 
optimize couscous processing procedures to achieve a high 
quality commercializable sorghum or millet couqcous for 
the urban West African marketplace. In earlier work, A. 
Aboubacar, fonner Nigerien doctorate student and now 
post-doctoral research associate, installed an entrepreneur- 
ial-scale couscous processing unit (1996 report) with the 
central mechanized agglomerator designed and fabricated 
at CIRAD, France by J. Faure (Figure I). As reported last 
year, the couscous unit and products produced were exhib- 
ited and demonstratedat aregional agricultural researchex- 
position in Ouagadougou, Burkina Faso by M. Oumarou 
and M. MoussaoflNRAN. As flour quality iscritical toob- 
taining high quality couscous, and many other processed ce- 
real products, a decorticator and hammer mill were 
purchased in this project year for 1NRANMiger and 
IAIUEthiopia. 

Much of this year's couscous activities at INRANMiger 
were focused on optimizationof couscous yield andquality. 
The largest constraint in couscous production using the en- 
trepreneurial-scale unit wasunacceptably low yieldofcous- 
cous using the mechanized agglomerator. Studies were 
conducted to better control and optimize water content of 
the wetted flour, application technique, and agglomerator 
speed and angle. Couscous yield, as measured by the 
amount of couscous obtained in one pass through the 
agglomerator, increased from about 70% to about 95%. 
Both sorghum andmillet couscous quality was improved by 
controlled decortication (removal of bran layer), by re- 
peated washing ofthe decorticated grain, and by decreasing 
solar drying exposure. Very good consistent quality cous- 
cous was obtained. At the hybrid workshop held inNiamey 
in September 1998, the participants were invited to the Ce- 
real Quality Laboratory at INRAN and couscous prepared 
using themechanized unit was served. Questionnaireswere 
given and responses were quite positive regarding the cous- 
cous quality. 

linestigation into the Sorghum Couscous Component 
Responsible fir Stickiness 

Stickiness, prohably the most critical textural character- 
istics ofcouscous, is viewed as an undesirable factor. Good 
quality cooked couscous is a soft, flu% product that easily 
falls apart on the plate. Producing a commercial couscous 
with good cooked texture is critical in establishing a product 
market. Of eight sorghum varieties, six of which are used in 
Niger, a wide difference in couscous stickiness was mea- 



Figure 1. Piemre of the cocacola mgglomerntor (hat ir lhr  ccnln~l  par( of the catrcpmemrhl-wak mscom mil +n 
up a t  INRANNier.  The agglomentor was destgard and fabricated by C I R A W F r a m  a d  pmrclacd 
thmugb the 1NTSORMlL Niger project 
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sured. As part of a longer range effon to contml stickiness 
and selea varieties with low degree of stickiness. a study 
was conducted at F'urdue to identify the causative agent for 
couxws  stickiness and to determine its origin. 

It was found maf $he stickiness of cwcour was posi- 
tively correlated to the amount of a very low molecular 
weight water-soluble branched m c h  fraction in the 
rehydrated couscous@ = 0.86, P4 .01)  and to the amount of 
starch damage in the flours = 0.89, P< 0.01). Such a low 
molecular weight s w h  component has n u  been rcponed 
before in the l i t e ram for any caeal products. Its odd 
makeup suggests that it is not a native component of the 
grain, but instead is likely produced during grain process- 
ing. Its high m l a t i o n  to starch damage, that occun during 
grain milling, at least suggests that diffennt cultivars am 
more or less susceptible to Fragmentation of starch during 
milling. Accordingly, pmdingotherstudieson theorigin of 
this component, breeding lines could be chosen for opti- 
mum couscous processing quality (and possibly other pre  
cessed food qualities) based on susceptibility to starch 
damage or some other criteria. 

The branched starch component had a low molecular 
weight corresponding to the low end ofthe amylose range. 

Its debranching profile (debanching into linear g l u c ~ l  
chains) showed a r h r a h c t i o n  p a m  charxtcriaic of 
debranched amylopectin. Rehydrated couscous solubk 
components exaKted at jO°C for ;0 min were qmId 
through a low-pressure size exclusion s)-ztan using a 
Pbannacia MOOHR (2.000 - 100.000 W MW range) wl- 
umn. Any amylapanin or amylov prrxnt eluvd at the 
void volume. and the low molecular weight branched frac- 
tion eluted as a sRia of unresolved peaks. U M  the flour 
uKd tomakethecouxour wassimilarly extnned andupa- 
rated, a profile similar to wuxous was obtained This flour 
fraction &branched with isoamylase follou-ed b) sizr-ex- 
clusion chromatography. using Biogel P- 10. shows an elu- 
tion profile similartotheone o f c o ~ .  T h m f m .  it was 
conclusively shoun lhac the starch component fcunduithin 
uuwous that highly cmla t ed  to stickiocss was also V s -  
en1 in the flour. Thfheu mulrs suggsl lhal h e  milling p* 
c a s  may generate the identified component. 

The low molecularwcight branched starch h a a i m  from 
flour was also debranched w ~ h  p-mylaw (digests only ex- 
ternal starch chains doun lothe branching points)andscp 
rated by size-exclusion chromatography. The limit 
fraction (rrtpmenting 55% of total carbchydrate) created a 
broad chromatographic peak chat tailed until the mahose 



Crop Utilizarion and Marketing 

elution peak (representing 33% total carbohydrate). From 
these data, we concluded that the low molecular weight 
branched starch Baction correlated to couscous stickiness 
originates in the flour. The fmding that the Baction appears 
to be composed ofa range ofvarying size amylopectin mol- 
ecules suppons a view that starch damage may be responsi- 
ble for the presence of the branched starch compound. 
Ball-milling experiments varying the amount of damaged 
starch are in progress. 

As part of this project, we also developed a simplified, 
and less expensive, separation method for amylopectin and 
amylose. The system employs a typical high pressure 
HPLC pump and reBactive index detector, but, instead of a 
series of four HPLC columns, uses only an intermediate 
pressure chromatography column (Pharmacia) with 
Sephacryl S500 HR packing. This repackahle column con- 
tains about $75 of chromatography media making it a cheap 
alternative to more expensive conventional columns. 

Sorghum with High Protein Digestibilify 

We previously reported (1994-98 INTSORMIL annual 
reports) on the identification of sorghum lines within 1. 
Axtell's high lysine population that have markedly higher 
uncooked and cooked protein digestibility levels compared 
tonormaltypes. Biochemicalandmicrostmctural studies in 
our laboratory showed that higher digestibility was due to 
altered morphology (folded structure) of the kafirin-con- 
taining protein bodies, resulting in a more rapid digestion of 
the main storage protein of sorghum, a-kafirin. 

A New Rapid Assay f o  Idenfrfy Highly Digestible 
Sorghum Culfivars 

The discovery in our laboratory ofhighly digestible sor- 
ghum cultivars prompted the need for the development of a 
rapid assay to screen breeders' lines for protein digestibility. 
This complementary work to MTSORMIL PRF-212 was 
funded by the Texas Grain Sorghum Board. In last year's 
report, a screening assay based on disappearance due to pep- 
sin digestion of the a-kafirin protein was introduced. The 
screeningassay usedelectropboretic gels to visualize loss of 
a-kafirin and results on the highly digestible sorghum mu- 
tant showed excellent ability to identify this trait. However, 
the relative sophistication and expense ofelectrophoresis as 
ascreening technique, prompted further studies to develop a 
simpler, cheaper, and higher throughput assay. 

Microliter BCA Assay 

We fust developed a simple colorimetric assay using 
bicinchoninic acid (BCA) to quantify the amount of protein 
remaining after I-hour pepsin digestion of sorghum flour. 
The lower the amount of remaining protein indicated the 
more digestible the cultivar. We have further refined the 
BCA assay on a microtiter plate which makes it possible to 
analyze more samples in a day. Using 87 sorghum samples, 
we found a correlation coefficient of r = 0.92 between the 

BCA assay and our recently developed elecwophoresis as- 
say. More importantly, two distinct populations of normal 
and highly digestible sorghum cultivars were obtained 
when the results of the BCA assay were compared to those 
of the electrophoresis-based assay. With this assay, highly 
digestible sorghum cultivars were defined at an absorbance 
cut-off. We estimate that about 120 samples can be assayed 
in a day using the BCA assay as compared to 60 samples 
with the electrophoresis-based assay. 

We have recently developed a turbidity-based assay that 
is even quicker and more efficient than the BCA assay. The 
procedure used in the BCA assay consists of precipitating 
protein with 72 % trichloroacetic acid (TCA) solution, cen- 
trifuging the precipitate, dissolving the protein pellet in a 
buffer and reacting with BCA reagents. The absorbance of 
the resulting purple-colored solution is then read at 562 nm. 
In the turbidity assay, protein remaining after I-hour pepsin 
digestion was extracted with a buffer and an aliquot precipi- 
tated with 72 %TCA. The absorbance ofthe turbid solution 
was read at 520 nm. Addition of TCA to the protein solu- 
tions resulted in a quick turbidity development that reached 
a plateau at about 5 min for highly digestible cultivars and 
10 min for normal cultivars. In both cases, the turbid solu- 
tions were stable for at least 1 hour. These results indicate 
that by using the turbidity assay, considerable amount of 
time could be saved, more samples analyzed and use of 
costly chemical reagents avoided. Even more importantly, 
a comparison between the BCA and turbidity assays indi- 
catedthat the turbidity assay is more efficient than the BCA 
assay in distinguishing highly digestible from normal 
cultivars. As shown in Figure 2 there is at least a 3-fold in- 
crease in absorbance values from highly digestible to nor- 
mal cultivars with the turbidity assay, whereas with the 
BCA assay, differentiating between the two cultivars is 
done at a very close absorbance cut-off. A linear relation- 
ship with a correlation coefficient of r = 0.995 was obtained 
when a standard cuwe prepared using kafvin was devel- 
oped for the turbidity assay (Figure 2). Current work is fo- 
cused on convening the turbidity assay to a microtiter 
96-well plate type assay. This will both minimize sample 
size and increase the sample throughput per day. 

Improving Grain Qualiq of Highly Digesfible/High 
Lysine Sorghum 

As reported previously, a problem with initial lines of 
Axtell's high-lysine population identified with the highly 
digestible trait was that grains were mostly floury endo- 
sperm. In a screening of approximately 40 breeding lines, 
generated from crosses made between the mutant and nor- 
mal hard endosperm cultivars, lines were identified with the 
highly digestible trait that contained what we have termed a 
"vitreous core" endosperm. In other words, a vitreous 
(hard,glassy) endosperm arises in thecentral part ofthe ker- 
nel and, in essence, forms a vitreous interior cap. Cross sec- 
tions of such grain show a typical soft floury endosperm at 



Net intense 

Figurn 2. Comparison ofBC.4 (colorimetric) sad brbidity pmtein d i g a t i b i i v r r m h g a s y s  acorn+ totbe 
previously developed elcrlrophomis-bucd v m n i n g  uwy .  Improved a b i l i i  to dbcrimioate Ligbly di- 
gestible cultivan is demoostnted by the tnrhidify assay. 
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the center of the kernel, surrounded by v i  endmpcrm, 
that is then again surrounded by a dense floury endosperm at 
the periphery of the grain. Last year. we w e d  that this 
grain has milling quality nottoodiffmnt from omalvi t re-  
w s  grains, however hmher w d  mads to be dme. Sekc- 
tions were made last fall at the Pnrdue Agronomy Farm f a  
highly digestible grains containing higher fill ofvibmusen- 
dosperm. In somecases, vitreous fillaccounted forapproxi- 
mately 70% of endosperm a m .  Stability of this m i l  over 
different environments is still in question, and studies have 
been planned with Axtell's gmup to address it. They arc 
also studying heritability ofthe trait and whether the highly 
digestible trait is linked with high lysine content. Details of 
their study are given in their section of this report. 

Porcnfial of Increasing LcvrLr of Sor#hum Flow in 
Wheal Bread Composita 

The overall objective of this study was to increase the 
substitution rate of sorghum flour in sorghum-wheat com- 

posite dough - f a  b m d  making. Sorghum-wheat 
canposite floclrs show hasically Rduced perbmanoc in 
bread making syacms whrn levels hwrcaw above 15-20.. 
sorghum. In pcvious wak it was shorn that m e  oein 
potein, the norage win analgous m so@um k a h .  
when mixed with starch and heated to F ° C  f m e d  a 
vivalastic dough. This sligJtt heatinn above what is 
termed the glass uansition tfmpnahlrr of he protein al- 
lows f a  it to be fkxible and to f a m  intaactions with aha 
pmteins. Our hypothesis wasthat saghum polein. if made 
availabkmay be able topanicpuein the vixoelaaic fibril 
network formation of whw gllten that is responsible f a  
the leavening of b r d .  This could then permit mrghum 
flour content m be incrcd in whcn:socghum composite 
breads. Saghum kafuins, as w l l  as m a i n  nins, mencap 
sulated in rather rigid mu- called protem bodies that 
would make the pmteins unavailable fasuchcontact. how- 
ever use of milling techniques a the highly digcstibk 
cultivars would possibly make the pmteins available. 
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In this study, the role of analogous prolamins, corn zeins, 
on the viscoelastic properties of the composite flour dough 
was examined in order to observe the potential effect of 
kafirins in dough formation. Mixograph curves of 
decorticated sorghum/wheat composites, run at 35OC 
(above the glass transition temperature of zein), were nota- 
bly improved with addition of zein. Mixographpeak height 
increased and mixing time decreased uniformly in 10 and 
20% composite flours with increasing concentrations of 
zein. For example, at 20% sorghum flour substitution, the 
mixogram peak height increased from 3.76 to 4.4 and 5.92 
cm while mixing time decreased from 5.24 to 3.1 and 2.56 
min with addition of 5 % and 10% zein, respectively. At 
10% zein addition, the dough mixograph curve approached 
the profile generated by 100% wheat flour. 

These data suggest that if kafirin could be made avail- 
able, then it would contribute to the formation viscoelastic 
doughs. Further studies show an increase in loaf volume 
with increasing amounts of added zein at fixed sorghum 
substitution. At 20 % sorghum substitution loafvolume in- 
creasedfrom 71 5.8 without zein to 739.2 and 809.2 cc at 5% 
and lO%addedzeinrespectively. Doughextensibilitystud- 

ies done using the instron in the compression mode indi- 
cated an increase in elongation force with increasing 
amounts of added zein at a fixed extension (Figure 3). The 
higher the force required to obtain the extension the higher 
the extensibility. This is the first reported evidence that 
non-wheat proteins can contribute to bread making proper- 
ties as indicatedby doughstrength andloafvolume. Further 
worktodetermine the interactionofzein andgluten proteins 
in the composite flour system is ongoing. Future work will 
determine if kafirin can practically be made accessible and 
be used to positively affect loaf properties. 

Networking Activities 

Workshops 

9. Hamaker and A. Aboubacar participated in the West 
African Regional Hybrid Sorghum and Pearl Millet Seed 
Workshop held in Niamey, Niger in September 1998. 9. 
Hamaker moderated apanel discussion on commercial utili- 
zation ofhybrids in processedfoods and animal feed utiliza- 
tion, and A. Aboubacar gave an introductory talk on 
potential commercializable products in West Africa. In the 

Figure 3. Extensibility plot 0120% sorghumlwheat dough with added maize zein protein at levels of 0 , s  and 10% 
(B-D), respectively. A is the control 100% wheat flour dough. 
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afternoon, workshop participants aavcied to the C a l l  
Quality Laboratory to observe a demonmation of the cous- 
wus procasing unit and try sorghum and millet couscous 
products pcpared by the INRAN staff. 

8. Hamaker also participated in an annual planning and 
evaluation mating for the PS project "Millet Romotion 
Through lmpmvement of Processing Technologies" of the 
West and Central Africa Pearl Millet Research Network 
(ROCAFREMI), March 1999 in Dakar. Senegal. The focus 
of the pmjea is on precessing of locally pwn millet to 
products for sale to urban consumers. In the same trip. 
INRAN couscous proassing wllaborntors - M. Oumarou, 
M. Moussa, S. Kaka- were visited and plans were made for 
final optimization and completion of the couswus process- 
ing unit. A market testing study was designed by C. Nelson, 
1. Ngeunga, and B. Hamaker. 

Dr. A m  Chandrashekar traveled from CFTRl in My- 
sore, India to Purdue University in September 1998 for 6 
weeks for shat-term research, training. and planning for a 
new project funded by the Mahyco Research Foundation 
(Mumbai) designed to study the potential of inboducing Ihe 
high protein digestibility sorghum identified through 
NTWRMR. PRF-212 into Indian germplasm. 

Purdue staff working on INTSORMIL-related projects 
(A. Aboubacar, C. Huang, G. Zhang) attended and pe- 
sented mearch findings at the annual American Associa- 
tion of Cereal Chemists meeting in Minmapolis. MN in 
October 1998. 

2hmtg.G m d B R H r n r t n  19% Lpldrlffcasmghmfbupmq 
pmpcmcr C a u l F m d r b n l d 4 3 5 ? 2  

Abaubur.A d B R H d c r  1998 w--mIdcl,nIj 
sorghum rah h e  p a c m  dagabdn) C a u l  F& World 11 $51 

E l k m R G . . L h d r n  BR Hamka ID hh.rcll.MU rm@a.lal 
C M  Pmsom 19% l k  mwxd nlr of. htaLI) dtgcsiMc 
sorghum cuhnr for broil- E b W  So 7(appl 1) 87 
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Summary 

We have conducted extensive multi-location, multi-year 
trials to evaluate the abrasive milling properties and factors 
affecting dry milling of sorghum. Conclusions are: 

Themilling properties of sorghum are affected by hy- 
brid and environmental conditions. 

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. 

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 red sorghum 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 hybrids all had significantly improved yields 
of grits with excellent color. The density and test 

weights were highest for ATx635 grains at all loca- 
tions. 

It is possible to select for improvedmilling properties. 

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

Noodles from 100% sorghum flour were similar to rice 
noodles but the dry matter losses during cooking were 
higher. A noodle making procedure that could be used to 
make nonwheat noodles for special gluten free diets was de- 
vised. Factors affecting noodle quality of sorghum were de- 
termined. 

Heterowaxy sorghum grain has advantages for use in tor- 
tillas and baked snacks to improve the texture. Waxy grain 
has excellent functionalproperties but grain yields are low. 

Antifungal proteins may be related to grain mold resis- 
tance in sorghum. A molecular linkage for sorghum kernel 
characteristics, milling properties and mold resistance is 
nearing completion. 



Two Ph.D., two B.S. and one short term minee com- 
pleted work on sorghum and joined the food industry in 
Mexico. USA and Nicaragua. Three new graduate m h t s  
joined our research tmm. 

Research in H o n k  demonstrated that food sorghums 
produced acceptable tortillas. This work conducted by Mr. 
J. Bueso using the commissary toitilleria at EAP and is used 
as p m  of increased educational activities in food tshnol- 
00.  

A workshop organized by Profewr Taylor, University 
of Pretoria, Dr. Janet Dewar. CSlR and Lloyd Rmney. 
TAMU, was hosted by the Univenity of Pretoria. More than 
36 participants frum the food industry, university and re- 
search institutes in Southern Africa interacted duringthe 3.5 
day Sorghum Quality Assessment Workshop. It included 
tours to a Sorghum Brewery and the ARC Summer Grains 
InstiMe In Porchefmoom. SNdents at the University of 
Pretoriaenrolled in theSouthem African Regional MS. De- 
g m  program at the Univenity of Pretoria participated. 

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

ObjMiva .  Productinn, and Utiliotino Coastniotr 

Develop new food pmdurn fmm sorghum and millet 
using technology appropriate for use in less devel- 
oped areas. 

Determine physical. chemical and strucnval factors 
that affect the food and nutritional qualii ofsagbum; 
seek ways of modifying its pmperties or improving 
methods of processing. 

Develop simple. practical laboratory mahods for uw 
in breeding programs toas~css important pinqual i ty  
characteristics. 

Determine the facton Ihat affect resistance to grain 
molds and field deterioration in sorghum and devise 
laboratory procedures to detect genotyps with resis- 
tance. 

Facton affecting food quality, pmcessingpropemes. and 
nutritional value of sorghum and millet critically affect the 
significance of other attempts to improve the mps. If the 
grain cannot be p d  and consumed for food. then the 
agronomic and breeding research has been wasted. This 

project relates quality to measurable chai-actaistics that can 
be uxd to se l s t  farwghum andmillel with amptablema- 
ditional and indmial  utilization attributes. It has defined 
quality atbibutes and incorpora~cs those desirable p p e r -  
ties intonew c u l t i v ~ a t  earl) stages in the breeding and im- 
provement programs. The pmjm also x d i r  to find more 
efkient ways ofprocessing w q h w n s  and millets into new 
foods with bener acceptabilir). ha t  can generate income for 
village enaepreneun. 

The major conmaint to development of profnable sor- 
ghum and millet foods is the lack of a consiaan supply of 
good quality p i n .  Until a same of identity-prrscnrd 
good quality grain can be produced smghum and millet 
pmducts will continue tobe inferior. That is why it is impr- 
ative that the plant improvement programs develop 
cultivan with good quality for value- added pornsing at 
the lccal kvel. In addition. we mun promote a s>aem of 
marketing identity-prurved p i n s  as due-added p a d  
ucts for urban consumers. 

Grain molds cause staining and signikantly reduce the 
quality of sorghum for food and f d .  Infomarion on the 
factors that affect mold damage of m u m  and m&& to 
develop mold resistant sorghums is needed. This project ad- 
dresses those critical issues. 

R e m r c b  Apprcxleb and P ro jM0o tp . t  

Sorghum and millet p i n s  grown locally and frwn vai- 
w s  areas of the world were anal?zed forph>-sical. chemical. 
stntctural, and processing properties. Various food and feed 
produrn were prepared to t ea  the quality of the different 
grain samples. Some of these f d i n p  ax summarized be- 
low. 

Commercial Noodles Charac~ertmion 

Commmial whee and non-wha s t w b  band noodles 
were characterized for their texture. mucnue. paaing and 
urnking propmies. Non-wheat noodks had higher initial 
virosiryhan h e w h a  noodles: starch grlatinization plays 
m imporcant mle in theirpocessing and ternor. Non-wheal 
starch based noodles also had significantly lower dry mana  
lanes than h e  ocher noodles The rwghum flour noodles 
had higher dry mancr loses than ihc other non-wheat m 
d l s  and werc similar to hou in wheia noodles 

Cooked non-wheat starch based noodles had a ckar ap 
parance and a chewy. rubber). tomm uhile cooked whcat 
noodles werc m m  opaque and less chewy ESEM evalua- 
tion indicated that uncodred wheat and non-wheat noodles 
had distinctive external and internal smmures. The intenor 
ofthe wheat badnoodles  wascomposed ofgelat inid but 
intact starch gmnules suspended in a thin glutcn matrix. The 
interior structure of the non-wheat noodks was determined 
by the nrcngti~ ofthe gelatinized, h y  matrix combined 
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with the amount of shear forces exerted on the noodles dur- 
ing processing. The non-wheat noodles tended to be harder 
to £racture than the wheat noodles; melted starch may pro- 
duce stronger noodles than starchlprotein combinations. 

Sorghum Noodle Characteristics 

Three white food sorghums, ATx63 I*RTx436, 
ATxARG8RTx436, and SC283-14, were decorticated, 
milled into flour and processed into 100% sorghum noodles. 
Flour, water, and salt (1%) were preheated using two 
pre-heating steps (hot-plate or microwave oven) and dried 
by threemethods: air-d1ymethod(23~C,48 hr); single-stage 
(60°C, 30% RH, 3 hr) or two-stage (60°C. 100% RH for 2 hr 
followed by 60°C, 30% RH for 2 hr). Sorghum flours with 
smaller particle sizes yielded the best noodles. The micro- 
wave preheating method produced better noodles than the 
hot-plate method. Stronger and firmer noodles, dry or 
cooked, were prepared using two-stage drying compared to 
the other drying methods. Fine flour that was preheated us- 
ing amicrowave oven and driedusing the two-stage method 
produced the best noodles with moderate (10%) dry matter 
loss. Optimized processing conditions yielded sorghum 
noodles with good qualities when properly cooked. The 
cooking time had to be carefully controlled. Overcooking 
caused high dry matter losses and c m b l y  noodles. The 
heterowaxy sorghum flour did not produce acceptable noo- 
dles. The hard endosperm sorghum produced the best noc- 
dles in terms of texture after cooking and dry matter losses 
were taken into account. Particle size, color, presence or ab- 
sence of black specs and type of sorghum affected noodle 
properties significantly. Whole grain flours did not produce 
acceptable noodles due to poor taste, dark color, poor tex- 
ture and high dry-matter losses during cooking. 

Effect of Wavy Sorghum on Food Processing 

Waxy and heterowaxy sorghums have excellent proper- 
ties for some food systems alone or in combination, includ- 
ing steam flaking, micronizing for granolas and ready-to-eat 
breakfast cereals, inhibition of tortilla staling and improve- 
ment in texture of baked tortilla chips and extrudates. In 
other foods, waxy sorghum does notwork and is often a lia- 
bility. We have shown that white waxy sorghum could be a 
good ingredient in foods. This is especially m e  since no 
white waxy corn hybrids are available. However, the waxy 
sorghum hybrids are characterized by relatively low grain 
yields and cannot be produced economically compared to 
nonwaxy sorghum hybrids. Some commercial heterowaxy 
hybrids are grown in limited quantities currently and are 
available for identity presewedproduction. Thus, sorghums 
with enhanced amylopectin content wuld be available at 
competitive prices. 

Special@ Tortilla Chips 

A black sorghum grain cooked at alkaline pH produced 
tortillachips with a very intense, blue (black)color that was 
better than the best blue corns produce. The grain has the 

highest level of polyphenols we have found in sorghums. It 
could be used in a niche market for production of reduced 
cost high-quality "blue" tortilla chips and related products. 
A brown sorghum produced dark tortilla chips and tortillas. 
The color of tortillas and chips is affected significantly by 
pH. Several bright red sorghums are being evaluated forpo- 
tential production of a bright red, natural tortilla chips. 
These sorghums have exceptionally high levels oftotal phe- 
nols, especially anthocyanins, that are equal to the level of 
phenols in bluebemies and grapes. 

Sorghum Flour in Cookies 

Numerous inquiries concerning use of sorghum flour in 
baking have been received from Mexican food processors. 
Therefore, we initiated research on production of cookies 
and related products from 100% sorghum flour and blends 
with wheat flour or corn starch. The effect of substituting 
sorghum flour (SF) with native starch (sorghum and corn), 
utilizing flours with different levels of damaged starch 
(high,medium and low), and fractionating the flour into fine 
and coarse particles on cookie quality was evaluated. Addi- 
tion of vital wheat gluten (WG) and pregelatinized corn 
starch (PCS) was also evaluated for cookie quality and tex- 
ture. A Mexican cookie formulation was used to reduce 
variation in spread and height of cookies. 

The effects of damaged starch, particle size and the addi- 
tion of native starch affected cookie quality. Cookies made 
with 100% fine sorghum flour particles were fragile and 
crumbly. SF alone can be substituted for up to 50% of the 
wheat flour (WF) and still produce acceptable cookies. SF 
ground through the Udy mill (higher damaged starch) pro- 
duced cookies with better subjective and objective texture. 
Doughs were easier to handle and cookies were not as frag- 
ile or crumbly as those produced with flour milled in the 
Quadrumat Senior mill (Table l).The forcerequired to bend 
cookies at 0.25 mm was higher for Udy milled flours (those 
with damaged starch) but not as high as WF alone or SF + 
PCS (Figure I). 

Substitution of 15 or 30% isolated(undamaged) sorghum 
or maize starches for sorghum flour resulted in gritty cook- 
ies with a fragile (crumbly) texture. Microscopy analysis 
showeo that there was no continuous phase of melted starch 
holding the crumbofthe 100% SF cookie together, so it sim- 
ply fell apart when touched. SF containing higher amounts 
of damaged starch significantly improved the quality of the 
cookies over sorghum alone, and had a greater effect on 
quality than flour particle size or the addition of native 
starch (Table 1). The addition of 5% pregelatinized corn 
starch (PCS)or 10% wheat gluten (WG) improvedthe cook- 
ies even more and made them resistant to breakage during 
handling. PCS in the flourproduced a hardercookie than the 
WG or the WF formulations (Figure 1). Microscopy analy- 
sis of the cookies with PCS indicated that the gelatinized 
starch formed a continuous film thatheld the cnunb together 
more effectively, functioning much like gluten does in the 
system. The cookies with PCS also didnot have the charac- 



Table I. Physical properties of Mexian styk cookii made with 100% rnwghm~ k r s ,  at difkrcml kvekofprtick 
size, with and witbont wbut glotcn and ~ o r C b 8 S C m m ~ d  to 100% what  floor cookie 

- 
t Force at 025 mm 

3 
0 4 - 
LL 

2  - 

0 0  0  1 0 2  0 3  0  4 0 5 0 6  

Distance (mm) 

Fire I .  Bmdiog force lor Mexican styk cookie mntainiog sorghum flours, giuIcn and PCS comprcd to 100% 
wheat flour. 



Crop Utzlrzatron and Marketing 

teristic dry, fragile, gritty texture of sorghum cookies. The 
PCS coats the large particles of sorghum flour, making them 
less noticeable in the mouth. 

A descriptive panel (trained) and a consumer panel (un- 
trained) were used to evaluate cookie texture and accep- 
tance. Blends used for cookies evaluated by the trained 
panel were: control (100% WF); 100% SF (2xUdy); 50% 
WF-50% SF and 5% PCS-95% SF. The 100% SF cookie 
had the highest fracturabili ty.  Addition of 5% 
pregelatinized corn starch significantly reduced grittiness 
and improved adhesiveness and cohesiveness. 50% 
WF-50% SF produced acceptable cookies that were judged 
very similar to the 5% PCS-95% sorghum flour cookies. 

For the consumer panel, achocolate chip formulation us- 
ing 100% WF or 95%SF-5% PCS cookies was baked. The 
chocolate chip cookie made with 95% SF-5% PCS was pre- 
ferred over the control by 35% of the panelists. A 
discriminative test using Brysselkex cookies showed that 
some consumers preferred 5% PCS-95% SF and 50% 
WF-50% SF cookies over wheat control because they were 
softer. Panelists were able to detect differences between 
cookies made with 100% WF and the cookies containing 
SF. 

Our data clearly indicate that sorghum flour can be used 
effectively in a wide variety of cookies substituting for up to 
50% of the wheat flour. With special formulations higher 
levels of sorghum can be utilized. Increasing the damaged 
starch in SF significantly improves cookie texture; it in- 
creases dough viscosity and decreases moisture loss during 
baking. The bland flavor and light color are advantages of 
sorghum over maize for use in composite flours. It is likely 
that pregelatinized sorghum flour could be used instead of 
PCS. The three point bending test effectively evaluates the 
cookie crust; it does not measure the inside texture of the 
cookie. Thus a combination of subjective and objective 
measurements are required. 

Sorghum Bran in Bread 

Yeast leavened bread containing 10% high tannin sor- 
ghum bran has an excellent color and flavor, and contains 
high levels of phenols and dietary fiber. The catechin equiv- 
alents are complexed in the bread and cannot be analyzed; 
their ability to serve as antioxidants are being tested. Special 
high tannin, black, red and brown sorghums can be pro- 
cessed to produce yields of 10 to 25% bran fractions with to- 
tal phenols and catechin equivalents equal to or higher than 
those contained in similar sewings of grapes and blueber- 
ries. This research continues; it offers continued potential 
forphytochemically fortifiednutraceuticals from sorghum. 

Economics and availability of good quality sorghum 
flour are critical factors limiting use of sorghum. High 
prices for wheat stimulate interest in sorghum that is some- 
times short lived when wheat prices drop. However, over 
the long t m ,  good quality sorghum will be used in com- 

posite flour products because it has a bland flavor which 
does not mask other flavors like the strong flavor of maize 
does. and it provides an economical choice for use in func- 
tional foods as a chemoactive agent. 

Sorghum Starch, Malting and Brewing Studies 

Dr. Serna-Saldivar, ITESM, Monterrey, Mexico, is con- 
tinuing to investigate brewing and starch properties of sor- 
ghum with our collaboration. He has two students initiating 
research in that area presently. New food type sorghum hy- 
brids are being grown in Mexico where sorghum is the sec- 
ond leading cereal crop; these new varieties should be 
successfully utilized by the brewing industry. 

Commercial Food Products Available in USA 

Sorghum flow and grits are sold to special ethnic and di- 
etary markets by two mills in Texas. Some commercial hy- 
brid seed companies in the USA have expanded their efforts 
to produce white, tan plant, food-type hybrids. Significant 
quantities of food-type sorghums are available in commer- 
cial storage. Due to low grain prices much of it has not been 
sold, which discourages its continued segregation in the 
market. However, food-type hybrids are given a small pre- 
mium by some feedlots in West Texas. 

Composition and Qualiq Attributes of Commercial 
Food Sorghum Hybridr 

Commercial food sorghums grown in 1997 and 1998 
were analyzed for composition, physical and milling prop- 
erties. The prolein and fat content offood type sorghums av- 
eraged 10.7 and 3.4%, respectively (Table 2). The milling 
properties of food-type sorghum hybrids grown under com- 
mercial production were compared with a standard red hy- 
brid. The white food grains had slightly higher test weight, 
true density, reduced floaters and slightly higher yields of 
decorticated grain than the red sorghum. However, the ma- 
jor difference was in the color, which was significantly 
lighter and brighter for the food-type sorghums. The red 
pericarp contributes significant color to the flour which 
would have been worse if the grain had been weathered 
slightly. 

The advantages of the food type sorghums over red sor- 
ghum is illustrated in Figures 2 and 3 which compare the 
yields of decorticated grain with the color measured with a 
Minolta calorimeter. In Figure 2, the decorticated grains 
were ground into flour and the color was measured. We used 
an L value of 85 as typical ofa very high quality white flour. 
Then, the yield of flour at L values of 85 was compared (Ta- 
ble 3). In Figure 3, we compared the same thing except the 
decorticated grain (grits) was not milled into flour. The 
color is more apparent for grits so an L value of 70 was used 
as the standard for acceptability. The yields of decorticated 
grain to achieve acceptable quality flours and grits vary sig- 
nificantly with the red sorghum having substantially re- 
duced yields, especially for whole decorticated grain. 



Figure 2. LValoc ofground decortic8ted p i n  vs. *Id 
of daor t iu ted  p i n  of fwc sorghums. 

Yields of flour aod grits of Ihe white food sorghums 
(W-902W) were invmly  related mthe amount ofweather- 
ing. D o d o  had bright white grain bee of weathering. 
Thus, for critically important milling comparisons &c ad- 
justment of yields to a constant lightness value provides 
useful information. 

We evaluated the International Food Sorghum Trials 
grown in several locations in Texas during 1990 to 1998 f a  
kernel popatis and milling pmperties. We have used 
abrasive milling techniques so our conclusim may n a  
hold for roller milling or crushing of sorghum hybrids. 
However, from thew extensive muhi-location, multi-year 
mals we have the following conclusions: 

* The milling properties ofsorghum are affected by hybrid 
and environmental conditions. 
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* 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. 

* 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 plantredsorghum hybrids producedabout the 
same yields of grits; the grit color was much im- 
proved. 

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

* ATx635 hybrids all had significantly improved yields 
of grits with excellent color. The density and test 
weights were highest for ATx635 grains at all loca- 
tions. 

* It is possible toselect for improved milling properties. 

Role ofAFP in Minimizing Grain Molding of Sor- 
ghum 

Grain molds and weathering greatly affect utilization 
quality of sorghum. We are continuing to evaluate the 
role ofAFPs in mold resistance. Previous research dem- 
onstrated that several proteins with antifungal activity 
(AFP) are in sorghum pericarp, germ and endosperm. 
The AFP content increases during caryopsis develop- 
ment, peaks at physiological maturity, and decreases 
during desiccation. A mixture of AFPs was inhibitory to 
grain mold fungal species; whereas, each AFP was less 
inhibitory when evaluated separately. 

Grain mold resistance correlated to AFP levels in the 
caryopsis at physiological maturity. Among these 
sorghums we observedresistant cultivars containing low 
AFP and tannins; several susceptible cultivars had high 
AFP levels. We stressed 10 sorghums with fungal inocu- 
lation in the field; the resistant cultivars responded by in- 
creasing o r  maintaining AFP content while the 
susceptible cultivars had lower levels of AFP. 

We designed an experiment to determine the re- 
sponses of sorghum caryopses to in vitro stress. Caryop- 
ses were collected from a resistant (Dorado) and a 
susceptible (TX2536) sorghum at 15,30 and 50 days af- 
ter anthesis (DAA). We stressed caryopses with wound- 
ing, soaking or the combination of these and measured 
AFP in whole caryopsis and hand-separated pericarp, 
germ and endosperm fractions. AFP levels were greater 
for resistant than susceptible sorghums for most treat- 
ments. All treatments caused more change in AFP in 
caryopses at 30 DAA compared to 15 or 50 DAA. 
Wounding caryopses (30 DAA) increased chitinase and 

sormatin in the endosperm and chitinase in the germ 
(Figure4). Soakinggenerally decreasedamounts ofAFP 
in all tissues. In the combined treatment wounding in- 
creased chitinase and sormatin and decreased glucanase. 
Evidence of increased AFP induction or extractability in 
sorghum caryopsis in response to stress was docu- 
mented. Even though the amount of AFP per caryopsis 
is similarto or less than in other tissues, thepericarp con- 
tains higher concentrations of AFP than the germ (2 to 4 
times) or endosperm ( I2 to 20 times). 

There were differences in how tissues accumulated or 
lost AFP in this study. The tissues had greater responses 
in chitinase and sormatin levels compared to glucanase 
levels after soaking and wounding. Chitinase was more 
inducible in the resistant cultivar than in the susceptible 
cultivar. The change in AFP levels in tissues wassignifi- 
cant in the endosperm and sometimes in the pericarp. In 
general, wounding (dry or soaked) caused increased 
chitnase and sormatin synthesis while soaking resulted 
in a change in the distribution and in some losses due to 
leaching. Hence, this study supports the concept thatsor- 
ghum AFPs contribute to the overall defense mechanism 
of the caryopsis against fungal infection. 

We are working with Drs. Bill Rooney and Raul Ro- 
driguez to determine molecular markers for grain mold 
resistance. We are in the process of analyzing data and 
interpreting the results. 

Sorghum Improvement Research 

This project cooperates closely with other members 
of the sorghum program to incorporate the best quality 
characteristics into new cultivars and parents ofnew hy- 
brids. Several inbreds that produce white, tan-plant sor- 
ghum hybrids with excellent food and feed processing 
quality have been released. These sorghums produce ex- 
cellent quality grain when grown under dry conditions. 
Because of reduced anthocyanin pigments, the grain can 
withstand some humidity during and after maturation. 
However, these sorghums need more resistance to molds 
and weathering to be grown in hot humid areas, e.g., the 
Coastal Bend of Texas and Tamalipas in Mexico. The 
need to understand sorghum molding and weathering is 
critical. If markers can be found that confer mold resis- 
tance, we will be able to make better progress since field 
screening is difficult if not impossible. 

Networking Activities 

Southern Africa 

L.W. Rooney traveledto Pretoria South Africa topar- 
ticipate in the MTSORMIL Sorghum End Use Quality 
Assessment Workshop. The organizers of the workshop 
were Professor (Dr.) John R. Taylor, Head, Food Sci- 
ence Department, University of Pretoria, Dr. Janice 
Dewar, Scientist, CSIR, Pretoriaand Professor Lloyd W. 



Figure 4. Effects of t r a t m m b  on chiinsst, @mam.sc and sormatin kv& in sorgbmm aryopsk awl r h r ~  (aver- 
age over caltivar and age). 

Rooney, Food Science, Texas A&M University. There were 
36 participants in the workshop which lasted three and one 
half days including information on sorghum composition, 
sbucblrc, gnetics and quality attributes for malting and 
brewing, dry milling and pmcessing into a wide variety of 
foods. Industrial companies represented ranged fmm South 
African Breweries to very small brewers, mdtsters. farmers 
and grain broken, plus university and food research insti- 
tutes in Botswana, Zimbabwe. Kenya and c4her c m a i e r .  

Several participants wcm graduate sludcnts in (he Food 
Science D e p m e n t  at (he University of Rcroria horn olha 
African countries. These rmdcnh arc participating in the 
Regional Maser of Science programs which consists of 
joint programs M e e n  CSlR and University of Retoria 
Thus, the workshop reached into many countries of Africa 
by educaringthev fimve leadm in (he potential of sorghum 
as food and industrial ingredients. The ARC Summer 
Grains lnstibne at Potcbefsmmn participated. Mr. Apie 
PRtorious, Agronomist, ARC led an excellent field trip to 
the Summer Grains Research Center facilities. They are 
processing sorghum hybrids grown in replicated bids into 
dry milled pmducts. Their facilities complement those at 
CSlR and University ofPretoria Gmat potential exists for a 

strong collaborarive et7m among these groups. This work- 
shop included a tour of a large sorghum brew-. 

Major conclusions were that excellent infamuion is 
available on malting and brewing quality of sorghum. Very 
liak isknown a h t  drymillingpmparia.orhmc todcfinc 
and-them.Newsorghum hybr idsr r la j i ingandm 
likelv to be develcmed bv orivate inhrmv because the mar- ~ ~ 

kn is insufficicn; to &fy &h &earch. Sorghum 
pmduds arc taxed (14%) whik maize is not taxed Unkss 
the tax is removed sorghum has difficub c o m p ~ g  with 
main. 

Semalgndumcrmdcn0arcConductiogre~onas- 
pa t s  of sorghum utilization with Rofesa Taylor and Dr. 
W a r .  Ms. Tnrsl Beta is nearing completion of her PkD. 
on p-ing sorghum with high lwels of polypheools into 
foods. She has included dr?. milling. malting and k w i n g  
studies of local Zimbabwean sorghum cultiuan. Her work 
has been cooperative with the Matopos p i n  quality lab in 
Zimbabwe. She is also working on starch properties at the 
University of Hang Kong with Professor Harold Corke. 



Ms. Leda Hugo, Mozambique, is a Ph.D. student at Uni- 
versity of Pretoria working on composite breads made from 
sorghum milledproducts. She is a professor at University of 
Eduardo Mondlane University and completed her M.S. at 
Texas A&M University. 

Lloyd Rooney serves as the external examiner for the 
M.S. thesis of Mr. Joseph Wambugo from Kenya who is 
working on weaning foods kom sorghum. Several students 
from various countries in Southern Africa discussed their 
research projects. There is a great opportunity to provide in- 
formation to these future African food industry leaders on 
the properties, advantages and disadvantages of sorghum 
and millets in local food systems. For example, it is not un- 
derstood that larger quantities of sorghum flour can be 
added to wheat than corn flour because ofthe bland flavor of 
sorghum. The relative advantages and disadvantages of sor- 
ghum and millet are unknown; even the dark brown or red 
sorghums would have advantages over maize in certain 
products. 

Honduras, Merico and South America 

L.W. Rooney traveled to Honduras to assist Mr. Javier 
Bueso with research and teaching activities at EAP. 
Nixtamalization of sorghum from advanced breeding nurs- 
eries was accomplished in the CITESGRAN laboratory. 
Mr. Jorge Medina, EAP senior from Nicaragua, completed 
his undergraduate research thesis on processing of Surefio 
sorghum into table tortillas using the tortilleria in the com- 
missary at EAP. The overall acceptance of sorghum tortillas 
by the students in preference trials was good. Mr. Medina 
was funded from TAM-226 for a three month educational 
program in the Cereal Quality Lab where he processed 
Sureilo and other sorghums into tortillas. He conducted ob- 
jective measurements to compare the texture and staling of 
corn and sorghum tortillas. His research confirmed our ear- 
lier work with maize'tortillas that the RVA could be used to 
monitor staling of tortillas. His texture and RVA data 
clearly showed how rapidly starch changed in tortillas from 
both corn and sorghum. He returned to Nicaragua where he 
accepted a position in the food industry. 

We provided several hundred pounds of decorticated 
food sorghum to Mr. J. Bueso, EAP, for extrusion experi- 
ments in Honduras. A student partially funded by 
MTSORMIL is conducting a senior research project to 
evaluate exttusion of sorghum. We will acquire a small 
stone grinder for Mr. Bueso to utilize in tortilla processing 
experiments. Plans to evaluate different sorghum lines were 
crushed by the loss of nurseries and infrastructure due to 
hurricane Mitch. Mr. Bueso is scheduled to start his Ph.D. 
programat TAMU withTAM-226 funding in January2000. 
Current plans include his completion of course work on 
campus with most research conducted at EAP. Special ex- 
periments would be conducted on the TAMU campus as re- 
quired. 
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The EAP CITESGRAN program has increased activities 
in food science teaching, research and out reach in Central 
America. We hope to assist them with workshops on torti- 
llas from maize and sorghum and other topics, e.g., extru- 
sion. Nolvia Zelaya, M.S. Student from Honduras, is 
working on tortillas in our laboratory and is available for 
these activities. 

L.W. Rooney has a cooperative project with Dr. S. 
Serna-Saldivar, Professor and Head, Food Science, 
Institute Tecnologico y de Estudios Superiores de 
Monterrey (ITESM), Monterrey, Mexico, to evaluate the 
usefulness of the new improved food sorghum hybrids in 
wet and dry milling and as adjuncts in brewing. We pro- 
vided samples of sorghum for planting and for analysis in 
addition to the use of our laboratory for a few analytical 
tests, i.e, reducing sugars, rapid viscosity analyses, color, 
texture. Dr. Sema has written a Spanish textbook on cereal 
quality and technology that is a popular text in Spain and 
Latin America. He covers sorghum and all the other cereals 
in his text. His Ph.D. and subsequent experience was funded 
from INTSORMIL. His activities extend our knowledge of 
sorghum into many areas of the world. 

Mali 

N'Tenimissa (one new white, tan plant, locally adapted 
photosensitive sorghum cultivar specifically designed for 
value-added processing in Mali) has some agronomic prob- 
lems; however, it is liked by farmers for its tB quality. Ms. 
Berthe and others in the IER Food Technology laboratory 
have been testing N'Tenimissa in a wide variety of food 
products. The real key is to produce large enough quantities 
of grain for value-added processing. N'Tenimissa has high 
yields with slightly softer grain than local cultivars so some 
adjustments in milling rime are required. It consistently has 
a lighter color, provided it is not contaminated with off 
types. Identity-preserved grain production is required. 
N'Tenimissa's panicle breaks off after grain fill and causes 
harvesting problems. Sister selections and other advanced 
breeding materials offer promise to eliminate that problem. 

The laboratory in Mali provides information on milling 
and other quality attributes which can be used for selection. 
Dr. A. Toure, IERsorghum breeder, is expediting the breed- 
ing and testing program. 

Global 2000, World Vision andother groups are collabo- 
rating in Mali to evaluate maize and sorghum production 
and utilization. Our information on weaning foods with in- 
creased caloric density using malt is being tested in villages 
by IER food lab through a grant from the Novartis Founda- 
tion. 

Sorghum Marker Development Activities 

The Grain Sorghum Producers Association has market 
development activities to capitalize on the new food 
sorghums for use in value-added products in Mexico, Cen- 



ml and South America Our -h activities on compos- 
ite flours, tortillas, snacks and other food pmducts from 
sorghum was presented at US. Grain Council sponsored 
value-added marketdevelopnmt workshops in Mexicoand 
Manhattan. Kansas. The interest in sorghum flour use was 
stimulated by recent high prices in wheat flour. Since wheat 
prices have deerrased drastically the short-term intemt is 
nil, but there is a long-term interest in sorghum for human 
food since it is a major crop in Mexico. 

The concept of identity-peserved production and mar- 
keting of grains is expanding significantly in value-added 
corns. The development of white food-type. waxy. 
heterowaxy and nonwaxy sorghums fits into these market- 
ing schemes. 

North America 

Several papers were presented at the annual American 
Association ofcereal Chemistsconference in Minneapolis 
MN. L.W. Rooney presented sorghum quality/utilization 
discussions to Texas Sorghum Producers Board Members, 
to sorghum production conferences in San Antonio and 
Edna. Texas, to U.S. Grain Council market developnent 
teams and to  many visitors from Mexico. Auslimlia, Mali, 
Niger, Botswana. Honduras, Guatemala, El Salvador. 
China and Japan. 

Our laboratory conducted shorl counes on p a c t i d  
snack foods pmduction and maize quality evaluation in 
whichsorghumutilization was partofthepogram. W e w -  
sented five poster papers at the National Sorghum Utiliza- 
tion and Research Conference in Tucson Arizona. Ms. M. 
LconChapa, MS.  student in our lab, won third prize in the 
Graduate Student research paper contesl for her prrxnta- 
tion on "Sorghum utilization in cookies". 

Training, Education and HYIWD Raource Dcvdopnunt 

Mr. Jorge Medina. EAP food science graduate, spent 
three months in our laboratory lo conduct rrsearch on torti- 
llas from sorghum and maize. In addition, he panicipaled in 
our workshop on practical snack food pmduction fmm 
maize and sorghum. 

Monterrey lnstihnc of Technology: our collaboration 
with Dr. Serna-Saldivar. Head, Food Science Department.. 
ITZSM, Montercy. Mexico has lead to completion of six 
m a s t e r o f s c i m c e d e ~ .  These young scientists have posi- 
tions in the Mexican food indusuy. Thus knowledge of sor- 
ghum utilization potential has b a n  m f d .  

Mr. Javier Bueso. Assislant Rofessa. CmSGRAN. 
Escuela Agricola Panamericana. Tegucigalpa. Honduras 
has wnductedsorghmlmaizequality m c m h .  He is teach- 
ing ml qualityhechnology classes to many studmu from 
Latin America. 

Three ~ s b d c n a  worlced on NEORWL relaled 
research. with fl fmancial support 

Two W.D.. a d  two B.S. scioaira and one tnime com- 
pleted their pmgruns and rmonad to Honduras, and Mex- 
ico. Two wereetnpbyed in the US. food indumy. oneeach 
in Mexican and N i  food ind- and one at the mi- 
vmity. ProjauiDchdedmillmgpmpnies. tdllaquality. 
snack foods and Wed pmduca 6wn whac sorghum flour. 

6 3 4 .  
McDonough. C M 1999 The u u  of m i m y  in uaivmiv 

~ M r r u r c h p o s r r m S c a n i n g W . A p r l I I - I 4 . C b * a a L L  
F&deCaao.D.. R D  W n i d r a d  L W  R o m )  1999 M & d I  

t o r u b i i ~ p o p m * r o f m m l M i l l a ~ ~ d  
n- Tonilla l n d w  Tdmdogy Srmmr. Mq Ibl9. T m p  

suhcndro. E L.  KD Almcld,Domnycr LU R- d it D  
W m l r  1999 An ob,mmc marrram oflanlh lraur Tmdh 
I n a a q  Tcdtmlogr -. Mn 1619.Tompr AZ 

Lan€hvaMC.ELSvbcadmCM McDmmghRD W m t a d  
L W RDoq 1998 Vli louw of&mn Aou m d a  MCC 
83rd A ~ l d  M m m  Smmta 83-17. Mm&& MN C a d  

M u m & L o p a R C M  bkLJmu&RG M o c n d L W  R a m q  
1m c m u m l L a a l l g c h r g r c n l u + d b , ~ d  
urm.),mcbDdr M C C I 3 r d A n m d ~ S q 4 ~ ~ 1 k  13-17 
Mnrrqdo. MN C a u l  Fmdr Wald 130) 486 

Quaao-F- X.. RD W a *  d L W  ROOIX! 1998 ERa d 
n y l a p c c m k v c l m ~ r m r ~ d I t l C b & m g c s ~ ~ ~ o f m m c  
d & m W ~ i b M C C 8 3 n l - M c ~ ~ 1 3 - 1 7 .  
Mmqotu. MN C o d  Fmdr Uald 4x7) 562 

Suhcndm. EL H D  Almo&Dan- LU Rmcr) R D  W a D h  
d R G  wm2.n 1991 L*dodrmmcaur ic l (urof~ lml l s  
M C C  13rd h m d  Macnb Scpcmbs 13-17 Umarqo(na MH 
C d  FCads WOdd 4 3 m  5f.4 

W TIUS. Lloyd W lbncy. Wlim T M- d Wa RN~ 
Taylor. 1999. Phenolic mmpouclm d t m c l  chrrrnrocr 

. . of 
Zimb.bsrrn sorghums I. Sci Fmd Agic 7P1003-1010. 



Crop Utilization and Marketing 

McDonough, C.M. and L.W. Rooney. 1999. Use of the environmental 
rcanning,electron micmscope in the study of cereal-based foods. 
Cereal Foods World 44(5):342-348. 

Quintcro-Fwntes. X., C.M. McDonough, L.W. Rooney and H. Almeida 
Dominguez. 1999. Functionality ofrice and sorghum flours in baked 
tortilla and corn chips. Cereal Chem. 76.(in press). 

Suhendro, E.L., H.D. Almcida-Dominguez, L.W. Rooney, R.D. Waniska 
and R.G. Moreira 1999. Use of extensibility to measure corn tortilla 
texture Cereal Chem: 76(4):536-540. 

McDonough, C., B.J. Anderson, H. Acosta-Zuleta and L.W. Rooney. 
1998. Steam flaking characteristics ofsorghum hybrids and liner with 
differing endosperm characteristics. Cereal Chcm.75(5):634-638. 

Suhendro, E.L., H.D. Almeida-Dominguez, L.W. Rooney, R.D. Waniska 
and R.G. Moreira. 1998. Tortilla bending technique: an objective 
method for corn tortilla texture measurement. Cereal Chem. 
75(6):854-858. 

Books, Book Chapters and Proceedings 

Rooney, L.W. and Sergio Serna-Saldivar. 1999. Sorghum, Chapter in: 
Handbook of Cereal Science and Technology, Marcel Dekker, Inc,  
Lorenz, K.J. and Kulp, K. (ed.) (in press) 

McDonough, C.M. and Lloyd W. Rooney. 1999. The Millets, Chapter in: 
Handbook of Cereal Science and Technology, Marcel Dekker, Inc., 
Lorenz, K.J. and Kulp, K. (ed.) (In press) 

Waniskq Ralph and Lloyd W. Rmney. 1999. Cereals as a source of 
nutrawuticals/funcrional foods. Food Protein R&D Nutraceuficalsi 
Functional Foods: Sources, Extraction, ScparatiadPurifiration, 
Toxicology, Regulations and Sensory Evaluations, February 7-11, 
Texas A&M University. College Station, m. 

Rooney, Lloyd W. 1999. Snack food and nutrition. Snack Foods 
Prwessing Workshop, Food Pmain R&D, February 28 - March 4, 
Texas A&M University, College Station. TX 

Rooney, Lloyd W. 1998. Current stafus of maize and sorghum utilization 
and quality. XXIl Brazilian National Congress on Maize and Sorghum. 
September 2-3, Recife, Brazil. 

Rooney, Lloyd W. 1998. Extrusion of cereals and how to measure 
exbudare qualitv. SFA Extrusion Worksho~,  September 20-24, . . 
Wwster, OH. 

Rooney, Lloyd W. 1998. Milling properties of sorghum. U.S. Grains 
Council Grain Sorghum Food Utilization Seminar. November 18-20, 
Kansas State university, Manhattan, KS. 

Rooney, Lloyd W. 1998. Swghum properties for food utilization. US 
Grains Council Grain Sorghum Food Utilization Seminar, November 
18-20, Kansas Stale University, Manhanan, KS. 

Rooney, Lloyd W. 1998. Kernel characteristics, milling properties and 
novel food uses of sorghum (three presentations). INTSORMIL 
Sorghum End-Use Quality Assessment Workshop, December 1-4, 
Pretoria, South Africa. 

Dissertations and Theses 

Leach, Michelle. 1999. Thc effects of thermal processing an properties of 
fundamental food polymers in commercial Asian and experimental 
sorghum noodles. Undergraduate Research Fellows Program. Texas 
A&M University, College Station, Texas. 49 pp. 

Miranda-Lopez, Rita. May 1999. Effect ofsome anti-staling additives, pH 
and storage on the staling of cam tortillas, P h D  Diss. Texw A&M 
University, College Station, Texss. 113 pp. 

Quintero-Fuentes, Ximena May 1999. Charaderization of cam and 
sorghum tortillas during storage. P h D  Diss Texas A&M University, 
College Station, Tcrar. 109 pp. 



Crop Utilization md Mdeting 

Strategic Marketing of Sorghum and Pearl Millet 
Food Products in West and Southern Africa 

Project UIUC-205 
Carl H. Nelson 

University of Illinois - Urbana 

Principal Investigator 

Carl H. Nelson, Dept. of Apkulrural and Consumer Economics. Univenip of Illinois. l j O l  W. Gregon Dr.. 
Urbana. IL 61801. 

Collaborating Scientislc 

Alex Winter-Nelson. Dept. of Agricul~ral and Consumer Economics, Univenity of Illinois. 1301 W. Gregory 
Dr., Urbana, IL 6 1 80 1. 

Lowell Hill, Dept. ofAgricultural and Consumer Economics. Universip of Illinois. 1301 B-. Greg- Dr.. Ur- 
ban* 1L 61801. 

Jupiter Ndjeunga, ICRISAT. Sadore. BP 12404. Niamey, Nign. 
Tebogo Selekq Depemnent of AgriculNral Economics, Botswana College of Agricuhure. Private Bag 0027 

~abomne' Botswana 

Summary 

The project conducted a preliminary stu* on "Prospects 
fora Pearl Millet and Sorghum Food Processing lndusoy in 
the West African Semi-arid Tropics". The preliminary 
study is based on secondary data about grain demand and 
supply in the region. It provides apicture ofmarketablesur- 
plus and urban demand that contributes to an understanding 
of demand for processed products and the available supply 
of grain for processing. This work began in September, 
1998 and was completed in March 1999. In April 1999 a 
presentation on "Prospects for a Pearl Millet and Sorghum 
Food Processing IndmQ in the West African Semi-Arid 
Tropics" was made at the ROCARS meeting in Lome. 
Togo. 

Work was initiated on valuing ihe attributes of millet in 
the preparation of t6 and couxous in Niga. A s u m y  was 
prepared and administered beginning in June 1999. Five 
millet varieties were identified for inclusion in he  tcsr The 
attributes that consumers value were developed in mamulta- 
tion with foodscientists at INRAN. The MRAN foodscien- 
tists are attempting to correlate amibutes valued by 
consumers with chemical attributes that can be mearnrrd in 
the lab. 

The research in Swthem Africa is addmsing con- 
s t ra in~~ on d i a t e d  marketing of processed sorghum 
food products. Cuncnt research is studying consnamts on 
the supply of quality pain for the pmduction of pmcesscd 
products. The study is concenhating on supply to sorghum 
millers in Baswana because these millers have a good mar- 
ket for their processed products. Consumer demand for 
produds is nor a cwsoaint for thex processon. The con- 
straint on growth and profitability is caused by their inabil- 
ity to procure reliable supplies of quality grain. So, the 

research is concentrating on factors tha are conmaining 
fanners fmm pmducing and nwkning sorghum for the 
thriving procased sorghum market in Basuana. The re 
search is in its stamp phase. The progrrss during the )xar 
has included: the establishment of a colbbaative working 
relationship with a mearcher fnnn the region: the definition 
ofa collaborativeresearch plan: the identificationofapopu- 
lation of producers to sample: and he consmcrion of a wr- 
vey instrument to collect data on the sampled farm 
households. 

Objcctiva, Production and Utilizatio~~ Constnim 

The lim full year of this pmjm was 1998-99. The PI 
made his fin1 visits to wesmn and soud~em Africa in late 
July of 1998. Theobjective oflhac visitraas to learn about 
constraints to the marketing of sorgJ~um and pad millet 
food products in the w o  regions. to nciwak uith o k r  rr- 
searchen in the region. and to atablish a collaborative re- 
search project in southan Africa 

The objectives of the visit r e k  to the objectives of the 
project. The overall objective is to idcntif) rhc elements 
needed to crrate a succenful coordinated marketing chan- 
nel from farm to pmcmor to consumer. and lo develop 
rwtegies to ovarome tk conaraints on the elements. 
The sub-objecriva that contribute to the i d e n t i f ~ a h  of 
cmmaints and the development of w h i m s  addrus IIUCC 
areas: the adophon of variaics by Farmas: he demand for 
characteristics by consumers: and c d i n a l e d  supply of 
identity pmuwed grain fmm farmers to p n m s o n .  The rc- 
search in west Africa is currently concentrating on the area 
of demand for characteristics. The m a r c h  in southern Af- 
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rica is culrently concentrating on farmer adoption of variet- 
ies. 

Research Approach and Project Output 

Valuing Attributes of Pearl Millet in the Preparation of 
T6 and Couscous 

The research method is founded in the hedonic theory of 
consumer demand which explains demand for consumer 
goods as a demand for the bundle of properties that the 
goods deliver. It is the properties that are the ultimate source 
of value for consumers. This model of consumer demand 
provides the ability to derive implicit relative prices ofprop- 
erties that are valued by consumers. Closely related is the 
techniqueofconjoint analysis, which is used i n  new product 
research. This research differs from traditional new product 
research because the packaging of attributes is not underthe 
control ofrerearchers. The consumergoods, which package 
attributes, are the different varieties of pearl millet. 

This research is also related to ongoing chemical analy- 
ses of pearl millet and sorghum varieties that are being con- 
ducted by the NARS in the region. One ofthe stated aims of 
the chemical analyses is to identify varieties of value to pro- 
cessors. The researchon attributes will demonstrate a meth- 
odology for identifying the attributes that are most valuable 
to consumers. In most cases, these will be the attributes of 
most value to processors too. 

Constraints on Sorghum Supply for Food Ploeessors in 
Botswana 

The research question concernsthe incentives necessary 
to cause small farmers in Botswana to view sorghum pro- 
duction as a commercial enterprise tied to the value added 
processing carried out by small-scale millers. A region of 
Botswana - Baralong - has been chosen for a survey be- 
cause it contains commercial and subsistence farmers. The 
research method employs agricultural household models to 
identify the keys components of resource allocation deci- 
sions that influence willingness to engage in commercial 
contracting. The economic model of agricultural house- 
holds emphasizes the interrelation between production, 
marketing, consumption, savings, and investment deci- 
sions. When households live in risky environments, as in 
Botswana, risk balancing of the components of the house- 
hold portfolio is central. 

Thus, the survey is being wnstructedto collect informa- 
tion about key components of the household portfolio and 
the decisions that are made to manage risky contingencies. 
Commercial and subsistence households will be sampled in 
order to learn the significant differences in the constraints 
and incentives facing these households. 

A rapid reconnaissance rural appraisal conducting in 
March 1999 revealed that agricultural programs of the Bot- 
swana government have a large impact on farmer planting 
intentions. The appraisal supports information that can be 
extracted from aggregate production statistics for Botswana 
- sorghum planting and harvesting has declined signifi- 
cantly in the last two years. Thus, an additional objective of 
the survey research is to understand the incentives and con- 
straints that limit planting and harvesting of sorghum. Two 
components are being given primary attention: agricultural 
incentive programs; and off-farm income. 

The data collected from the survey will be analyzed with 
econometric techniques based on the economic models of 
agricultural households. 

Networking Activities 

Workshops 

Carl Nelson participated in the SADCACRISAT SMIP 
review and planning meeting held in July 1998 in Harare, 
Zimbabwe. This was Nelson's first trip tothe region. Initial 
contacts were made with researchers from the NARS and 
from ICRISATIBulawayo. During the meeting, Nelson 
learned of Tebogo Seleka of the Botswana College of Agri- 
culture. Nelson meet with Seleka in the week following the 
SMIP review and planning meeting. Subsequent email 
communication led to the establishment of a collaborative 
research arrangement with Seleka. 

Carl Nelson participated in a food processing workshop 
of ROCEFREMI held in Dakar, Senegal in March 1999. 
The workshop provided an opportunity to learn about pro- 
cessingactivities that are developing throughout the region. 
Several food processors ofmillet food products in the Dakar 
area were visited during the workshop. Initial information 
was gathered to form a basis for a formal survey of foodpro- 
cessors in the Dakar area, and in the area around 
Ougadc.ugou, Burkina Faso. 

Jupiter Ndjeunga presented a paper entitled "Prospects 
for a Pearl Millet and Sorghum Food Processing Industry in 
the West African Semi-Arid Tropics" at a ROCARS meet- 
ing held in Lome, Togo in April, 1999. 

Publications and Presentations 

Miscellaneous Publications 

Ndsnn. C and I Kdjcunga ''Pro,pccS for a Pearl M d k l  and Sorghum 
kwd Processmp lnduatc in !he Wcrl Afncm Scml-ArrJ'l'rupim", pa 
pcrpwscnledto KUC4RS mnualmccting,LomC, Togo.April. 1999 
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Host Country Program Enhancement 

Collaborative Program 

Instirurions initiated between Texas A&M Universitv and the 

PanAmerican Agricultural School, Zamorano 
(EAP)-Honduras 

Direccibn de Ciencia y Tkcnologia Agricola 
(DICTA)-Honduras 

Instituto Nicaraguense de Tecnologia 
(INTA)-Nicaragua 

Texas A & M University 

Mississippi State University 

Organization and Management 

The INTSORMIL Central American Regional Program 
is based at the Panamerican Agricultural School (EAP), 
Zamorano, Honduras. This location provides the opportu- 
nity to conduct sorghum research in Honduras, to evaluate 
new technologies throughout Central America through out- 
reach and networking, interact with private seed industry, 
and identify EAP students for degree training. The EAP 
has excellent faculty and students, and provides an ideal lo- 
cation from which to conduct research and training. The 
Direccion de Ciencia y Tecnologia Agricola (DICTA) pro- 
vides Government of Honduras research support by use of 
the LaLujosa Experimental Station at Choluteca Nurserres 
and trials are planted at Zamorano and Choluteca. The pro- 
gram is currently managed by Dr. Rahl Espinal in collabora- 
tion with Hector Sierra and Rafael Mateo. The program has 
extensive ties with private seed industry and developed the 
first multi-location Central American region sorghum per- 
formance test to provide unbiased hybrid performance data 
in a range of environments. Texas A&M University is de- 
veloping collaboration with Christiani Burkard (Guate- 
mala), the largest local seed company in Central America. 

Themajor goal ofthe program is todevelop high yielding 
photoperiod sensitive sorghums. Much of the breeding ac- 
tivity has been on improvement of indigenous landrace vari- 
eties unique to Central America called maicillos criollos. 
These sorghums are widely planted in the semi-arid regions 
of Central America and used as a maize substitute for mak- 
ing tortillas. Research is conducted in sorghum breeding, 
entomology, plant pathology and cereal quality. Primary 
support for the breeding program is from Texas A&M Uni- 
versity. Entomology research is conducted by Mississippi 
State University and the Deparhnent of Plant Protection. 
Previous research has dealt primarily with insect complexes 
in the maicillos. Research to study sorghum midge 
(Stenodiplosis sorghicola) in Nicaragua has been initiated. 
Pathology research has been conducted by Texas A&M 
University in collaboration with the Department of Plant 
Protection. During 1997-98 research in cereal quality was 

CITESGRAN program. 

Change in personnel is allowing a more broad-based re- 
gional program to develop. While research is still con- 
ducted in breeding and evaluation of improved maicillo 
criollos for small producers, increased emphasis is given to 
grain quality and evaluation of improvedmaicillo in tortilla. 
Results will be used to aid in developing improved quality 
maicillo. Entomology activity has expanded to include sor- 
ghum midge on photoperiod insensitive varieties inNicara- 
gua. Additional activity in Nicaragua includes evaluation of 
breeding lines from Texas A&M University. Discussions 
have been initiated with two universities in Nicaragua, 
UNA-Managua and UNAN-Leon, regarding development 
of collaborative ties with INTSORMIL. 

- 

Three types of grain sorghum are grown in Central 
America. Maicillos are grown on hillsides primarily by 
very small producers in a maize intercropping system. Pri- 
mary growing region for the maicillos is the steep hillsides 
of the Pacific regions of Honduras, Nicaragua, Guatemala, 
and El Salvador. Maicillo research is conducted by the 
Honduras program. Small to medium producers frequently 
grow varieties, and many small Nicaraguan producers are 
interested in varieties. The INTA sorghum program does 
research on improved varieties. Large producers grow hy- 
brids produced by private industry. 

INTSORMIL through the CLAlS network, strengthens 
sorghum research in Central American countries. This col- 
laboration has several aspects - training, publication of re- 
search results, and germplasm exchange. The Grain 
Sorghum Performance Trial publication offers sorghum 
producers an evaluation of the cultivars available in Central 
America as well as their performance in multiple localities. 
Private companies use this trial to take advantage ofthe in- 
creasing demand for hybrids by providing better hybrids 
adapted to tropical conditions. 

Financial Inputs 

Primary financial support for the program is from the 
INTSORMIL Central America regional budget. For 
FY 1997-98, the regional budget was $80,000. Funds in the 
amount in $53,000 were transferred to EAP for program op- 
eration. The funds support all phases of the research pro- 
gram including supplies, general operations, and salary. 
Two partial scholarships for fourth year EAP students to 
conduct thesis research on sorghum production are funded. 
All INTSORMlL funds transferred to Honduras are man- 
aged by the EAP. The remaining Central American Re- 
gional funds are at the M.E. and used for travel, supplies, 
equipment, repairs, and maintenance of the regional pro- 
gram. INTSORMlL collaborates with the Soil Manage- 
ment CRSP on research on the steeplands of southwestern 
Honduras, the primary maicillo growing region. The Soil 



Management CRSP fransfened 5 17.000 to Honduras to 
support research activities. Fun& also were generated 
through operation of the PCCMCA sorghum performance 
trial, a feeentry trial was initiatedandorganized by this pro- 
gram. Six testing locations were utilized in 1998-99. The 
performance trial generated an income of 57,200 in 
1998-99. EAPsupportsthc researchthrwghfacilities. land 
financial management and general supervision of the pro- 
gram operatims. DICTA suppoN the research by provid- 
ing land and facilities at the La Lujosa Experimental 
Station. Choluteca. 

The program has collaborated with many organizations 
and served as a catalyst for Central American sorghum re- 
search. Seed was provided to the USAlD funded LUPE 
(Land Use Productivity Enhancement) project for several 
years. Collaboration with other organizations includes but 
is not limited to: Associates in Rural Development 
(ARD-USAID). Center for Agricultural Development 
(CEDA-JapanGOH), Consolidated Agrarian Reform in the 
South (COR4SUR- BelgidGOH). Integrated Rural De- 
velopment (DM-YomSwissGOH). Escuela Nacional de 
Agricultura (ENA-GOH). Friederich Eben Foundation 
(F.E. Foundation - W. German Social Democrats). Luis 
Landa Ag. School, Rural small business development pro- 
gram (PER-MFOP-Dutch). COSUDE Cooperacih Suiza 
al desarmllo (Swiss), Lempira Rural Development Project 
(FAO), Rural Development Program ( G m .  Evangelist 
Committee m National Emergency (CEDEN-PVO). Men- 
nonite Social Aaion Commission (PVO), World Vision 
(PVO), Cholutefa Support Projecl (PROAPACH-UN). San 
J o d  Obrero (PVO). and World Neighbors (PVO). In 
1998-99, seed of DMV-198 (161 kg) and Surello (276 kg) 
was distributed in Honduras and Nicaragua through DIC- 
TA, World Vision, Paz y Desamllo, and to ma l l  fanners. 
Seed (100 kg) was provided to the PROMESA pmjcci in 
Cenbal America. Collaboration with the Soil Management 
Program is to measure the effect of soil conservation Wh- 
niques on sorghum pmductivity on neeplandareas ofxrnh- 
em Honduras. 

A MOU with W A  in Nicaragua was signed in May. 
1998. Initial research activity in Nicaragua centered on en- 
tomology graduate research on sorghum midge. Addi- 
tionally, several tens from Texas A&M University were 
sent to MTA for evaluation and selection. Discussions for 
additional collaborative activity in Nicaragua were initiated 
with the Univmidad Nacional Agraria (Managua). and the 
Univenidad Nacional Autonoma de Nicaragua (Leon). A 
Memorandum of Understanding (MOU) with each institu- 
tion should be signed during 1999-2000. The INTA sor- 
ghum program emphasizes photoperiod insensitive 
germplasm. Collaboration with MTA will broaden the im- 
pact of MTSORMIL activity in Central America by provid- 
ing better access to the range of sorghum grown in the 
region. 

Sorghum is the third m a  impatan crop in C d  
America (El Salvador. Gua~cmak H o n d m  and Nicara- 
gua) after maize md  beam. The a-ea devoted to sorghum in 
1997 was 302,738 ha-l with an avnage grain ?ieldof 1.2 kg 
ha-' (FAO. 1998). During the hn decade sorghum gain 
yield in Central America increased due to impoved tech- 
nology (including improved c u h i v a ~ ~  and hykds. M i -  
cides. insecticides, planting date. minimum tillage. seed 
mamentr and fertilizer) availabk to w. 

Small-scale Central American tamers areblodrned with 
low productivity and limited land mouces. Intcmnpphg 
provides a means to increase urtal productivity permit land 
area and reduce the risk of monocrop depndcncc. The 
dominant cmpping system is maize intercropped maicillos. 
These tropical sorghums arc thm to four meters tall. 
drought toleranr and phaoperiod sensitin. Although 
maicillos have very low yield chcy arc widely planted on 
235.000 ha-' . or 6i% of thc sorghum hecfaragc in Central 
America. Maicillos are cultivated along the P a c i f ~  side of 
the isthmus. from southeastern Guatemala thmrgh El Sal- 
vador and southern Honduras and s o h  to Lake Nicaragua. 
Maicillo is the last remnant of tall. phaopriod sensitive 
sorghums brought to the new w d d  during the colonial pc 
nod. Although ofAfrican descent maicillos possess unique 
nails for adaptation lo trPditionsl maize inmrmpping sp- 
tans and local food pmessing customs. 'fhrs chaages 
have come about through allopauic differentiation ard mi- 
ficial selection by small f m m  in Central America As Utr 
need to boost sorghum productivity in Cenaal America in- 
creases, maicillosareslowly beingreplaad by higher yield 
ing but uniform cuhivars. 

The inability of maicillos to rrzpmd to maaagement 
practias with b d  grab yield is a p m  d l  

to i n d  production. B e f m  n m  achDdogLs like soil 
andwatcrcarnmtioncanimpovcsoiloilliiandbc- 
come economically feasible. the gcaaic potential of 
cultivan to mpmd with increased p i n  poduaion mug 
be mhanccd. Increased so&um yield a d  area is due pri- 
marily to utilization of i m p r o d  c u h i v a  (hybrids and va- 
riaies), which arc increasing C e d  Amuican raghum 
production. 

Maicillo isan old worldcmp adapcdmnaomrpid slash 
and bum agmeosyncms. M m  than 60 pcrcslt ofthe sor- 
ghum planted in Cenaal Amcrie is maicillos i r s l m q q d  
with early manning maize. Whik main  bthe prefermist* 
ple, it is often intacropped with sorghum by small fanners 
in ho~, erratic rainfall areas as a hedge againn droughL 
Maicillo's sensitivity to photopaid and its ability to with- 
Rand shading are esscnrial for m adaptation to traditional 
maize intermopping systems. Maicillos have 81 acute sen- 
sitivity to photopniod and day kngths of I? hours a kss 
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are required for floral initiation. In Central America, floral 
initiation occurs during the fust fortnight of October regard- 
less of planting date. The photoperiod response prevents 
maicillos from spreading beyond their defined 
agroclimatological range. For maicillos to produce good 
quality edible grain, dry conditions during maturity must 
occur. Other high rainfall areas with different precipitation 
patterns need appropriate sorghum types to take advantage 
of better environments for biomass production. 

The traditional farming system of clearing the forest, in- 
tense grazing during the dry season, and residue burning 
prior to planting have all contributed to severe erosion and 
runoff from the steeplands in southern Honduras. This se- 
vere erosion reduces crop productivity by decreasing the 
amount of nutrients available for plant growth. It also in- 
creases the likelihood of crop failure due to drought by de- 
creasing the amount of topsoil which reduces soil moisture 
storage. In response to intensifying land use pressure on 
hillsides in southern Honduras, some farmers have adopted 
soil conservation techniques but the majority still practice 
traditional agriculture. Previous research of planting en- 
hanced maicillos on steepland areas with soil conservation 
techniques showed dramatic increases in sorghum yield. 

Alternative uses for sorghum need to be developed to en- 
courage sustainable growth including both improved 
maicillos and commercial hybrids. White grain, tan plant 
color sorghums are well adapted to Central American food 
and feed systems. Innovative processing systems to in- 
crease starch digestability and maximize net energy intake, 
l i e  extrusion and flaking, need to be incorporated into the 
system to produce better and more efficient animal rations 
based on sorghum. Human consumption needs to be pro- 
moted, especially in tortilla related products and extruded 
snacks. There are sufficient superior grain quality 
sorghums to be used in human food systems and opportuni- 
ties have to be identified and pursued. 

Imports of maize h ide r  further development of the sor- 
ghum industry and sorghum research in Central America. 
During the 1999 Guatemala PCCMCA meeting some seed 
company representatives expressed concern about the fu- 
ture of sorghum production in countries like Guatemala and 
Panama that import huge quantities of maize. Subsidized 
grains not only cause a negative effect on sorghum produc- 
ers and production but create a grain dependency within 
these countries. 

Plant Breeding Research - Hybrids 

In 1398, evaluation of commercial hybrids was con- 
ducted in Mexico, Guatemala, Honduras, Nicaragua, Pan- 
ama and Dominican Republic. This testing program is an 
important tool for sorghum seed companies and producers. 
It provides producers with reliable hybrid performance 
data. Seed companies are able to evaluate hybrids in arange 
of environments against otherhybrids. Five companies par- 
ticipated in the test: Asgrow, Cargill, Cristiani Burkard, 
DeKalb and Pioneer. (In 1999 an additional company, 
Kelly Green International, is interested in evaluating hy- 
brids in the performance trial.) Results were published and 
distributed among sorghum scientists and collaborators dur- 
ing the PCCMCA meeting held in Guatemala City in April 
1999. 

Eighteen hybrids were evaluated in the 1998 hial (Table 
I). Countries andnumberof locationsper country are: Gua- 
temala (I), Honduras (2), Nicaragua (2), Panama (2). Mex- 
ico (I), and Dominican Republic (I). Average grain yield 
over locations was 4.0 t ha-I. The most consistent hybrid 
was DK 69 at 4.8 t ha-'. DK 69 was the top yielding hybrid 
in Honduras, Nicaragua, and Panama. 

Collaboration with Cristiani Burkard, Guatemala for 
germplasm evaluation continued. The Texas A&M Univer- 
sity INTSORMIL sorghum breeding programs provided 

Table 1. Average grain yield performance of 18-grain sorghum cultivar over nine locations in Mesoamerica during 
1998 (t ha-'). 

Hvbrid Compmv Average Gunlemals Hondvrpr Nicarama Panama Mexico Dominican Rsgublis 
DK 69 DeKdb 4.8 3.3 4.4 6.2 6.2 8.6 0.1 
X9714 DsKdb 4 6 3.6 2.2 5.7 6.1 9.4 0.6 
C u m  Argrow 4.5 4.1 2.7 4.3 6.3 9.6 0.3 
MX 7337 Angrow 4.5 3.7 2.9 4 1  5.9 9.3 1.1 
DK 6 8  DcKdb 4.4 2.3 2.8 5.2 6.0 9.2 1 .O 
CB 897 1 Cristimi 4.4 3.5 2.5 4.6 6.6 8.9 0.8 
CB 2%6 Crirtimi 4.2 4.8 1.8 2.9 5.7 9.8 0.7 
Marfil Asgrow 4.2 3.8 2.6 3.6 6.2 9.0 0.5 
XS 379 Pioneer 4.2 3.5 3.1 4.0 5.8 8 1  0.8 
MXS2277 Asgrow 4.2 3.9 3.1 4.1 5.7 8.1 0.7 
AS 63147 Asgrow 4.0 2.7 2.3 3 5 5.7 9.0 0.8 
X 7e4 OsKalb 3.9 3.3 2.2 3.7 6.2 8.1 0.3 
CB 8973 Cristiani 3.8 3.8 2.1 2.8 5.5 8.3 0.5 
XM 5287 Asgrow 3.8 3.8 2.3 2.9 5.4 7.9 0.7 
XS 475 Pione" 3.5 2.5 2.0 2.7 5.7 7.4 0 7  
Mmmaio Csgill 3.5 2.4 2.4 3.2 5.6 7.4 0.3 
5560 Carpill 3.2 2.8 1.9 2.3 5 6  6.6 0.5 
DK 33 DcKalb 3.1 3.1 2.1 2 1  4.6 6.6 0.5 
Avnags 4.0 3.4 2.5 ) a -  5.8 8.4 0.6 

Locations: Gualcmala= l.Handum = 2, Nicaragua = 2. Panama= 2. Mexico = 1.Dominisan Republic = I 



several tests for evaluation of expuimmtd germplasm to 
obtam information on potential commercialization on U.S. 
developed germplasm in Cwrral America. In June 1998 the 
following tests were provided for evaluation: All Disease 
and Insect Nursery (ADM), Grain WeatheringTest(GWT). 
International Food Sorghum Adaptation Trial (FSAT). 
Drought Hybrid Test (DHT). and the Drought L i e  Test 
(DLT). Data wasobtained onreaction tofourdiseases(rust, 
wnate, grey leafspot and anduacnose), overall desirability. 
and grain yield. Grain quality was rated in the GWT. 
Cristiani Burkard is intmsted in obtaining several ad- 
vanced lines to evahiate in hybrid m b i i a t i o n  for possible 
use. A similar xt of tests was provided to Cristiani Burkard 
in June 1999 for evaluation. 

To initiate collaboration with M A  the following tests 
were provided for evaluating in Nicaragua: Midge L i e  Ten 
(MLT). All Disease and Insat  Nu- (ADIN), Drought 
L i e  Test (DLT), Gmin Weathering Test (GWT). and food 
type introductions from Southern Africa. Linle data was 
collected due to excessive rainfall (600mm) during a 10 day 
period of flowering. The rainfall interfered with pollination 
(causing blasting) and p i n  developnmt. However. in the 
GWT three entries were selected for potential use: 
97GW0117.97BRON305, and 97CA2258. Similar tests 
were sent to INTA in June 1999 for evaluation in the 1999 
growing season. 

Enhanced maicillos are sorghum lines obtained from 
crossing photoperiod-sensitive landraces (maicillos 
criollos) with elite saghum lines from 1CRlSATand Texas 
A & M Univmity that express wtstandiig adaptation tothe 
maizrhnaicillo i n t m p p i n g  system. Nurseris of en- 
hanced maicillos are planted at Zamorano and La Lujosa 
Advanced materials are thm evaluated in the Intcmational 
Improved Maicillo Trial (EIME). Last yearthe EIME, con- 
sisted of 27 enmes and was planted in two locarioor in H o b  
d m  Zamcfaoo and Cholukca Superior EIME mbia 
are evaluated in on-fawn demmmtion plon. Due toexm-  
sive rainfall caused by Hurricane Mitch data was obtained 
from the Zamorano location only. Average grain yield was 
1743 kg ha-[, andthe topcheck wasSan &mado [I1 at 3439 
kg ha-'. Theonly enhanced maicillowith grater yield than 
the checks Saa Bcrnado I11 or Porvmir was DMV 221. 

The lepidopferous complex Spodopfera frugiperdo, 
Spodoprera Iafi$ofia. Mmis /miper and Mefaponpneumafa 
rogenhoferi have bocn identilkd as the major inw* p a  of 
sorghum in southern H o n d m .  Contml of the insects has 
been studied the past several years using an integrated pea 
management approach. Resuln showed that f m m  in- 
creased 2% of the sorghum production and maize as high 
as 35% by using the recommended practices. Natural me- 
mies of some species in the lepidopterour complex have 
been identified in relatively high numbers, especially larval 

and pupal pamito&. Twemy-six species of l a m l  and 
pupal pamitoidsof-em*&have been i b  
tified in Honduras. 

Sorghum midge remains thc wac vriw pen in Nicam- 
gua. Ing. Johnson Zcledm a grduate mdea t  from MSU is 
studying the dynamics ofthc popllatim and means of con- 
trol. Zamoraw published a t eeha id  bull& atom Locun 
of Sorghum and Maize. This publiation highlights dK re- 
Karch of Dr. P i  and grahrate rmdarr to idemify sor- 
ghum pests in southern Honduras. 

Grain Qualify Research 

The Honduras progrw has historically c-med 
most of ils effon on improving the agrooomic and pnm~- 

ing chammis ics  of the maicillos niollm. Beginning in 
January 1998, enhanced maicillos (named dwarf mlicillo 
varieties or DMV) that show good agnmmic tniis in the 
EIME trials are b e i g  evaluated for gain qualiry. nutritional 
urnposition, and masa and tortilla quality at Z r m m o .  
This mearch is in close collaboration with lhcTexas ABM 
University Cereal Quality Laborarory Sixteen DMVs from 
the 1997 EIME were evalumed for g n b  qualit). mis dong 
with two high-yielding commercial white m m u m  hy- 
brids (MX7 124 and DK69). Standard chaks w e e  Lado 
Ligem. a maicillo. and Surrilo, a phoroperiod-insensitive 
food-rypc sorghum released by INTSORMlL (Tabk 2). 
Surcllo was selected as the m d a r d  bnauw of its wide ac- 
cepancc for tortilla. 

Optimum quality grain sorghum for tomlhs must have a 
white pericarp. tan glumes and tan plant color. The 
anthocyanin pigmenrs of the purple maicillos uiollor po- 
duce dark colored tortillas that rn wt accepted by frmers. 
The kernel should have a high density (> 1.5 &'a). thomad 
kanel weight ofat least 25 g. and i n v m K d i  to h i  h d -  
ness indices W30.A TADD M ~ Q  and 30-70% float- 
a s ) . ~ y i e l d b f  1.6-1.8kgofmasa/kgoGanarsorghma 
13% humidity is co rn idad  optimum. AM DMVs ad thc 
IWO hybrids have excc~ent and SIWIUM be con- 
sidered good mmaials for food passing (Tabk 2). Vari- 
abi l i tymng DMVsarasvery lcnv,avaagingabucdemity 
of 1.38 &,'a and a IOOOJrernel weigh of ZSg. H u d a e s  of 
m w  DMVs was high. excep for DMV 222 and223. Thew 
results show that thc scrcaing p r a a s  for grain quality 
baib in (hc brading nurxries has been successful. Vari- 
ability in chemical composition among cuhivus evaluated 
wai low (Table 3). 

Evcry saghum cuhivar was asrrd in armparisoo with 
white c a n  (Hybid H-29) Tor tonilla q u a l i  baits such as 
appeanna (cola). t a s ~ ~ .  aroma ~JUIC (mouthfeel) and 
mllability(Table4)by a w e p ~ l e l .  Thequalit)- oftortillas 
made with DMV 2 18 and DMV 2 I0 was Mtistically equal 
IO the ones made with can and Suralo. Farmm empbasm 
whiter tonilla color and good rollability wheo wleeting a 
sorghum variety Thus DMV 198. a plrple-colaed ghme 
line, is no( suircd for tonilla making despite good field per- 
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Table 2. Physical properties ofselected DwarfMaicilloVarieties compared tocommercial hybrids and toa standard 
food-type variety (Sureno). 

Density 1000-Kernel TADD Hardness' Floaters2 
Cultivar (&) Weight (g) (%I -. . ~ WI Color (L)] 

s u m o  1.39 26.0 12 32 62.5 
DMV218 
DMV 210 
DMV 213 
DMV 226 
DMV 223 
MX 7124 
DMV 219 
DMV 198* 
DMV 137 
DMV 228 
DMV 221 
DMV 179 
DMV 222 1.38 25.3 
Lerdo Ligero 1.38 23.0 
DMV 225 1.39 24.9 
DMV 224 
DMV 238 
DMV 239 
DK69 1.38 27.3 22 -- 32 56.3 -- 
LSD P=0.05 0.0053 1.9 3 13 1.9 

Table 3. Nutrient composition of selected improved maicillos (DMV), twocommercial hybrids, a maicillocriollo and 

- 
Sureiio. 

Drv matter1 Carbohvdrates Protein Fat FG 
Cultivar 
Surello 87.6 69.1 11.3 3.5 3.7 
DMV 218 83.5 66.0 11.4 3.8 2.3 
DMV 210 
DMV 213 
DMV 226 
DMV 223 
MX7124 
DMV 219 
DMV 198 
DMV 137 
DMV 228 
DMV 221 
DMV 179 
DMV 222 
Lerdo Ligero 
DMV 225 
DMV 224 
DMV 238 
DMV 239 
DK69 -- 85.4 70.6 10.3 . .. 3.9 0.6 
LSD P 4 . 0 5  1.1 2.7 0.4 0.1 1.0 

' All dry m a e r  components are expressed on a wet baris. 

formance. The inability of the grinder to produce a fmer Such similarity among DMVs in masa yield was expected 
masa affected the texture and rollability of the tortillas in since their grain quality traits are fairly similar. SureiIo was 
general. the highest yielding of all sorghums evaluated (2.06 kg of 

masakg of grain). Sorghum (DMV 218)/corn masa combi- 
Masa yields of sorghums was in general significantly nations were tested at four levels:100:0, 75:25, 5050, 

higherthan the yields ofmasaofcorn. Except for DMV 198 25:75; with 100% corn as the control. Respondents pre- 
(1.33 kg/ kg grain) and DMV 221 (1.24 kgkg grain), all im- ferred corn tortillas and could differentiate them from torti- 
proved maicillos yielded over 1.6 kg of masakg of grain. llas made with as low as 25% DMV 218 masa. However, 
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~ . . .  . 
~ 

Table 4. Organoleptic and physical properties oftortiUas made with 100% swgbom mmpmd to  100% corn tor2i- 
1l.s 

- - . - . . - .- 
Cultivs - -- A m a '  . A w a -  la*  - RoWln?.  ~ .Tr% .. ~ ~ 

Corn (H-29) 84 8.4 7 1 7 5 ? 7 
S"mlo 6.0 7 5 4.0 5 0  4 0  
DMV2I8 7 3  6.5 6 5 5 5 6 1 
DMV210 7.3 5.8 5 8 4 6 6 7 
DMV2I3 70 5.7 5 8 50 6 8 
DMV 226 6.5 6.4 5.4 54 6 1 
DMV 223 5 7 7.2 61 4 8 6 4  
MX 7124 6.0 5.5 5.5 2 0 4 5 
DMV2I9 6.0 4 5 4.5 10 4.5 
DMV 198 6.5 4 0  1.0 10 65 
DMV 137 5.7 5.0 4.5 Ld 5 8 
DMV 228 5.5 4.5 4 5 I5 5 
DMV 221 5.0 40 4 0  20 45 
DMV 179 5.0 4.5 4 5 3 0 15 
DMV 222 50 4.8 5~4 3 8 6 6  
Ludo Ligaa 3.7 2.7 32 2 8 .: 4 

B M V  225 3 . 2 - _ _ 2 3 p ~ - - .  2 6 8 .  . .  .- 5 a 
LSD W.05 -- -- - - - 2.0 24- r o - - ~  1 7  

even tortillas made with IW/o DMV 218 received accept- 
able grades on all quality hain evaluated. Further in mtu 
evaluations of agronomic performance and tortilla quality 
of DMV 218 and DMV210 with farmers from Choluteca 
are required to elucidate if these cultivan are suited for re- 
lease. Testing of these cultivars in Nicaragua and El Salva- 
dor will be suggested to PCCMCA collaborators in those 
countries. DMV 210 may be the best choice since it com- 
bines high grain yield with good tomlla quality. 

Tortillas made with 1 W h  DMV 219 staled at a similar 
rate than tortillas made with Sureilo but slower than 
ATx63l9RTx436. Staled tortillas become tougher with 
time and require more force@) to be bent. Torrillas with re- 
duced peak viscosity measured with the  Rapid 
V i s c o a n a l i  contain more retrograkd starch. which is an 
indication of higher degree of staling of the tortilla Some 
farmas report that sorghum tortillas tend to stale fartcrlbm 
corn tortillas. This was confirmed subjectively during our 
evaluation of the improved maicillm. Further m m h  will 
be concerned with sfudytng rhe factors that may accelerate 
the staling of sorghum tortillas compared to corn tortillas. 

Many production conmaints are similar between Cenaal 
America and the USA including drought, diseases. insects, 
and adaptation. U.S. based scientists can provide 
germplasm that could at least partially alleviate the effect of 
some of these constraints. The maicillocriollos are a unique 
type of sorghum and can potentially contribute useful food 
qualitytraits to US.  germplasm. Germplasm exchange will 
contribute to  development of novel genetic combinations 
with multiple stress resistance. wide adaptation, and im- 
proved food quality. 

-. 

I~(tituti0. Bnildhg 

Equipmu and 01her Syppon 

lNTSORMlL ordemd a Jeep Grand Cherokee for use in 
Central America. The vehicle will be used primarily by 
graduate students to conduct research at d i v a  louoarr in 
Honduras and Nicaragua 

Tminiwg and l3ncrrion 

During 1998. INTSORMTL awarded a half tuition &I- 
arship to two EAP students. Eduardo R i v c r a ( N i c ~ )  b 
conducting research on comparison ofpmasitoidr 4 ped- 
ators pop&tions of the sorghum pn&s in two diffcmn 
cropping systems in southern Honduras. Rivera is w d n g  
und& he supervision of Dr. Ronald Cave, an entomologi% 
J a g c  Medina (Nicamgua) evaluated tonilla qualiry of en- 
hanced maicillos. &Icn Prado, anocher fourrhycar mdcnt 
fmn the Zamorano Food Science prograa evalualed there- 
mining three impmved maicillos and addo Ligero. Sbe 
will also work on developing an expmdcd brralda mul 
made with a combination of sorghum and defaced soy 
flour via exmion .  

In 1999. the p j e c t  awarded two Z a n m o  studem a 
half tuition scholmhip tocondua research on slrrpbodar- 
cas of southem Honduras. Claudii U d  (El Salndor) 
will evaluate~llseofmkwalltcraxspndtheir tnflucoce 
on an intercrossed syncan and main-maicillo poducuvi~. 
Lhmz (Ecuador) will begin mearch this year studying the 
effect ofsoil m ~ o n  in two localities of sourhem How 
duras and the Yeguare region. 

Mario Carrillo. a Nicaraguan srudent is pnsuing a M.S. 
dcgm in entomology at Mississippi Statc University. Mr. 
Carrillo is evaluating insect managanan mategics in mdi- 
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tional and improved sorghum and maize production sys- 
tems in fields with flat or gentle slope land in southern 
Honduras. Johnson Zeledon another Nicaraguan graduate 
student from MSU is studying the relationship and manage- 
ment of sorghum midge (SfenodIplosis sorghIcola) on sor- 
ghum in Nicaragua. Mr. Zeledon will continue monitoring 
sorghum midge populations inNicaraguaduringthis year. 

Travel and Networking 

Dr. Henry Pitre evaluated research in Honduras and Nic. 
aragua in October 1998. 

Hector Siema and Rafael Mateo traveled to Colombia to 
attend the ICRISAT meeting on November 1998. During 
this meeting the future collaboration and evaluation of new 
genotypes from ICRISAT Program was discussed. 

ration has been on-going for many years and has been criti- 
cal to testing new technologies in producers fields. New 
collaboration has been established with NARSIICRISATI 
ClAT to evaluate sorghum and millet for tolerance to acid 
soils. The program continues to provide and evaluate prom- 
ising materials with different private and government insti- 
tutions. New collaborative organizations such as the 
Spanish Peace and Development are working with 
small-scale fanners in sustainable agriculture. DICTA is 
sponsoring a program with medium size ranchers to im- 
prove productivity. As part of the technology transferred 
DICTA technical personnel are recommending the use of 
improved sorghum cultivars developed by the program such 
as Sureiio. Sureiio is apromising alternative to feed cattle in 
the semi-arid conditions of southern Uonduras. 

Research Results 

Hector Sierra traveled to Baltimore, MD in the United A complete list of research results can be found in the 
States in October 1998 topresent a poster at the Agronomy 1997-98 Annual Report. 
Society Meeting. 

Collaboration between breeding and entomology identi- 
Hector Sierra, Rafael Mateo and Javier Buesotraveled to fied improved m a d l o  genotypes with superior grain qual- 

Guatemala in April 1999 to attend the PCCMCA meeting. ity and processing traits. 

Dr. John Yohe, Dr. Tom Crawford. and Dr. Galy Peter- Publications and Presentations 
son visited Honduras and Nicaragua in Mav. 1998. In Hon- ~~~~ ~ ., , 
duras discussion were held with EAP, DICTA, and USAID Mateo. R and P. Pm. 1998. Grain sorghum performance test for the 

PCCMCA. (In Spanish). Tech. Rep. No. AG-9901 Ercuela Agricola regarding INTSORMIL activity and future direction. In Pananericana. El Zamorano. Honduras. 
Nicaragua discussions were held with INTA to strengthen Pitre. I-lenlv. H.  1i Portillo. D. H. Meckenstock. M. T. Cartra. I .  I. Looez. ~~~~~ - . 

R. ~radanino. R.D. Cave. F Gomez, 0. ~ e k a r a  R. cordero. 1999. collaboration, and communication was established with 
La langasta del e l  maiz, zamorano Academic Press, El 

UNA and UNAN regarding potential collaborative activity. Zamorano, Honduras. 133pp 
Sierra, H and R. Mateo. 1998. The Honduras Sorghum Program and 

Networking INTSORMIL Collaboration. NARSnCRlSATiClAT meeting. La 
Libenad. Colomhia 

Bueso, I. ad hledina J .  1998. Evaluation o f  lonilla quality of five 
Strong collaboration has developed between the sor- enhanced Maicillos [Sorghum bicolor (L.) Maench]. Sorghum 

ghum program and other organizations to implement pro- meeting PCCMCA. Guatemala. Guatemala. 
Medina. J .  1998. Evaluation of tortilla quality offive enhanced Maieillos grams to improve thesustainability of steepland agricultural (Sorghum hicolor L. Moench) (In Spanish). Ingeniero Agronomo 

production. A partial list of collaborators during the life of Thesis. Escucla AgricolaPanamericana 
the project was listed previously in the report. This collabo- 
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Horn of Africa 

Gebiia Ejeta 
Purdue University 

Coordinators 

Gebisa Ejeta, Regional Coordinator, Purdue University. Department of Agronomy. West Lafayne. IF; 47907 
Katy Ibrahim, Administrative Assistant International Pmgrams in Agriculture. Purdue University. 

West Lafayene. IN 47907 
A.G.T. Babier. Sudan Country Coordinator, Gezira Research Station. P.O. Box 126. Wad fledani. Sudan 
Aberra Debello, Ethiopia Counby Coordinator. Ethiopian Agricultural Research Organmion. P.O. Box 2003. 

Addis Ababa, Ethiopia 
C. K. Kamau. Ken? Country Coordinator. Katumani National Dryland Fanning Research Center. P.O. Box 

340, Machakos. Kenya 
Semere Amlesom. Eritrea Country Coordinator, Division of Ag Research and Extension Services. P.O. Box 

10438. Asmara. Eriuea 
Peter Esele. Uganda Country Coordinator. Serere Agricultural and Animal Production Research Innitute. 

Serere. P.O.. Soroti, Uganda 

Collaborative Program 

MTSORhlILMorn of Africa is a relatively new initia- 
tive to regionalize our collaborative research efforts in East- 
em Africa. Before the start of the current regional effon, 
INTSORMIL had had a productive collaborative pogram 
with the Agricultural Research Corporation (ARC) in Su- 
dan. This collaboration resulted in an array of technical de- 
velopments that have impacted on sorghum agriculture in 
Sudan. Sudanese scientists have been trained in 
NTSORMIL institutions. U.S. scientists have traveled ex- 
tensively in Sudan and worked alongside their Sudanese 
counterparts. Joint workshops and conferences were orga- 
nized and attended. Results of joint research efforts have 
been published and distributed widely. Extensive raw and 
improved germplasm have been identified, assembled, and 
catalogued forthe benefit 0fU.S. and Sudanese agriculture. 

Under the Horn of Africa initiative, new memoranda of 
agreements have been signed with NARS in Ethiopia 
Eritrea, Kenya, and Uganda to go with the existing relation- 
ship with the Agricultural Research Corporation of Sudan 
With these MOA, INTSORMIL now hascollaborative rela- 
tionships with five countries in the Horn of Africa region. A 
two-tier program has been under development in the Horn 
of Africa. With each national program. we have initiated a 
traditional collaborativeprogram between aNARSxientist 
and a US. principal investigator(s) on a topic of common 
concern and interest with at least one disciplinary project 
identified in each country. A scope ofwork isjointly devel- 
oped and submitted for review and approval by the NARS 
country coordinator, NARS research director and the Horn 
of Africa program coordinator before becoming the 
INTSORMlUHost Country workplan. Each workplan has 
its oun funding. Funds are forwarded directly from Purdue 
University or the INTSORMIL Management Entity at the 
University of Nebraska, and are then disbursed inaunt ry  
to each collaborating scientist to carry out the research pro- 

j a .  With limited fundsavailabletothe NTSORWIL Horn 
of Africa. it has not been possible to initiate a full range of 
collaborative projects with each ofthe NARS in the region. 
Instead. the intent has been toestablish a full complement of 
collaborative partnerships with the Institute of Agriarhural 
Research in Ethiopia and to use this pugiam as a hub from 
which to network with the h e r  member cwrmcs  of the 
Horn. A line item for networking has been buth into the 
budget ofthe INTSORMILWomofAfrka pmgram tocatb 
lye exchange of information and ideas among member 
NARS and INTSORMIL xientias. A major initiative that 
has been under consideration is the identification of major 
regional wnmaints upon which considerable research may 
havebeen undertaken by oneor moreofthe NARS in there- 
gion. There has been great interest among scientists in the 
m i o n  to identify such research projects and d m a k e  re- 
gional evaluarion and verification with the hopeofgencraI- 
ing technologies that could have regional application. We 
ccntinue to havedialogueon the feasibility of implementing 
such a regional initiative. Once agreed upon coliabaaive 
research pojecis among NARS in the region will be devel- 
oped, in consullance with appopriav WTSORMIL scien- 
lids. on a priority reseaxh wen& of @anal imponance. 
Inputs han cmcuned scientists in the region w-3 be solic- 
ited in developingthc m h  agenda as well as in refining 

research protocol on at  imely bask. Collabadtive wien- 
ti- will be encouraged tomeet regularly(prefaablyonna 
year) to exchange ideas and to sharpm the focur of the re- 
gional research agenda 

Annual fieldrlaboratq towing workshops will be orga- 
nized alternately at a site in one of the host countries in the 
region. Participation in the tournill be bmedon interest and 
the topic ofthe workshop for that year. These tourswill pro- 
vide NTSORML Pfs oppormnities for interaction with 
ver). many scientists in the region. Scientists from there- 
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gion will also have opportunity to pick up useful 
germplasm, researcb techniques, or potentially transferable 
technologiesthat they may come across during these tours. 

Opporhmities for collaboration with other organizations 
such as ASARECA, ICRISATEast Africa, World Vision 
International, Sasakawa Global 2000, and the IPM CRSP 
have been good and there are initiatives under development 
with each of these organizations. Discussions have also 
been underway to determine possibilities of buy-ins from 
USAID Missions in the various countries in the Horn of Af- 
rica. Contacts have also been made with the new USAID 
initiative. the Greater Horn of Africa program as well as 
REDSOEast to check for possible fmancial assistance to 
INTSORMILMom of Africa program. 

Research Disciplines and Collaborators 

Sudan 

Cooperative Sorghum Breeding and Genetic Evaluation 
- Osman I. Ibrahim, ARC; Gebisa Ejeta, Darrell Rosenow, 
INTSORMIL. 

Coopemtive Millet Breedmg - El Haj Abu El Gasim, 
ARC; David Andrews, INTSOP.MIL. 

Plant Pathology Program -El Hilu Omer, ARC; Richard 
Frederiksen, INTSORMIL. 

Entomology Program - N. S h a d  Eldin, ARC; Heruy 
Pihe, INTS0R.MIL. 

Food Quality Program - Paul Bureng, ARC; B N C ~  
Hamaker, INTSOWIL. 

Economics Program - Hamid Faki, Abdel Moneim Taha, 
ARC; John Sanders, INTSORMIL. 

Striga Research - A.G. T. Babiker, ARC; Gebisa Ejeta, 
INTSOWIL 

Ethiopia 

Agronomy - Kidane Georgis, EARO, Jerry Maranville, 
INTSORMIL. 

Striga Management - Gebremedhin Woldewahid, 
EARO, Wondemu Bayu, MOA; Gebisa Ejeta,  
INTSORMIL. 

Entomology - Tsedeke Abate, EARO; Henry Pitre, 
RJTSORMIL. 

Agricultural Economics - Yeshi Chiche, EARO; John 
Sanden, INTSORMIL. 

Sorghum Utilization - Senait Yetneberk, Aberra Debelo, 
EARO, Lloyd Rooney, Bruce Hamaker and Gebisa Ejeta, 
INTSORMIL. 

Research Extension - Beyene Seboka, Aberra Deressa, 
EARO; Gebisa Ejeta, INTSORMIL. 

Pathology - Girma Tegegne, IAR; Larry Claflin. 
INTSORMIL. 

Kenya 

Sorghum Breeding- C. K. Kamau, KARI; Gebisa Ejeta, 
INTSORMIL. 

Food Quality - Betty Bugusu, KARI; Bruce Hamaker 
and John Axtell, INTSORMIL. 

Uganda 

Sorghum and Millet Pathology - Peter Esele, NARO; 
Richard Frederiksen, INTSORMIL. 

Striga Management - Peter Esele, NARO; Gebisa Ejeta, 
INTSORMIL. 

Erilrea 

Sorghum Breeding - Tesfamichael Abraha, DARE; 
Gebisa Ejeta. INTSORMIL. 

Entomology - Asmelash Woldai, DARE; Henry Pitre, 
INTSORMIL. 

Striga Management - Asmelash Woldai, DARE; Gebisa 
Ejeta, INTSORMIL. 

SorghumIMillet Constraints Researched 

Sorghum and millet are important crops in all of the 
countrizs in the Horn ofAfrica (Table 1) ranking fust or sec- 
ond in cultivated area among the major cereal crops of the 
region. Sudan and Ethiopia are the indisputable centers of 
origin for sorghum and are major centers of genetic diver- 
sity for both crops. In addition, a wealth of improved sor- 
ghum and millet germplasm has been made available in 
both of these countries as a result of association with 
INTSORMIL and ICRISAT. Collaborative research be- 
tween Sudan and INTSORMIL has also resulted in research 
and production technologies that can be shared by other 
members of the Horn of Africa. 

According to the sorghum and millet scientists in the 
Horn of Africa region, "the major sorghum and millet pro- 
duction and utiliation constraints aregenerally common to 
all countries" (Table 2). 

These constraints include lack of improved germplasm, 
drought, Striga, insects and diseases (anthracnose, leaf 
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Table I. So@mm and millet prodortion 

Elhi i ia  890 I236 IW 1110 IWO UO 
Kenya 120 745 90 (II, MU Y 
Suds, 4684 785 23 86 1154 192 22 1 
Uemda 25s 1498 3E2 IT I602 - 652- 

Table 2. Prodoction constraints ofsorgbom and millet aenm Eastern Africa m*mtr*l. 
-- - 
- LiDC. M i i  Kan Soda umd. 
vnidni Dcvcbpa~~.l .I a I x 
sms a 1 x I 

Cmp Ro*ccan 
Pca a I x X I 

D i w  I I x x x 
k g h [  x x x x x 

PmhvDon x x I I( x 
Tcchmlogy T m f a  x x I I I 

Tmning - Lmg-Mn 1. a I 1. 

- Shorturm I I I x 1 

S ~ m m i c s  x 
U I i l ~ o n  X a x a 
Infonmhn Ex- I 

Germplam Inbduuhn x I x I x 
SoiVWucr Canwndon I x 
S d  Produdion mi x x x x x 
M&ctinp. - - 

blight. grain molds, smuts, ergot in sorghum. blast, 
downy mildew, and m o t  in pearl millet). Orherprcb- 
lems in the region include la& of adoption ofnew pro- 
duction and utilization technologies by farmers. 
soiVwater management techniques, as well as the in- 
iiasbuctun and technology for production and mar- 
keting of weds and other essential inputs. 

Agronomic research w soil and water mnwrra- 
tion techniques have not been extensively evaluated 
in any of the countries in the region. Lack ofmoisture 
and soil nutrients and poor husbandry am primay 
constraints of sorghum and millet production. 
Breeding efforts currently in uw to incorporate 
drought tolerance traits to genotypa with high yield 
potential are limited by lack ofafieldserceningproa 
dure and lack of knowledge of sources of appopriate 
germplasm with useful traits. 'Ihe lack of absolute 
definition of good food quality parameters and good 
screening mahods for food quality to some extent 
also limit the utilization of high yielding sorghum and 
millet varieties. Very little research has also gone m 
developing germplasm with resistance to UK major 
insect pests and di-. Swig4 a maja parasitic 
weed of sorghum and milkt. umstiMcs a maja cm- 
m i n t  to the production of these crops. There is vsy 
little sorghum and millet germplasm with resistance 
to Striga and the mechanisms that render resistance to 
Slriga are not well undmood. Knowledge about in- 
heritance of many of these traits is also lacking. In 
many of these areas, the crop%usb fallow *em of 
produdon has baditionally been used to provide 

enough nutrients and possibly sane moicnrr fa a 
period of crop yean (5-10 years fallowR-4 yan 
cropping). In sane ~IWS, &cr crops ar often g m  
man intcrcroppmgsysmn withmillet and %qhum to 
maximize p o d d o n .  Omthe 1-2-3 decades. rain- 
fall in the H m  of Africa region has declined. thus rr- 
ducing the soil iuovery w e  during fallow. Fallow 
periods have also decravd due to higher b m  and 
animal pnsurcon plaat cover, mulling in fimbam- 
duction of m@um and milkc yields in the qka. 
re sea^& on all of thew aspects is medrd IO improve 
oorghum and milla production and utilization in the 
H a n  of Africa 

R-h conducted by participating scientists of 
NARS in the Horn of Africa is primarily applied re- 
search. In each of the NARS, Rseuch scientists ap- 
pear to be closely in with cmp pobaioo. 
poaaim, and utilization mmbaim encould4 by 
hmandfannurmmunitiesinthesotghumand 
milk- gmwing8crus. 7hm am a t a b l i i  paocok 
f a - i n g a n d p r i a r e v r r r h m m a  
@arbasii often annually incmjunaioll with am- 
timd -h andfa mmsion confamce agr- 
n i d  to take stock of anerging technologies and to 
pblicize &velopments in research Such fon have 
also been used to exchange ideas and con- vross 
disciplimy lines, and tend to ksdto developmart of 
intadisciplinary initiatives. Collpbmrive projectr 
thar have been a g d  upon by participating NARS 
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and INTSORMIL scientists would be presented to a na- 
tional cormnittee that would evaluate the merit and rele- 
vance of the research before formal approval and local 
research support is granted. Field research facilities at most 
ofthe NARS are excellent. Machinery and equipment have 
not been always adequate or appropriate. Technical support 
and capabilities vary from country to country. ARC, Sudan 
and IAR, Ethiopiahave been thestrongest sorghum andmil- 
let research programs in the area with a full complement of 
technical assistance particularly in field research. As a 
newly independent nation, the Eritrean national program 
needs further strengthening in human capital at all levels. 
Wet-lab facilities are verymodest inallNARS ofthe region, 
with technical expertisemost limiting. In general, sufficient 
effort is committed to summarizing research results for sub- 
sequent sharing of information with production agencies 
and extension services. 

Research Progress 

Kenya: C.K. Kamau 

Background 

The INTSORMIL Collaborative Research support pro- 
gram was born out of need by U S .  Government and scien- 
tists in particular to help solve some of the recurrent 
problems constraining food production in Least Developed 
Countries (LDCs). Sorghum and millet are the crops of 
choice because oftheir drought tolerance. They are suitable 
for semi-arid areas where world's poorest farmers are 
found. Another consideration was poverty alleviation 
among the farmers in the semi-arid regions. To satisfy these 
needs, a multi pronged approach is adopted as follows: 

Train LDC scientists to solve agricultural problem 
through research by working with experienced U.S. 
scientists. 

Train the LDC scientists in an identified agricultural 
problem area of mutual interest to both LDC and the 
USA. 

In so doing, solve problems in LDCs especially in the 
identified area of mutual interest and collaboration. 

Kenya Agricultural Research Institute (KARI) like other 
LDCs in the Horn of Africa region prepared a proposal to 
INSORMIL in thearea ofStriga and food quality which was 
accepted and approved. 

The statement of worklobjective under this subgrant and 
the proposal were: 

I. Screen high diastatic power sorghum germplasm for 
adaptation to Kenya. 

2. Test adapted germplasm for yield in sorghumNational 
performance trials. 

3 .  Carry out proximate analysis especially reducing 
sugar and fat content in promising lines. 

4. Identify traits that are correlated to malting quality for 
use during early generation screening. 

5. Release the best two sorghum varieties for cultivation 
and use by the brewers. 

6. Create expanded market for sorghum in Kenya 

7. Survey and collect local sorghum germplasm suitable 
for malting. 

8. Develop hybrids with goodmalting and clear beerpro- 
duction. 

Striga Component Work Objectives 

The statement of worWobjectives were later amended to 
include the following objectives in the area of Striga. 

1. Conduct field screening for Striga resistance in sor- 
ghum lines developed at Purdue for adaptation to growing 
conditions in Kenya. 

2. To assess impact of integrated use of Striga resistant 
sorghum varieties in combination with nitrogen fertilization 
and water conservation measures. 

3. Initiate breeding efforts on transferofStrigaresistance 
from various sources into adapted Kenyan sorghum variet- 
ies, 

4. Train Kenyan scientists on laboratory methods for 
screening for resistance to Striga in sorghum. 

To start this collaborative work an initial advance of US 
$5000 was dispatched to KARI to facilitate the Striga re- 
search at the Regional Research Centre in Kakamega, and 
the food grain activities in Katumani. 

During the short-rainy season in 1998 (November 98 - 
Feb 99) sorghum and millet experiments were planted in 
two sites, Katumani and Kiboko. The experiments planted 
at Katumani were: 

Objective I and 2 

National Performance trials (Sorghum)l6 entries repli- 
cated 4 times 

Advanced yield trials (Sorghum) 26 entries replicated 3 
times. 



Preliminary yield trial (Sorghum) 6 0  entries replicated ? 
times. 

Malt qualit) yieldtrial (Sorghum) 16enmesreplicated 3 
times. 

Breeding nursery F3 - 36 lines 
FA - 86 lines 
Fr - 20 lines 
F6 - I8 lines 

Dry-land selections (drought nursery) 42 lines. 

Experiments planted at Kiboko were: 

National performance trials (Sorghum) 16 entries repli- 
cated 4 times. 

Regional yield trials (Sorghum) 26 entries replicated 3 
times. 

INTSORMlLfoodpain trials (Saghum) 42 entries rep- 
licated 2  times^ 

Preliminary yield trial (%hum) 60 entries replicated 7 
times. 

Similar activities were undertaken for pearl millet. Gen- 
erally the season was very poor. despite the fact Kannnani 
has relatively cooler weather and high rainfall compared to 
Kiboko. Consequently a harvest was achieved for all exper- 
iments with quite a number of entries failing to pmduce 
grain which is acceptable in a breeding program. When we 
planted at Kiboko, the expectation was that if rainfall was 
poor the crop could be supplemented with irrigation. 

This was not possible because the irrigation pump at 
Kiboko broke down. The total rainfall was 142 mm which 
was poorly distributed. Consequently the data collected in 
this test site is unreliable. 

During the 1999 long-rainy season (March-September 
1999). the number ofenmes planted were reduced through 
selection based on data collected at Katumani. Very prom- 
ising enmes were advanced to high stages of yield testing. 
Of particular interest in this collaboration is the malt quality 
sorghum trial. In this trial the entries SDSH-378. 
SDSH-513. Red Swazi and SDSL-88298 were advanced to 
National Performance Trials. Data collected on the 
INTSORMIL Food Grain trial is not reliable due to lhe poor 
season at Kiboko; consequently theentries in this trial could 
not be advanced to higher stages of yield testing. 

Objective 3 and 4 

Out of the successful entries in Katumani 400-500g of 
grain have been sampled for proximate analysis. Labora- 
tory procedures have been prepared and necessary chemi- 
cals bought except fortwo. Counterpart funds ran out before 
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two imponant chemicals u-ere b & t .  These chemicals 
w ~ l l  be bought using INTSORMIL l i d s  Malting tests will 
be conduaed alongside proximate anal?ris tats as soon a 
the hr-o chemicals are bought. 

Our social economist is in the process of preparing a 
questionnaire to use with the k w m  This otgmive is 
pending completion of the questionnaire. 

In our opmion. this objective would be implemented 
bener with knowledge gained from the Mher objectibes. I t  
is therefore pending until we have resuhs from the afae-  
mentioned objectives. 

Work relating to this objective staned late lasi year but 
due to the bad season. the results are not reliable. We *ill 
need tocontinue to depend on IhTSORMIL to pro\ ide test- 
ing materials for hybnds since our national pqrarn docs 
not have a hybrid component. Two kits a m m  will -patty 
increase our chances for success. 

At Kannnani, the s w i n g  point was to clear cnmandimg 
debts as the check translated to money after all the required 
processes in April 1999while \vd h a d m e d i n J u l y  1998. 
The main debt was in casual pa>mlls as follows: December 
1998 at Katumani site. November 1998 at Kiboko $ire. F e b  
~ a f y  W at Katumani site. and Januar) W at Kiboko  site^ 

Striga Component: lnlernationat Sfrig0 N u m e  

In Kenya about 7006 ofthe sorghum crop is pmduccd in 
areas surrounding Lake Victoria where witch-weed (Srrgu 
Spp.) is a major pmductian conmainl. In the Eaa Africa re- 
gion losses due to this parasitic weed are estimated to range 
between 65?iand IOOS.(Lhggd. l%j  E j a a u a l . .  1993) 
Of late9rrga has b a n  reported to extend tonon-di t ional  
areas (Orodho and Kiriro. 1994). The cumnt  control meth- 
ods involve fmilir?. m q c m e n t .  aop rotation and ux of 
mpcrops. Ofall the varieties beinggronn in t h e a n x  none 
is resistant to this m-. Scientists in the U.S. h3W made 
a breakthrough in a rapid labora(ov scmning mdhod for 
sorghum resistance to Srrga. Thc immediae objectives of 
the ln temional  Srrigo numerics are: 

I. Conduct field screening for SRrga resistant w@um 
lines developed at Purdue for adaptation to _gowing condi- 
tions in Ken)a 

2. To as- impact of intqrated use of S r rp  resistant 
sorghum varieties in combination with nitrogen fertilization 
and water conservation measures. 
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3. Initiate breeding efforts on transfer ofStriga resistance 
from various sources into Kenya Sorghum varieties. 

4. Train Kenyan scientists on laboratory methods for 
screening for resistance to Striga in sorghum. 

In this set of objectives only objective number 1 is ear- 
marked for this collaboration, others being long-term. The 
International Striga trial was not planted last season 
(November 1998 -March 1999). The implementing officer 
for this component did not have any funds from any source. 
He had however planted theStriganursery the previous sea- 
son (March-September 1998). A copy of the collected data 
was forwarded to the HOA Coordinator. 

Because of lack of funds, the planting of the Striga trials 
were delayed in Kakamega. The crop is presently in milk 
stage and doing well. However, the Strrga plants looked 
very small. If these plants do not grow very fast, then they 
might not be able to cause the desired effect. 

Issues requiring attention 

1. In Kenya, rainfall is bimodal in nature; thus there are 
two growing seasons in a year. Efficiency could be intensi- 
fied in screening for adaptation in both the food quality and 
Striga resistance if test kits could be sent twice a year. The 
most appropriate timing would be February for the long 
rainy-season and September for the short-rainy season. 
Two or more kits for each trial can greatly enhance chances 
of success. 

2. There is need to budget for a computer to allow infor- 
mation storage and retrieval. Much time is wasted in at- 
tempting to borrow a computer. 

3. It is proposedthatthe work objective on datacollection 
be delayed until we gain experience from results of the pre- 
viously mentioned objectives. 

Eritrea: Tesfamichael Abraha 

Evaluation of Introduced Sorghum Varieties 
for Slriga Resistance 

The trial was carried out both in 1997 and 1998 in the 
western lowland (Shambuko), but the 1997 trial failed be- 
cause of the drought. The trial intended to be carried out in 
1997 in the highland (Mendefera) was not carried out be- 
cause of technical reasons. The result given below is from 
1998, carried out in the western lowland (Shambuko) and in 
the highland (Mendefera). 

Objectives 

To evaluate high-land sorghum cultivars with enhanced 
level of resistance against Striga under Eritrean conditions. 

To evaluate low-land sorghum cultivars with enhanced 
level ofresistanceagainstStrigaunderEritreanconditions. 

Materials and  Methods 

Low-land cultivars 

Twenty-six varieties, of which 24 were received from 
INTSORMILPurdue University (International Striga Re- 
sistant Sorghum Nursery) with two local varieties. 

The trial was carried out at five farmers' plots around 
Shambuko. Each farmer's plot was considered as a replica- 
tion. 

The experimental design was RCBD with four replica- 
tions. Three rows of 5 m long were used for each treatment 
(variety) in each replication. Plant height, panicle size, sor- 
ghum stand count, Striga count and yields of the treatments 
were recorded. 

Selected low-land cultivars. 

Eight sorghum varieties, received from INTSORMILI 
Purdue University (International Slriga Resistant Nursery), 
were selected based on their resistance against Striga with 
one local check used for this trial. 

The experimental design was RCBD with four replica- 
tion. Three rows of 5m long were used for each treatment. 
The experiment was carried out at Shambuko Research 
Center. Plant height, sorghum stand count, and Strigacount 
per plot of 11.25 m2 were recorded. 

Progress to Date 

One of the better characterized mechanisms of resistance 
againststriga is the host root's low production ofchemical 
compounds that Striga seeds require as a stimulant for ger- 
mination ( Worsham, 1987). 

From this trial, Striga count during the early growth 
stage of sorghum was very few in number. Greater number 
ofStriga was obsewed during late season when the crop has 
already been well established to cause reduction of sorghum 
grain yield. 

There were significant differences in the number of 
Striga count made in all the treatments. The varieties that 
produced low amount of stimulants suffered to a lesser de- 
gree by this parasitic weed. 

Varieties with entry numbers 8579 and 8568 were with 
no Striga at all and Varieties with entry numbers 8557and 
8580 were with very few number ofstriga. 

Varieties withentry number, 8552,8556,8566,8577 and 
8555 sustained fewer Striga and at the same time gave good 
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Table 3. krecaiag l o w l a d  sorghum coltivan for their mbf.acc ~ m i d  gr4Cr 

Rcm hcighl h i c k  size S M  w- Y i l d  
Tramat (cm) Inn) porn1 (Qw 

I - . - I 
26 25 38 3 10 2272 
28.75 59 2 28 39. I9 
30.W 37 3 I3 2372 

yield with 39.19.33.24.29.85.29.68 and29.43 qlharespec- all WabnentS could not be olnaiwd. b e i i  damaged by 
lively. animals, only one variety with entry number of 8552 was 

relatively resistant against Sfriga. 
Generally yields from these varieties were low as com- 

pared with other cultivars. The advantage ofthese cultivars imtihtion Baildiog 
is that they can give yields under heavy infestation andlor 
poor seasons as an insurance crop. Under improved man- Racarch Equ@meat 
agemenk the resistance of this crop to SIliga can be en- 
hanced. A laptop mpaa war purchased in Ethiopia by EAR0 

f a  isc by cbe W R ~ O R M l L  Principal lnveaigaron 
The Striga infestation problem is complicated by mvi- for their field work. 

ronment andlor host parasitic weed relationship. Although 
the varieties were supposed to show some degree of mk- 
tance because of their genetic potential, all the varieliu 
were seriously infested with this weed. Despite the yield of 

- -- . ~- 
Table 4. Serecniag selected errltivan of rorgbam for l k i r  mistrace agaipn .Wig# 
- - ~.~ . .-- - . .. 
No. Trc~m~nl swgtwl nod - - . - ~ .... -2ns @%!SW. - -- - 

- -- e!s&!ol-..~-._..- lr.m..~- . . * E s m - - ~ ~ -  
I 8551 56 7 1'5 
2 8552 f) I4 1'6 
3 8553 32 17 l l S  
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Travel 

Gebisa Ejeta traveled in September to accompany the 
INTSORMIL External Evaluation Panel's review of the 
HOA program. Dr. Sanders also traveled to Ethiopia but he 
and Gebisa were unable to visit Tigre since the fields were 
in the war zone of the EritredEthiopia conflict. 

Dr. AberraDebelo, EAR0 Deputy Manager and Country 
Coordinator visited Purdue University in June. 

Networking 

The Intergovernmental Authority on Development 
(1GAD)covers seven countries ofthe Horn of Africa(H0A) 
namely, Djibouti, Eritrea, Ethiopia, Kenya, Somalia, Sudan 
and Uganda. IGAD has the mandate to undertake a wide ar- 
ray of development activities ranging from conflict preven- 
tion, management and resolution, food security and 
environmental protection, to infrastructure development. 
The IGAD Secretariat, in partnership with its Member 
States and Partners in Development recently identified a 
new initiative on the development and promotion of drought 
tolerant high yieldingcrop varieties for immediate formula- 
tion and implementation. 

Inhabitants of the lGAD region continue to experience 
famine due to repeated food shortages triggered primarily 
by drought but also by a fragile and degraded environment 
caused by severe population pressure. In much of the re- 
gion, farmers attempt to increase food production via bori- 
zontal expansion into marginal lands using traditional 
cultivars and farming practices. More than one-half of the 
IGAD region is classified as aridor semi-arid lands (ASAL) 
characterized by management practices, and a severe soil 
erosion problem. Asaresult, farmers in the region are often 
destitute and easily affected by vagaries of low rainfall and 
food shortages associated with drought. Added to the over- 
all poverty and limited income opportunities for people in 
rural communities, themajority of the people in the arid re- 
gions of Eastern Africa are chronically food insecure. 
Hence, there is great need for urgent intervention towards 
more efficient and sustainable practices for food production 
and natural resource management. 

There have been great strides made in agricultural re- 
search, both in crops and livestock, in the IGAD region. A 
number of national research programs in cooperation with 
international and regional organizations have developed 
technologies that can significantly increase food production 
in the region. However, much of this technology has not 
been fully exploited. In some countries greater emphasis 
has been placed in the more optimal ecologies targeting in- 
tensive fanning programs. In other countries, research may 
have generated drought tolerant crop varieties and soil-wa- 
ter conservation practices for marginal lands, but transfer 
and use of these technologies have been hampered due to 
various factors including ineffective input delivery systems 
as well as poor extension infrashucture and services. 

An organized effort is needed to identify and assess the 
bottlenecks to increased agriculhlral productivity in each of 
these countries. There is a need to examine the existence of 
capacity for food-selfsufficiency in each country. There is 
also a need to examine the institutional barriers and limita- 
tions for technology generation and extension. Where 
promising technologies have been developed but have not 
been extended due to lack of proper linkages or absence of 
an effective delivery system. attention will be drawn to cre- 
ation of such amechanism. In countries where delivery sys- 
tem, attention will be drawn to creation o f  such a 
mechanism. In countries where drought tolerant, adapted 
crop varieties or efficient soil-water conservation technolo- 
gies have not been developed, efforis need be directed to- 
wards testing the feasibility of possible transfer of such 
technologies tiom neighboring countries. There would also 
be a need for devising new collaborative research in the re- 
gion for development of new technologies for addressing 
some ofthe more intractable agricultural problems that need 
long term joint collaborative efforts. 

An analysis ofon-going public, private, non-governmen- 
tal (NGOs), as well as regional and international research 
and development efforts in the region is needed. It is essen- 
tial to conduct a through survey in each IGAD State to iden- 
tify available teclinologies as well as to assess probable 
constraints and bottlenecks to the developn~ent and wide 
adoption of drought tolerant crop varieties in the IGAD re- 
gion. The objective ofthis project, therefore, is to undertake 
such a survey followed by aregional workshop held where 
key stakeholders in the IGAD region would provide input 
into the formulation ofacomprehensive document for even- 
tual implementation of a project on the development and 
promotion of drought tolerant crop varieties. 

In 1997 we signed MOUs with Ethiopia, Kenya, Uganda 
and Eritrea following discussions initiated during the work- 
shop in Noveniber. This gave INTSORMIL an excellent 
nucleus in which to operate an effective regional research 
network in the Greater Horn of Africa. The USAlD Mis- 
sions in Ethiopia and Eritrea have identified crop research 
and production as targets for development initiatives. 
Leaders of the Eritrean program are particularly excited 
about the opportunity for working with CRSPs because as a 
new nation, they have identified human capital develop- 
ment as a priority and they see U.S. universities providing 
g radua te  educa t ion  oppor tun i t i e s .  Suppor t  fo r  
INTSORMIL activities in the region has been outstanding. 

This year, INTSORMIL was requested by IGAD 
(Intergovenmental Authority on Development) to under- 
take a survey project on "Promoting Sustainable production 
of Drought Tolerant High Yielding Crop Varieties through 
Research and Extension. 

Research Accomplishments 

Although the Horn ofAfrica regional project is a new ini- 
tiative, INTSORMIL has had a strong collaborative pro- 



gram in the region with Sudan as a prime site. Much ofthe 
collaborative effort has been in working with the Agricul- 
tural Research Corporation (ARC) of the Sudan. The col- 
laborative research relationship between the Agricultural 
Research Corporation (ARC). Sudan and INTSORMIL that 
staned in 1980 was developed into among, mutually bene- 
ficial partnership that produced several excellent results. 
Tangible results ranging from training to development of 
useful technologies and elite germplasm have been gener- 
ated. 

Even before the advent of MTSORMIL, ARUSudan 
had a "critical mass" of well-trained manpower in place. 
Sudan is unique in Africa in this regards. Over decades it 
had invested its own scant resources into developing a suffi- 
cient cadre o f  agricultural manpower. However 
Ih'TSORMIL has also trained several Sudanese scientists 
who have returned and filled in key positions panicularly in 
sorghum'millet research related areas. Sudanese graduates 
of INTSORMIL institutions currently provide service in 
sorghum breeding (2). plant pathology (I), entomology (I). 
agronomy ( I), food science (I ). and agricultural economics 
( I ) .  A few Sudanese trained and sponsored by 
INTSORMIL currently also serve lARCs and national pro- 
grams elsewhere. Ofsignificance has been the contribution 
made by MTSORMIL in mentoring of young graduates as 
they returned to ARC. Furthermore, several ARC scientists 
havespent valuable time in the laboratories of their counter- 
parts in the USA. Some have done this more than once. In 
some o f  these cases. significant research findings have 
come out of these experiences and the results have been 
publishedasjoint contributionsofARCand MTSORMIL. 

On numerous occasions, and at times on a regular basis 
annually. MTSORMIL and ARCscientists have heldround 
table discussions on assessing and reevaluating production 
and utilization consttaints in sorghum and millets in Sudan. 
assessing o f  research findings and utility technologies 
jointly developed and more significantly in setting priori- 
ties. The ARC has used these deliberations to arsm piion- 
ties and progress and to sharpen the focus in the 
sorghumlmillet research in Sudan. ARC has often involved 
WTSORMIL Pls in setting the national agenda around sor- 
ghunc'milletmsearch as well as in finding betterwaysofex- 
tending technologies derived From mearch. 

Tangible technologies that resulted from 
ARC/INTSORMIL parmenhip include: 

Development. release. and distribution of Hageen 
Dura-I, as the fmt  commercial sorghum hybnd. 

Identification, wide-testing and release of SRN39 and 
IS-9830 as the first Sfriga misfant sorghum releases. 

The development o f  an infant seed indumy that began 
with the pilot project around HD- I seed production. Today 
some 500,000 acres of sorghum fields are targeted for HD- I 
production. 
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The testing and recommendation of use of compos- 
ite-flour for bread making and the better qualin mix o b  
tained with use o f  HD-l grain. 

The economic evaluat~on on the impact of H D  I (the so- 
cial returns to research investments). 

The development o f  a uchnolw- to produce -inwant 
nasha"as a weaning food. Establishing fermenrar~on (a ua- 
ditional process as an effective method to allel !ate prob 
lems ofprotein digestibiliq associated with soqhum -pin. 

Benefits accruedto WTSORhllL sc~entins and C . S  ag- 
riculture fium ARCWTSORMIL collaboration include the 
followin_e: 

Contribution ofgermplasm tested in Sudan in enhancin_e 
drought tolerance o f  material &\eloped for the C.S wed 
indusm-. Recently I 0  drought tolerant lines uerc derived 
'om crosses between 1'3. and Sudan sections urn re- 
leased to the seed indusoy in the US. 

Raw germplasm from Sudan for potentla1 use in the U.S. 
Recently over 3000 Sudanw land races were conmbuted 
by ARC to the USDA. 

The development and refinement of new technologies 
with potential use in the US. For instance Long Smut is not 
a diseav o f  economic importance in the USA. However. 
should it become one. screening technology INTSORMIL 
scientists helped develop in Sudan. will come in han&-. 

The finding that traditional poem o f  fermenzaiion as a 
means to alleviate the pmtein digatibil in poblrm in sor- 
ghum laid the foundation for the scientific undemanding o f  
factonthat influence proteindigestibilir? in p i n  mqhum. 

The excellent field demonstration program b? Global 
ZOO0 and the persistent efforts o f  ARC TSTSORhllL in as- 
sisting the seed production programs have established 
Hagm Dura-l as an ARC generated technolog with sig- 
nificant impact to sorghum apricul~re in Sudan. Added to 
Mher rexarch technologies which have been generared by 
ARC. including those lined above. ARC has been recog- 
nized by the GOS and other agencies operatin% in Sudan. 
Fa instance. the USAlD mission with pmdding From 
IWSORMIL Pls, granted a substantial amount af PL-180 
fuads to ARC in sum of sorghum'millet research. In re- 
hmt.thatrncouragd the Min~stp ofplanning tocontinw to 
provided unprecedented level of s u p p m  specifically for 
sorphum'millet research in Sudan. Indi\-iduall>. panicu- 
lad?. ARC scientim in the area ofSr~ga. .hlogy. andcc- 
real quality. have produced significant m l t s  h~ have 
given them due recopition in the soqhum m i l k  r r s c a ~ h  
community. The collaborative partnership between 
DJTSORMIL and ARC has clearly demonmated that sus- 
tained support and focused research effons would produce 
tangible and useful results. I t  also showed mat an effective 
util&tion o f  research generated technologies would in re 
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turn eventually bring due recognition to scientists and re- . 
search programs, and generated increased and sustained 
support for agricultural research, even in a national program 
of a developing counby with numerous, seemingly insur- 
mountable problems. 

Promising results have emerged horn the new collabora- 
. 

tive research projects between INTSORMIL and the Insti- 
tute of ~ g r i c & r a l  Research in Ethiopia. 

New Striga resistant sorghum cultivars introduced . 
from PurduelINTSORMIL and tested in Striga en- 
demic areas with excellentresults. These outstanding 
l i e s  (P9401, P9403, and P9404) were selected. Seed 
ofthesevarieties was multipliedduringthe off-season 
in a joint effort with Global 2000. About I %ton of . 
seed was produced to be distributed to about 200 
farmers. 

An integrated Striga control study including the three 
Striga resistant selections, nitrogen fertilization, and 
tied-ridges was planned for implementation starting 
with the 1998 crop season. 

Formulation of a local plant product and an animal 
by-product traditionally used by Ethiopian sorghum 
fanners for the control ofcovered smutwas tested and 
confirmed. 

A comprehensive integrated pest management study 
for control of stalkborers was initiated and the neces- 
sary baseline data generated. 

We also held a Traveling Workshop in Ethiopia and 
Eritrea for our regional collaborators. The workshop 
allowed for exchange of ideas and establish under- 
standing for undertaking regional sorghum and millet 
research collaboratively. 
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Mali 

D.T. Rosenow 
Texas A&M University 

C o o r d i m t o ~  

Dr. D.T. Rosenow. Sorghum Breedn; U.S. Country Coordinator, Texas AbM Univcrsif).. T e s  Agricuhunl 
Experiment Stntion. Route 3, Box 219. Lubbock TX 

Dr. Aboubacar Toure, Sorghum Breeder. Host Counby Coordinator. IER B.P. 438. Sotuba. Bamako. Mali 

The program in Mali, a coordinated effort between 
MTSORMIL and IER is multi-disciplinary and multi-in- 
stitutional in xope and includes all aspects of sorghum and 
millet improvement, production, and utilization. Each Ma- 
lian scientist develops research plans coopetatively with an 
tNTSORMU counterpart and in concen with and as a part 
of the ovaall IER Mali research plan. Major MTSORMIL 
collaboraton travel to Mali annually during the critical pe- 
riod of the m p  year to wnsuh, review progress, and plan 
future collaborative activities with their Malian unmter- 
parts. Occasionally. IERrient iN travel to the USA for re- 
search review and planning. These plans are reviewed by 
the countty coordinators, consolidated. and coordinated 
with IER research project plans for approval or modifica- 
tion. This insures that the research fnr into the annual over- 
all IER strategic plan. The p l m  then becrme pan of the 
annual Amendment to the MOA. 

The original Memorandum of Agmment formally es- 
tablishing INTSORMn collaboration with IER and allows 
transfer of funds was sigaed in Mali on October 10,1984. A 
revised MOA was signed in 19% at the beginning of the 
current INTSORML 5-year Grant. The annual A& 
ment to the MOA. which consists of h e  1998-99 work plan 
and budget (Amendment # 15). war developdjointly by the 
country coordinators in April-June 1998, and approved by 
TER and TNTSORMIL in July. 1998. 

The USAID Mission has provided significant fmancial 
suppm to the total IER research pogram, of which sor- 
ghum and millet are a part, through the SPARC Project 
which ended in June 1997. Appmximalely 50% of the 
yearly Mali Couotry Budget is bans fmd  directly to Mali 
from the MTSORMIL Management Entity. The remainder 
is retained at the M.E. and uwd for major equipment pur- 
chases, supplies, iER scientist travel. IER scientist short 
term training, or special needs as they arise. Also, some in- 
dividual U.S. INTSORMIL investigators transfer 
pass-through funds to Malian counterparts or purchase 

equipment or supplies f a  Mali dimrly horn rheb project 
funds. 

Institute of Rural Economy OER). Bamako, Mali 
Texas ABM Univmity 
Univmity of Nebraska 
Purdue Univnsity 
Kansas State Univmity 
USAlDiBamako 
ICRISATrWASIP'Mali 
WCASRN (Regional sorghum NWak)(ROCARS) 
InterCRSP (World Vision Int.) 

Germplasm Enhancement - Sorghum - Aboubacar 
Toure. Abdoulaye G. Diallo. Mody Diagouraga (millet). 
Keriba Coulibaly (Sikasso). IER; D.T. Roxwlu, G.C. Pe- 
tenon. G. Ejera, D.I. Andrews. INTSORMIL: S.B. 
Coulibaly, TTUTTAMU student. IER (Breeding). 

Crop Protection Systems - Entomology - Yacouba 
Doumbia Mde. Diarisso Niamay Yam, IER; G.L. Tcctes, 
INTSORMIL. 

Crop Protection Synems - P a t h o b  - Mamoumu 
Dioune. Mde. Diakiie MYiam Diana Ousmaae Cie. 
IER; RA. Frederiksen. MTSORML. 

'Crop Protection Systems - Striga'Weed Science - 
Bourema Dembele. Chcickna Di- IER; G. Ejeta. 
m w n .  

Crop Roducticm Systsas - AgnmomylPbysiology ' S o h  
- Adarna Coulibaly. AWoul Wahab Toure. Mmadou 
Doumbii (Soil Lab) IER; S.C. Masoa J.W. Maranville, 
lNT!jORMIL; Samba Traore. UN stdent. flER(Weed Sci- 
encc:Agronomy). 

Utilization and Quality - Mde. Aisuta Bengaly Bertb6, 
Mde. Coulibaly Salimala Sidibe IER. L.W. Rooney. 
MTSORMIL. 
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Economics - Bakary S. Coulibaly, IER (Purdue student); 
J.H. Sanders, MTSORMIL. 

On-Farm Trials and InterCRSP - Aboubacar Toure, 
Oumar Coulibaly, IER; Philippe Dembele. World Vision; 
D.T. Rosenow, J.W. Maranville, INTSORMIL. 

SorghumlMillet Constraints Researched 

Production and Utilization Constraints 

Yield level and stability in sorghumimillet production is 
of major importance in Mali where food production is mar- 
ginal in the presence of a rapidly growing population. Low 
and unstable yields are the result ofcomplex interactions of 
low soil fertility (particularly nitrogen and phosphorus), 
drought stress, diseases, insect infestations, Slrlga, and lack 
of availability of improved cultivars. 

Head bugs and associated grain molds adversely affect 
sorghum yield and grain quality, and are a major constraint 
to the development of improved high yielding sorghum 
cultivars. Striga is a major constraint for both sorghum and 
millet. Other major constraints are phosphorus and nitrogen 
deficiency, water stress, and millet head miner infestations. 

Lack of f a m  credit for millet and sorghum, compared to 
cotton and maize, discourages adoption by farmers of im- 
proved millet and sorghum technology, especially in the 
higher rainfall areas. Grain prices which cycle between high 
and low yield-level years are a deterrent to adoption of im- 
proved technology. 

Transformation of sorghum and millet grain into new 
shelf-stable foods and industrial products is needed to en- 
courage local production of grains and to enhance agribusi- 
ness activities involving sorghum and millet. 

Efforts are concentrated to strengthen research on breed- 
ing, crop physiology, soil and water relationships, entomol- 
ogy, pathology, Striga, food processing, and food 
technology, marketing, and technology transfer. An effort 
to develop new food products from cereals and legumes is 
emphasized. Selection for enhanced drought resistance is a 
major concern. Major activities involve the introduction 
and use of new genetic materials in breeding programs to 
develop cultivars to increase or stabilize grain yields with 
desirable food quality. 

New Opportunities 

Newly developed tan-plant Guinea-type breeding 
cultivars, especially N'tenimissa, have been tested on-farm 
and offer an opportunity to develop new food products and 
industrial products which could enhance demand and stabi- 
lize prices. New commercial products using sorghum and 
millet are being developed and marketed. Work to develop 
Striga resistant sorghums and photoperiod sensitive late 
maturing sorghums to escape head bugs and molds was ex- 

panded the last five years. Extensive on-farm trials of new 
cultivars has been initiated with World Vision and with the 
lnterCRSP Technology Transfer Project. An MOU between 
INTSORMlL and WCASRN (regional sorghum network) 
presents opportunities for technology transfer in sorghum 
across West Africa. A similar MOU witb ROCAFREMI 
(millet regional network) offers similar opportunities in 
pearl millet. Cooperation witb scientists especially Niger 
and Burkina Faso shouldlead toamore regional approach in 
West Africa. 

Research Progrers 

Details of much of the research related to Mali are pre- 
sented in individual PI project reports in this publication. 
This Mali Country Annual Report will emphasize research 
done by the IER in Mali. 

Sorghuni Breeding 

The sorghum breeding program in IER is a large and di- 
verse program. While Dr. Aboubacar Toure was on a 
two-year Rockefeller Foundation Post Doc Fellowship on 
sorghum biotechnology at Texas A&M, Jan. 1996 to July, 
1998, Sidi Bekaye Coulibaly (AgronomyIPhysiology) was 
named to head the IER sorghum breeding program. Dr. 
Toure ~etumed to Mali in July, 1998 to again head the sor- 
ghum breeding program. SidiBekayeCoulibaly departed in 
August, 1998 to Lubbock, Texas to begin a Ph.D. program 
in sorghum breeding jointly with Texas Tech and Texas 
A&M. 

The IER sorghum breeding program does extensive 
crossing and intercrossing among elite introductions, im- 
proved non-guinea and guinea derived breeding lines, and 
elite local cultivars. It utilizes genetically diverse 
germplasm from around the world resulting in much genetic 
diversity in the breeding program. Extensive use is made of 
ICRISAT developed lines and elite lines from the USA. 
Emphasis in the program centers on improving the head 
bugigrain mold resistance of high yielding tan-plant 
non-guinea breeding lines, guinea by non-guinea 
intergrades, and on developing tan-plant true guinea 
cultivars. Breeding for the dry northern areas also involves 
some crosses with local Durras from the area and early 
Caudatum derivatives from Senegal. 

A standard system of moving progenies along at the dif- 
ferent locations is in place and understood by the techni- 
cians. After the F2, progenies are separated into early, 
medium, and late maturing groups and then selected and ad- 
vanced at appropriate sites. Early materials are selected at 
the lowerrainfall, morenorthernsites ofBemaand Cinzana, 
while medium maturity materials are grown at Sotuba, 
Sougoula and sometimes Cinzana. Late maturing progenies 
are evaluated mainly in the southern, high rainfall sites of 
Farako (Sikasso) and Kita. Yield trials of advanced breed- 
ing lines also are divided into these three general maturity 
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goups and comsponding sites. Yield tests bpically in- 
volve Preliminary and Advanced Trials. 

New breeding crosses are made annually. sometimes in 
the winter off-season. In 1998. 72 new crosses were made. 
From the F2s planted at Sotuba. Cinzana and Bema in the 
1998 rainy season. 794 single-plant selection were made to 
advance by the pedigree method. Ei&ty-nine F, families 
(1986 entries) were grown at Sotuba. Cinzana and Bema 
with 609 panicles selected within48 familiesat Sotuba, 228 
panicles within 37 families at Cinma. and 151 panicles 
within 25 families at Bema. 

Also evaluated were F, and F; generations according to 
maturity group. The early F, were evaluated at 
BemaandCinma. Weselected49 panicles at Bema among 
12 families,and I IJpanicles within13 families atcinzana. 
Medium F4 progenies evaluated included 206 entries de- 
rived from 25 families at Sotuba and Kolombada. The 128 
late F, progenies were evaluated at Farako and Kita. In the 
F, early materials. 10 families at Bema from I8  families. 
and 1 I families in I 2  families at Cinzana wereselected. The 
medium F; progenies were evaluated and 19 lines derived 
from 9 families at Sotuba and 7 lines from 9 families at 
Kolombada were selected. A total of I4 lines were selected 
for late F5 progenies at Longorola and Kita. 

In the Advanced Elite Early Marurity Test. 32 entries 
were evaluated at Bema and Cinzana. At Cinma. the high- 
est yielding entry was 95-EPRS-GII-I01 (Malisor 
84 -7*CE l j l )  with 2271 kg ha". while at Bema, 
95-EPRS.GI1-1047 (Bagoba8ECSV-1 171) ranked first 
with 1500 kg ha". The Advanced Elite Medium Maturing 
Test was grown at Sotuba. Kolombada and Cinzana and 
contained 49 advanced breeding cultivars. The highen 
yielding enmy of Kolombada was 95-EPRS-GII-1015 
(Malisor 84-7*Nagawhile) with 2467 kg ha-'. At Sotuba. 
97-SBF5-DT-I38 ranked fmt with 3633 kg ha-' follotved 
by 95-EPRS-Gll-1085 with 2967 kg ha-'. At Cinzaoa, high 
variability resulted in no significant differences in yield. I t  
was decided that 95CZ-F4P-98 and 95CZ-F4P-99, Wo 
previously promising lines derived h m  N'Tenhnissl* 
Tiemarfmg are too late maturing for the medium urn iSU- 
dan) and would need to fit into southern Mali. In the Ad- 
vanced Late Maturing Test with 14 breeding lines. Ihe 
highest yield entry at Kita was 9&5&CS-F6-l (Malisa 
84-7'1PS0001). while at Farako (Sikasso). 96-SB-CS 
F6T-1 I gave the highest grain yield. 

Based on 3 years data from the Advanced Early Test 
three new lines.95-EPRA-GII-105 (Malisa 84-5TE151). 
95-EPRAGII-114 (ICSV- 1079*TC883) and 95-EPRA- 
GII-1047 (Bagoba*ICSV-117). wi l l  be advanced to 
on-farm tests in 1999. Also. two new entries 98-SEE-78 
and 98-SB-F1-82 both from ((Bimbiri Soumale* 
S34)*Malisor 92-1) will be tested on-farm. After 3 years of 
evaluation. 2 lines were selected h m  the Advanced Me- 
dium Maturity Test for on-farm testing in 1999. 

95-EPRS-GII-1015 (Malisor 84--a Nazai\hite) and 
95-EPRS-GII-1030 

A pilot pmtoe\ny h x h d  program \$as i n i t i ~ed  in col- 
laboration with D.J. Andre\r-s. The locally developed top 
cross hybrid (Civarex 910!'Trornbedie) \%AS produced b? 
the protowny method which utilizes the differmce in tim- 
ing between stigma exsenion and wepti'm and pollen 
production on the same panicle to achieve cnasing. Th~s 
method requires careful timing and a fairly uniform iemale~ 
Production of hybrids is much easier if the parents we con- 
vened to a CMS system. but the A ICMS s!strm does not 
work well where parents are populations. but the popula- 
tiom work well with the new l 4 C W  The collabonti\e 
program isconveningCVX9015 to an .A, male jterile popu- 
lation (two backcrosses) and Tmbedie to an R,population 
(the initial cross). 

The Prelimin- Test of 5-1 agronomically elite s:nthesis 
and varieties was groun at Cinzana and Koporo .At 

Cinzana the three hi&est ~ielding varieties were F5Gi 
SaniobaO3*Youna 30.F5G.l SaniobaO;*Youna30.and lc- 
diana 05 *Saniobd)3 with 4-18!. 4389. and JOJ8 kg ha-' re- 
spectively. as compared to the local c k k  with 3806 k_e 
ha.'. At Koporothe highest !ielding \&n was FSG23 Mi l  
Labbe*Niou Kouniou OLGOL. with 215 I kg ha-'. 

Research activities for 1998 were focused e m t i a l l y  on 
head bug screening for identification o f  ncv resisrmce 
sources and the evaluation of plant extracts as insecticide. 

Studies were conducted on resistance xarieties (prelimi- 
nary and advanced esperimentsl to head bugs at Sotuba St* 
tion. and in on-farm tests of s i \  impmed \areties in five 
villages (Ouendja. Sikouna. Seriboueou. Scguc anti 
Saqoue) near Cmzana. 

In the first preliminary experiment 93-EP-F&GII-S and 
93-SP-EPCII-1016 had bener )ield man Malisa 84-7. but 
the same head bugdamqe visual w m o f  I .i while the %an- 
eties 93-SP-EP-F6-GII-IS.. and 93-SP-EP-F6-Gll-17 
scored 1.75. All had less grain mold lhan Xlalisor 84-7~ 

I n  the second preliminar: experiment. 
94-EPRSlll-1336. 94-EPRSCII-1016 and 94-EPRS- 
G11-108 w o r d  Z but their ?ields were similar to that of 
Malisor 85-7. In the third prel iminar~ experiment. 
95-EPRS-GII-1047. 95-EPRSCll-I030 and 95-EPRS- 
GII- I014 hada lowerhead damage worethan Malisor 84-'. 
but the same visual score to grain mold. 

I n  the advanced experiment a l l  six varieties 
(90-CZ-CS-TX-I. 90-CZ-CS-TX-12. 90-CZ-CS-TS-6. 
90-CZCS-TX-I. PR 2266 (2-5) (7-9) and PR 2562) had 
similar resistance to head bug as theconml %laiisor81-7~ 
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The insecticide efficacy tests on head hug conducted at 
Sotuba and Cinzana Station showed that Decis and 
Diazinon were more efficient against head bugs than any of 
the three rates of phorbol ester. 

O b ~ e ~ a t i ~ n ~  of head bug damage in on-farm trials again 
indicatedmuch less head bug damage than on Research Sta- 
tions. N'Tenimissa showed little to only mild damage 
on-farm, while it was extensively damaged on research sta- 
tions. Sorghums, however, with high susceptibility to head 
bugs showed extensive damage on-farm even in the pres- 
ence of apparently relatively low infestations. More re- 
search on the head bug ecology and damage in farmers 
fields is needed. 

Pathology 

Studies were conducted on anthracnose at Samanko (20 
km west of Bamako), on seedling diseases at Farako (405 
Km South) and Sotuba, and on covered smut at Katibougou 
(60 km north) and Cinzana (250 km northeast) during the 
1998 rainy season. 

Results on the screening of 67 sorghum breeding lines at 
Samanko indicated that only 2% of the accessions showed 
high resistant to foliar anthracnose (severity score s2) ,  80% 
were resistant (score >2<3), 16% were susceptible (score 
>3<6 ) and2% were very susceptible (score > 6). Ratings of 
the grain for anthracnose indicated that 15% of the acces- 
sions were very resistant, 48% resistant, 30% susceptible, 
and 7% very susceptible. 

Resultson local plant pesticides confmed the effective- 
ness of Canavaliaensiformis in controlling covered smut at 
three locations. At Katibougou, this plant species in combi- 
nation with other local plants pesticides showed good con- 
trol of smut during the 1998 rainy season and these plant 
parts will be tested again in 1999. Canmalia ens iformis and 
Securidaca Iongipedonculata are two indigenous plant pes- 
ticides being tested in on-farm trials and will soon be re- 
leased to farmers for seed dressing products. 

Trials were conducted to test the effect of previous crop 
and different N rates on sorghum production in Mali. Sor- 
ghum was planted following peanuts, dilichos, cowpea, 
pearl millet, corn and sorghum at N rates of O,20,40 and 60 
kg ha-1, and one treatment with I t manure. Two genotypes, 
CSM388 and N'Tenimissa were used. Results showed that 
sorghum yields were affected by the previous crop and ge- 
notypes. Corn was the best crop to follow and sorghum the 
worst. CSM388 out yielded N'Tenimissa an average of 449 
hg ha-1 over all treatments. The positive effect of previous 
crop seemed to depend on its growth duration andior its bio- 
mass production. Genotype CSM388 has higher nutrient 
uptake efficiency then N'Tenimissa, and this may account 
forthe yield differences. There was a linear increase in yield 
in different N rates up to 60 kg ha-'. No significant differ- 

ence in yield was obtained from 1 t ha-' manure over that of 
the control. Application of Malian rock phosphate increased 
overall yield by about 9%. 

Studies were conducted to evaluate the effects and inter- 
actions of cropping systems and nitrogen rates on millet and 
cowpea yields. Among the cropping systems tested, millet 
yields in millet-cowpea rotation and in millet-cowpea 
intercrop were by far the best. Millet yield increases, due to 
rotation with cowpea led to 31% increase in biomass, 34% 
in heads, 29% in grain weight compared to continuous mil- 
let. All nitrogen treatments above 40N kg ha-' gave higher 
grain and head yield than those of the check and 20 N kg 
ha-'. 

Cowpea production in millet-cowpea rotation and con- 
tinuous cowpea had the highest yield among all the treat- 
ments. There was a highly significant cowpea fodder yield 
response to nitrogen levels. There was no significant cow- 
pea pod and grain yield response to nitrogen applications. 
Grain yields obtained from the use of public garbage ma- 
nure, cow manure, compost of organic material are similar 
but greater than that of the check with a 45% yield increase. 
Millet residues management treatments did not influence 
yield. 

Research in Mali and by the West and Central Africa 
Pearl Millet Research Network (ROCAFREMI) indicates 
10 to 19% yield increase when rotating pearl millet with 
cowpea or peanut across the region, while other production 
practices appeared to be more site specific. This research 
also showed grain yield increases to application of both or- 
ganic and inorganic fertilizers, hut inorganic fertilizer by it- 
self, or preferably in combination with organic fertilizer, 
was essential to produce the highest grain yields. 

Weed Science/Sfriga 

Twenty-four selected lines from Dr. G.  Ejeta, Purdue 
University were used in the Striga evaluation trials at 
Cinzana in 1998. The results did not show any statistical dif- 
ferences among entries hut visualobservations on Striga in- 
festation at maturity indicted that the Purdue lines had very 
little Striga infestation. 

Soil Toxici~/AcidSoils 

In asmdy ofadaptationof sorghum genotypes to acid soil 
conditions, several sorghum exotic genotypes, breeding 
lines, local cultivars, and improved varieties were tested for 
tolerance. The screening was conducted on plot F9 of the 
toposequence of the Cinzana station. The properties of the 
sandy, mixed, hyperthermic Plinthic Paleustalf soil were: 
clay % (5% in surface to 18% at 150 cm); pH (HzO) (5.5 in 
surface 26 cm to 4.6 in 101-150 cm depth); Organic C (%) 
(0.13 to0.16),CEC(0.90inOto35 cm.to2.35 in 101-150 
cm); and Al(%) (saturation in % of ECEC) (34 in0-26 cm to 
41 in 10 1-1 50 cm). Bagoba, OH 84-315, Gadiabalcz, and El 
Mota were the most tolerant genotypes. At least 50% of the 



plants of these genotypes pmduced grain. These arc local 
cultivars well adapted to low rainfall. acid, and sandy soils 
of Niger, Northern Nigeria, and Northern Mali. The fim 
three cuhivan are Dunas, while El Mota is a Caudatum. 
However, they donot have acceptable grain quality traits for 
use in the major sorghum nones of W e s  Africa where 
Guineenw type sorghums are commonly used. Improved 
and exotic genotypes IS 9277 and MN 408 also showed 
some tolrrance to this soil p b l e m .  

Improved and exotic genotypes included in this study 
have different abilities to stand acid soil cod i ions  through 
accumulation of low or high concentrations ofone or more 
ofthe followingelements: Mn, P, Si. and Al. Futurerrecn- 
ing will include testing these mechanisms under different 
acid soils conditions (either sorghum, cowpea or peanut as 
preceding crop). In addition. promising sorghum genotypes 
of the on-going breeding pmgram would be tested for toler- 
ance to acid soil conditions. 

Grain poli?v/Utilhati~t 

Forty-eight samples of sorghum 6wn Sotuba (Advanced 
Yield Trial EADT), 30 from Cinzana, 25 from Bema 
(97-BE-DT). 30 fm Bema (EADT) and 24 from Mara 
were characterized by analyzing them for 16 consistency. 
color vitreousness, one thousand kernel weight, density and 
ash. The parameters affecting grain quality were good in 
general. Decortication yield varied behvem 86Oh to 64%. 
T6 consistency and color were good for the majority of the 
samples. 

Studies were conducted in coopaation with commercial 
bakeries in Bamako, two of medium sire in Segou. one large 
scale  confectionerie in Bamako (CAM) General 
AlimenIaire du Mali. and six pashies. To produce the com- 
posite flour for evaluation sorghum (N'Tenimisra) grains 
were cleaned of stones and dim. dehulled with a plate mill. 
washed and sun dried. The dried grains were milled in a 
Cormall Grinder which is a hammer mill and then sieved 
(about 120 mesh). Composite flour was made as follows: 
bread - 8W6 w h e a  20?6 sorghum; snacks - 80% wbeaf 
20% sorghum; 70% wheat, 30% sorghum; 6% wheat, 40% 
sorghum. 

Marketing of pmducrs was dow with the assistance of 
Food Technology Laboratory because the bakcries/confec- 
tioneries were inwilling to markd the poducts through 
their established mioketing channels as a result of change in 
product. Questionnaires were administered to determine 
consumers response onthe pmducts(org~oleptic tuts)and 
reaction of the bakerieslwnfstioncria on h suitability of 
using sorghum composite flour for baking. Profitability of 
using wheat'sorghum composite flour was dacrmined us- 
ing input-output and cost-benefit analysis. 

Bread and three confectionery products (cakes. dough- 
nut and buns) were pilot produced in the Food Technology 
Laboratory (LTA). The same pmduen were produced by 

the bakaies and confationcries. Organolepic tests were 
conducted on the produck The same products w m  then 
produced by the bakeries and eonfeaioneries. 

The results show that breed of acceptable quality var 
produced from what  flour substituted with 15% sorghum 
flour. The organoleptic a s e s m n t  among cmnunm in 
h a k o  and Segou for appcamce. tpm and smell of the 
bread rated well. Even though the smell was rated well there 
was a lint of raw sorghum smell. T e r n  was rated low due 
to the coarse nature of the sorghum flour which was n a  as 
fine as the wheal flour. Gmcralb 78Y.ofthe test popularion 
accepted and were prepared to bu). the h a d  if podue+d on 
a regular basis compared to 2% who declined to ca h a d  
produced from composite flour. Sevmt?. pacolt raled the 
overall quality of bread poduced from 80:20.i wheau'sor- 
ghum composite flour as either very good or good.. Shelf 
life varied bmwm 1-2 days cornpad  to 2-3 days of h a d  
from pure wheal flour. Acceptability of macks w m  higher 
than for bread. The w c i p a l  organokptic panmcten were 
rated very high (%I?%) for the duce snacks. 

It was obxrved by the bakeries that the bead fmm the 
composite flour rises well however ten& to collapse as it is 
fed in the oven thatby decreasing in s in .  Bread was not as 
spang). and therefore b m k s  more easily than bread from 
prre wheat A third problem is h e  fineness of the flom 

On-Fmn Trials 

IER scientists conducted on-farm trials of earty maw-  
ing medium maturing, and latcmanuing cuhivars. Resuhs 
w m  not very reliable. and mostly non-significant. with 
rather low yields. Generally. the local check yielded .bout 
the same as the improved cuhimn. Results fmm the Wald 
Vision on-farm trials in the Bla area were not available. 

In Bakary Coulibaly's M.S. -h in Mali on the ef- 
fects of dcvaluariar on food conarmpion p a e m s  in urban 
Bamako. it was found that sorghum and milla were suhti- 
tucesfaimpancdriceandwhatbulwercnotsubsitutes 
fordometic rice. Theamountofsubmmffionu~smallmd 
the ovmll  change in the consumption panan -as modest. 
The subnitution could n a  be explained wing relative price 
changes since the nu effect of dcvlhuo;on and chaoges m 
rice tariffs was to in- the relacin pice of s&nnn and 
milla to rice. The substitution is cxpbincd uilh changes in 
household income. which declined with dcvlhurion. Lowa 
incomes caused households m inmuse m m m p i o n  of the 
uaditional cereals since they were stjll cheaper thau rice in 
absolute terms. The domestic am1 erawwny has bem 
helped by devahmion with the incrrawd relative price of 
sorghum and milkc to rice. A f u m  devaluation is e w e d  
to result in much more substitution of wditional cereals 
now that there is only a minimal rice tariff. 
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Several new sorghum and millet technologies have been 
developed and tested in Mali. Results from agricultural sta- 
tions and on-farm trials have been well documented and 
show that large yield increases can be expected from the 
new technologies. Previous INTSORMIL research by 
Ousmane Coulibaly has shown that the new technologies 
increase producers' incomes and that the potential for adop- 
tion exists. To date, however, adoption of the new technolo- 
gies remains minimal. 

The on-going Ph.D. research by Jeff Vitale in Mali is to 
determine the economic impacts of alternative policies for 
increasing the adoption ofsorghum and millet technologies. 
The policies include expanding the seed supply industry. 
improved rural infrastructure, and increased cereal demand 
from rising incomes and from expanded processing activi- 
ties. 

In a study across semi-arid Sub-Saharan, it was found 
that in spite of substantial introduction of new sorghum and 
millet cultivars there has been minimum aggregate impact 
on yields. Only where inorganic fertilizers and improved 
water retention or irrigation were combined with new 
cultivars, have there been large yield increases. Given the 
low soil fertility and irregular rainfall in semi-arid regions, 
both increased water availability and higher levels of princi- 
pal nutrients apparently will be necessary for substantial 
yield increase. Improved cultivarsalone are unlikely to have 
a significant sustainable yield effect to reduce poverty in 
semiarid Sub-Saharan Africa. 

Technologv Tranrfer 

Two surveys in the Segou region showed that the tech- 
nology adopted to the greatest extent was use of the seed 
treatment Apron P l u E  on pearl millet which improves 
stand establishment and reduces downy mildew problems. 
In one of the surveyithe communities were using improved 
techniques to produce and collect quality animal manure for 
application to fields. In both surveys, only 16-17% of the 
farmers indicated use of improved pearl millet cultivars. It 
was concluded that greater future success in technology 
adoption would be promoted by proposing a technology 
package that includes improved cultivars, appropriate man- 
agement practices, and use of organic andiinorganic feniliz- 
ers. 

Mutual Benefih 

All research results reported should benefit Mali and sur- 
rounding countries of West Africa where similar produc- 
tion conshaints occur. The useofthe tan-plant N'Tenimissa 
shouldhave benefit intheGuineagrowing areas ofWest Af- 
rica. Information on sources of improved food quality and 
food type sorghums should be useful in improving overall 
quality of U S .  sorghum grain. Several Malian breeding 
lines show excellent grain yield potential, leaf disease resis- 
tance, and excellent grain quality in Central America, 
Puerto Rico. and South Texas. 

Institution Building 

INTSORMIL provided various field and laboratory re- 
search equipment includingcomputers, printers, pollinating 
hags, and breeding supplies to the IERcollaborate program. 
Training in computer use was provided by G.C. Peterson. 

Several Malian students at INTSORMI1. institutions will 
make important contributions upon their return to Mali. Dr. 
M. Diourte in pathology at KSU and Dr. N. Diarisso in ento- 
mology at TAMU returned to Mali in 1997. Mde. Salimata 
Sidibe Coulibaly returned with a M S .  in food technology 
from North Carolina A&T and is now working in the cereal 
technology lab. The soil research component in IER was 
strengthened with the return of Dr. M. Doumbia (M.S. and 
Ph.D.-TAMU, Soil Management CRSP) who is now Direc- 
tor of the IER Soil Laboratory. Samba Traore (Ph.D.-UN) 
returned to Mali the early summer of 1999. 

Students in training include Mamadou N'Diaye at Ohio 
State in entomology, Niabe Teme, completing his B.S. and 
then M.S. at Texas Tech, and Sidi Bekaye Coulibaly at 
Texas TechiTexas A&M in breeding, in July 1998. Adama 
Coulibaly (M.S.-KSU) assumed the responsibility of 
MinambaBagayoka inmillet agronomy, andis theNational 
Coordinator in Mali for pearl millet. 

Funding from RJTSORMIL for training of Dr. Moussa 
Traore (Ph.D.-Nebraska) former physiologist and Mali 
Country Coordinator, and former Permanent Secretary to 
Ministrr of Agriculture was huge in the reorganization and 
current operation of IER. The contribution of Dr. Oumar 
Niangado, former Director General of IER, has also been 
significant. He is a former INTSOP.MIL collaborator and 
millet breeder. and was instrumental from the beginning in 
INTSORMIL's collaboration in Mali. Dr. Aboubacar 
Tour&, Ph.D. From TAMU in breeding is currently serving 
as INTSORMIL Country Coordinator, is a member of the 
INTSORMIL Technical Committee, and is also Head of the 
Mali national sorghum program. 

INTSORMIL travelers to Mali during the year included: 
Drs. D.T. Rosenow and G.C. Peterson, sorghum breeders; 
Dr. G.L. Teetes, entomologist; all from Texas A&M; Drs. 
J.D. Maranville and S.C. Mason,agronomistsand Prof. D.J. 
Andrews from Nebraska; J.H. Sanders, economist, from 
Purdue. Dr. John Yohe, INTSOP.MIL Program Director, 
Dr. John Swanson, USAID (Washington) INTSORMIL 
Project Manager, and three INTSORMIL External Evalua- 
tion Panel (EEP) members, Dr. Richard Hahn, Dr. Larry 
Busch, and Dr. Walter De Milliano also visited Mali. Dr. 
R.A. Frederiksen conferred with his Malian collaborator at 
the Hybrid Seed Workshop in Niger. 

Networking 

The research accomplishments in Mali are immediately 
and directly transferable to most countries in West Africa. 
Work on sorghum andmillet food technology applies to Af- 



rica and many areas ofthe world. Head bugs are common to 
West Africa while drought and grain mold art world-wide 
problems. Exchange ofelite germplasm with useful traits is 
an excellent means of networking among breeders. 

Efforts are underway to utilize existing networks to ex- 
tend technology to the region in both sorghum and millet. 
Steve Mason has patticipated in the ROCAFREMl (pearl 
millet network)meetings to developcollaborative activities 
with the millet network. Jerry Maranville and Darrell 
Rosenow have reprrsented INTSORMIL at the WCASRN 
(sorghum network) General Assembly meetings and Darrell 
Rosenow has visited with the Steering Committee and Co- 
ordinator. These contacts resulted in a MOU between 
NTSORMIL and WCASRN being signed in mid 1997 es- 
tablishing guidelines on collaboration. The new tan-plant 
Guinea cultivar developed in Mali was entered in the 
WCASRN trial over West Afica in 1997 and 1998. 

All key Malianscientistsrraveledto Niger. September 25 
-October 2, 1998 to participate in the West African Hybrid 
Sorghum and Pearl Millet Workshop, and todiscuss collab 
orative research effons with N i g ~ i e n  and other West Afri- 
can scientists. Mde. A.B. Berthe, Aboubacar Tom.  and 
Darrell Rosenow participated in the ROCARS Workshop - 
Sustainable Production. Utilization. and Marketing in Wen 
and Central Africa. April 19-21999 aI Lome. Togo. John 
Sanders and Jupiter Ndjuenga also attended the ROCARS 
Workshop representing INTSORMIL and regional 
INTSORMIL - Host Country activities. 

There has been a long history of collaboration with 
ICRISAT in Mali, andcollaboration has beenexcellentwith 
Drs. H.F.W. Ranunde, J.C. Chantereau, and A. Ratnadass. 
Arrangements were made to procure seed for the planting. 
seed increase, and characterization of the Mali Indigenous 
Sorghum Collection in Mali in 1997. in a collaborative ef- 
fort among NTSORMIL, IER, ICRISAT. ORSTOM 
(France), ClRAD (France) and USDA-ARS. Seed was ob- 
tained from ICRISAT (Lndia), ORSTOM (France). USA. 
CIRAD, and Mali p r o p s ( 1 E R a n d  ICRISAT),arranged 
.md packaged and planted at both the Cinzana Station and 
Samanko (ICRISAT Center) in 1997. The Colleaion was 
characterized, and selfed seed harvested and seed was car- 
ried to the USA for introduction. The seed hasall been cat* 
logued and is being w e d  for a quarantine growout seed 
increase, and completion ofcharacterintion in S t  Cmix the 
winter 1999-2000. 

The identification ofmolecular markers for hcad bug re- 
sistance is another collaborative activity involving the 
Rockefeller Foundation (which funded Dr. Aboubacar 
Toure as a Post Doc with Texas AbM. but worked in a 
biotech lab at Texas Tech), MTSORMIL. CIRAD, and 
ICRlSAT (A. Ratnadass). The CIRAD component in 
France utilizes a biotech lab in France. The populations 
were screened for head bug resistance at C~nrana  Sotub& 
and Samanko. and jointly edua ted  by IER INTSORMIL. 
and ICRlSAT'ClRAD scientists. The identification of use- 

ful markas could have a maja  impact ac- West Africa 
where head bugs are a senan pobkm. 

World Vision conducted on-farm trials in 1996 using 
N'Tenimissa as well as some S l ~ g o  resinant lines horn 
F'urdue. Collaboration with World Vision increased in 1997 
and 1998 with the implemenlarion of the new InterCRSP 
(INTSORMIL. Bean-Coupea) W a  African Pmjm on 
Technolm Transfer. Newly developed c u l h u s  will be 
broadly distributed and evaluated in on-farm trials. 

INTSORMIL has been in Mali informally since Novem- 
ber of 1979. with a formal MOC s iped  with IER in 1984. 
The program has interacted with ICRISAT-WASIP. 
WCASRN (ROCARS), ROCAFREMI. TROPSOILS. IER 
CeibaCeigy, and CIRAD. L'SAID-Mali has s u p w e d  the 
program in the past with moral and financial s u m .  A sig 
nificant accomplishment has been a major improvement in 
the capability of IER to conduct sorghum millet research in 
Mali. IER is recognized as having one of the hst overall 
sorghum?nillet research progams in Sub-Saharan Africa 
Accomplishments fortheentire lifeofthe project haw been 
detailed in previous annual reports with m e  Lie?- items 
highlighted here along with new results: 

In spite of substanlial introduction of non- sorghum 
and miller cultivarr t h e  has besl minimum 
gate impact on yields. Only w h m  i-anic fmiliz- 
ers and impoved water mention or irrigation *-ere 
combined with new cuhi\ars. have &re been large 
yield increases. Given the low soil fenilinand irregu- 
lar rainfall in semi-arid regions. both increased wata 
availability and higher levels of principal numents 
will be necessary for substantial yield increaus. Im- 
proved cultivan alone are unlikel) to hare a sipifi- 
cant effort upon yield. 

Rewarch by ROCARFREMI indicates a 10 to 19% 
yield increase when w i n g  pearl millet mi& cowpea 
or peanut across Mali. while otha pm&clion pac- 
tices appear to be m m  s i c  specific. This research 
also showed grain yield imxzscs due to both orgmic 
and inorganic foriliirs. but inorganic f a t i l k  by it- 
self. or preferably in combination with o r p i c  fmil- 
inr ,  was essential to pmduce the highest grain yields. 

The cultivan Bagoba. OH &I-? 5, GadtabarCZ. and 
El Mom were the most a c ~ d  t o w  so11 tokranl gene  
types IS9277 and MN 4508 also shoued some toler- 
ance 

The Mali Sorghum Collection ( 2343  plots)ofindigc- 
nous cultivars from Mali was succmfully prom in 
1997. wasEhannnized and seed m d  and pack- 
aged for distribution. A smaller untarirz Worlring 
Collection was identified. There was greater diversir) 
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in the collection than anticipated. The entire Collec- 
tionwill be grown in quarantine at St. Croix in Winter 
1999-2000, seed increased, and characterization com- 
pleted. 

The new white-seeded, tan-plant Guinea type breed- 
ing cultivar, N'Tenimissa, performed well in on-farm 
trials. Its yield is equal to or slightly superiorto the lo- 
cal checks. It had good farmer acceptance regarding 
yield and food use, even though it does show some 
peduncle breakage. It is not quite as good as local 
cultivars in head bug resistance, but basedon observa- 
tion in on-farm trials it appears to be good enough at 
the on-farm level. 

Grain quality analysis ofN'Tenimissa shows it to be 
intermediate in decortication yield and hardness be- 
tween local cultivars and non-guinea breeding lines. 
Tbcolorand consistency wereequal to that of locals. 

Two new white, tan, m e  Guinea breeding lines were 
identified, 96CZ-F4-98 and 96CZ-F4-99, from the 
cross (N'Tenimissa Tiemarfing), and seed increased 
for on-farm evaluation in 1998. These appear equal to 
locals ingraintmits, but with tan-plant color. They are 
too late for the middle zone at Mali. 

Several mutant-derived Guinea type, breeding lines 
developed by the Dr. Alhousseini Bretoudeau, a ge- 
neticist at the Agriculture School at Katiabougou, 
showedpromise fornitrogen-use-efficiency andgrain 
yield. 

Rotation of pearl millet with cowpea again increased 
grain and stover yield as reported in previous years. 
Crop rotation combined with low amounts ofnitrogen 
fertilization results in the most efficient use of fertil- 
izer nitrogen. 

Seven-year averages show that crop residue incorpo- 
ration slightly increased pearl millet grain and stover 
yields, while crop residue removal adversely affected 
cowpea yields. 

Crop rotation with cowpea and leaving crop residues 
in the field (either incorporated or on the surface) in- 
creases the sustainability and productivity of pearl 
millet cropping systems. 

World Neighbors' employees indicate widespread 
adoption of an early season improved (mass selected) 
sorghum (CSM219) and three improved pearl millet 
cultivars (IBV8001, Composite Souna Sagnon, and 
Benkadinyo) in the Segou area. They also reported 
farmer useof improved manure management and im- 
proved intercropping systems. 

Bread made with 5~10% N'Tenimissa sorghum flour 
was preferred over wheatkorn flour. Cookies made 
with 5% and 10% N'Tenimissa flour by GAM were 
good quality regarding taste, but the manager had 
some concern over black specs in the product, appar- 
ently due to some mixture with grain from 
non-tan-plants. Some women associations and small 
entrepreneurs are processing sorghum crunch for sell- 
ing. 

- Several Sfriga resistant lines from Purdue evaluated 
in Mali showed good Striga resistance, but had infe- 
rior grain quality compared to local cultivars. 

F3 progeny of the cross (Malisor 84-7 * S-34) for mo- 
lecularmarkeranalysis ofheadbug resistance showed 
excellent differentiation for head bug damage. 

Nine new sorghum breeding progeny showed head 
bug resistance equal to that of Malisor 84-7. 

Observations indicate that head bug infestations in 
on-farm trials ismuch lowerthan in Station Nurseries. 
This means that sorghum with somewhat lower levels 
of head bug resistance may well work at the farm 
level, even though they may show significant damage 
under certain Station infestations. 

INTSORMIL trainees are now in key administrative 
and research positions in Mali. 

The adverse effect of head bugs on the arainlfood 
quality of sorghum across the guinea type sorghum 
growing area of West Africa was first recognized and 
documented in Mali. 

Head bugs and grain molds combine to cause devas- 
tating loss in grain yield and quality especially of in- 
troduced types. 

Malisor 84-7, developed in the IERIICRISAT, 
USAID sponsored bilateral program in Mali, was 
identified to Dossess excellent eenetic resistance to - 
head bugs. Resistance can be genetically transferred 
to its progeny, but its inheritance is quantitative and 
primarily recessive. 

An easy, efficient method of screening for head bug 
resistance using bagged vs. non-bagged heads has 
been developed and can be used to evaluate a large 
number of entries with little effort. 

Few white-seeded, tanplant, tan-glume guinea-type 
breeding cultivars, have good potential for use in de- 
veloping new high quality, value added food prod- 



ucts. T h y  p a s s  excellent guinea traits and yield 
potmtial. 

W g a  mistance using lab sacening to S miotiea in 
the USA works under field conditions to S. 
hermon~hica in Mali. 

Genetic tolerance to low pH related soil toxicity pmb 
lems has been demomtrated, and tolcrant varieties 
identified (Bagoba, Babadia Fara. and Gadiaba). 

Crop d c m  of p d  millet (or sorghum) with ww-  
pea (or peanut) d a n c e d  grain yield of pearl millet 
(OT grain sorghum) = 25% (17 to 3% Rwe) ,  and 
wwpea (or peanut) = 5% (0 to 16% Range). 

lntcrcmpping pearl millet (or rorghum) with eowpea 
(or peanut) increased land use efficiency by 14% (9 to 
37% Range). 

Without f e r t i l i  application, all tested cropping sys- 
tems (including legume rcaations) mine me soil ofnu- 
trients. 

Application of N fertilizer and P fenilircr inarares 
pearl millet (and swghum) grain yields. (Example: 40 
kg haa.' N i n c d  pearl millet grain yield at Cinzana 
by 17% (6 to 35% range)]. 

Niougen use efficiency (NUE) of impmved saghum 
cuhivan has been b*m dun loal cultivars n higba 
N rates. while larl cuhim had bcnn NUE a lrro 
and very low N rate .  

Thecomb~tionofcowpaadmilla h ( 1 - 3 ) s i g -  
niticantly improved the nutriticaal rtma of young 
children. This Wxhoology has bccn oamfarrd w vil- 
lages. apsial ly in the C i  area. 

Parboiling can convai sorghum and milkt into ac- 
cepmble shelf-aabk pmducts. 

h4ileg.a we~hrgfoodlnhrgprimari~milkt Rolnha 
been developed by privau en(apkc and mul*ed in 
stores in the Wake arcl The pmdud was devel- 
oped using technology developed in the IER C d  
Technology Laborotoq. 

The lack of a cansinem supply of high qu8Iw sor- 
ghum andmillet gnin isthe major comarint limiting 
value-addud grain processing. 

Lack o f h  credit formilktad sorgtumL comprod 
to conon and maize, discourages dapia, by fmnen 
of improved millet and sorghum technology. esp- 
ciaily in the SudamGuinean (higher ninhll) m e .  
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Niger 

John Axtell and Issoufou Kapran 
Purdue University and I N R A N h ' i g e r  

Coordinators 

lssoufou Kapran, INRANIINTSORMIL Coordinator. B.P. 429, Niamey, Niger 
John Axtell, Professor &Niger Country Coordmator, Agronomy Department, Lilly Hall, Purdue University, 

W. Lafayette, IN 47906 

Collaborative program 

INTSORMILIINRAN hired an administrative assistant, 
Ms. GuimbaNana Mainlouna, to assist Dr. Kapmn with the 
day-to-day management of the project. She is Mrs. Katy 
Ihrahim's counterpart and they work closely in managing 
and implementing activities related to the program. 

The INTSORMIL Niger program continues to be inter- 
disciplinary and multi-institutional involving INRAN, 
ICRISAT and U.S.1INTSORMIL institutions (University 
of Nebraska, Texas A&M University, and Purdue Univer- 
sity.) Activities include development of the new sorghum 
hybr id ,  N A D - I ,  S l r i g a  research us ing 
INTSORMILIINRAN tested varieties, millet breeding and 
cropping systems, farm level studies on the effect of 
tied-ridging and fertilization, pearl milletkowpea cropping 
systems, production of sorghum and millet couscous, (pa- 
thology), and analyzing interactions between input-output 
market development and adoption of new millet and sor- 
ghum technologies in Niger. 

The Niger program was successful in procuring addi- 
tional funds from The McKnight and Rockefeller Founda- 
tions in support of the Regional Hybrid Seed Workshop. 
World BankNiamey partially funded Dr. Lee House, 
INTSORMIL consultant, to assist INRAN in developing a 
seed multiplication unit. 

ICRISAT is an active collaborator on the seed produc- 
tion of a new INRAN sorghum hybrid designated NAD-I. 
Participants include Drs. Anand Kumar, S.C. Gupta, and 
D.S. Murty. In addition, Dr. Ousmane Youm issupervising 
an INRAN graduate student in conducting field biology and 
laboratory studies on millet head miner. 

Approximately 150 participants from 14 different coun- 
tries attended the Regional Hybrid Seed Workshop which 
was held September September28 through October 2, 1998 
in Niamey. Participants included representatives from vari- 
ous NGOs and PVOs, NARS and CGIARs, as well as seed 
producers and seed production specialists from the US., In- 
dia, Zambia, Nigeria, Burkina Faso and Niger. 

Partial funding support was also provided by the 
McKnight and Rockefeller Foundations, the W. African Re- 

gional Sorghum (ROCARS), Millet (ROCAFREMI) 
Networks and ICRISAT. 

There are several interdisciplinary activities involved in 
this program. These include sorghum and millet breeding, 
agronomy, pathology, physiology, food quality, and eco- 
nomics. U.S. PJTSORMIL Principal Investigators and their 
INRAN collaborators develop research plans on an annual 
basis. The host country collaborators submit a preliminary 
budget which is then incorporated within the total country 
program in cunsultarion with the INKAN country coordina- 
tor. 

SorghumlMillet Constraints Researched 

Production and Uli[ization Consrrainfs 

Drought, insect pests, long smut and Strigaare the major 
constraints in Niger. Extremely high soil temperature leads 
to difficult problems in crop establishment. Sand blastingof 
young seedlings is also a complicating factor. Plant breed- 
ing fortolerance to these major constraints is one ofthe most 
feasible solutions. New cultivars must he acceptable for 
couscous and tuwo preparation. 

Research Methods 

The collaborative research program inNiger includes the 
following: sorghum and millet breeding, entomology, 
agronomy, pathology, physiology, food quality, and eco- 
nomics. Research methods appropriate for each of these 
disciplines are used for this research program. 

Eramples of Research Progress 

Cereals Quality and Processing - M. Oumarou, 
M. Maiga, A. Aboubacar, and B. Hamaker  

The couscous processing unit fabricated at CIRAD, 
France, is installed in the Cereal Quality Laboratory (LQC) 
at INRAN. The unit consists of a flour agglomerator 
(muleur), a solar dryer, a couscous steamer, and a plastic 
sealer for packaging. The unit is being used to improve pro- 
cessing techniques to produce good quality couscous from 



millet and sorghum and mixture with peanut and other le- 
gumes. The unit has also been used as ademonsmtion and 
resting tool to local entrepreneurs who are interested in 
commercial production of couscous. 

Studies on sorghum and millet couscolls using the cous- 
cous processing unit continued this year. Two studies were 
conducted: the first. on the influence of flour-to-water ratio 
on couscous granulesizedistribution. and thesecond on im- 
provement of flour and couscous color through fermenta- 
tion. Floun from two soshurn cultivan (NAB? and 
Sepon-82) and two millet cultivars (Souna Ill and HKP) 
were used. Flours were produced manually using a mortar 
and pestle - decortication and milling at commercial mills 
were avoided because of the difficult). in obtaining pure 
flour due to contamination by flours from other sources 

Results of the first study indicate that the proportion of 
couscous o f  a particular granule s i l r  that can be obtained 
with the rouleur (flour agglomerator) is mongly influenced 
by the amount of water used for agglomeration and by 
cultivar type. I t  was prewously reported (1997 repon) that 
the manner of couscous comumption used in Niger varies 
according to granule size. The findings of this study suggest 
that by contmlling the amount ofwater for flour agglomem 
tion, couscous of desired granule siae can be produced and 
marketed separately. 

In the second study. fermentation wrr found to consider- 
ably improve the color ofcouscous from themilkt cultivars 
and Sepon-82, whereas it had link effect on the color of 
N A D l  couscous. 

With funding from INTSORMIL, a gain decwticator 
and flour mill fabricated at URPATA (Senegal) have been 
purchased and are tobe installedat the INRAN Cereals Lab 
oratory. 

SoFgbum Bmding/Hybrid Seed Activities - 
Dr. Issoutou K a p m ,  H a b u  Kana S i n j i  
Moumouni, Sabiou Mabaman, Dr. Iwka 

Mahaman, IIL Bawa, Mousa 
Oumarou, Dr. Lee H o w .  Dr. D.T. 

Roseom*, Dr. D. Andrrws. Dr. U Hamakw, 
Dr. John D. Axtell, Dr. Cebisa Ejeta 

Sorghum improvement through breeding of early maw- 
ingand high yieldinghybridsandvarieties remains highpri- 
ority. High yields are needed to cope with ihe food needs of 
agrowingpopulation in an envimnment w h m  chc avpping 
season is erratic and local varieties low yielding. Con- 
straints facing sorghum producfion include droughf poor 
soils. insect pests (especially midge and headbugsl, disease 
including long smut. and S f r i p  I t  is also vev important 
that improved materials have acceptable food quality for 
preparing local food products as well as for the context of 
commercial food products. 

Forthe past five )rars we have identifed seed production 
as a ke! area for the breeding p r o m  for strengthening a 
susrainable sorghum production in the counuy Therefore 
in 1998. there was an emphasis on seed-related activities 
while a few trials and observarion nurseries uerc conducrcd 
on station. 

HHrid Serd Roduriion 

- traioing in hybrid ucd prodactioa trehnqucs was 
orpnized at six d i h n t  locations across the cwnm. and 
was anended b) more than 200 panicipants coming hum 
farming communities as well as research and extension st* 
tions. Trainees clearly appreciated theoppormnin and indi- 
cated in a questionnaire which topics desmed more 
emphasis for future sessions. 

- production o f  pwcntal seed is esential for h?brid 
seed production to expand. The female parmt o f  NAD-I 
hybrid was increased at the ISRAS Lossa station as well a 
at Jirataoua where farmem were contracred In total more 
than three tons of A-line seed were hanestcd. cleaned and 
stored forthe 1999 grouin! wason This repramred an In- 
surance of hybrid s& produalon over more thm j00 k t -  

ares 

- N A D l  hybrid reed production %as unjmdren by 
private individuals. farmer coopemivcs. and the research 
station. Total production was estimated in the v n  tons of 
which two were produced by WRAN. This wr-as below ex- 
pectation for current needs. however production was 
steadily moving from research into private h a d .  This ac- 
tivity underlinedthe needs for a -mat number oftechnkians 
to help fanners. for farm machin* to impmvc and expand 
land own by moa of the producen. and for inhhucnnes 
leading to better handling and aomge of seed produd. 
Nevertheless i t  w.as noticeable that field techniques for hy- 
br:d seed production ucre quick!\ being msnered b! farm- 
en. for example at the Jirataoua imgared perimeter wed 
yield was supenor to 1 .7 t ha-:. 

- worSirhop on hybr id~rghem *ad m i l k  seeds was 
q n i z e d  in late sepiemberat Niame) and -dings arc 
in pmgress. kyond the successful anendance by experts 
from many west african counm-es. hom the USA. F m e .  
and India. the wdshop focured the anention of local peo- 
ple and government on the abailabdit! of impwed w ie l -  
ies and seeds for increased food production. 1nnc;acd 
rqunts for hybrid seed and for paining in w+d produdion 
wae sent to NRAN following chc workshop 

Sorghum trials ard bmding nurseries 

- oursen; of nmsorghnm b g r i d ~  despite thc supena 
performanceofNAD I. we are acliuely lookine fornew hy- 
brid combinations. tooffset the Ion visual quality ofi'iAD-I 
In heaq rainfall areas. and to find earlier maturing hybods 
for more dp land famine. and with parents that nick bmcr 
for possible dfyland seed production. Hybrids tiom wrious 



Host Country Program Enhancement 

sources as shown in Table 1 were placed in observation 
nurseries at different locarions . 

-Genotype x plantingdate influence on long smut in- 
fection: long smut disease is aproblem in the dry environ- 
ment of Niger, and from empirical observations it may be 
more serious on female parents in hybrid seed production 
fields. We were interested in learning whether the suscepti- 
bility ofthe female parent ofNAD-I was (totally) genetic or 
if an escape mechanism would be ava~lable through plant- 
ing dates. A trial was conductedat MaradiISEHA with four 
replications and six entries including two A-lines, two hy- 
brids, one R-line, and a local check. Planting was done ev- 
ery two weeks between June 1 and August 15. i.e., six 
plantings. The design was a split-plots with dates as a main 
factor and entries within dates as subfactor. Data consisted 
of flowering dates, number of infested panicles and gram 
yield in each plot. Preliminary results for three entries and 
three planting dates are shown in Table 2. 

These results suggest that no entry was immune but 
ATX623 appears to be more susceptible. This result con- 
fimsempiricalobservations. In addition there is a tendency 
towards an increase in the level of infection with later plant- 
ing dates for all entries. Impact on grain yield remains to be 
established, however it would appear important to breed for 
resistance because laterplantingdates are actually preferred 
for the purpose of seed quality (maturity after rains). 

Use of drought tolerant materials from Sahelian coun- 
tries, including Niger, have been used extensively by tbe 
private and public sectors inthe USA. The principal benefit 
to Niger will be an efficient and productive research pro- 
gram at INRAN through training and collaborative research 
activities of INRAN staff. 

Institution Building 

The Cereals Laboratory at INRAN has now been 
equipped with a flour mill and decorticator to optimize the 
qualiry of the flour to improve the quality of the couscous. 
Two varieties of sorghum (NAD- I and Sepon 82) and two 
varieties of millet (SOUNA 111 and HKP) have been 
screened for their couscous making abilities. 

In addition, a laptop computer, overhead projector and 
other research materials were purchased in support of the 
program. 

When INTSORMIL first began collaborative research 
relationships with INRAN there were relatively few highly 
trained Ph.D. level scientist in their organization. Over the 
past 16 years this situation has changed dramatically within 
INRAN. INTSORMIL has played some part through train- 
ing and through collaborative research efforts in the institu- 
tional development of MRAN. INTSORMIL scientists 
have also grown during this period in terms oftheir collabo- 
rative research capabilities in sorghum and millet research 
and technology. The collaborative research relationship 
now is dn effective system for delivering excellent research 
and for the application of this research for the benefit of 
farmers in Niger and in the USA. INRAN now has excellent 
leadership, excellent scientific direction and excellent sci- 
entists, either fully trained or in the final stages of their MS. 
or Ph.D. training programs. They now have a critical mass 
of excellence in research capability for the agricultural sci- 
ences. When one looks at progress in institutional develop- 
ments over a longer time frame, it is easy to be optimistic 
about the future of TNRANllNTSORMIL collaborative re- 
search. 

- -- 
Table 1. Sorghum hybrids placed in observation nurseries in Niger in 1998. 

~ 

Drsienation Source Number of entries Location 
Purdue A-lines x INRAN R-lines INRAN I7 Lossa, Kollo, Maradi 
Purdue & Nebraska A-lins x MR732 Purdue Nebrmka 10 Lossa. Konni. Maradi 
Food grain hybrids from Purdue Purdue 54 Lorsa, Kollo 

.Food wain hybrids from TAMU TAMU ~ ~- 50 - -  Loss& K d l o  -- 

TOTAL 131 
~ ~- ~ 

Table 2. Influence of sorghum genotype and planting date on long smut infection. 
-- -- 

ATX623 AEON34 MR732 
Avc 50% fl.  68 d a y s  75 days _- --- 77 days 
Date of planting - lnfested&cb~4~ 
June I 9 29 5 
Junc I5 25 6 5 
July I 40 8 21 
July I S  42 24 39 

Average infestation 29 17 18 



Several US Pls and INRAN aaimes haveled to Nigcr 

Lee House 
David Drake 
Katy lbrabim 
Hama Boukary 
John Axtell 
Lee House 
Gebisa Ejeta 
Bruce Maunder 
Bruce Hamaker 
John Sanders 
Adam Aboubacar 
Bruce Hamaker 
Tahimu Abdoulaye 
Lee House 

Currently, there are four Nigerien studeots being mined 
in U.S. institutions. They include: Adam Aboubacar, 
Post-doctorate Food Sciences, with B. Hamaker at Purdue; 
Kadi Kadi. MS. entomology, with F. Gilsbap and George 
Teem at TAMU; lssoufou Kollo Abdourahmane. R.D. p a  
thology. with R. Frederikxn at T A W ,  A. Tahirw, Ph.D. 
agricultural economics, with 1. Sanders at Purdue Univer- 
sity. 

Networking 

The major constraint for adoption of new technologies in 
W. Affica is the lack ofa viable ~ e d  industry to deliver elite 
genetic materials tothe famen in a timely fashion and at a 
reasonable cost. MTSORMn's major contribution was the 
W. African Regional Hybrid Seed workshop which was 
held in Niamey September 27 to October 2. 1998. This 
workshop highlighted the important contribution that can be 
made by a seed industry and offered opponunities for W. 
African countries to share experiences. One of the major 
foci of the meeting will be hybrid seed production for sor- 
ghum and millet as well as oIber crops. 

Resarcb  Accomplbbmcnls 

Entomology - Mr. Hamt AWom Kadi Kadi, 
Dr. Ousmrne Youm, Dr. Frank E Gibmp, Dr. 
George L Tecta, and Dr. Bonmic R Pendldon. 

During Year 20. main activities were academic types. in- 
cluding courses and thesis writing and d e f e w  for fulfill- 
ment of the requirements for a Master of Science degree 5 
Texas A&M University. As pan of a larger resach effon 
toassess the impact of natural m i e s  on millet head mina  
abundance, life table analysis was used to impmvc under- 
standing of the biology and dimibution of mortality of mil- 
let head mina  in the laboratay. Millet head miner survival 
and development were wmparcd under conmlled condi- 
tions in the laboratory and in exclusion cages in the field 
Drs. Gilstrap and Youm provided full suppon for research 
conducted at1CRISAT-Nigaduring Year 18 and 19. Finan- 
cial suppon fimm Texas A&M/Entomology (MTSORMIU 

TAM-22SB) was used fa t h i s  mmd~ ad miting. Dr. 
Youm. lCRlSATentmdogiR allocated the march facil- 
ities (field, laboratory equipmen& and supplies) and other 
local suppon needed. Dm. Tcncrand Pcndkton entomob 
gists at Texas A&M Univmity. provided valuabk advice. 
office and computer aurn ximinimative and fmancial 
support throughout graduate d i e s .  Some mhninkaative. 
financial, and logistical suppon was provided by 
W N - N i g e r .  

Milld Conshriots h r c b c d  

Millet bead miner, Helrockilvr albipunc~rlla de 
Joannis, has been the major imen pa of pclrl m i l k  
Pennuam g k m  (L.) R Br.. since 1972-1973. M i l k  
head mina larvae barr in spikes of pearl m i l k  and causc sc- 
v m  crop loss. as much as 81% in Niger. and low m i l k  
grain quality. Grain loss war eaimated ar 6% for pearl mil- 
let variety 'IVSP-78' (Guevmnont 1982). Different marr 
agemmt tactics have been testcd, including CUM and 
chemical wntrokto&damagc~milkrbadmina in 
West Africa (Gahukar a al. 1986). Howcvcr. wm manage- 
ment ractics arr imprt ical  a expensive. 'Ihacfm. find 
ing altrmative nrategia am important for managing milk1 
head mina in the Sahel. 

Research wasconductedduringd~~ l9%and 1997 aop 
ping seasons at the ICRlSAT Sahelim Centcr in Niger. 

Labontory rescuch focused on arrasing survival ad 
developmat of milld head mina  cohort reared only on 
~ i o - w  # 9782 diet and three millet-based d ias  ( i e .  
early exscned millet. middle-flowered millet. and 
roR-dough millet). Expuimms were conducted usiog 
a d u l u ( l ? : i d ) h a ~ c o l o n y a u q * u r r d i n l i g h c  
caps. A d u l ~  mrc p l d  in oviposition ages d g  
freshly cur millet spikes as stimulm f a f a M k s t o  ovipori 
eggs. Colkaa l  eggs w a e  held in a pmi dish f a  bttcbing. 
Using a brush. larvae wsc pn individually in pllrric cups 
containing IS mi of artikial dm and'a milk-btwd diet. 
Survival. fcclmdity. oviposition period. rodcohort develop 
men1 of millu h a d  miner w m  rssaocd until individuals 
died. Rearing chambers were maintaiaed B 14.26.28. and 
30 i 1°C. a photoperiod of 12: 12 (L:D). and 7C% RH. 

Seed of 'HK' was planted in a field on rtvec diffcrmt 
dam.  Exclusion cages wem raed lo assess milla head 
miner survival, fecundity. and cohon development in exclu- 
sion cages in the field. Wire framed cages rm 7&90 cm 
long x 30 cm diameter and covered with fine conoo-mesh 
screen. Each cage was plaad o v a  a sclmcd spike at the 



booting stage 24 hours prior start of experiment. A pair 
(I 9:l d) ofmillet head miner adults from laboratorycolony 
was released into the cage at sundown to coincide with the 
time millet head miner adults become active in the field. 
Daily, a dissecting microscope was used to examine cut 
spikes for eggs. Survival, fecundity, length of oviposition 
period, and cohort development of millet head miner in the 
cage were assessed until individuals died. 

Another experiment was conducted by placingeach cage 
over a spike exserted 5-10 cm. Spikes were infested artifi- 
cially at different times with laboratory-collected eggs. A 
brush was used to place eggs within each millet spike to 
avoid eggs accidentally being dislodged. Spikes were 
checked to assess the number of eggs that hatched. Mean 
cohort development and number of days of survival for mil- 
let head miner were estimated on pearl millet spikes. 

Research Accomplishments 

L a b o r a t o ~  Studies 

Longevity of millet head miner females was longer and 
moreaffected by temperature than was that ofmales. Millet 
head miner females reared in the laboratory at 2 4 T .  the 
coolest temperature tested, lived a mean of 4.0 days, 0.8 day 
longer than the male longevity of3.2 days. The longevity of 
females declined by 1.0.2 day for each 2'C increase intem- 
perature. Oviposition period of millet head miner was sig- 
nificantly longerat28"C,3.2 days, than at24'C, 2.3 days,or 
30°C, 2.7 days. Females in the laboratory tended to oviposit 
moreeggsat higher than lowertemperatures, butnot signifi- 
cantly more. During both years, many eggs were oviposited 
and hatched at 28°C in the laboratory. 

When millet head miner cohorts were fed Bio-Sew@ 
diet, mean developmental times in days from eggs to adults 
were less at 28 and 30°C. More individuals ofmillet head 
miner cohorts survived when fedBio-Serv@ than any of the 
millet-based diets. Survival to the adult stage was greatest 
(5.4%) at 30°C. When fed early exserted millet diet, mean 
developmental time from eggs to adults was least and per- 
centage of survival greatest, 2.3, at 26°C than at the 3 other 
temperatures. Developmental times were shortest and sur- 
vival greatest when millet head miner cohorts fed mid- 
dle-flowered millet diet were reared at 28 and 30°C. Millet 
head miner cohorts fed soft-dough millet diet developed 
fastest and survived best to the adult stage when reared at 
2 4 T .  

Developmental times from eggs to adults were longest 
(51.1-55.4 days) when millet head miner cohorts were fed 
Bio-Sen@ diet and shortest (40.2-50.2 days) when fed 
soft-dough millet diet. Percentages of survival from eggs to 
adults were greatest when millet head miner cohorts were 
fed Bio-Serv@ diet, 2.4-5.4%. Survival to the adult stage 
was lower, 1.3-2.6,l.l-2.9, andO.O-2.3%, whenmillet head 
miner cohorts were fed soft-dough, middle-flowered, and 
early exserted millet diets, respectively. The best ternpera- 

ture to rear millet head miners fed Bio-Servm diet could he 
28 or 30°C because percentages of survival from eggs to 
adults were 3.5 and 5.4, respectively. The next best diet to 
rear millet head miners could be soft-dough millet diet at 
24°C because only 40.2 days were required for cohorts to 
develop and 2.6% of the cohort survived to become repro- 
ductive adults. 

Fieid Cage Exclrrsion Studicy 

Millet head miner females and males survived in exclu- 
sion cages in the field for 3.1-4.0 and3.2-3.8 days. Each fe- 
male oviposited means of 29.6 and 44.9 eggs in 1996 and 
1997, but thenumberofeggsovipositeddiffered by thetime 
pearl millet was planted during the season. Fecundity of 
millet head miner in the field was 2-4 times lower than that 
in the laboratory. Mean numbers of days of oviposition in 
the field, 2.4 and 3.1 days in 1996 and 1997, respectively, 
were similar to those in the laboratory. 

In 1996, mean percentages of survival of different millet 
head miner life stages were greater on early (33.6%) than 
late-planted pearl millet in the field (16.8%) but less than the 
66.8% estimated under controlled conditions in the labora- 
tory. Developmental time from eggs to neonates required 
only 5.Udays on pearl milletplantedon 6 Juneorlate, 7 July. 
But, a significantly longer developmental time o f  6.9 days 
was required for millet head miner on pearl millet planted on 
2 l June. 

Most eggs developed into medium larvae (18.8%), 
prepupae (5.6%), and pupae (I 3 % )  on pearl millet planted 
on 6 June 1996 Developmental times were longest on pearl 
millet planted 6 June - 13.7 days to medium larvae. 22.2 
daystoprepupae, and27.8 days to pupae. Milletheadminer 
required a similar number of days (24.3) to develop to 
prepupae in the laboratory. 

In 1997, the percentage of neonates that developed was 
inversely proportionate to the amount of eggs placed on a 
pearl millet spike. Percentages of eggs that developed into 
neonates were greater. 89.0 and 92.5 and 96.0 and 91.5, 
when 5 and 10 eggs were placed on spikes of pearl millet 
planted on 23 June and late, on 16 July, respectively. When 
15 or20eggswereplacedon spikes, 70.5-77.0% survived to 
becomeneonates on pearl millet planted in the field on the 3 
dates. These percentages were similar to that estimated in 
the laboratory, 66.8% Developmental times from eggs to 
neonates were 5.0-6.7 days on pearl millet planted in the 
field on the 3 dates in 1997. 

Percentages of eggs that developed into medium larvae, 
47.0-73.0, prepupae, 26.3-54.5, and pupae, 6.5-21.3, were 
greater on pearl millet planted 23 June than on pearl millet 
planted later in 1997. In the laboratory. 41.3% of millet 
head miner developed into medium larvae. 

Suitability of food and environmental conditions af- 
fected fecundity and development of millet head miner in 



the laboratoryand field. Millet h a d  miner in the laboratov 
survived best when fed Bio-Swv@ diet at 3093 (5.4%). bur 
5 1.1 days were required for development to the adult stage. 
Eleven fewer days were required for millet head miner to 
develop from eggs to aduhs when fed softdough millet diet 
at 2493 in the laboratory, but sw iva l  was only 2.6%. In the 
field, time pearl millet was available influenced millet head 
miner cohort survival and developmental times. More 
prepupae and pupae developed bur mom days were required 
for development on spikes o f  pearl millet planted in June 
than later. Manipulation ofplanting date could bea recom- 
mendable management tactic to reduce suwival and dam- 
age by millet head miner in the Sahel. 

Cemls  Quality and Procasing - Mr. Moussa 
Oumarou, Mr. Kaka Saley, Mr. Moustapha Moussa, 
Dn. Genevieve Fliedcl, luoufou Kapmn, B. Hamaker 

and Adam Aboubacar 

Sorghum and Millet cmscous are prepared and con- 
sumeddaily among most familiesin Nigerand otherparts of 
West Africa but the local quality and the quantity cannot 
meet the demand. 

The progressive urbanisation and the devaluation of the 
CFA have created high demand for local food pmducts. 
therefore a processing technology is urgently needed to pro 
mote the production andconsumption ofsorghum and mil- 
let couscous which have specifications desired by 
consumers. 

The cereal lab at MRAN and the Food Science Depart- 
ment at Purdue Universiry have initiated a m a l l  processing 
unit for research on sorghum and millet couscous. in order 
IO identify sorghum and millet varieties that can be pro- 
cessed intocouxousand alsothepossibilitiesof optimizing 
efficiently the processing equipment. 

The overall objective ofthis project i s  the production and 
commercialization o f  value-added millet and sorghum 
produds with particular emphasis on utilization o f  locally 
andlor regionally fabricated food pmessing equipment. 

Spccihc Objectives 

Improve the quality o f  the flour using modern 
deconication and milling techniques. 

Optimize lhe couscous a g l o m o r .  The rationale is to 
increase couscous quality. yield and alw, the possibility of 
reducing the cost of the agglomerator. 

Increase the capacin. o f  dying the flour and the cous- 
cous. 

Develop a marketing plan to uansfer the tichnology to 
the beneficiaries. 

Materink and Metboth 

Deconication and milling have been camied out manu- 
ally. 

Mixing of flourwater uas done aith a food miser 
(Kenwoodelecmxtic)and mining timeuas ;mn'kgofflour. 
Granulation has been carried out aith the a&naaior 
(telemecanic. CIRAD) adjwed at 36 rpm and the -mula- 
tion time was about Jmn'kg. 

Cooking stove using btnane gas uim a couscousier 
(Nigeral) has ban uwdtostcam thecouscous for 3 h n  and 
a solar dpx  (ONERSOL) u-as used to dry the flow and the 
steamed couscous for 48 hours. 

The average values of the parametas determined am 
summarized in Table 3. 

The study revealedthepmsibilit). ofpocessingsor&um 
and milletcwscous. Stilleffonsu-ill hakyeto be made toop  
timizeefliciently the pmessingequipment.tocmplete the 
product developnent and to initlate a marl;a~ng test. Such 
initiative may be a naning point for innovation. promotion 
and consumption of sorghum and m i l k  couscous of good 
quality 

PHmncrr . - -- -la 
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Host Counby Program Enhancement 

The ongoing research has been presented at the techno- 
logical exhibition in Burkima Faso from March 30fi to April 
5", 1998 and at the Regional Hybrid Seed Workshop orga- 
nized by INRAN/INTSORMIL/ICRISAT from September 
2Eth to 0ctober2"~. 1998. 

Economics - Tahirou Abdonlaye and J. Sanders 

During this fiscal year, our activities included 
participating in the Regional Hybrid Sorghum and Pearl 
Millet Seed Workshop in Niger; presenting a paper at the 
USAID sponsored conference at Iowa State University; and 
thesis research work 

Tahirou presented a paper entitled "Farm Level profit- 
ability and Input-output market evolution: economic per- 
spective: at the Regional Hybrid Sorghum and Pearl Millet 
Seed Workshop. Niamey, Niger, organized by 
INTSORMIL, INRAN and ICIUSAT from 09/28/98 to 
10102198. 

The paper examined the effects oftheeconomic environ- 
ment (prices of inputs and outputs) and the ability of the 
farmer to finance input purchases on the adoption decision 
ofthe new hybrid. It was suggested that: 

Hybrid sorghum technology is profitable and expected to 
be adopted by farmers on rainfed and irrigated areas. Im- 
provements in economic conditions will increase diffusion 
ofhybridsorghum technology. Strategies to offset seasonal 
price collapses after harvest and to moderate the price de- 
clines resulting from good weather or improvement in input 
markets (seed and fertilizers) are critical. Also improve- 
ments in the infrastructure can have similar effects. Better 
access to markets, farmer management practices (storage) 
or increased demand for sorghum through research on new 
uses (processing, industry) can give farmers better prices for 
their outputs. Storage opportunity costs may be high for 
most farmers if they are pressed to repay loans or to make 
urgent purchases immediately after the harvest. For diffu- 
sion of hybrid technology to be sustained, input markets 
(seedand fertilizers) needto be well developed. Farmers of- 
ten complain about the availability of necessary inputs. 
Farmers need access to fertilizers and seed for production of 
NAD-I. The private marketing sector needs to make seed 
and fertilizers available at the village level. 

Decisionmakers often fear increases' in basic food 
prices including cereals because of the burden this imposes 
on urban consumers. Because of the power of urban con- 
sumers, decision-makers often adopt policy measures, 
which reduce the prices of cereals. This type of action hin- 
ders the introduction oftechnological change in agriculture. 
Policy makers need to recognize the importance of afavor- 

'1n the l a g  run. pticer docline baavrc prodmion ran% p s  ourpul unit dcrrrawa 
withtsdnologicrlchangs. So, bath farmersand Mnsvrnnsuill bencfit 

able economic environment for agriculture to hasten farm 
level investment and technological change. 

Tahirou attended the Global Agriculture and the Amer- 
ica Midwest: A win-win Exchange, conference organized 
by USAID and ISU from 0311 8/99 to 03/19/99. The main 
objective of the meeting was to increase awareness about 
how foreign aid benefits the USA also. He made a presenta- 
tion, which identifies two types of benefits of the 
INTSORMIL program to host countries including research 
results and national research programs enhancement. 

Tahirou hascompleted his course work forthe Ph.D. pro- 
gram. His thesis research will focus on interaction between 
input-output market development and adoption of new mil- 
let and sorghum technologies in Niger. The research will 
focus on seed industry and new uses for millet and sorghum. 

A journal article was submitted to Agricultural Systems 
by Tahirou Abdoulayeand J. Lowenberg-DeBoer. Thearti- 
cle is from Tahirou's Masterthesis work, which was funded 
by INTSORMIL. The paper examines the intensification 
process of agricultural production in south central Niger 
(Birni N'Konni area) and the potential role of modem and 
traditional inputs in the process of intensive input use. 

Agronomy - Millet - Nouri Maman, Drs. Botorou 
O~uendeba, Salvador Fernandez-Rivera, Mr. 
Moustaphs Moussa, and Dr. Stephen Mason 

The focus of this research is on the effect ofplant density 
and pre-harvest of tillers on late maturing pearl millet pro- 
ductivity and feeding quality 

In the semi-arid regions of sub-Saharan Africa with 800 
mm andmore annual rainfall, farmers use two types of pearl 
millet [Penniselum gluucum (L.) R. Br.]: early maturing 
(Guero) and late maturing (Maiwa) in intercrop and sole 
crop. Contrary to h e r o  pearl millet, few studies on Maiwa 
pearl millet have been reported in Niger (Botorou, 1992, 
1993, 1994; and Reddy et al., 1992). There is no specific 
recommendation from INRAN for farmers. New varieties 
of Maiwa pearl millet have been developed by Dr. Botorou 
with MTSORMlL support and are being actually tested 
with farmers. However, for better productivity, there is 
need for specific crop production practices including plant 
population, thinningandfertilizerapplication. Maiwapearl 
millet produces more tillers than Guero pearl millet; that is 
why the recommended plant population for pearl millet in 
Niger is not appropriate for Maiwa since some of these till- 
ers do not produce panicle. Farmers feed their animals with 
the stem of pearl millet as there is an increasing integration 
of crop production and animal husbandry. Prc-harvest of 
some tillers before plant maturity will provide more nutri- 
tive feedto animal and probably will improvethegrain yield 
and quality. A two-year study will be conducted at Bengou 
INRAN station in 1998 and 1999 before going to the 
on-farm study. 



The main objective of the rmdy is to develop specific 
cmp production practices for Maiwa pearl millet which take 
into a c w t  the inneasing integration of crop production 
and animal husbandry. To do so the intermediate objectives 
are: 

to evaluate the effect of plant population on grain 
yield and quality; 

to duemine the effect of pn-harvest of tillers on 
grain yield and quality; 

to determine the nutritive value of pre-harvest tillers 
as animal feed 

Materials and Methods 

Eqwrimmtoldaign: Rwdomizc Complete Blocks De- 
sign with 4 replications. 

TnzamaU dcrign: 2 x 3 faaorial 
Facm A: Plant density: 

Al = lmx  lm 
A2= 1.5m x lm 

Factor B: Thiiing: 
B, = 2 plantdhill thmning 14 days after planting 
B2 = T I  +tillen harvest 65 days after planting PAP)  
B, = TI +tillen harvest 85 DAP 

Fmuh~~opplircmion: 100 kg SSP ha-[( 18 kg P 2 0 3  be- 
fore. planting and side dress application of 100 kg urea ha-I 

Data collection 

-harvest of tillers leaving d y  t h e  which could 
d u e  panicles at 65 DAP for B2 and 85 DAP fa B3. 
The harvestedplant will bedried, weighed, gnnmdmd 
analyzed for digestibility and nutrient cmcenlrdon 
for animal feeding (ILN LaMCFUSAT); 

- gram yield; 

- total biomass; 

- food quality analysis of gnia 

SllhbMrm..Ijs6: AnalysisofVariana(AN0VA) and 
mean wparation usingthe gcaaal linear model (GLM) pr* 
&re of the SAS. 

Raults and k u s s i o n  

In 1998, the study war conduclcd undu good rainfall 
condition. mere wen no maja pest problem except for 
downy mildew. probably because the seeds were notatated 

with A p r ~ n - ~ l d  hmgici& m rrcaruncoded before saw- 
in& 

As indicated in the uumnent design. additional thinning 
was done at 65 and 85 d q s  after planting. The amount of 
dry matter harvested were: 

-plantdensity I (Imx Im): total 136kgk1;  105kgh-'  
of leaves and 3 1 kg ha-l of am.  

-plantdenrity2(1.Sm x lm): total 131 @ha-': I@ kg 
ha-l of leaves and 29 kg ha-l of stems. 

-plant density I:  total 199 kg ha-': 164 kg ha-' of leaves 
and 35 kg ha-l of stems: 

-plant density 2: total 150 kg ha-'; 123 kg ba-' of leans 
and 27 kg ha-I of acms; 

In both caws t h m  were no signifmt diRaaKe be- 
W e n  the two densities and the effecn of these mam~nu 
are pMnted in Table 4. Statistical analysis indiated that 
there were no plant densii*thining intaMtioa thus. indi- 
vidual mean are presental in the same table. Tbe 
overall grain yield mean war 1352 kg ha-I and t a a l  dry mn- 
ter yield mean was 10 330 kg ha-' and h n n n  inkx was 
0.13. 

The e m  of additional thioniog. at bah 65 u 85 DAP. 
on grain yield and total &y matter production was no( sig- 
nificant. This implies that it is possible for hnam to har- 
vest m e  of tilkrs for animal f eed i i  with no risk on 
expated yield. However. a second years~dy is necessary 
with more tillers harvested at the indicated periods. 

As the hypothesis was tfut it may be possible f a  f a m ~ n  
to harvest thew amanrt for animal feeding 80 samples of 
both leaves and acms were MI to ILRllCRlSAT Sadort 
f a  analysis of. dry manu (DM). organic manu (MOh di- 
gestibility. NDF U ADF. The results offhis analysis ~IC n d  
availabk yet. 

Planl density e f h  is signif- with the namnwcsl row 
plant density (Im lm) having the hat number of pani- 
cks per hill than the largest row plnt  d a s i i .  1.5m I m 
(2.9 vs 4.1. fl.01). However. the differrncc in & yield 
is not signifKanL 133 Ikg ha-' vs 1375 kg ha-I. This m- 
fams IO pwiw nudia which indicaad mat the *rgest 
plant density is h e r  f a  Maim pearl millct because of its 
tilkring capacity. Conbary to UK IWO p m h  variables 
the narrowest row plant densky produced mom total bi+ 
mars (p = 0.04) than the largest p h t  density with I 1 090 kg 
ha-' vs 9 570 kg ha-' and has the lowest harvest index 0.12 
vs 0.16 flable 4). 



Host Country Program Enhancement 

~ 

Table 4. Effect of plantdensity and thinningon latematuring pearl millet (Maiwa) in 1998 a t  Bengou INRANstation 
(Niger) 

-~ ~ .... ~ . ~ ~ -- 
Treabnenls Number of Grain Taral hiomass Harvest 

panicleshill yield yield index 

l m x  l m  
1 5 m x  l m  
LDS (5%) 
~ h i n n i n ~ '  
14 DAP 3.4 1377 10 110 0.17 
14 DAP & 65 DAP 3.8 1398 10 350 0.14 
14 DAP & 85 DAP 3.3 1283 10 530 0.12 
LDS (5%) 0.7 82 1710 0.08 

... probability F.test P > F . 
P D <0.01*' 0.69 0.04' 0.16 
T 0.27 0.66 0.87 0.42 
P D'T 0.25 0.41 0.06 0.48 

19.6 _CLWL --__- ~---U,6- ~ ~- 1 5 2 -  - 5 0 8 -  
I DAP = Days after planting 
-~ --..-------.---p ~ ~ ~. - 

Conclusion 

This study was conducted for only one year and first re- 
sults indicate that interesting cropping system recommen- 
dations for Maiwa pearl millet with emphasis on crop 
production and animal husbandry can be drawn after two 
years of study. We are therefore planing to conduct the 
same study in I999 with additional crop management fac- 
tors. 

Agronomy - Sorghum - Seyni Sirfi and 
Jerry  Maranville 

On-farm studies on nutrient use and ridges were con- 
ducted in Niger during the 1998-99 cropping season. Sites 
ofthestudies were located in three different agro-ecological 
zones (dry, intermediary and humid). The dry location, 
Tillakaina, has an average annual rainfall of 300 mm, while 
Konni, in the intermediate rainfall zone, received annually 
on average 400 mm of rain. Bengou, located in the humid 
zone, has usually an average rainfall of more than 600 mm. 
Two improved genotypes WAD-I and 90SN7) were com- 
pared to land race cultivars under improved and traditional 
sorghum cultivation. The improved cultivation consisted of 
ridges and tied ridges combined with 5 t ha-' manure and 50 
kg ha-' urea. Manure was applied before planting at soil 
preparation, while urea was used at early growth stage. A 
randomized complete bloc was used where each producer 
was considered as a replicate and five replicates were 
planned to be installed in each location. Plots size was 4m x 
8 m and planting density was 41,675 hills (0.80 m x 0.30 m) 
with 0.80mm between rows and 0.30 m between hills. 
Three plants were left per hill after thinning. During the 
1998-99 season the rainfall was at Tillakaina, the dry loca- 
tion, 456.7 mm in 3 l days, while in Konni it was 398.5 mm 
in 29 days. Rainfall in the dry location was higher than the 
one received in the intermediate region in this cropping sea- 
son. Trials were weeded twice and any major problem was 
observed during the growing period. Harvest was ended in 
October at Konni and in November at Tillakaina. Produc- 

tion ofgrain andstover ofeach plotwas weighed to estimate 
the yield of these variables. 

Analysis of variance (ANOVA) was performed only on 
the results of trials from Tillakaina, in the dry region and 
Kooni, in the intermediate zone. Trials conducted at 
Bengou, in the humid climate, failed due to badgermination 
and development. Their results were not analyzed, there- 
fore, they are not included in the report. Results of Konni 
and Tillakaina trials are presented in Table 5 and average 
grain iu~d stover yields over replicate (farmer) and location. 
In thedry location (Tillakaina), results offive trials were an- 
alyzed while in the medium site (Konni), results of four tri- 
alswere used in the analysis, the fifth trial failed to produce. 
Grain yields for all thetreatments andgenotypes weremuch 
higher in the dry zone than in the medium rainfall one. But 
no significant difference was observed in stover yields in 
both locations. The contrasting situation observed in grain 
yield could be explained by the fact that in the 1998 season, 
rainfall in the dry location was greaterthan the one obtained 
in the medium rainfall zone. Moreover, drought occurrence 
and severity appeared to be enormous in the medium zone 
compared to the dry region ofTillakaina. Rainy season also 
was shorter in the medium location than in the dry location. 
The genotype NAD-I produced the highest grain yield 
(2240 kg ha-') with tied ridges at Tillakaina. But at Konni 
its yield was only 432 kg ha-I for the same treatment (tied 
ridges). Grain yields of the same genotype WAD-I) at 
Tillakaina were not different between ridges (non-tied) and 
traditional cultivation treatments. They were estimated at 
1401 and 1614 kg ha-' for ridges and traditional cultural 
practices, respectively. At Konni, nonetheless, grain yields 
ofNAD-1 werenot only low hut alsodecreasedfromtheim- 
proved to the non-improved treatments. They were 432, 
602 and 625 kg ha-' for tied ridges, ridges and traditional 
culture. Grain yields for the local germplasm in the dry lo- 
cation looked stable and high in all the treatments. They 
were 1752 kg ha-I for tiedridges, 2473 kg ha-1 forridges and 
2236 kg ha-l for traditional culture. 
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Table 5. Mean grain and stover yields from on-farm sorghum trials at rwn lorations in Niger in 1998. Tmtmeo(s 
consisted of t b m  genotypes grown wilh ridges and tied r idga plus maatire and inorgaoic nitrngen (im- 
proved) versus the same genotypes grown on traditional g m w i n ~  p m e t i m  

NAD-I Lmpmrd(nd n d p )  lJDl 31.6 M12 1416 -W3 :-yi 

WSN7 h p m d  (oed n d p l  968 i 516  -61 el: t61 48-9 

leu_ Im!m!d(nrd_npm) - 21-3 !w9 w IIV- I*:: :lo.: 
C v s Y c _ - ~ ~ - - ~  ~ ~ ~~ - ~ - - ~  ~ 1614 ~ ~~ ;P"O 'I9 5284 : '.X. *!U2 

Average stover yield for all the treatments in all locations 
werearound4500 kg ha-' formost ofthe genotypes. Signif- 
icant differences were not observed behveen treatments for 
this variable either in the dry or medium rainfall zone. 

Results of the 1998 season were variable compared to 
those of 1997 in terms of p t i n  and stover yield. In  1997. in 
all locations. tied ridges performed better than traditional 
cultivation and genotjpe K A D  I gave the highest yield. In 
1998, however. the performancesofgenotypes weredivene 
and in some case the traditional and the local varieties 
tended to be more productive than the improved. Due tothat 
contrasting situation. it is dificult to make any conclusion 
aboutthe results ofthe 1998 study. It will be necessary to re- 
peat this study next season in order to make appropriaterec- 
ommendations about these technologies. 

Pathology - lssoufou Kollo Abdourbamane 

This research focuses on Acremonium w i l t  
(Acrernonrum rrricrum) o f  sorghum in Niser Assoc~ation 
with nematodes and Effect of nitrogen and liming. 

Association or Acranoniurn suicuim witb Pm@knchur 
zea 

Ammonium wilt (caused by dcremoniwn slricfum) has 
become a serious disease o f  sorghum in the sorghum grow- 
ing areas of Niger. particularly near K o ~ i .  Before the 
1990's, the disease was a minor problem. However. with 
the induc t ion  o f  improved cultivars and hybrids the dis- 
ease has become a serious threat to sorghum production in 
the Konni area. Although thedisease isgenerally more seri- 
ous on the improvedcultivan there arc cases wbereeven the 
landraces areseverely attacked. This indicnes that thereare 
other factors besides .A. rrricrum involved in the develop 
ment of acremonium wilt. 

The objective of the present stud) was to investigate the 
role played by plant pathogenic nematodes. especiall) 
Proh.lenchus spp. Therefore, a nematicide trial uas con- 

ducted in Niger in the m a  of Konni on a farmer's field 
where the disease i s  particularly severe. 

Two nematicides Furadan. and Counter were uwd. The 
nematicides were band applied at the time of planting and 
incorporated in the soil. Rates forcounter were I. 1.2.2 and 
5.5-kga.i.:ha. Ram for furadan wae ?.0.4.0and 6.0kga.i: 
ha. The control plot dtd not recei\e a nematicidc. One sor- 
ghum landrace Mora and the hybrid N A D  I were d. The 
experimental design was a factorial with I4  treatments in a 
randomized complete block replicated 6 times. 

In order to estimate the preplan1 nematode population 
level. at least eight soil samples were randomly talm hom 
each plot. The sample was thouroughl:- mixed to make a 
composite sample. From this composite. 150 cm; of soil 
was taken fornematodeexnaction. Near hmest. the mb 

lode population was estimated 'om soil samples and the 
numkrofPronlemhus:c~aper_wm o f w  u z estimated. 

Disease incidence was estimated nearph>riological ma- 
turity. Yield and yield compwents were taken. 

For the susceptible hybrid N A D I .  the prewncc of nem- 
atode i s  not -at? fa disease de~elopmcot (Figure1 ). 
The high susceptibility ofthis hvbrid to xremrmium wilt is 
evident. With the l a d r x e  h b t a  thc level of infzction in- 
creases~ thenematodcnumberinnca~s(WV.42). I n k  
presence o f  nematodes. Mota becomts susceptible to A 
stricturn This e~periment is being actuall) repeated in the 
greenhouse in Sieer during the off-season 

The nematicide oratmenlsdid nor s i g n i f i t l y  e f k l  the 
incidence of acremonium wilt in either 1997 (which is a 
druught?; year) or in 1998 (Table 6). For hlaa. stand c%aC 
lishment. the number of plants han-aed and grain yield 
were significantly improved the nematicide treatments. 
These maments did not have any significant effect on the 
susceptible hybrid N A B  I. 
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Figure 1. RelationshipbetweenPratylenchuszeaandacremonium wilt onsorghum in Niger, 1997 cropping season. 

Table 6. Effect of nematicide application on acremonium wilt incidence in sorghum and yields of sorghum. In a 
farmer's field in Niger, cropping 1998. --- 

Grain ield 
Nematicide - Plantslolot Percent wilt Plans haryerted kg!& 
ke a i h a  NAD-I MOTA' .- NAG MO'1.A N U ? ?  MOTA' - NAD-1 MOTA* 
Counter 

Fundm 
2.0 56 74 76.37 21.10 
4.0 38 83 84.89 18.53 
6.0 45 98 80.56 26.35 
Control 47 71 7844 1 7 . 1 9  

' diffamses r e  ri&ifirmr at Ls 5% probability level. 

EfTect of liming and Nitrogen forms on the 
development ofacremonium wilt of sorghum 

In Niger, soils have generally low pH (4-5.5) and are very 
poor in nitrogen and other essential nutrients. Both soil pH 
and nitrogen are known to influence soil borne diseases. 
The objective of this experiment was to study the effect of 
nitrogen form and lime on the development of acremonium 
wilt on sorghum. 

The experiment was conducted at the Konni research sta- 
tion during the 1997 and 1998 cropping seasons (Data for 
1997 are shown here, Tables 7,s  and 9). The hybridNAD-I 
was used. Two levels of limestone was used, 0 and 1 t ha-l. 
Limestonewas obtained 6om theMalbaza cement plant (40 
Ian from Konni). The L i e  was powdered and sieved with a 
60-mesh screen. Before planting, the powder was broadcast 
and thoroughly mixed in the soil. Two sources of mineral 
nitrogen, urea and calcium ammonium nitrate (CAN), and 

farmyardmanure were used. CAN wasused because KN03 
was not available in Niger. Mineral-N was applied at the 
rate of 69 kg ha-I as urea or CAN. Manure was applied at 
the rate of 20 I'/ ha before planting and mixed in the soil. 
Both urea and CAN were also applied at the time of plant- 
ing. The control plot did not receive any nitrogen. The fac- 
torial treatments were arranged in a randomized complete 
blocks with 6 replications. Disease incidence was moni- 
tored and yield components were measured. 

Stand was significantly improved by lime and nitrogen 
(Table 7). The interaction between the nitrogen and lime 
was not significant. The control treatments had the lowest 
number of plants; the best stand was obtained with CAN 
(Table 8). Although the wilt incidence was highest in the 
control plots (Table 8), the differences were not significant 
at the 5% level (p=0.08 for the main effect of lime, and 
p=O. l I for nitrogen). For the number of plants harvested, 
the interaction between lime andnitrogen was not significa- 
tive at 5% level. However, the effect of lime was significant 
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Tabk 7. A n a l ~ i s  ofvari.net for tbe effects of liming and n i h q e n  s o u m  oa He d c v c b p ~ t  of8cremominm rik 
and yield of sorghum. Konni rrseacb Station 1997. 

~ . ~- ~ ~. . 

M- Idlorad by he -r kt- rrr rm slgnificady d r f k m t  !he 5% locl dpl&lq 
~ ~ - . -~ ~. ~ - . - - ~~ 

Tabk 9. Means of sorghum grain and stover yields m affected interaction bchrccu limimg u d  h ofmitroga. 
~ ~. ~~. ~ ~ ~ ~ -~ 

L l - % ~ ! x  Kha' . -  N ~ K ~ ~ ~ .  -- - ~rdn&i uw ~rnn~u 1~ IYY~I  
69 t p  Nha (w) 5 87SAB 06198 

0.0 69 kgNm (CAM 6 083AB 0 7 W . 4  
Mnwc CO t ha') 7417.4 0 'PB4 

~ - -- ~- ~ ~ ~ 7 cWA 0 -YE.* 
69 k g N h  (CAM 7 7 5 0 ~  OOlOA 

1 .o 
69 kg N h  (CAN) 8 M I A  0 8834 
Mmoc (20 1 h.9 4 7928 0 9 1 3  

Conml 
~ --.pp- . -...--- ~. 7 1 3 A  ~~~ ~~ ~ 06138--- 

and theeffenofnirrogen form war highly significant (Table 
7). The control plots had the lowest number of plants har- 
vested. Therefok, the ability ofthe plant to surv/ve was in- 
creased bv the addition of lime or nitroeen. CAN was berter - 
than urea or manure. For stover and erain vield. there was a - .  
significant interaction between limeandsourceof nitrogen. 
In the absence of lime. mineral n i m e n  tends to decrease - 
the sbaw weight (Table 9). Whereas the straw yield was in- 
creased in the presence of lime. Manure in presence of lime 
reduced the stover yield. In absence of lime, urea tends to 
reduce the grain yield. Whaeas liming without any nitro- 
gen significantly reduced grain yield by about one third. 

These data were obtained during the 1997cmpping sea- 
son. The 1998 data is being analyzed and compared with 
those of 1997. This comparison is imponant because 1998 
had excellent rainfall. The dab indicated that urea migbt 
not be the most suitable form of nitrogen for sorghum. 
Liming may be important in managing soil borne diseases 
and to Increase yield ofcereals such as sorghum. This is im- 
portant because Niger has huge depmits of lime and the ag- 
r icul~ral  use of lime is not known by many extension 
agricultural agents. The management ofthecement plant in 

Malbaza is very much intuested in knowing tbe potential of 
using lime fw agricultural prrposa. 

Work on Long smnt 

In collaboraiim wiL dK &ecdingpmgrsm. we have&- 
cided to conrinue our screening program for miso l ce  to 
lorlg smut In addition. we have decided to investigate the 
effect of planting time and LC rain panan on IIK incidence 
of long smut on wrghwn. Specific details of thcv trials uc 
not paent ly  available. 
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Collaborative Program 

Organization 

Each project is planned in conjunction with NARS col- 
laborators. Where SADCIICRISATISMIP (called SMIP 
hereafter) has scientists in the research discipline, these are 
also involved. 

Six research projects were conducted in the Southern Af- 
rica region in 1998199. They were: 

98- 1 Breeding: Development of R4 hybrids, using popu- 
lar Namibian and Zambian pearl millet varieties. 

98-2 Pathology: Disease management research, identi- 
fication and use of resistance to sorghum diseases. 

98-3 Food qualify: Sorghum food quality research. 

98-4 Pests: Pest management and resistance to sugar- 
cane aphid and integrated pest management in Botswana 
and South Africa. 

98-5 Production and Marketing: Identification of fac- 
tors limiting commercial production and marketing of sor- 
ghum in Botswana. 

98-6 Ergot: Control of sorghum ergot. 

Financial Inputs 

Following the finalization of the MOW in October 1998 
with SMIPIICRISAT, Matopos. regional funds were trans- 
ferred and disbursement, against planned expenditures, 
commenced. 
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Colloborafion with ( k r k n  Oq~irehions 

Research on pearl millet and sorghum breeding is orga- 
nized with NARS scientists in collaboration with the SMlP 
Technology Transfer program (now a q i o n a l  organization 
- SMINET) at Matopos. Zimbabwe, which ensures 
complementarity to existing SMIP and NARS programs. 

Grain quality research is collaborative with the Univer- 
sity ofZimbabwe. University of Pretoria CSlR (South Af- 
rica). Agricuhure Rewarch Corporation. South Africa and 
SMIP. The CSlR has strong interactions with the private 
secton in the region which will assist in transfer ofinforma- 
tion to help private entrepreneun. Sorghum and pearl pro- 
duction constraints are being investigated with the 
BotswanaCollegeofAgicul~re.  erg^ research iscollabo- 
rative with the ARC summer grain crops Institute. 
Potchefstroom, RSA. 

The Planning h c m  

Research projects in breeding. pathology, peN  and food 
quality were based on ongoing linkages. Pmduction and 
marketing, and ergot resemh projects are new this year. 
based on availability of regional expertise. 'lhe future pro- 
gram will be shaped by priorities decided by SADCMARS 
(SADC = Southern Africa Developnent Community). and 
the availability of matching MTSORMIL scientists and 
funds. The MTSORMIL collaborative r e m h  in SADC 
will thus be developed as part of the SMlP RCgional Re- 
search and Technology Transfer program (SMMET) to en- 
sure hlll integration with other sorghum and pearl millet 
research and technology transfer in the region. 

Sorghum and Pearl Millet Constraints Rescarebed 

Sorghum and pearl m i l k  are major food crops in the 
SADC region. Sorghum is also used to make opaque ka. 
Sorghum is the major cereal in Botswana and pansofZam- 
bia, Mozambique. Malawi andTanzania and pearl millet is 
the major cereal in Namibia and pans ofTanzania, Moam- 
bique, Zambiaand Zimbabwe. Most ofthe usual consttaints 
associated with low mource agriculture arc present. These 
include low yield potential. infertile soils. variable moishtre 
availability, numerous pests and diseases. and poor market 
facilities. Genetic improvement can, to some extent and 
very economically, address some of these conmints  
through increasing yield levels and matching grain qualities 
to meet end-use requirements. However, market channels 
still need development, since there arc sorghum varieties 
with the required quality to me* canmercial consumer re- 
quirements. but production has been inconsistent. The 
availabilip of a consistent supply of improved qualicy sor- 
ghum and millet for pmessing into value added urban 
products is amajorproblem limitingutilization . Foods Bot- 
swanaand other compnies eanno&uire sufficient quan- 
tities ofhigh quality sorghums forpmessing. A strong need 

exists fordeveloping a syaem of identity prescncd pmduc- 
tion, marketingand mess ing .  Drought sIrcssand ch-l 
rot are major constraints to sorghum production in €301- 
swana. together with sugar cane aphid damage In Zambia 
leaf pathogens (leaf blight. anth~pnose and sea). stripe) are 
severe. Sorghum ergot is pmakn t  h w g h  chc region. and 
may be severe in hybrid seed prodmion fwl& 

Breedng. Raise welds thmugh developing A, CMS 
pearl millet hybrids with local adapted varietiaac mak par- 
ents in Namibia and Zambia. 

Pmholog): Identify adapted. agmnanically dcsirabk 
sources ofrcsiaance to drought mcssand charcoal mt toin- 
clude sources with additional resistance to sugarcane aphid 
(Botswana, Zimbabwe. Zambia). Identify adapted. 
agtonomically desirable sources of resistance to the major 
foliar pathogens: leaf blight, anthracnose. and soot)- snipe 
(Zimbabwe. Zambia). 

Food Qualip- Evaluate qualities of  Zimbabwean 
sorghums. examine mechock of using high p o h p h o l  
s ~ g h u m s  in foods through m) milling. mahing and b- 
ing. 

Pesrr: Identify. evaluate. and incaporale sugarmu 
aphid resiaance into sorghum mieties and h?bridsadapted 
to Southem African agriculnual s p a n s  Develop inlc 
grated pest management strategies for controlling rorphum 
insect pests in Southern Africa 

Production and ilark&g Through muckual village 
and market surveys. to identify sorghum and pearl millet 
produnion and markcting'utilization consmints. fua in 
Botswana then regionally. 

Ggor: Reduce the risk o l  ergot thrmgh analyxs of 
weather data and develop m t m l  matqies  including hon 
plant resistance and chemical mml. 

The pdwt iv i ry  and urilization of bah sc&um and 
p r l  millet will uhimate& be improved boch in SADC 
countries and thc U.S. through joint rrsurrh Germplasm 
flow is u u h l  in both dbccrions. Basic rrsearch horn the 
U.S. can often k adapted for use in developing cocmaies. 
where yield potential. along with adaptmoo need to k in- 
creased. U. S. pathologiar and cntomologim can becane 
familiarwithdisasaandinwmnay*prrsem inthcU.S.. 
or find new resistance toexisting peas. Sorghum ergot dis- 
ease. which recently mtacd  the U.S. fmm South America 
is a case in point. Prior research in South Afriia on sources 
of resistance and envimnmenel conditions conducive to 
disease s p a d  and methods of research am now of vital in- 
terest to U.S. scientists. Nutritional compaunIs of food 
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quality researched in collaborative projects are often synon- 
ymous with aspects of livestock feed values. 

Examples of Findings 

Breeding 

Namibia. At UNL further backcrosses were made to de- 
velop an A4 CMS version of SMlP seed parent line 88006, 
and % restorer versions of Okashana, and the MKCvariety. 
Seed of some experimental hybrids were made which were 
also evaluated in the Mexico winter nursery (where days are 
as short as in Namibia). Hybrid 840 1 A4 x MKC was excep- 
tional. It was noted that MKC does naturally contain R4 re- 
storer genes. Seeds of all the above were sent to Namibia 
and were planted in December, 1998 for evaluation. R4 
crosses were identified, and a 'winter nursery' is planned 
(August 1999) in Namibia to more rapidly advance the pa- 
rental development. 

Zambia. The pearl millet breeding program at Kaoma 
initiated a comprehensive A,, hybrid breeding project this 
year. Prior research has shown that hybrids are botb some- 
what earlier (a drought avoidant advantage) and up to 20% 
higher yielding than varieties. A range of I9 regional lines 
were evaluated as potential seed parents and eight leading 
Zambian varieties as male parents. Using bulk pollen, the 
male were crossed'on to the two best seed parents. 
These will be examined in the SMlP off season nursery for 
occurrence of restorer genes. However, the male parents 
were also crossed to an A4 R4 source supplied from UNL 
which ensures that their conversion to R4 restorers can be 
completed. 

At SMIP Matopos, testcross hybrids made with R4 l i e s  
derived from NMP-3 R4 population were grown in an ob- 
servation nursery. 

Pathology 

In the 1998-99 growing season, SMlP sorghum breeder 
Tunde Obilana grew 1344 materials from national collec- 
tions of eight SADC countries at the irrigated Aisleby nurs- 
ely site near Bulawayo, Zimbabwe. N. McLaren and Gary 
Odvody rated much ofthe collection for diseases that were 
present and trained assisting SMIP personnel to evaluate the 
remaining entries. Disease pressure was only adequate to 
assess susceptibility and not resistance. Dr. Obilana has in- 
crrased seed of these marerials representing most countries 
ofthe SADC region. Seed is sufficient for multiple locat~on 
plantings so  plans are being formulated for grow outs at 
more disease-intensive nursery locations in Zimbabwe, 
Zambia, and South Africa. Insect response (sugarcane 
aphid) may also be included at another South Africa loca- 
tion. 

In 1998-99, several sorghum disease nurseries were 
planted at one or more locations in Zambia and two loca- 
tions in Zimbabwe to evaluate response to anthracnose, leaf 

blight, and sooty stripe. The primary location for disease 
evaluation in 1999 was Golden Valley, Zambia which had 
very high levels of sooty stripe and moderate levels of 
anthracnose. Most newly introduced materials had a high 
susceptibility to either or both sooty stripe and anthracnose; 
some ofthese sorghums may still be ofvalue in other SADC 
regions if foliarpathogens are not a limiting production fac- 
tor. SC326-6 derived material like 86EON 361 and 86 
EON362 continued to be impressive across Zimbabwe and 
Zambia but even these developed higher than normal levels 
of sooty stripe at Golden Valley. A sugarcane aphid resis- 
tance nursery (50 entries, 2 reps) was initiated in collabora- 
tion with TAM-223, TAM-225, and TAM-222 and other 
NARS scientists and planted at several SADC locations in- 
cluding Matopos, Zimbabwe and Golden Valley, Zambia. 
Unfottunately, several entries were extremely susceptible 
to sooty stripe at Golden Valley and did not appear to have 
good adaptation to the region. However, other entries did 
have both acceptable adaptation and at least moderate resis- 
tance to sooty stripe. 

Several drought resistant materials either new or previ- 
ously tested in Botswanawere selected for evaluationat that 
location and two similar subsets were to he evaluated in 
Matopos, Zimbabwe and Golden Valley, Zambia. Many of 
these materials had or were also being evaluated for sugar- 
cane aphid resistance. Drought prevented a planting at 
Sebele in Botswana and 56 of 103 cultivars established in a 
late-planting at Matopos had "days to physiological matu- 
rity" that were similar toor less than Macia, aparental stan- 
dard. Sooty stripe was the most prominent disease in the 
subset planted at Golden Valley with E0366 crosses being 
generally susceptible and those of SRN39 generally resis- 
tant. Derivatives of several crosses with Macia had both re- 
sistant and susceptible representatives but those of Macia x 

Dorado and ICSV 1089 x Macia commonly had both excel- 
lent sooty stripe response and good agronomic cbaracteris- 
tics at this location. This indicated it was possible to use 
multilocational testing to identify cultivars that had botb 
broad adaptation to the SADC region and resistance to ma- 
jor disease and insect pests 

Virus reactions in the International Sorghum Virus Nurs- 
ery (ISVN) at the Pandamatenga Research Station in Bot- 
swana were typical of previous years but do not appear to 
adequately fit host differential response patterns for 
SCMV-B. Live virus specimens collected two years ago in 
Botswana and Zambia were identified as being similar to 
SCMV-B by S. Jensen. He is alsoevaluatingadditional live 
virus specimens recently collected in south ~ f r i c a  in April 
1999. 

Food qualiry 

Several graduate students are conducting research on as- 
pects of sorghum utilization with Professor Taylor and Dr. 
Dewar. Ms. Trust Beta is nearing completion of her Ph.D. 
on processing sorghum with high levels of polyphenols into 
foods. She has included dry milling, malting and brewing 



snrdies of local Zimbabwean sorghum cultivars. Her work 
has been cooperative with Ihe Mat- grain quality lab in 
Zimbabwe. She is also working on %arch properties at the 
University of Hong Kong with Professor Harold Coke. 

Ms. Leda Hugo, Mozambique, is a Ph.D. student at the 
University of Pretoria working on composite breads made 
from sorghum malt and milled pmducts. She is a professor 
at University of Eduardo Mondlane University and wm- 
pleted her M.S. at Texas ABM University. 

Lloyd Rooney serves as the external examiner for the 
MS. thesis of Mr. Joseph Wambugo from Kenya who is 
workingon weaning foods from sorghum. Several students 
from various countries in Southern Africa discussed their 
research pmjectr. There is a yeat opportunity to provide in- 
formation to these fuhue African food industry leaders on 
the properties, advantages and disadvantages of sorghum 
and millets in lccal food systems. For example, it is not un- 
derstood that larger quantities of sorghum flour can be 
added towheat than corn flour because of the bland flavorof 
sorghum. The relative advantages and disadvantagesof sor- 
ghum and millet are unknown; even the dark brown or red 
sorghums would have advantages over maize in certain 
products where the dark wlor would be acceptable. 

Pest hfa~gemenf 

A trip was made in April. 1999. to South Africa and Bot- 
swana by Dn.  Teetes and Peterson to establish a collabora- 
tive research program for Southern Africa directed at 
development. evaluation. and deployment of sorghum ge- 
notypes resistant to the sugarcane aphid, Melanaphis 
sacchmi. and develop a plan to implement IPM sliategies 
for sorghum insect pens. Primary collaborators are Dr. C.S. 
Manthe, DAR entomologist, and Dr. J. van den Berg, 
ARCIGCI entomologisl. DR. Manthe and van den Berg 
have conducted research on numeroui insects ofsorghum in 
Southern Africa. Dr. van den Berg is currently conducting 
many rrsearch pmjed.5 on sevaal insect pests of smgbum 
and research m sugarcane aphid repRsents an expansion of 
his research pogram. 

A 50-entry test for sugarcane aphid resistance was sent to 
Southern Africa in collaboration with TAM-222, 
TAM-228, &TAM-225. The test was evaluated for resis- 
tance to sugarcane aphid in a greenhouse s m n i n g  and for 
resistance to sooty stripe at Golden Valley, Zmnbta. For 
sugarcane aphid resistance. nine experimental entries sus- 
tained no more damage than the resistant checks 
(SDSL89426, WM#322, FGYQ353. TAM428. FGYQ336. 
CE151, H'M#177. Ent. 625ADC. and S i a ) .  For sooty 
stripe resistance, only Ihree ena i a  expressed resisfance. 
However, no experimental enaies were resistant to both 
sugarcane aphid and sooty stripe. Sugarcane aphid resistant 
breeding materials are in development for h e  collaborative 
program. Resistance sources including TAM428, CE15 1. 
WMll177. Sima (IS2?250), SDSL89426. FGYQ336 have 
been intercrossed or crossed to locally adapted cultivars to 

develop a range of poplhoons. Exdic cultivars used in- 
clude Segaolam. Marupnn. Macia Town. SVI. and 
A964 The lines were aosKd to elm TAM-223 gamplasm 
to inuodw xlditional favaabk baits includiog f o l i i d i r  
ease resistance and back- of u h c d  F,'s to adapted 
cultivars were made. Thc germpkm was plan14 at Corpus 
Chnni. Texas for initial selectim. Selections t i m ~  Texas 
will be provided to c o l l a h m  in Soulhem Afr io  for 
evaluation in the local environmeot. Thc lines BouM mo- 
fain wide adapIaIi0~ sugarwne aphid resklaoa. and dis- 
cax resistance (primarily soor). mipe and mlhracnae). 
Plant baits selected to enhance potential lac included tam 
plant. white pericarp. and appropiate heigbt and maturiiy 

Rexarch on developing resiawce to sug- aphid 
will be increased for 1999-2000.lNTSORMIL.through the 
Texar ABM Universir). breedinghtomology progmm. 
will provide to regional scientists a replicated -Vkntg ten 
for evaluation for resistance to rugamme aphd and local 
adaptation at sites to be determined by regional collabara- 
101s. INTSORMIL also will develop new sorghum 
gemplasm lines with novel genecombinationsand provide 
the germplasm to local collabomors for evalustion for re- 
sistance to sugarcane aphid. INTSORMlL will lead in de- 
veloping a regional sorghum diiauzirrsect adaptawD test 
for planting at numerous lc~ations. Material in the test will 
represent a range of divmity to stress miscnna. plant 
and yield. The material will be availabk to q i o d  xien- 
t i a s  for u x  in their ~ w e r c h  pograms. 

Prodw~ion and MmLer~ng.'Rere~~ch 

This project is in its aarmp phaw. The pogrus during 
the year has included the enablishment of a collaboratin 
working relationship with a researcher from the region. rhc 
definitionofacollaborat~verescar+hplan the iidcntificatiw 
of a population ofpmduom to sample. and the conmuctim 
of a survey instrument to collm data on the sampled farm 
households. 

Carl Eielson madc initial connvts with sorgblrmlmikl 
researchers in the region in July, 1998. Fi cmbcCI war 
made at lhe SADClCRlSAT planning amd re* conftr- 
e m  held in H m .  Zimbabwe the week of July 27.1998. 
Those contacts led to m e  coordination of mcrrcb rit6 
David Rohrbach of ICRISAT - Bulauayo. F a  exppk 
Rohrbach already had plans to me)- sarghum p m s ~ ~  
in LWwana Themfm a duplicate survey of pmccssas 
was avoided. 

Following the H a m  mf -  Nelson sped a d  in 
Botswana gathering preliminary infarmation about sor- 
ghum processing in Basuana. C)uring&e weekNebrmwar 
introduced to h. T w o  Seleka of the Botswana CoUcg 
of Agricul~re. Following the introduction. arnngcmslb 
for collaboratin research were negotiated through ekc- 
m i c  mail. Nelscm renuncd to Botswana in March 1999 to 
initiate the collabowive rrsearch on the poductim and 
marketing consbainu in Bouwana 



A student from the Botswana College of Agriculture is 
expected to start the agricultural economics graduate pro- 
gram at Illinois in January 2000. Dr. Seleka is helping re- 
cruit a recent graduate with a strong academic record. 

Ergot 

The aim of the current study is to develop a multi-variate 
model which will incolporate as many of the relevant vari- 
ables affecting ergot severity in hybrid seed production sys- 
tems. Initially, these include the production of viable pollen 
by pollinator parents under a range of weather conditions, 
'nicking', distance from the pollen source and weather dur- 
ing the infection period. The study is being conductedover a 
range of areas representative of climatic zones including 4 
areas In South Africa, and production areas in Zimbabwe 
and Zambia. 

Due tolate funding, trials were only plantedat four local- 
ities in South Africanamely Cedara (Kwazulu Natal), Beth- 
lehem (Free State), Potchefstroom (North West Province) 
and Hazyview (Mpumalanga) during the current season 
Trials consist ofblocksof 19 rows, 25 m in length. The outer 
two rows of each block were male-normal pollinator rows 
while the inner I5 rows were male-sterile (A-line). Rows 
were spaced 1.2 m apart with an intra-row spacing of 10 
cm. At each end of  each block, aod at right angles to the 
test-rows, two rows of male-sterile hnes were planted three 
weeks prior to the planting of blocks. At flowering these 
rows were artificially inoculated wlth a C. ufricana spore 
suspension(ca 106sporesperml)tose~easspreaderrnws 

-- - -- .. - 
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At each locality blocks were planted at three planting 
dates from the end ofNovember to early January to create a 
range of ergot potentials during flowering. On each date, 
two blocks were planted, one using PAN8564 and the other 
NK283 as pollinators. The date of 50 % flowering was de- 
termined for each row. At anthesis nfpollinatorrows, pollen 
was randomly collected from each 5 m row length for as- 
sessment of pollen viability and mean pollen viability was 
determined for each row. Approximately four weeks after 
flowering ofeach block, heads in eachrow were visually as- 
sessed Tor percentage seed set and ergot severity. 

Abnormally high temperatures anddrought stress during 
flowering at various localities resulted in 5 of the 12 
plantings having to he ahandoned due to poor flower emer- 
gence and drought damage. The relationship between pol- 
len v~ability and pre-floweringminimum temperature(days 
23-27 pre-flowering) in the remaining seven blocks is 
shown in Figure I. NK283 was more cold sensitive than 
PAN8564, showing an approximately linear decrease in 
pollen viability with decreasing temperature. Pan 8564 on 
the other hand showed little decrease in pollen viability 
even as minimum temperatures declined to approximately 
1 4 T .  Weather conditions were such that sufficiently low 
temperatures were not experienced to reduce pollen viahil- 
ity significantly 

Abnormal weather conditions and insufficient prior data 
on the relative behavior of males and females resulted in 
poor 'nicking' with males flowering from three to eight 
days before females depending on locality and planting 

~- -- - - 
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Figure 1. Relationship between viable pollen 1%) produced by thr: pollinator parent and pre-flowering minimum 

temperature (OC). 
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date. However, at all localities mean seed set was higher in 
PAN 8564 than NK 283 pollinator blocks which could pos- 
sibly be an~ibuted tolhegreaterpollination eRiciency ofthe 
former. 

Due to highdaily maximumtcmperaturesat each locality 
during early p m - a n h i s  (Tmax > 29 "C), ergot xvcrity 
in pollinator rows was low despite high inoculum pressure 
supplied by spread- rows (ergot severity in the lm > 70 
?&). In con- despite the high temperarures. the absence 
of high pollen pressure due lo poor 'nicking' resulted in er- 
got severities in male-sterile lines beiig high (Figure2). The 
relationship between 'nicking', pollinator and distance 
 om the pollinator rows is given in Figure 2. Except for 
Bethlehem blocks (Figure 2 a.b) all female rows yield high 
ergot severitia. At Bethlehem a gradient was evident with 
distance from the pollinator rows. The figures suggest that 
beyond 3-4 rows from pollinators, a sharp increase in ergot 
severity can be expeaed. Wind direction also played a role 
as indicated by the skewed distributions of disease on either 
side of the block. 

Analysis of therclatiad~ip W e e n  eqa sevcrily and 
weather conditions has yet to be completed. This has been 
confounded by poar pollen pessure and a limited range of 
temperaws duringthe pc- a d  pxt-anthais period. It a p  
pears that in the absence oipollcn the rclarionship b e e n  
temperamrehumidity is less precise d m  pmvious models 
developed for self-pollinating gmcqpes sugpat and that 
the disease is able to develop over grea!er range of di- 
tions in male-sterile g e n e .  

The MOU with the SMIP propnm wa$ s i g d  in Oao 
ber. 1998. INTSORMIL wl laborah~  rrwmch grojects will 
become fully integrated inthe SMh'ETresearchanddevel- 
opment program for the Southem African region. 

A head and small plot belt thresher was provided to h e  
Namibian pearl millet heeding pmgarn at Obashana Rc- 
search Station. 

Figure 2. Ergot severity (vertical axn) associated witb pollinaton NK283 and PAN8561 and dahncr  (I~oraomOI 
ax&, rows) from the pollinator parrot at various l m l i t i a  and planting dates 

- -- -- - - -- - - - 



Host Counhy Program Enhancement 

Four computers and two printers were being purchased 
for collaborators in Zambia and Botswana. 

Training of Host Country Researchers 

Ms. Trust Beta, Zimbabwe, continued a Ph.D. program 
in food quality research in the University of Pretoria, 
Harare, Zimbabwe under Dr. Taylor, co-advised by Dr. 
Lloyd Rooney. Research equipment and part subsistence 
costs were provided by INTSORMIL. 

Mr. Peter Setimela, sorghum breeder, Department of Ag- 
ricultural Research, Sebele Research Station, Botswana, 
continued his Ph.D. program on the genetics of seedling 
heat tolerance in sorghum at the University of Nebraska 
with David Andrews under project IJNL-218. 

Mr. S. A. Ipinge, pearl millet breeder in Northern 
Namibia, completed a SIX month visiting scientist program 
with David Andrews at the University ofNebraska in Octo- 
ber 1998 working on selection methods and hqbrid breeding 
techniques. 

Host Counrry and U.S. Scientist Visits. 

The INTSORMIL External Evaluation panel, Dr. Fran 
Bidinger (ICRISAT) and Walter DeMilliano, accompanied 
by Dr. John Yohe,Director of INTSORMIL, John Swanson 
USAID-Washington, Dr. Darrell Nelson (NTSORMIL 
Board, (University of Nebraska) and David Andrews, 
Southern Africa Regional Coordinator, visited Nambia, 
Zimbabwe and Botswana February 1 -March 13, 1999. 

Dr. Carl Nelson attended a SADCJICRISAT planning 
and review meeting in Harare, Zimbabwe and then visited 
Botswana in July 1998. Dr.Nelson returned toBotswana in 
March, 1999 to initiate collaborative research. 

Lloyd Rooney traveled to the University of Pretoria in 
December 1998 as co-organizer of the Sorghum End Use 
Quality Assessment Workshop heldDecember 1-4 and vis- 
ited ARCIGCI Potchefstroom. 

Gary Petersen and George Teetes visited South Afiica 
and Botswana for pest research in April, 1999. 

Gary Odvody traveled to Southern Africa April 5-22, 
1999 to evaluate nurseries and determine future collabora- 
tive research activities in Zimbabwe, (SMIP scientists and 
national sorghum breeders in Bulawayo, PPRIDRSS in 
Harare)Zibabwe, Golden Valley Zambia, DAR in Sebele 
and Pandamatenga, Botswana, and the Grain Crops Institute 
in Potchefshoom, South Africa. 

Human Resource Strategy 

In the past, through a regional USAID program 
INTSORMIL has trained a large number of sorghum and 
millet scientists from the SADC region. Human resource 

development continued with support for Ms. Trust Beta's 
Ph.D. program in sorghum grdin quality research at the Uni- 
versity of Pretoria and Mr. Peter Setimela's Ph.D. program 
in plant breeding at the University of Nebraska. Mr. S. A. 
Ipinge commenced a six month visiting researcher program 
with the pearl millet breeding program at the University of 
Nebraska. 

Networking 

An efficient sorghum and millet research and technology 
transfer network exists in the SADC region conducted by 
the SMIP program. The memorandum of understanding 
now allows INTSORMIL to be a component of the SADC 
sorghum and pearl millet research and technology transfer 
network, so that INTSORMIL's SADC collaborative ie- 
search program is completely integrated on a regional basis. 
The emerging interaction of University of Zimbabwe, Uni- 
versity of Pretoria, Council for Science and Industrial Re- 
search, South Africa and SMIP in conducting sorghum and 
millet utilization research efficiently utilizes scarce re- 
sovrces and personnel. A jointly organized workshop on 
Sorghum Food Quality was held at the Univ of Pretoria and 
CSIR in South Africa in April. 1999 at which there were 36 
participants, including industrial representatives. A field 
trip was arranged to ARCIGCI Potchefsnoom. Major con- 
clusions were that while excellent information is available 
on malting and brewing quality of sorghum, very little is 
known about dry millingproperties, or how to define and as- 
sess them. New sorghum hybrids are lacking andunlikely to 
be developed by private industry because the market is in- 
sufficient to justify the research costs. Sorghum products 
are taxed (14%) while maize is not taxed. Unless the tax is 
removed, sorghum will continue to be at a disadvantage 
competing with maize in milled food products. 

Research Accomplishments 

Breeding 

Seed was sent from UNL-218 and planted by Mr. Ipinge 
in Namibia-1998 to complete the third cross to develop two 
A4 CMS Namibian pearl millet topcross hybrids. A similar 
process was started by Mr. Muuka in Kaoma,Zambia, using 
A4 CMS seed parents from SMIP, an A4% donor from 
UNL-218 and eight adapted Zambian varieties as potential 
male parents. Mr. Ipinge completed his studies at LJNL in 
hybrid breeding in October 1998, and a belt thresher was 
supplied for his breeding program in Namibia. 

More disease nurseries with diverse components and 
goals wereplanted than originally planned. These nurseries 
and related activities provide important gains in improved 
cultwar development and understanding of local and re- 
gional pest resistance requirements. However, inclusion of 
newly selected sorghums and nurseries delayed seed ship- 
ments sufficiently so that at some locations drought paherns 



Hart C o m e  Program Enbremenr 

and other factors prevented w lessened the value of some 
nurseries. Also, the increased number of INTSOR.MIL and 
NARS scientisrs involved in this integrated nursery pro- 
gram screening for adaptation and multiple pest resistance 
makes sbategic planning more imperative but difficult. Per- 
haps the greatest gain from these collaborative activities is 
their promotion of regional institutional development and 
networking through increased research and communication 
linkages among scientists from NARS. SMlP and 
NTSORMIL. 

Food Qud* 

INTSORMIL co-sponsored the Sorghum End Uw -1- 
ity Workshop at the University of Raoria December 1-4, 
1998 and continued to suppon the Ph.D. program of Mrs. 
Beta. Her research on high tannin sorghums indicate treat- 
ment with NaOH prior to roller milling can reduce tannin 
levels to an acceptable level for food use. 

Sources of res imce to the sugarcaneaphid were identi- 
fied, which, except for sooty stripe, were well adapted in 
Botswana and Zam bia. Crosses have been made to incorpo- 
rate sooty smpe resistance and higher levels of anthracnose 
resistance. 

Produnion and Markding Constrain13 

This was the first year of work on the research project. 
The principal investigator made a fvsf visit to the region in 
July 1998 followed by a second visit in March 1999. The 
primary objedves forthe fvsf yearwere to: establish a wl- 
laborative working relationship; identify specific rcscarch 
projects for collaboration; and initiaie those pmjeas. Thex 
objectives have been accomplished A good workiing rela- 
tionship has been established with the Botswana College of 
Agriculture and Depament of AgriculNral Research. 

Late funding allowed only S o h  Africa trials to be con- 
ducted on ergot research but the exprienca h m  rhose m- 
als will be highly beneficial in thesubsequent regionalmals 
planned for 1999-2000. Abnormally high tempnatures. 
drought, and different dates of planting were associated 

with variable numbers of days to pollen shed f a  the male 
pollinators used in this study Somelimes there was a poor 
synchronization of pollen shed fmn the pollinators and 
blooming of male-sterile sorghums. Experimental design 
was changed to eliminate this problem from experimentr to 
be established nea year in Swth Africa and other c o l l h  
rating SADC comma. 

There were several significant achiwaneots this year: 

The Memorandum of Undmtanding with the SMlP p 
ject was signed in October 1998. enabling fun& lo be 
disbursed to collaborating NARS scientists for collabab 
tive research. 

Two further pjects  on producrion and maheting con- 
straints and on ergot were stancd. 

The regional collaborative pmgmm was reviewed by the 
INTSORMIL External Evaluation Panel F e b m q  1. 1999 
to.Uarch 13, 1999. 

The sorghum and millet raearch and ~cchnolog~ tramfa 
Southern Africa regional netrvorlr (SMWET) became opr -  
ational and Dr. Mary A. Mgonja was appointed as Coadi- 
nator. 

The INTSORMIL Southern Afiica collaborative rr- 
search poject is now well shlKNred to address many of the 
regional mnsuaints to sorghum and pearl millet producrion 
and utilization, and is now Fully integral with odvr regional 
sorghumlmillet activities, from the planning stage to 
co-funding agreed r e~a rch  projects. 
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INTSORMIL gives high priority to W m g  bon country 
scientists who will have major responsibilities for soqhum 
and millet research in their home countries. Training is also 
provided for young US. scientists who plan for areen in 
international developem work. 

The most frequently used mode of baining is graduate 
study for advanced degrees. with the students' -ch 
forming an integnl part of an MTSORMlL project During 
the year covered by this port. 51 students from 23 different 
countries were enrolled in an MTSORMIL advanced de- 
gree program. Approximately 74% of these students come 
from counbia other than the USA which shows the empha 
sis placed on host country institutional development (Figure 
1). 

INTSORMIL also places a high priority on haining 
wcinen 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 INTSORML 
scholarships. An additional I2 students received partial 
INTSORMIL funding and the remaining 19 students were 
funded from other as shown in rigtire 3 

All 5 I studens worlicd clhcctly aim  ORM MIL prin- 
cipal investigators oo PJTSORMIL pjm. These stu- 
dents are enmlled in graduate pograms in six disciplinary 
areas. agronomy. bmding. pathology. entomology. food 
quality. and economics. 

The number of MTSORMIL funded studcnn has dc- 
creased gradualty over the y m .  This is related to de- 
creases in program budget ird rhe loss of U. 5. Principal 
In*,eaigators. In 1993-1994 them w e r e 3  U.S. Pls with the 
program and m 1998- 1999 them are 18. 

In addition to~ue&grcepragnmushonunnbaio- 
ing programs have been designed and impkmenud oo a 
case bycase h i s t o  Suittherrab~fuoar~~try~ientisb.  
Fwr post doctoral ricntists and five visiting boa country 
scientias were providcd the opportunity to upgrsdc lbeiu 
skilk in this fashion during 19981999. 

The following tabk is a wmpilnioo of dl INTSORMR. 
mining activities for the period July 1.1999 through June 
30. 1999. 
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Year 20 INTSORMIL Training Participants 

Name Country 
Regassa, Terhome Ethiopia 
Traorc, S m b a  Mali 

Carvalho,CarlosH.S. 
Kapran, lrsoufou 
Ndulu, Lexingtonr 
Gunaraut* Nilupa 
Ibrahim, Yahia 
Mohammed, Abdalla 
Phillips, Felicia 
Rich. Patrick 

Coulibaly, Sidi Bekaye 
Teme, Niaba 
Ipmge, S.A. 
Rai. K.N. 
Setimelq Peer  
Tilyaki, lskender 

Ndjeungq Jupiter 
Coulibaly, Bakiuy 
Kazianga, Harounan 
Sidibe, Mamadou 
Tahirou, Abdoulaye 
V i d e ,  Jeff 

Gorena, Robem Luis 
Baire, Soualika 
Kadi Kadi Hame 
Cwillo, Mario 
Johnson. Zeledon 
Jensen, Andrea 
Katsar, Catherine Susan 
Lingrm. Scott 

Aboubacar. Adam 
Bugusu, Betty 
Mix, Nadege 
Zhang, Genyi 
Awika, Joseph Mobutu 
Rarmn. Marc 
Leach, Michelle 
Leon-Chapa. Martha 
Medina, Jorge 
Miranda-Lopez, Rita 
Rodriguez-Herem Raul 
Quintao-Fuentes.Ximena 
Zelayq Nolvia 

Narvaez, Dario 
Jurgenran, Jim 
Hanson, Amy 
Salah, Amgad 
Silva, Gabriella 
Zeller, Kun P. 
Kollo, lrsoufou 
Torres-Monlalvo, Jose H. 

Bru i l  
Nlger 
Kenya 
U.S. 
Sudan 
Sudan 
U.S. 
U S .  

Mali 
Mali 
Namibia 
India 
Botswana 
Turkey 

Cameroon 
Mali 
BurkinaFaso 
Senegal 
Niger 
U S .  

US.  
Mali 
Niger 
Argentina 
Nicaragua 
U S .  
U S .  
U S .  

Niger 
Kenya 
France 
Chino 
Kenya 
US.  
U S .  
Mexico 
Nicaragua 
Mexico 
Mexico 
Mexico 
Honduras 

Colombia 
C1 S. 
US.  
Egypt 
Uruguay 
U S .  
Niger 
Mexico 

-. 
Univ. -. 

M 
UNL 

PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 

TTU 
n u  
UNL 
UNL 
UNL 
UNL 

UlUC 
PRF 
P RF 
PRF 
PRF 
P RF 

TAM 
TAM 
TAM 
M SU 
MSU 
TAM 
TAM 
TAM 

PRF 
PKF 
PRF 
PRF 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
TAM 
F 

KSU 
KSU 
KSU 
KSU 
KSU 
KSU 
TAM 
TAM 

- - 
* I = Completely funded by MTSORMlL 

P - Tortially funded by INTSORMII. 
0 = Other sourrr 

'VS = Visiting Scientist 
'PD = Post Doctoral 

Agronomy 

GenelicdBioTech 
Br~cding 
Breeding 
Breeding 
Breeding 
Breedlng 
Brrrding 
SIriga Biology 

Breeding 
Breeding 
Breeding 
Breeding 
Breeding 
Breeding 

Economics 
Economics 
Economics 
Economics 
Economics 
Economics 

Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 

Food Quality/Util 
Food Oualiwffltil 

Food QualityIUtil 
Food OualiNNlil 
Food 0 u a l i n ~ t i l  

Food OualihiIUtil 

Pathology 
PatholIGenctis 
PathollGenetics 
Pathology 
Gcnetics 
Pathology 
Pathology 
Path~logy 

Advisor --- 
Maranulle 
.Mason 

Axtell 
Axtell 
Axlell 
Ejela 
Ejeta 
Ejeta 
Ejeto 
Ejeta 

RosenowlPeterron 
Rosenow 
Andrcwr 
Andrews 
Andrews 
Andrews 

Nelson 
Sanders 
Sanders 
Sanders 
Sanders 
Sanders 

Petersonfleeter 
Gilsuapmeetcm 
Gilstrapfleetes 
Pitre 
Zitre 
Teetes 
Petersonfleeter 
Teetes 

Hamaker 
Hamaker 
Hamaker 
Hamaker 
RooneyiWaniska 
Rooney 
Rooncy 
RoaneyiWaniska 
RooneyIWaniska 
RooneyiWaniska 
W.Rooney:Waniska 
RuuneylWaniska 
RoaneyAvaniska 

Claflin 
Leslie 
Leslie 
Leslie 
Leslie 
Leslie 
Frederiksen 
Frederiksen 

D x e e  - 
PHD 
PHD 

PHD 
PHD 
PHD 
MSC 
PHD 
PHD 
MSC 
PD' 

PHD My 
VS 
vs ' 
PHD 
MSC 

PD' 
MSC 
PHD 
PHD 
PHD 
PllD 

PHD 
PHD 
MSC 
MSC 
MSC 
PHD 
PHD 
PHD 

PD' 
MSC 
MSC 
PHD 
MSC 
BSC 
BSC 
MS,C 
VS 
PHD 
PHD 
PHD 
MSC 

PHD 
VS' 
MSC 
PHP 
VS 
PD' 
PHD 
PHD 

Gender Funding' 
M 0 

KSU = Kansas Statc University 
MSU= Mississippi State University 
PKF = Purdue Univcrsirv 
TAM= Texas A&M University 
TTU = Texrr Tech Univemity 
UIUC UniversiN of Illinois at UrbanaChamoaien . " 
L University ofNebraska - Lincoln 
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INTSORMIL Sponsored and 
Co-Sponsored Workshops 1979 - 1999 

1. 
2 
3. 
4. 
5. 
6. 
7. 
a 
9. 
10. 
11. 
12. 
13. 
14. 
IS. 
16. 
17. 
IS. 
19. 
m. 
21. 
22. 
23. 
24. 
Ls. 
26. 
n. 
28. 
n. 
34. 
31. 
n. 
33. 
34. 
35. 
36. 
n. 
3Fi 
39. 
44. 
41. 
42. 

a. 
44. 
45. 
46. 

47. 
48 
I). 
50. 
51. 
n. 
53. 
- 

Agrimleombgy o f S o q h m  and Milk1 in the Smu-And Tropa 
Latin America Swgbum W i t ?  Shat C o w  
Sorgturn Fmd Q v l l i  Worlrrhop 
S o g m  W m y  Mildow Wo- 
Plam Plmdogy 
smga WoIkhop 
r n R M I L  PI coldercnoc 

Stalk and Rmt R w  
Sorghum in the '80s 
Dominican RcoublldSomhm 
Sorghum Roduclian S y & m  in Lab Ammica 
INTSORMIL PI Confcrmcc 
Rim Seminuio Nsiond Sob= hoducoon y Utiliucion &I Sago 
Evaluatin~ Saehum for A1 Toriciw in TmDial Soils o f  L.dn A m r i a  

MucJlm Cmllos ad Omcr Sorghun m %ddk Amma W a t h o p  
INTUIRMIL PI Code- 
2nd Global Confcmm on b r g h d d k l  Dl- 

lmpmvcmcnt and Ua o f  Wile % Somum 
.%ghum fwlhe F u m  Workshop 
MSORMlL PI Canfe- 
Social S c i m u  R s c 8 - d  nd tbc CRSR 
Semi- I N m r m a l  Sobe lor Cullivm dc Sago y M P  
rus Principal6 Plaga y EnTcrmed.dn 
Worlohop on Adapmioo oiPlma to Soil - 
Latin A t n u b  Worfohw on S&k Rod& S~~ for Acid Soils 

Sorglum and Milk1 Paspeaive 
INTSORMIL PI C o n f n a ~ c  
lnt-iorul C o n h c c  on Gmak lmpa-I of S o m m  nd P e d  YilM 
Global Confcrmcc m b t o f  Qrghum 
Confcrcncc m tk SUM ofSo&un Erga in Nonh A& 
Principal lnnnigam Meeting md l m p m  k s c m m ~ t  W o w  
RqMnrl H y W  Sorghum d Rd Milkl Seed Workshop 
INKORMIL End Usz Qdi l y  -1 Worthop 
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Acronyms 

W S F A A  

A BA 

ADC's 

ADlN 

AD RA 

A.1.D 

AIDIH 

ALDEP 

APHIS 

ARC 

ARGN 

ARS 

ASA 

ASARECA 

ATlP 

BAMB 

BIFADEC 

BFTC 

CARE 

CAR0 

CARS 

CATlE 

CEDA 

CEDlA 

CENTA 

C FTR l 

CGlAR 

CIA6 

ClCP 

ClDA 

ClAT 

ClLSS 

ClMAR 

CIMMYT 

ClRAD 

CITESGRAN 

CLAlS 

American Anthropological Association/Society for Applied Anthropology 

Abscisic Acid 

Advanced Developing Countries 

All Disease and Insect Nursery 

Adventist Development and Relief Agency 

Agency for lnternational Development 

Agency for lnternational Development in Honduras 

Arable Lands Development Program 

Animal and Plant Health Inspection Service, US. 

Agricultural Research Corporation, Sudan 

Anthracnose Resistant Germplasm Nursery 

Agricultural Research Service 

American Society of Agronomy 

Association for Strengthening Agricultural Research in Eastern and Central Africa 

Agricultural Technology Improvement Project 

Botswana Agricultural Marketing Board 

Board for lnternational Food and Agricultural Development and Economic Cooperation 

Botswana Food Technobgy Centre 

Cooperative for American Remittances to Europe, Ino. 

Chief Agricultural Research Officer 

Central Agricultural Research Station. Kenya 

Centro Agmndmicn Tropical de lnvestigacidn y Enselianza. Costa Rica 

Centro de Ensenanza y Adiestramiento, SRN, Honduras 

Agricultural Document and Information Center. Honduras 

Centro de Technologia de Agriwla, El Salvador 

Central Food Technological Research Institute - India 

Consuitative Group on lnternational Agricultural Research 

Agricultural Research Center of the Lowlands, Mexico 

Consortium for internat~onal Cmp Protection 

Canadian lnternational Development Agency 

lnternational Center for Tropical Agriwiture, Colombia 

Interstate Commntee to Combat Drought in the Sahel 

Centro de lnvestigacidn en Ciencias del Mary Limnologia, Costa Rica 

lnternational Maize and Wheat Improvement Center 

Centre lnternational en Recherche Agronom~que pour le D&veloppement 

Centro lnternacional de Tecnologia de Semillas y Granos - EAP in Honduras 

Consejo Latin Americana de lnvestigadores en Sorgho 



CN W 

CNRA 

CORASUR 

CRSP 

CSlR 

CSlRO 

DAR 

DICTA 

DR 

DRCVom 

EAP 

EAR0 

EARSAM 

EAW 

ECHO 

EEC 

EEP 

EWE 

E L I S  

EMBRAPA 

EMBRAPACNPMS 

ENA 

EPIC 

ERYlEC 

U C  

ME 

ORA 

FA0 

FEDEARROZ 

FENALCE 

FHlA 

FPX 

FSR 

FSWE 

GASGA 

Gkm 

GOB 

GOH 

GTZ 

HUH 

C a w b  Naaond de Dasnvchnen@ Cm- eTearmop*o 

Nalmnal W e r  fcf Agricultural Reserch. S l l e g . 1  

ConsordvM Agmnan Rdorm n the South - Be(pnm 

Colaborabve Research Support F'mgnm 

C O W  for SaenNic and Indusbul Research 

Commmealth Soenm and CdusbDl Research DqanP.lion Austrab 

Depa- of ~ ~ r s l  Research Bobrma 

D ~ m r a n  de Canaa y Tecnolbgls m a  - Mew 

Dwnnran RepMr  

lntegratad Rural Development P q e a  Hon&ras-9rtreflmd 
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Acronyms 

HOA 

IAN 

IANR 

IAR 

IARC 

IBSNAT 

ICA 

CAR 

ICARDA 

ICC 

ICRISAT 

ICTA 

IDlAP 

IDIN 

IDRC 

IER 

IFPRI 

IFSAT 

IGAD 

IHAH 

llCA 

llMYT 

IlTA 

ILCA 

ILRl 

INCAP 

IN.ERA 

INFOP 

INlA 

lNlAP 

INlFAP 

INlPA 

INRAN 

INTA 

INTSORMIL 

I PA 

IPlA 

IPM 

IRAT 

IRRl 

Horn of Africa 

lnstitute Agronomia Nacional. Paraguay 

lnstiiute of Agriculture and Natural Resources, University of Nebraska - Lincoln 

lnstitute of Agricultural Research - Ethiopia 

lntemational Agriculture Research Center 

lnternational Benchmark Soils Network lor Agrotechnology Transfer 

Instituto Colombian0 AgropecuarioIColombian Agricultural lnstitute 

Indian Council of Agricullurai Research 

lntemational Centre for Agricultural Research in the Dry Areas 

lnternational Association for Cereal Chemistry 

lnternational Crops Research Instilute for the Semiarid Tropics 

lnstituto de Ciencias y Technologia Agricolas. Guatemala 

Agrkultural Research lnstitute of Panama 

lntemational Disease a d  Insect Nursely 

lnternational Development Research Center 

Institute of Rural Economy. Mali 

lntemabnal Food Policy Research lnstitute 

lntemational Food Sorghum Adaptation Trial 

lntergovernmenlai Authority on Development 

Instituto Hondureno de Antropologia e Histona 

lnstituto interamericano de Cooperaci6n para la Agricuitura 

lnternational Improved Maiclllo Yield Trial 

lnternational lnstnule of Tropical Agriculture 

lnstituto lnleramericano de Cooperaci6n para la Agricultura 

International Livestock Research lnstitute - Niger 

lnstitulo de Nutridon de Centro America y Panama 

lnstitut @Etudes et de Recherche Agricoles AgricuRural Research lnstitute 

National lnstitute for Professional Development 

lnstituto Nacional de lnvestlgadons Agricola, Mexico 

National Agricultural Research Institute. Ecuador 

lnstituto Nacional de lnvestigaciones Forestales Y Agropecuarias - Mexico 

Natbnal Agricultural Research Institute Peru 

lnstaute Ngerien du Recherche Agronomic, Niger 

InsMuto N'caraguense de Technologia Agropecuaria 

lnternationai SorghumlMiliel. Collaborative Research Support Program (CRSP) 

lnstitulo de Pesquisas Agronomicas, Brazil 

lntemational Programs in Agriculture. Purdue University 

Integrated Pest Management 

lnstitute of Tropical Agriculture and F w d  Crop Research 

lnternational Rice Research Institute. Philippines 
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LASIP 
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L l M  
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CWMP 
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MC 

ME 
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MNR 
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MQALD 

MOU 
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MSU 

N4ARP 
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NARP 

NARS 

NCRP 
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NSF 

NSP 
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NU 

OAS 

OAU 

OlCD 

ORSTOM 

PCCMCA 

PI 

PL480 

PNVA 

PPRIIDRSS 

PRF 

PRlAG 

PROMEC 

PROMESA 

PSTC 

PVO 

RADRSN 

RARSN 

RFP 

RllC 

ROCAFREMI 

ROCARS 

RPDRSN 

SACCAR 

SADC 

SAFGRAD 

SANREM 

SARI 

SAT 

SDM 

SDMVN 

SlCNA 

SlDA 

SMlP 

SMINET 

SPARC 

SRCVO 

SRN 

TAES 

University of Nebraska 

Organization of American States 

Organization of African Unity 

Office of International Cooperation and Development 

L'lnstitut francais de recherche scientifique pour le developpement en cooperation - France 

Programa Cooperativo Centroamericano para el Mejoramiento de Cultivos Alimenticios 

Principal Investigator 

Public Law No. 480 

Malien Agricultural Extension Service 

Plant Protection Research lnsttute/Department of Research and Specialist Services 

Purdue Research Foundation 

Regional Program to Strengthen Agronomical Research on Basic Grains in Central America 

Program for Research on Mycotoxicology and Experimental Carnnogensis, South African Medical Research 
Council 

Proyecto de Mejoramiento de Semilla - Nicaragua 

Program in Science &Technology Cooperation 

Private Vdunteer Organization 

Regional Advanced Disease Resistance Screening Nursery 

Regional Anthracnose Resistance Screening Nursery 

Request for Proposals 

Rural Industry Innovation Centre. Bolswana 

Reseau Ouest et Centre Africain de Recherche sur le Mil. Niger 

Reseau Ouest et Centre Africain de Recherche sur le Sorgho - Mali 

Regional Preliminary Disease Resistance Screening Nursery 

Southern African Centre for Cooperation in Agricultural Research 

Southern Africa Developmenl Community 

Semi-Arid Food Grains Research and Development Project 

Sustainable AgricuHure and Natural Resource Management CRSP 

Savannah Agricultural Research Institute - Ghana 

Semi-Arid Tropics 

Sorghum Downy Mildew 

Sorghum Downy Mildew Virulent Nursery 

Sorghum lmprovement Conference of North America 

Swedish International Development Agency 

Sorghum and Millet lmprovement Program 

Sorghum and Milkt lmprovement Network 

Strengthening Research Planning and Research on Commodities Project. Mali 

Section of Food Crops Research, Mali 

Secretaria de Recursos Naturales, Honduras 

Texas Agricultural Experiment Station 
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TC 

TropSoib 
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UHSN 

UNA 

UNPN 

UNLLANOS 

UNL 

UPPNIC 

USA 

USA10 

USDA 

U S W A R S  

VCG 

WASAT 

WAslP 

WCAMRN 

WCASRN 

WSARP 

WVI 

 exa as AM univasity 

Tropical Agicuilure Research StaSLslion 

Technical Canm&-e 

Tmpical Soils CoUbomWe Research Pmgnm. CRSP 

Univtxdad AuMoma de Nuevo Lua. Me* 

U n i h  Head Srmt Nursery 

Uniuwsdr( Nacional Agraria -Nicaragua 

UnimwdPd National de N i n g u a  UNAKLeon - Niangu 

Univefsdad Technologi de los UIms 

Univenjty of N e W a  - Lincoh 

U n h  of Agriculhral Pmduan of Nicaragua 

United Slate of h n c a  

Unbd Stales Agency fa lnbermtional DcwbPrneN 

Unbd SWes Department of 4ricullurr 
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West and Central Afncan Millet R e &  Ne(*ron (ROCAFREU) - Mal 
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