


From the left: Kidane Georgis, agronomist, BAR0 HQ: Shimelis Admasu, food scientist, 
MARC; Abuhay Takele. agronomist cornplcting Ph.D. training in South Africa and Tadesse 
G. Medhin, Senior Advisor to the Director General. EAR0 all attended the 2002 INTSORMIL 
PI Conference in Addis Ababa, Ethiopia. The theme of the conference was "Increasing 
Profitability of Sorghum and Millets." 
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Table 5. Performance da ta  and field reaction+ of sorghum genotypes (WASDON) t o  different 
diseases a t  Nyankpala, Ghana, 2002. 

L 
Daysto 50% Plant Grain C r q  leaf Zooatc Icaf Baclcrid 

flowaing kighf yield rpot Spot I d  
Origin Ore'ha) Entries (an) mrpC 

SAMSORG 14 IAR. S m  85 246 307 4.0 2.0 l .O 
SAMSORG 4 0 87 191 813 2.0 1 .O 1 0  
SARIASO-01 INERA, Burkina 83 285 1,433 4 .O 2.0 1 .O 
SARIASO-02 83 285 880 3.0 1.0 JC 

OUEDZOURE 85 346 1.267 4 .O 1.0 1 .C, 
SC326-6 Texas, USA 87 94 107 1 .O 1.0 1.C 
VG 153 85 205 1,200 2 .O 1.0 1.0 

SURENO 91 217 607 l .O 1 .O I .(I 
9GW092 93 159 613 2.0 1.0 3.C 
90L19178 81 203 1,267 2.0 1 .O 1.0 

98-FA-EART-101 IER. Mali 90 215 787 1.0 1.0 I .(I 
98-SB-F5-DT-25 84 269 693 1 .O 1 .O 1.0 
98-SB-F5-DT-59 77 294 933 1 .O 1 .O 1 0  
98-SB-FS-DT-4 88 117 900 2.0 1 .O 1.0 

98-KOF5-DT-39-2 73 333 987 2.0 1 .O 1 0  
98-KI-F5-T45 83 280 387 2.0 1.0 1 .O 

98-FZ-gL 80 148 1,467 2.0 1.0 1.0 
97-SB-F5-DT-154 89 146 387 1 .O 1 .O 1 .O 
97-SB-F5-DT- 160 100 129 200 1 .O 1.0 1.0 

R-78 79 141 1.533 1 .O 1 .O i .O 
97-SB-F5-DT-1 50 89 169 607 2 .O 1 .O 1.0 
97-SB-F5-DT-151 93 153 947 l .O 1 .O 1.0 

FOULATIEBA 84 326 1,207 4 0 2.0 1.3 
KADAGA SARI. Cihana 76 211 393 3.0 3.0 5 3  

* A2267-2 ICRISAT, Mab 91 213 613 2.0 1.0 1.0 

Mean' (25 entries) 83.8 215.0 821.4 2.0 1 .? 1 . 4  
" Bascd on rating scale 1-9: 1 =no direasr, 2 = 1-5%; 3 =  6-10'?'?; 4 = 11-200h 5 = 21-30014 6 =  3140?'.: 7 = 41-505i; 8 = 51- - 
75% and 9 = 9 75% of leaf area ofthe plam or panicle pans -4 by the dk.xc. 

severity A score of 5.0 was recorded for zonate leaf spot on 
emq R9188. Grey leaf spot was rather prevalent with eleven 
emries with high scores of 4.0-7.0. Eight entries did not show 
any sign of sbwt fly infestation, 8BPR1013, %GCP08113. 
8BPR1019.87E0109, Tx2917R9120, Tx436, and BTx 63 1. 
while five others had less than 10% incidence, %CA5986, 
00CA4654, B8PR1059, R%03, and R%18. Tbe seven top 
yieldingentries were 98CD187 (2013 k g h ) ,  %CA5986 (1653 
kg ha-'), SC326-6 (1627 kg ha-'). GR108-90M24 (1427 kg ha- 
I). 95BRON151 (1400 kg bl), Malisor 84-7 (1346 kg ha-'). 
and 888943 (1333 kg ha"). Five entries were selected for fur- 
t k r  evaluation based on their overall agronomic traits and dis- 
easelpea tolerance or resistance (88BE 2668, %GCPOB 121. 
94CW 5045, B9307 and Td783). 

Mali 

At the Cinzana Station, the sorghum breeding lines in tbe 
W Advanced Early MaturiQ Variety Trials (GI, GII. and GIK) were 

e~aluated for mistance or tolerance to the major k t  pests, 
green aphid, sorghum midge, a d  k4 bug (Euryscylus). Apkud 
and midge populations were low, mqth m sigrUr~cant difference 

among tines. However, kad bug p- w a s  hgh uitb 
si&lcam ditferences among entries for head bug dm- 
age. Head bug damage ratings were male on 5 parucles 
per plot at maturiiy. and damage to k grmn =red ona 1- 
9scalea-here I +<lG%damage109= >W;bdamage 
There were excellem differences among entries for head 
bug damage with lbes in each ten shouing excellent re- 
sislance with data on b s e  plus other seleaed enhies pre- 
semed in Table 6. 

At Sotuba three krge prelimhap head bug screen- 
ing w r i e s  (93,113, and 121 entries) and duee advanced 
screening nurseries were evaluated for head bugs 
(Eur)sfalur) and grain moM. oonrfitiom during a d  
after grain mahuih. resuhed in ven  tittle grain mold dam- 
age, except to a few ewgs with severe head bug damage 
Natuml bead bug infestation was high and excellent for 
sneening. At k d i n g  2 pamcles were p m e d  with cages 
ald 2 @ selfing bags. A! tk milk mge. 5 unprotected 
panicles were sampled to &ermine head bug infestation 
level. At hawea visual i;ltmgs were made on head bug 
and grain mold damage to the gmn and a 2a) seed weight 
taken on threshed grain to determine gmn  wight loss ddue 
to head bug damage. In the f m  p r e l m  uiaL 5 entries 
plus 
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Introduction and Program Review 

From 1980 to 1999. according to the Fwd and ,Agricul- 
ture Organization of the United Nations (F.401. the number 
of food-insecure people in developing countries fell from 920 
million to about 800 million. !et in 2003. the International 
Food Policy Research Institute declared that "\\-ithour sig- 
nificant changes in policies. public inxestments. and institu- 
tions. \ \e  simply will not achie\e the 1996 Morld Fond Suni- 
mit goal-reaffirmed at the 2000 Sfillennium Summit and 
again last )ear at the World Food Summit: f i \e yean later- 
of reducing the number of our fello\\- human beings a h o  are 
food insecure by at least half by no later than 201 5." F.AO 
indicates that the number has been decreasing by barely 2 .5  
million per year over the last eight yean. At that rate. \\e \\ill 
reach these goals one hundred years late. in 2 1 15. I~ic,rrrsrd 
prodirctiorr ofcereuls. $~.hich ure o-itcia1 roiivces q(fbnd fri- 
e w  and orlier rilrrrirrirs, 1.7 r~rccssor?~ 10 ,udr,cc ~t.orld hirrr- 
ger: 

According to Entering the 1 s t  Ce~rrrr~?-ll~rl~/ D c ~ r ~ l -  
opmenr Repol-r 1999:'2000. about 900 million people in al- 
most 100 counmes are affected by drought and desenifica- 
tion, and by 2025. that numher \\ill double. The population 
of the world has doubled since 1940. but fresh water use has 
increased fourfold. Water scarcin is becoming more \\id+ 
spread. with concomitant effects on regional peace and glo- 
bal food securip. Nearl) all of the 3 billion increase in plo- 
bal population which isespected by 2025 \ \ i l l  be in de\elop- 
ing countries \\-here uater is already scarce. To meet the 
increasing demand for food in those countries. there is 3n 
increasing demand for more efficient production and neu 
ways of utilizing drought-tolerant crops \\hich have a com- 
petiti1.e advantage to produce food under conditions of un- 
predictable and scarce rainfall. .As uater becomes more pre- 
cious in the L'nited States. cereals which can produce energy 
for feed and tiel in drought-prone areas of the countn are 
demonstrating increasingly competiti\e ad\ antages. 

According to Sandra Postel of the Global \Vater Polic! 
Project. "Some 40 percent of the \vorld's food comes from 
irrigated cropland. and we're betting on that share to increase 
to feed a growing population." In developing countries of 
the semi-arid regions. so~~hr rn r  '11id miller. two imponant 
cereal grains uhich are mainl)- rainfed and not imgated. make 
the difference kt\\-sen food securit! and famine. .As uater 
for irrigation becomes more scarce for agriculture due to ur- 
ban competition for water \\-orlduide. drought-tolerant. 
rainfed soshum and millet \\ill continue to gain increased 
imponancs as efficient users of water to produce nutritious 
food for humans and feed for poult? and li\estock. 

Large areas are planted to sorghum each year. For ex- 
ample. in 2002 sorghum \\-as produced on 42.6 million hect- 
ares (ha, or 161 thousand square miles. [sq mi]) \rorld\\ide. 
23.6 million ha (91 thousand sq mi) in .Africa. and 3.0 mil- 

lion ha I I I thousand sq mi I in the Cnited Slates. .Ah>ur rrlo 
million people \\orld\vlde depend upon w ~ h u n t  for i d .  
and most of these people are i n  de\ sloptn: coilntri;.r \r hers 
droughts and famine are common occurrence. In 2iNl;. 54.5 
million metrlc tons (XITI of snrghum usre prduced u ~ ~ r l d -  
wide. of uhich 20.3 niillion \IT \\ere pri.3uced in .4fnc~.  
mainl! for direct consumptien h! humnri. and 9: millti'n 
\lT uers  produced in the Lnitcd States. i~ninl! inr I i \e~r~v.i i ,  
feed to produce meat for human cnniumptlon IFAO d3t.11 
In the United States. s o ~ h u r n  i i  irnpnant to the b r l ~ n s e  cf 
trade. is an irnpnant feed in the p r d u c t c n  o!'kei. and I, 

increasingl! in  demand a5 a rarr rnatenal !;>r i d  and 3s J 

renewable feedstock for prcduct~on of!;.isl. In 2lWl thr~~ugl! 
December. the United States e\p>neJ 5 4 n~lllinn SIT ~,fgrain 
soxhurn rnainl? for li\est~xL feed uonh $5-il miil l~n tFAS 
data). In 2002. 1 .  I millic>n SIT of zoqhum \rere used ti, pro- 
duce ethanol. Clc.urli. !~ity/iztrn ,~tttd:,~,~;,>t: ,~!t./ ~ t ~ . i ! : ~ ~ r : ~ ~ ~  
u.<,/&od n r r ~ i ~ k c ~ /  ' I ~ C  1~11~1/1~~ I ~ ~ I O J - I ' I ~ I I  <it:! c.!r>:*1,;37 ru~rr- 
n-trr a1*/ ro rhc L ~ r r r ~ t i  St'irc,c. 

\lillets. \\hich include se \enl  t ! w  ,<.;h 3s par1 mil- 
let. finger millet and proso millet. nrs c e r e ~ :  crops e;en k t -  
ter adapted to arid ecos)rtsms than is ioqhum. xiid p ~ r I  
millet is a staplz ior 3iKl million p z ~ y ~ l e  u'riduide. \lost i>i 
these people are in countries a ithin semi -~nd  reg,,nt r\ her< 
malnourishment is a persisten[ pri~hlem. In l W 2 .  1: 4 nnl- 
lion hectaresf 139.MKl sq mi I riniillet; \\ere h.ineted ut7rld- 
\\ide.of\\h~ch 106mill1on hai-'?.hiUI q \sere hzneited 
in Africa. and $ 9 . 0 3  ha 1344  sq ~ I I  \\err. ?anested in the 
United States. In 2002. the amount of millet^ hanestec! i~ t~r l l i -  
\ride \ \ a  21.3 million \IT. ofahtch 13.6 n!ilIic~n \IT itere 
hanested in :\fnca and -4.9-9 tlieus3nd \IT \\ere h3nestelj 
in the United States. Slillets are cr~,pj used n ~ i n ! ?  tcr drrest 
consumption b! humans in ds\ elopln countriy. and i.,r id-  
ing li\estn-k. panicularly p u l t n .  in de\rlilped s < ~  intr,e\. 
Pearl millst IS an iniponant cereal crcy \\ hish pro\ id:< i d  
ensrg! and other nutrients to hundreds of n i ~ l l i ~ n s  ixipeople 
in arras uhich currmtl! sutlkr from malnutntion. p3rtlsu- 
larly .Africa and southern Asia. Tli~, ~.JJ:I~,J SI.IJ<.~< ~ 1 1 i J  .I/! 
orlrrrp~~r-ric!;~~it~t~ rlrc, l l ; ~ r / ~ / f ~ ~ ~ ~ i C o ~ r t ~ ~ - ~ ~ r ~ ~ ~ ~ ~  ;:.n ., ,t.;.k,. 

,!I /~r<>"r,>lril,~ llit, prt>'/i,' I~On <,,I'/ l , l l / ~ ~ ' l l ~ ~ ~ ~ ;  <>I <o?y;~i#,ri ,>!iJ 

pe'zrl 11rr1/rr ro lit,/;, cv~ci Iiitti?~~.. j~~r r~~ ' t~ I t r~ . i )  1 9 1  .<rbit,.t 

In l l i~ ,%l  Fcx,tl Ptt,.\;>,.cr< Criric ~1 1, \ r t ~ . <  f i ~ r  tli, E,I~/: 
Tl,erm.-Fir>r (;,nntr,: IFPRl points out I ~ J I  '-\\ithoiit sub- 
stantial and sustained additional in\r?mient In qriciilturnl 
research and associated facton. I I  \\ i l l  heconie niore and more 
ditiicult to malnrain. let alone Increase. csri.31 !isids in the 
longer term. Ths 93p in 31cnge cereal !icIJs k t ~ ~ e e n  the 
de\eloFd arid de\eloping countries is <IF \ \  I! t q inr : i ! i :  I\> 

narro\\. hut it is ~ i d s n i n g  coni!derahl> \~!t:i:n :hi. de \ s lop  
ing trorld as Suh-Saharan .-\fricn ingr funher and iunlier k- 
hind the other regions . . . ... In 11s :II-'~I G,.r,hc~,'F8,<~.1 O:II- 
look R ~ X W I .  lFPRl ohsenes lh31 "CuIt~\ating !iil>rc 3nki mt're 

b i i  



land will not solve Sub-Saharan Africa's food security prob- 
lems for the long-term. Between 1967 and 1997, the region 
expanded cereal cultivation by 3 1 million hectares arid roots 
and tubers cultivation by 8 million hectares. This rate of ex- 
pansion is not sustainable; therefore, higher crop yields are 
needed to reduce malnutrition in Africa." 

Agricultural research provides benefits not only to pro- 
ducers of agricultural products but also to processors and 
consumers ofagricultural products. Agricultural research has 
proven itself continuously as providing impro\,ements which 
yield products ofgreaterquantity and quality, as well as im- 
proved health to consumers and broad-based economic 
growth which goes beyond producers and consumers. In the 
US. Action Plan on Food Security - Solz~tions to H~mnger: 
published in March 1999, the United States gox~ernment states 
that one ofthe ways that the United States plans to contribute 
to the global effort to reduce hunger is by the United States' 
continuing commitment to support international agricultural 
research through the Collaborative Research Support Pro- 
grams. 

The Collaborative Research Support Program (CRSP) 
concept was created by the U.S. Agency for International 
Development (USAID) and the Board for International Food 
and Agriculture Development (BIFAD), under the ituspices 
of Title XI1 of the Foreign Assistance Act, as a long ten11 
mechanism for mobilizing the U.S. Land Grant Universities 
in the international food and agricultural research mandate 
of the U.S. Government. As amended in 2000. Title XI1 en- 
ables a wider inclusion of organizations by inclutiirlg land 
grant universities, other universities, and their public and 
private partners in the U.S. and other countries. The CRSPs 
arc communities of U.S. Land Grant Universities and other 
universities working with USAID and other U .S  Federal 
Agencies, strengthening and enhancing National .4gricultural 
Research Systems (NARS), collaborating country colleges 
and universities. The CRSPs also work closely with the In- 
ternational Agricultural Research Centers (IARCs). private 
agencies, industry, and private voluntary organizations 
(PVOs) fulfilling their mandate. The Sorghum and Ylillet Col- 
laborative Research Support Program is onc of nine CRSPs 
currently in operation. 

The Sorghum and Millet Collaborative Research Sup- 
port Program (INTSORMIL CRSP) conducts collaborative 
research using partnerships between U.S. university scien- 
tists and scientists of the NARS, IARCs, I'VOs and other 
CRSPs. INTSORMIL is progranl~natically organiled for ef- 
ficient and effective operation and captures lnost of the puh- 
lic research expertise on sorghum and pearl millet in the 
United States. The INTSORMIL mission i.v to use collabo- 
rative research as a mechanism to develop human and in- 
stitutional research capabilities to overcome constraints to 
sorghum and milletproduction and utiliiationfi>r the mu- 
tua/ benefit of the C1.S. and Less Del~eloped Countries 
(LDCs). Collaborating scientists in NARS developing couil- 

tries and the U.S. jointly plan and execute research that mu- 
tually benelits all participating countries, including the United 
States. 

LNTSORMIL takes a regional approach to sorghum and 
lnillet research in western, southern, and eastern Africa, and 
in Central m e r i c a .  INTSORMIL focuses resources in the 
four regions supporting the general goals of building NARS 
institutionsd capahil!tics, creating human and technological 
capital to !;olve problems constraining sorghum and millet 
productior and utili7ation. INTSORMIL's activities are 
aimed at achieving si.lslainable global impact, promoting eco- 
nomic growth, enhancing food security, and encouraging en- 
trepreneurlal activit~es. The six universities currently active 
in the INTSORMIL. CRSP are Kansas State University, Mis- 
sissippi Strtc University, U~liversityofNebraska, Purdue Uni- 
versity, Texas A&M i:niversity and West Texas A&M Uni- 
versity. In addition. scientists of the Agricultural Research 
Service of the U.S. Department ofAgriculture at Tifton, Geor- 
giaparticipate in IN TSORMIL. What were formerly referred 
to as "host" countries are now referred to as "collaborating" 
countries lo indicate the closer and more collaborative rela- 
tionships that have de\eloped between the United States and 
those countries as a result of all that has been accomplished 
during the past turerlt>-two years ofthe INTSORMIL CRSP. 

INTSORMIL. continues to contribute to the transforma- 
tion of sorghuni and pearl millet from subsistence crops to 
value-added, cash crt~ps. Because sorghum and millet are 
important food crops in moisture-stressed regions of the 
world, they are staple mops for lnillions in Africa and Asia, 
and, in their area of adaptation, sorghum and millet have a 
distinctly competiti;e advantage to yield more grain than other 
cereals. As wheat ;lnd rice products have been introduced to 
urban populations in developing countries, traditional types 
of sorghum, because of some quality characteristics, have 
not heen able to etYcctively compete with wheatandriceprod- 
ucts. Hoivever. as a rcsult orresearch by INTSORMIL re- 
searchers and others. irnprovcd, food-quality sorghums pro- 
duce grain that can be used for special ethnic and dietaly 
products as well as lbr~raditional foodproducts. Special white 
sorghum!; developed by INTSORMIL collaborative research 
in Mali habe improved characteristics which allow prepara- 
tion of high-valuc food products made ofas  much as 100% 
sorghum which can compete successfully with wheat and rice 
products in village and urban markets. Couscous made from 
food-quality, hyhrid s<~rghum developed with INTSORMIL 
support is being market tested inNiger. The development of 
both open-pollinated and hybrid sorghums for food and feed 
with improved preperties such as increased digestibility and 
reduced rannin colltenl is contributing to sorghum becoming 
a major feed grain in the U.S. and in South America. Pearl 
millet is also bccolnit~g an important feed source in poultry 
feeds in the southeastern United States. Improved varieties 
and hybrids of pearl millet, like improved lines of sorghum, 
can be grown in dcxeloping countries, as well as the United 
States. and haw grcat potential for processing into high-value 



food products which can be sold in villages and urban mar- 
kets. competing successfully with imported wheat and rice 
products. I n  the U.S. pearl millet is also finding a place in 
niche markets. i.e. heads o f  pearl millet for birdfood and tlo- 
ral arrangements. These emerging markets for sorghum and 
pearl millet are results of the training and collaborati\e. in- 
ternational scientific research that ISTSORSllL has sup- 
ported both i n  the United States and collaboratinz countries. 

Although significant adlances have been made in im- 
pro\ement and production o f  sorghum and millet tn the de- 
reloping countries o f  regions ivhich lUTSOR\llL smes. 
population grouth rates continue to exceed rates o f  increase 
of cereal production capacity. There remains an urgent need 
to continue the momentum ofour successes in crop &pro\ e- 
ment. improved processing and marketing of sorghum and 
millet. and strenghening the capabilities ofN.ARS scientists 
to do research on constraints to production. utilization and 
marketing of sorghum and millet. 

INTSORSflL maintains a tlesible approach to accom- 
plishing its mission. The success o f  the INTSORSIIL pro- 
gramcan be attributed to the follo\ving strategtes a hich guide 
the program in its research and linkages with technolo\ trans- 
fer entities. 

Developing institutional and human capital: 
INTSORMIL provides needed support for education of 

apicultural scientists in both developing countries and 
the United States. The results o f  this suppon include 
strengthening the capabilities o f  institutions to do re- 
search on soyhum and millet. de\elopment o f  interna- 
tional. collaborati\e research nenvorks. promoting and 
linking to technology transfer and dissemination oftech- 
nologies de\eloped by research. and enhancing national. 
regional. and global  communicat ion ltnkages. 
I\TSOR.\iIL proi.idrs c~ssenrial srrpporr ro hr i rke gal" 
behveeri i/ei.rloping corrnrrics and rlrr LtrrredStort..\. .A 
major inno\-ati\e aspect of the IUTSORSIIL prosram is  

to maintain continuing relationships with scientists o f  
collaborating countries upon return to their rrsearch posts 
i n  their countries. They become members o f  research 
teams o f  1UTSOR411L and NARS scientists \\ ho con- 
duct research on applications ofextsting technology and 
development of neu technology. This integrated rela- 
tionship prepares them for leadership roles in their tia- 
tional agricultural research systems and regional net- 
\\arks in which they collaborate. Ffnrrr cr .srnrr~.~~c.,r~s~~l- 
pofnr, {he edrtccj~iort cfagric.ttlr~rr~rI ~ciertrisr.~ and dr- 
i.elopifrg-co~mfn scier~risrs b. I\~7SOR.I/IL corrwihru~,~~ 
ro rhr econontic and polirical srahrlin. q i  ' i r \ .e/~/~rr tg 
corrftrriec. th,nt,gh nrlnrral riec otni I~~r~y- rernr  serertrtlir. 
collirhorarion. helpir~g enahle rltr c o l l ~ ~ h i > r i l r r n ~  corrrt- 
n-1e.i ro achirvt. econonric gyn\vr/t ,recessan ro hrcont- 
;rig more s;grr~fico~lr ~ r ~ n l i n p p o r o r r r . ~  t!irh rhrir rrrai.c/t- 
hors and rlre Lirited Srorc~.~. S r r ~ ~ r i ~ ~ i c a l l ~ t i ~ r  t l t ~ ,  L l t r r rJ 
Srores. i f  is c r t~c ia l  ru nrcrirrraitt n c'nlre qlhotlr .scrr.rrfirr~ 

Con.ren.ing biodiimih andnaluralresourcm: Results 
ofthecollahonrt\e research supported b! I \TSOR\IIL 
include de\elopment and releas? o i  enhanced 
gsnnplasm. de\elopment and tmpr<,\ement ot'-ustaln- 
able production s)stems. de\elopment \,i sust.linahle 
technologtes to consene btcdi\enit? and natural re- 
sources. The knou ledge and technt~logtes sener~ted b) 
INTSOR\lIL research also enhance soaet? 's qu~l t t )  o f  
life and enlarge the range o i  agricultural and e- i \ t r t~n- 
mental choices a~ailahle h ~ h  in de\el,,ptng ciuntnes 
and the Lnited States. Thus. INTSOR\IIL prJniotes 
consen ing millet and sorghum geniiplasm. ccmien tng 
natural control o i  anhropd pests atic d iw3iz i  ~3' st7r- 
ghum and millet. de\ eloping r~ourcec t f i c~en t  cropping 
systems. der eloping rntcgnvd pest ri.1n3gement pro- 
grams. de\elopinp culu\an \rith ~mpr~,\ed nutnrnt 3nd 
\Later use ettictrncies. and e\aluating tmpaas i,f sor- 
ghum mil let technologtes on natural resouries and 
biodi\ersit>~. 

. Developing research .yvsremr Collah?ration tn the re- 
gional sites in countrtrs other than the L ntted States has 
heen strengthened h) using m u l t i - d t i i t ? I t n ~  rsearch 
teams composed oi4mencan and \ARS siten:tsu I& 

cused on unified plans to ashte\e c,,inmnn oh!:ztt\es. 
ISTSOR3IIL scien~tsts pro\ ids global Ie3denhtp in bit- 
technolog) research on sorghum and pearl mi l  er. The 
outputs from these d~sctp l~nap area. o i  research &re 
linked to immediate results. lZTSCIR\llL uses h x h  
traditional science ofpro\ en \ alue and nener disaplines 
such as molecular holng? in an i n t q x t e d  apprnach 
pro\ tde prcducts of research \\ ith ee.w<mtc p ) t e n t i ~ l ~  
These research products \\ h l i h  alle\ 13:s constr3tnts 11' 

productton and utiltzatton oi ior2huni  and Far1 millet 
are ke) elements in fighting hunger and p-\en) b) pr<- 
\idtng means for economtc grcnth. ge1irr3tion 91 \\ealth. 
and inipro\ed health. Seu tmhnologtes d e \ e l n l ~ d  b) 
IUTSOR\l IL coIlah?ntt\e research .ire e\tcided ti7 

farmers' fields and to prcx-e~s\\rs and nl~rketei. s<Tr- 
ghum and mtllet prnducts tn dc\eloptng c o u n t - i ~  and 
the Lnited States through p3rtnenhips \ i ~ t h  U(iOs. re- 
search nett1 oks.  ekrenston sen ices 2nd the pn%3te .wi- 
tor. In  additton. xonomtc anal)sis h! IUTSOR\IIL re- 
searchers pla)s a crucial role h) enahl tn  eci>nonitc 
pnlic)niakers to more ~ntell t~entl! it-nstder ~ 4 i c )  op- 
tions to help Increase the knef i ts and axrtpett:t\eness 
of sorghum and pearl millet as ba51c fLxd stapler and as 
components oi\alue-added prducts. 



. Supporting information networking: INTSORMIL re- 
search emphasizes working with hoth national agricul- 
tural research systems and sorghum and  nill let networks 
to promote effective technology transfer from research 
sites within the region to local and regional institutions. 
Technology transfer is strengthened by continued links 
with regional networks, International Agricultural Re- 
search Centers, and local and regional institutions. Em- 
phasis is placed on strong linkages with extension ser- 
vices, agricultural production schemes, private and public 
seed programs, agricultural product supply businesses, 
and nonprofit organizations. such as NGOs and PVOs, 
for efficient transfer of INTSORMIL-generatcd tech- 
nologies. Each linkage is vital to developnient, transfer, 
and adoption ofnew production and utilization technolo- 
gies, with the ultimate goal being economic and physi- 
cal well-being to those involved in production and utili- 
zation ofthese two important cereals both in developing 
countries and the United States. 

Promoting demand-driven proce.sse.7: INTSORMIL. 
economic analyses are all driven by the need for stable 
markets for the LDC farmer and processor, so these 
analyses focus on prioritization of research, farm-level 
industry evaluation, development of sustainable food 
technology, processing and marketing systems. 
IUTSORMIL seeks alternate food uses and new process- 
ing technologies to save labor and time required in prepa- 
ration of sorghum millet for food and feed and add value 
to the grain and fodder of the two crops. Research prod- 
ucts transferred to the farm, to the livestock industry and 
to processors and marketers of sorghum and  nill let are 
aimed at spurring rural and urban economic growth and 
providing direct economic benefits to producers and 
consumers, INTSORMIL assesses consu~nption shifts 
and socioeconomic policies to reduce effects of price 
collapses, and does research to improve processing to 
yield products of sorghum and millet which arc attrac- 
tive and useful to the consumer. Research by 
INTSORMIL agricultural economists and food scien- 
tists seeks to reduce effects ofprice collapse in high yield 
years, and to create new income opportunities through 
diversification of markets for sorghum and pearl millet. 
INTSORMIL socioeconomic projects measure impact 
and ditTusion and evaluate constraints to rapid distrihu- 
tion and adoption of introduced. ne% technolc>gies. 

The INTSORMIL program addresses the continuing 
need for development of technologics for agricultural 
production, processing and utilization of sorghum and 
pearl millet for hoth the developing world, especially in 
the semiarid tropics, and the United States. There is in- 
ternational recognition by the world donor community 
that national agricultural research systems (KARS) in 
developing countries must assume ownership of their 
development problems and move toward achie\:ing reso- 
lution of them. The INTSORMIL program is a proven 

mod,:l that cmpowers the NARS to develop the capacity 
to arsume the oumership of their development strate- 
gies, while at the same time resulting in significant hen- 
efits to the LI S. agricultural sector. These aspects of 
INT1;ORMIL present a win-win situation for interna- 
tional agricultural development. strengthening develop- 
ing countries' abilities to solve their problems in the agri- 
cultural sector tbhile providing benefits to the United 
States. 

Administration and Management 

The University of Nebraska, Lincoln (UNL) hosts the 
Managenrent Entit) (ME) for the SorghumIMillet CRSP and 
is the primary grantee of USAID. UNL subgrants are made 
to the participating [J.S. universities for the research projects 
between U.S. scientists and their collaborating countly coun- 
terparts. A portion of the project funds, managed by the ME 
and U.S. participating institutions, supports regional research 
activities. The Board of Directors (BOD) of the CRSP serves 
as the top managenient'policy body for the CRSP. The Tech- 
nical Committee (1-C). External Evaluation Panel (EEP) and 
USAlD personnel advise and guide the ME and the Board in 
areas of policy. technical aspects, collaborating country co- 
ordination, budget management, and review. 

Several major decisions, events and accomplishments 
of INTSClRMlL during the past year occurred in the United 
States and collaborating countries: 

The ~nemhers of the 2002 - 2003 Technical Committee 
are: 

Dr. Gary Pete~non, Chair, Texas A&M University (South- 
em A.frica Regional Program Coordinator) 
Dl-. John Sanders, Vice Chair, Purdue University 
(Agr~~nomy:Physiology) 
Dr. Ilenry Pitre. Secretary. Mississippi State University 
(Plant Protection) 
Dr. E:ruce Hamaker. Purdue University (EconomicsNti- 
lizatian) 
Dr. Gebisa Ejera. Purdue University (Horn ofAfrica Re- 
gional Program ('oordinator) 
Dr. Mitcli Tu~nstra. Kansas State University (Plant 
Breeding) 
Dr. Stephen Mason, University of Nebraska (Central 
America Regional Coordinator) 
Dr. I:,soufou Kapran. (Niger Coordinator) 
Dr. I'eter Eselc iIrganda Coordinator) 

Members of the External Evaluation Panel approved by 
USAlD are: 

. Dr. Walter de Milliano, Team Leader (Plant Protection) 
Dr. Jacques Faurc (Utilization) 
Dr. John Lyna~n iticonomics) 



Dr John Mann (Plant Breeding) 
Dr. Moussa lraore (Agronom Ph)s~olog?) 

Mozambican scierrtists funded by a grant tiom USAID 
\lozambique and administered by the INTSORLIIL 
Management En t i e  were studying for M S .  degrees 
through out the United States. Four of the ten i l l r .  
Uaiene. economics: MLIT Xerinda. soil science: Mr. Chitin. 
entomology: and l ir .  \lutaliano. plant breeding) are su- 
pen ised hy lSTSORXllL Principal investigators at 
Purdue L-niversity (Dr. Sanders). the Uni\ersity of Se -  
hraska (Dr. \Vortmann). \Vest Texas 4&hl  University 
(Dr. Pendieton). and Texas .&&\I Universie (Dr. H: 
Rooney). 

Dn .  John Sanders. John Yohe. and Thomas Cra\viord 
attended a workshop. "Impact Assessment of Agricul- 
tural and S R M  Research: Seeds. Challenges and O p  
tions" in Washington. D.C.. Septemher 12 - 13. 2002. 
Dr. John Sanders presented the paper. "Impact Assess- 
ments that \lake a Difference: ;\n Economic Input into 
the ISTSOR>lIL Program." 

The INTSORMIL (http:  intsormil.org 
intsormilatlas.htm) and CRSPs (http:  crsps.org 
crspatlas.htm) digital atlases were prepared and placed 
in the IVTSORllIL and CRSPs \vebsites by Thomas 
Cra\vford in July, 2002. 

D n .  John Yohe. the \'ice Chair of the CRSP Council. 
and Thomas Crawford represented IXTSOR31IL at the 
CRSP Council Meeting of CRSP directors in Spring 
Green. Wisconsin. September 15 -18. 2002. Dr. Yohr 
presented a historical perspective of the CRSPs and led 
a discussion on the membership of the CRSP Council. 
Dr Crau ford gave an update to the CRSP Council on 
the ISl.4 CRSPs Llozambique graduate training program 
and briefed the Council on the ne\\ CRSP atlas. 

The First Kational Workshop on sorghum and millet re- 
search, extension and production \ \as held. u i th  
INTSORMIL support. in Sazret llelkassa. Ethiopia. S* 
\ember 12 - 14,1002. The workshop was attended by 
200 participants from E.ARO. Jimma College of Agri- 
culture. Alemaya Cni\enity. and the \linisrn o f n -  
culture. and by I2 panicipants frmn SG-2000. Pioneer 
Hi-Bred International. Inc.. the Ethiopian Seed Enter- 
prise. the Ethiopian national x e d  indust?. ICRIS.AT. and 
ISTSORllIL. 

The 2002 ISTSORLIIL Principal Investigaton Confer- 
ence was held in .Addis .Ababa. Ethiopia. S o \  ember I X - 
20.2002. The theme of the conference \\as "Increasing 
Profitability of Sorghum and Llillets". Dr. Gehisa Ejeta 
was the Organizing Comminee Chair. and the confer- 
ence \\as sponsored by ISTSOR\IIL, the Ethiopian 
Agricultural Research Organization (E;\ROl. and 

US4ID. The IV participants usre imm marc than 2.: 
countries. In additton ro !he oral pmentatio~s.  -S post- 
ers \\ere presented. Field rnps \rere a pan ofthe sonfer- 
ence. and Carerr .Ach~e\ement .A\\ards \\ere prcsentrd 
to Drs. Henn  Pitre. Darrell Roseno\\. Llo?J Rwne).  
Gehisa Ejeta and John Yohe for their leadership and ser- 
vice to the ISTSORSIIL CRSP. 

. Dorothy (Dott~e) Sronsr. ISTSORllIL Illu~tntcr. retired 
on \lay 1.  2003.  afier uorklng s\ith ISTSOR\IIL for 
20 years. 

. ISTSORlIIL scientists Gehisa &la. .Ahsrn R h e l ~ ~ .  
lfedson Chisi. lssoufou Kapran. and .Atuuhaiar T ~ J %  
arrended the conference. "From the Green Re\olut~on 
to the Gene Re\ olution" in Bolopa. Iral). \la) 1s - .: 1 .  
2003. Speaken from different coonmes illustr3ted the 
present sralus. opp)nun~ties and future psrspeztirfi 1>i 

public and pn\ate research in plan! hiotechn~log?~ 

. So~phtdai 'zrnl Il~ller, D L C ~ ~ L L ' ~ ~ .  the prwsidings 01 the 
Third Glohal Conference on Sorghum and \lillzr Dis- 
eases i n  Guanajuaro. llexicn edited h? Dr. John Leslie. 
\\as printed and distributed in June. 2lkl.; The hxlk 
was puhlijhed h? lona State Lni\ersit?  press^ 

.A Fusarium Laboratop \\lrkshop io-sp1)ns~r~ 'J  b? 
ISTSOR\IIL uas  held at Kana, Srare Cni\eniqr in 
lianhanan. Kansas. June 21  - 2 .  iX ) ;  Ds. J,?hn Yohe 
and Thomas Craul'ord \\ere inter\ie\\sd reyardins 
IXTSORllIL on radio itarton KKSL f~~llt~\\rngrhe\\ark- 
shop. 

The tnajor publtcat~ons organized and pub l~~hed  h) the 
\IE office dunng the ?ear include 

. ISTSOR\IIL Direiton. Puhliiarion 1,-(4. - ISTSORlIIL 2002 ,Annual Repn. Pub\i<ati~>n I:.~-O1 
ISTSOR\IIL 2002 .Annual Report E I W \ - . L I I \ ~  Sun~11an. 
Publication 0 3 - 0 .  . ISTSORlIIL Se\\slensr. Puhllcatron 183-03 . [STSORSIIL Bihliograph~. Puhlicatlon $15-(U. 

Education 

\Vithin IXTSORlIIL's regions oiiollahorar~s e rsesrsh  
and the United Stares. educauon of scllah>nting scienttsts 
contnhutes lo the capah~lit? of each cnllahrating ;ountn 
research p r o p m  to sra) abreast rizsonomis and tinl\?gicai 
changes \\hich alter the balance of susw:r3blr pn>ductrc>n 
systems. The svengrhening of collah~rating iounu? -rw.~rch 
institutions contnhutrs to the11 iapahil~r? to p rd i i :  and he 
prepared to mest !he challengs o i ~ c n o n i i  and t ielc~$~sal  
changes \\hich a t k t  prductl~?n and ottl~zatron of x ~ y h u n ~  
and millet. .A \\ell halanced agricultural rscarch ~nstiturlnn 
must prioritix and hlend irs coprati~nal etlons to c,-nxne 
and rtliciently utilize 11s natunl rsuwries it hale meting zst- 



nomic needs of the population in general and the nutritional 
needs of both humans and livestock. 7)  this end, education 
is an extremely valuable component of development assis- 
tance. 

Year 24 Education (July I ,  2002 - June 30,2003) 

During Year 24,2002-2003, therexvere 58 students from 
21 different countries enrolled in an INTSORMIL advanced 
degree program and advised by an INTSORMIL principal 
investigator. Approximately 72% of these students came from 
countries other than the U.S. The number of students receiv- 
ing 100% funding by INTSORMIL in 2002-2Cl!)3 totaled 12. 
An additional 46 students received partial lunding from 
INTSORMIL. 

Conferences and workshops are an iinportant Inearls of 
continuing education for scientists doing research on sorghum 
and millet. During Year 24, INTSORMIL supported several 
conferences and workshops, the largest of which was The 
2002 INTSORMlL Principal Investigators Conference held 
in Addis Ababa. Ethiopia, November I8  - 20. 2002. One 
hundred forty-seven participants from more than twenty-three 
countries attended the conference at which they learned about 
worldwide state-of-the-art research on sorghi~~n and pearl 
millet. More than 200 individuals participated in the First 
EthiopiaNational Workshop on sorghum and millet research. 
extension and production which was held. with IKTSORMIL 
support, in NazretlMelkassa, Ethiopia, Novemher 12 - 14, 
2002. Five INTSORMIL collaborating scientists were spon- 
sored to participate in the conference, "From the Cireen Revo- 
lutior~ to the Gene Revolution" in Bologna. Italy. May 28 - 
31,2003. In addition, a number of scientitic writing work- 
shops were offered by Dr. John Leslie, an IKTSORMIL PI. 
in Malaysia, South Korea and Nigeria. About 185 individu- 
als improved their scientific writing skills by participating in 
these workshops. Forty-two individuals benetitted from the 
Fusarium laboratory workshop conducted with IR'TSORMIL 
support. Another benefit of the conferences and u~orkshops 
sponsored by INTSORMIL is that they increase the sharing 
ofinformation, a key factor in making more efficient research 
strategies and more efficiently carrying out research. 

Another important category of education which 
INTSORMIL supports is non-degree research activities. 
namely post-doctoral research and research of visiting sci- 
entists with INTSORMIL Pls in the United Statrs. During 
Year ?4 ,2  female scientists and 15 male scientists improved 
their education as either post-doctoral scientists (5) or visit- 
ing scientists (12). Their research activities were i l l  the dis- 
ciplines of plant breeding, economics, food science. pathol- 
oby and Strigaresearch. These scientists came to the United 
States as post-doctoral scientists or visiting scientists from 
Botswana, Burkina Faso, Ethiopia, Indonesia, Italy. Mexico, 
Nicaragua, Niger, Senegal, South Africa, Zambia. Zimbabu,e. 
and the United States. 

The Sorghllln/Millet CRSP Global Plan for Collabora- 
tive Research includes ~ o r k s h o p s  and other networking ac- 
tivities such a\ newsletters, publications, the exchange ofsci- 
entists, and the exchange of gemplasm. The INTSORMIL 
Global Plan is designed for research coordination and net- 
working within ccogeographic zones and, where relevant, he- 
tween zones. The Global Plan: 

Promotes nct~vorking with IARCs, NGO/PVOs, regional 
net\vorks (ROCAFREMI. ROCARS, ASARECA. 
SADC/SMlNET, SADCISMlP and others) private in- 
dustry and government extension programs to coordi- 
rate research and technology transfer efforts. 

Supports INTSORMILparticipation in regional research 
networkz to promote professional activities of NARS 
scientists. to fi~cilitate regional research activities (such 
a!; multi-locatit-in testing ofbreeding materials), promote 
gr:rmplasm and information exchange. and facilitate 
impact ebaiuntion of new technologies. 

. Develops regional research network, short-term and de- 
grce training plans for sorghum and pearl millet scien- 
tlStS. 

Over the years, established networking activities have 
been maintained with ICRISAT in India, Mali, higer. Cen- 
tral Arnerica and Zimbabwe; SAFGRAD, WCASRNI 
ROCARS. UC't\MRN/ROCAFREMI, ASARECA, 
ECARSAM and SMIPiSMlNETin Africa; CLAIS andClAT 
of Central and Soi~rh America and SlCNA and the U.S. Na- 
tional Grain Sorghuni Producers Association for the purpose 
of coordinating research activities to avoid duplication of 
e f o n  ard to promote the most effective expenditures of re- 
search dollars. 'Tllers also has been efficient collaboration 
with eac.11 of these programs in co-sponsoring workshops and 
conferences, and ibr coordination of research and long-term 
training. INTSORMIL. currently cooperates with ICRISAT 
program!; in East Aliica, West Africa and with SMIPISMINET 
in South<-rn Africa. linfortoneately. during INTSORMlL's 
2002 - 2003 year. the West and Central African Sorghum and 
Millet Nt:tworks urerc terminated due to the withdrawal of 
funding and plans were in place to terminate funding of the 
Sorghum and Millet Improvement Program in the SADC 
countries later in 2003. Sudanese collaborators have pro- 
vided leadership to the Pan African Srriga Control Network. 
INTSORMIL collaboration with WCAMRNiROCAFREMl 
in West Aliica had much potential in allowing INTSORMIL 
utils'ation scientists to collaborate regionally. ROCAFREMI 
was a goo j  niechail~sm for promoting millet processing at a 
higher levt:l than has been seen before in West Africa. Dur- 
ing the last four ycani. INTSORMIL, the BeadCowpeaCRSP 
and Woricl Vision inlernational have been working with 



UARS researchers and farmers in t i \e countries under the from ROC.4RS. greatly aeakened the s u p p n  nirihanlsnls 
West f r i c a  Satural Resource Xlanagement Project. creat- for the laye  scale IP production and commcrcial~rat i~~n o i  
ing and using a technology-transfer netxvork in \\>st .4frlca. N'Tm~mlssa grain in 30(l2. Th~s. coupled u 8th problrms 
That project was terminated in 7003. ITTSORLtIL \ r i l l  con- the grain tnder entrepreneur late in the 5e35on c ~ a : e d  an 
tinuz to promote free exchange o f  germplasm. technical in- unfonunate situation regarding the 2lWl_7 \.Tcnimisa IPprt.- 
formation. improbed technology. and research techniques. duction and commercialirati~~ii etlL7ni. H~~ysfuIl!. the m u  

tnentuin dc\elop-d in 2CK)I and earl! llW12 c3n he rec<-~ered 
Regional Activities and Benefits somenhat ln 2(Kl.:. The de\elopment o ia  nett p r ~ * ! ~ t  tthruit) 

In commerciali7ation of millet and sorghum in \\'esr :\<nu 

West Africa (B~trkina Fa.70, Gltana, .$la/;, .Viger, \ \hlch is cunentl! being planned throush ITTSORXIIL 

.Vigeria. Senegal) should he \er! helpful to the S ' T e n ~ m ~ s a  prtvnot~c~n :ifon 
In \lali. as \<ell as o\er the entirz \\>it .Ains.l regcln. The 

The activities i n  the \+stern Region of\\rst .\frica pro. ne\\ X I 0  \\ ith 1T.4 in Senegal and the initlation or'a Iiinlted 

ceeded \%ell in 2002 in spite of lo\\ and erratic oier IsTSOR\1IL coilahorati! r program there in inillet cr-rrner- 

much o f  the area. '4 positive \\as the second fllll year cialifation 1s a promlsin? de\elopmenr. 

INTSORLIIL collaborative activities in Ghana and Senegal 
with acti\.ih in breeding. patholog)- rntomoloey. agronomy. The lossofh th  thesoyhum andm~ilst netxrorks in \ \ a t  

and St,-iRo. The strong Mali research program in IER con. .Africa i s  a ma~orconcem. this loss u ill result in l z j s  hin\iing. 

tinues to leadership in the b! c~mfllunication and c~47pcration among icierl ist i  doin; re- 
gemplasm exchange. scientist to scientist cooperation, and search on producrlon. utiliration. w d  marhering o isopgxm 
collaborative research activities among scientists in se,eral and par1 111lllet In \Vest 2nd Central Afn:a I \TCOR\I IL 

\Vest .African countries. needs to uork  \\11h and encounge S-\RS 11, J c \ e I ~ p  a nsrr 
frarnexork to restore some of the Impman! neta<,rl itin<- 

One concern that remains regards the hest \\a) to "0"s as scientltic meetings. uorksllops. st:. 

nire. and coordinate research act~vities among the various 
countries i n  \Vest .Africa. .Adding thc countries o f  Ghana. IXTSOR\IIL has made ionie rna!ora<hiercnleoti in 311 

Senegal. Burkina Faso. and Sigeria strengthens the research CRSP's fbur mqor  objecti\eb d u r i n ~  th~s r c p n l n g  p- 

effort across the region. but the limited fllnding for these ill .Africa. The contract pr~dustic>n 11<11\er I 1 v n i  

coun~~ies is still a problem. .!so. the rime and funding re. of ~ 'Tcn imissa frain a i th  a h x ~  51) iamlen in f ~ w r  \111a~es 

quired for C.S.  Pls to tra\el to morecountries in ~ e ~ t . 4 f ~ ~ ~ ~  in 20(11 and the mo\ernent o f  t h ~ i  ident~t> prcizned IIPI 

is a concern. I s o .  the reduced number of pis ,,ith $rail1 through the marketing channels cenaini! : i s  p r~vn i j -  

collaboration and travel in the area has been a problem. ~h~ InS 3cti\ it? in pronlc7llng economic gro\\ih and !no\ ing x,r- 

addition of nen projects and PIs is posit,\< and should help $om to a \slue-dded crop. The sale o i  I ki lo bag, ,>i 

i n  the future. Positive moves in that area include D ~ ,  john X'Tcn~missasorgl~~~ni I l o u r l S ~ ~ r ~ h o  Phar~. l I 1 e k l i - ~ e n ~ ~ ~ ~ ~ -  

Leslie's tra\el and efl-ons on &half of patholog>. ho\,e\er 1". the neu cf fon on n i a r k e t ~ n ~  a iorghuni s)rup. a n tv-  

pathology needs assistance beyond grain toxin aIc0hoi sorghunt bmerage and other neu sorghuqt pr~du:is 

recent addition ofDr. JeffWlljon as a ne\\ p[  \\.ill contnbule ail proillole economic grouth and i~npr~>xe 17\en;l nutnti,>n 

to the millet breeding and millet parhology area. Dr. clint The sorghum h r e e d ~ n ~  cultl\ars. such 3s ..\\'as%.'. and 

Magill may also hecome involved in ,.o[lahorati\e others in on-faml uialsand in thead~anced stage ,>ithebreed- 

in the region. Dr. Bonnie Pendleton has alread! sho\\n a 1" pipeline elfir p1tenlial to increase !ieldi and 1rnpr~1.e 

strong etfDn in strengthening collaboration in m[omology. 'Wall[! and kalue o f  gn ln  as a cash crop . A g ~ ~ n o ~ ~ i i s  re- 

Dr. hlitch Tuinstra has an interest in the area and plans tra\ el search 11~1~s s\ploir the generic potriltial o ineu and e \ i s t i t ~ ~  

there. There is still jome\\hat of a dsticieIlcy in the food culti\arsand contnhutes to natunl rriource management atid 

technology and sorghum agronovarea, p1 conference su~ta~nahle production. Thr de\elopnienr ofh! hndi in the 

in Nov. 2003 pro\ ided an ercelknt fomm for scientific ex. fllture ccrtainl! uou ld  k a hig step in lnipro\ Ing ! ~elds. P;I- 

change and collaborative research development. Ho,,ever. th010&??. ~ntomolog!. and Slrgo research ionmbute to t te  

time constraints and the expectations of idcaj for the ne,r host plant resirtance comp~nents oisontroi ormanag~ng pest,. 

grant extension did not allo\v for meaningful discussions in and adso to de\elopment ofother cc1ntrol management stnl-  

many areas. egies and techniques. The current people in trltnlng ui.1 
strenghen the ~nstitut~onal capaclt) in \f311. \en future tT3ln- 

The termination of INTSOR\lIL.s stnteglc in? ~ppofluni[leh for X1311. Ghana. and Senega i<ientlzti 

project in early 2007 created a problem a fo[lo,,.- should hc' a Illgh priorit!. and hopr.ilrll! ail1 nia:enaI!re 

up and analysis regarding the contract product,on, market. j t ren~thcn ~nstltutional capacit! in tho,e countr~es 

ing. and identin presened (IP) issues. and use of the tan- 
plant \anen; S'Tenimissa. The resulting lack o f  a market F~fieen Pl's from Siger. Burkin3 Fax>. and S~g,-na men. 

economist as a principal investigator. the fomler pis collabo. s~ipponed 10 attend the .All-PI ISTSOR\l IL ionfcrense heli! 

rating scientist moving to xiger. and the loss ofany suppon ix4dd is  .-\haha. Ethiopia in So\emher 3 X 1 2  \cu .eionc 

uii 



generation sorghum hybrids lookverypromising in Niger for ing INTSOKhllL are expected to take advantage of the op- 
goodcombiningabilityand improvedgrain quality. The sec- portunities for cc~ilahoration in the HOA region, where host 
and phase of the couscous and high qu;~lity flour marketing country scientists and programs continue to appreciate and 
project in Niamey was completed with a good ~narket ap- welcome technical support provided hy INTSORMIL. 
pearing for these products. Midge-resistant sorghum lines 
have been identified in the Niger prograin and advanced to Southrtrn Africa (Rotswana, Mozambique, 
the F4 generation. In the Nigerian inillet hybrid project, re- Namibia, Sorrth Africa, Zambia, Zimbabwe) 
sults of combined analysis indicated two hybrids to perfon11 
better with yield advantage of about 209.b higher than famler's Most INTSORMIL activities in Southern Africa were 
local varieties. These hybrids based on their 2OOl perfbr- out pl;lnncd. rtle research has pro- 
mance were advanced to on-farm trials in 2002 season. Re- duced results tllat arc i ~ n ~ o r t a n t  to increasing the production 
suits from farmer's trial revealed that one hybrid has a good and quality of end-products of sorghum atid pearl millet in 
dehulling quality, better 'fura' processing. and is moderately the Southern Africa region. Hybrid parents have been bred 
resistant to downy mildew. Micro-dose fertilizer studies in for and are nearing completion for pearl millet. A 
Niger and Burkina Faso show the advantage of small addi- large amount ofsorghum breeding material and varieties in 
tions of fertilizer during cropping. Economic studies show use have been characterized for resistance to major diseases 
that farmers are investing in fertilizer and are eaining eco- and sugarcane aphid. ~ ~ l t i . ] o ~ a t i ~ ~  testing of sets of 
nomic benefit. lines provides strategic geographic information on distribu- 

tion and severlt) of'diseases. Factors influencing the inci- 
Horn ofAfrica (Ethiopia, Eritrea, Kenya. Tanzania, dence and control of sorghum ergot are now better under- 
Uganda) stood. leading to better control of the disease, especially in 

hyhrid production fields. Food quality research can lead to 
On-going collaborative research has progressed in each increr~sed use of sorghum in various products. Linking vari- 

of the countries, namely Ethiopia, Eritrea. Kenya and Uganda. ety q~~ali t ies to specific end uses is being shown to be very 
Sorghum breeding efforts in Ethiopia have particularly gone important. 
well. Work on development and evaluation of experimental 
sorghum hybrids has resulted in identification ofelite hybrids Active. interdisciplinary collaboration exists in sorghum 
with potential for wide cultivation in the lowland areas of the breecling, plant pathology, grain quality, and entomology. 
country. Efforts on Striga control have focused on regional Regional pearl ~niliet breeders continue interaction with 
testing of an integrated package of technologies that included INT!iORMIL at a reduced level due to retirements of U.S. 
tied-ridging as a water conservation measure, nitrogen fer- principal investigltors. Efforts are underway to establish 
tilization. and resistant sorghum cultivars. This activity is and Srmgthen collaboration with regional pearl millet breed- 
managed and implemented as apilot project witli supplemental ers hut progress is vely slow. Efforts are on-going to con- 
funding from the Office of Foreign Disaster Assist?nce tinuz~lly refc~cus activity for increased relevance and genera- 
(OFDA) of USAID. In Eritrea, sorghum lines were evaluated tion of useful technology. Collaboration can be improved 
at research locations in Goluj, Shambuka and Hagaz, and seed and increased in all research areas. Additional collabora- 
was multiplied at Goluj and Shambuko. All trials and seed tion is needed in all disciplines for all research objectives. 
inultiplication in Eritrea were affected by drought. and most Unfortunately, there are more collaborators and opportuni- 
cultivars failed to produce grain. I n  Eritrea, the second larg- ties in Southem Africa than there are INTSORMIL princi- 
est crop is pearl millet, and in 2002, ci~llaborati\,e research pal investigator5 in the United States. 
was conducted on farmers' fields to evaluate crosses of land 
races with introduced lines for resistance to diseases, espe- The regional budget has been reallocated to contribute 
cinlly downy mildew. Exotic pearl millet varieties were also additional funds to collaborators and to improve account- 
tested and compared to local landraces. The only collabora- ability for ihc filnds. Funds are passed to the host country 
tive research supported by IhTSORMIL in Kenya was on rest:arch organizations and joined to specific work plan ob- 
testing of Srrrga-resistant sorghum, since two of the three jectives. This er~ables scientists to have funds available on a 
collaborating scientists from Kenya are currently st~rdying for mare timely basis and increases accountability of the scien- 
PhD degrees in South Africa and the United States. In Uganda, tists for the t'unds and in providing research results. This 
research continues in sorghum pathology. and a new U S ,  prin- brings collaborators more directly into INTSORMIL and 
cipal investigator has begun collaborative rcsearch with his pn~vides a f<irum for dissemination of research results. 
Ugandan counterpart on sorghum agronomy. 

Central Arrzerica (El Salvador, Nicaragua) 
Host country PIS in each country have taken keen inter- 

est in collaborating with US Pls where partnership has been Since 1999 the Central America program has increased 
developed. Because of expanded collaborative involvement activity in IJI Salvador and Nicaragua., INTSORMIL plans 
in several countries. more US Pls are needed to provide col- to initiate new activity in Honduras in the coming year. The 
laborative linkages with host country scientists. New Pls join- 
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research activities developed for ZOOO - 2001 \rere success- 
fully completed. and administrative procedures for reponing 
research results and financial expenditures were developed. 
A conference \vas held to repon research results and plan 
collaborative research priorities for 2002 - 2006. and I I o f  
the research reports were published in the regional journal 
La Calera. Communication and coordination o f  the many 
groups involved in  the program continue to he a challenge. 
Graduate education and short-term training of scientists in 
national programs are needed. and priority needs were dcter- 
mined in 2002 - 2003. A plan based on the needs o f  highest 
priority i s  currently being implemented. On the whole. gi\en 
the shon time in implementing the present collaborative model 
in Central America. the program i s  functioning \veil. due to 
the commitment o f  scientists in the region. and the regional. 
collaborative research pmgram has resulted in selection o f  
improved cultivars with increased yield and nitrogen use ef- 
ficiency. Researchers participating in  the lSTSORMlL Cen- 
tral America Regional Program have also developed man- 
agement strategies for fall armyworm and sorghum midge. 
identified priority disease problems. developed soyhum flour 
substitution technolo=. and implemented research on nitro- 
gen rates and nitrogen use efficiency o f  soyhum germplasm 
adapted to the region. Improved germplasm. production prac- 
tices and pest management methods are heing moved to pro- 
ducers through validation and demonstration trials. collabo- 
ration with extension services and NGOs, and through uork- 
shops with producers. 

Regional Benefits by Technical Thrust 

Germplasm Enhancement and Conservation 

The goals o f  pearl millet breeding research supponed 
by project ARS 206 are to improve the productivity. yield 
stability, and pest resistance o f  pearl millet culti\ an. .Acliie\ - 
ing these goals requires I )  identifying constra~nts limiting 
production or utilization within and across environments. 2) 
acquiring and evaluating new germplasm for desirable char- 
acteristics. 3) crossing selected germplasm u i th  regionally 
adapted breeding lines or cultivars. 4) selecting and evaluat- 
ing improved progeny as potential new cultivars. 

In  the first year ofthis project. progress toward meeting 
these objectives has been made. Project collaborators at 
multiple locations have been identitied. These individuals 
have contributed cultivars and experimental germplasm for 
evaluating genotype x envimnment interactions in - p i n  yield. 
quality and disease and pest resistance. Collaborators have 
reached consensus on project objecti\es. methods and time- 
table to achieve these objectives. A replicated set o f  selected 
pearl millet germplasm \\as distributed among collaborators. 
Multi-location experiments ha\e been established in Ghana. 
Mali, 'Viger. Nigeria. and Senegal. The germplasm is being 
assessed for characteristics that contribute directly or indi- 
rectly to stability o f  grain yield and quality. 

In  an effon to expand the di\ersit> in the breedins popu- 
lations being selected at collaborating locations. cmssa ha\e 
been made k t ~ e e n  se\ era1 .African culti\ars and 1.S hntsd- 
ing lines to de\elop new germplasm in  the -11 and .A4 male 
sterile c)loplasms. and also \ \ ~ t h  corresponding genes ior 
fertility restoration. The intrcduced accessions are k i n g  
evaluated for pests and diseases o i  iniponance to gronen in 
the U.S. and in Africa. Sources of resistance to leai blight. 
rust. and root knot nmiatode hahe k n  identified in the .Ai- 
rican pearl millets 

Breeding soyhum varieties and h>hrids for use in de- 
\ eloping countries requires proper recogni;idn oithr. malor 
constraints limiting production. knob\ ledge o f  germplavn. and 
an appropriate ph! sical en\ ironment ior e\ 3luanon acid test- 
ing. Successful breeding etfons also requ:re knob\ lcdge o f  
mode o f  inheritance and asscciation o f  traits that cortribute 
to producti\it) as \\ell as tolerance to b:ctic and abiot~c 
stresses. Research and germplasm dc\elopnlmt acti\iries In 
ISTSOR\IIL soyhum breedins prodec! PRF 20- attempts 
to address these essential requirements. 

PRF 207 addresses major biotic and ahiotic con5traina 
(drought. cold. grain mold. and other disease31 that limit pm- 
ductivity o f  soyhum in man! areas o f  the \\orld 0tc.r the 
years significant pmgress has k n  made :r, some of thew 
areas. Superior raw germplasm hate k n  identitid. m ~ d e  
o f  inheritance established. chemical and morphological tnlts 
that contribute to pmducti\ it? as \\ell as to tolerance ti, these 
stresses ha\ e k e n  identitied. Selected gene sources ha\e k e n  
placed in  improved germplasm backmound. some ot uhich 
have already been \\idel! dismbuted in a n u m k r  of:\fncan 
countries. 

Good progress was made in achie\ing the oh!--tites o f  
the ISTSOR%IIL project uhich focuses on enhancing sur- 
ghum germplasm for resistance to dmugh: and patb.ogens. 
while increasing genetic di\ersit? in ISTSOR\IIL ?mject 
A 2 .  The !vlali collection etfon \ r z  complet~d. and 
some \er). unique elite-appeanng exotic culti\ars \!ere iden- 
tified. Broad-based germplasm de\elopmcnt and distnbu- 
tion continued and shoued promise in Mali. Sicarasua. El  
Salvador. Zambia. and South f n c a .  

Se\v collaborati\e research continued to k ntahlished 
with Ghana and Senesal. There \\as much interest m d  de- 
sire in  both countries to e \ m d  the initial collaboration 10 
additional scientists and research arcas. hut \r ilh limited tund- 
ing 11 uill be diflicult to ohta~n an) major program g n ~ t h  in 
the near future. This could create some pctcntial prublems 
in West Africa. Se\eral other countries hats espresied in- 
tense interest on how they could set in\oI\ed in IXTSOR\lIL. 

A good ponion ofrhe Pl's time is de~ored to ?\al~ating. 
identifving. and deciding \! hich germplasm lines and parer- 
tal lines to release and ho\r to release or distnhute baneus 



materials. A larger number of potential releases were evalu- attention to the interaction between a new marketing strat- 
ated for potential release next year, as the P.I. tries to close egy and the introduction of new technology. This has been 
out solne major portions of his project prior to retirement. an exciting expericncc working on an actual development 

project. The marketing research has revolved around this de- 
The successful use of N'Tenimissa flour by a private velopment activity, Tuo  concept papers have been produced 

bakeq in Mali to commercially produce and market a cookie from the fieldwork involved with implementation. Also, this 
using some sorghum flour was important and demonstrated marketin:: activity has been incorporated into on going re- 
that new imoroved food aualitv cultivars can stimulate new search activities and oresented in conferences. . , 
commercialization of sorghum-based products. A private en- 
trepreneur successfully arranged for the production and har- Besides the new marketing activity, economists in PRF 
vest of identity-preserved grain in Mali with the assistance 
of the Institut d'Economie Rurale (IER) in 2001. which is a 
very positive development. However. his efforts in 2002 es- 
sentially failed late in the season due to financial and other 
problems within his company. The new white-seeded. tan- 
plant, true Guinea cultivars show adaptation superior to that 
of N'Tenimissa. 

Progress was made in all research areas in INTSORMIL's 
project TAM 223 aimed at enhancing sorghum germplasm 
for resistance to insects and improving efficiency for sus- 
tainable agricultural systems. Germplasm was obtained and 
evaluated for resistance to economically import;int insect 
pests. Selections were made to combine insect resistance 
with other favorable plant traits. Germplasm was identified 
for advanced testing with resistance to selected insects and 
diseases that will contribute to production of high grain yield 
and widely adapted hybrids. A study to apply the results of 
previous molecular mapping studies on grecnbug resistance 
and stay-green to compare the effectiveness of molecular 
versus conventional selection was completed. Collaboration 
with LDC scientists resulted in progress to develop improved. 
high-yielding varieties or hybrids. Progeny were identified 
that combine several favorable traits into a single genotype. 
As research continues to generate new technology the im- 
portance of testing on-farm and soliciting produccr input on 
research activities will increase. 

During the life of this project significant research 
progress has been achieved. Technolog). (seed containing 
improved germplasm) developed by this project has been 
adopted by private industry and used in liybrid production 111 

breeding programs. Collaboration with research programs 
in Nicaragua, El Salvador, and Southern iltiica (South AT- 
nca, Botswana, and Zambia) has significantly incre~scd TAM 
223 activity. Impact assessment studies shou~ a high rate of 
return on investment from research conducted by this project. 

Sustainable Production Systems 

INTSORMIL's project, PRF 205. focusing on acceler- 
ated activ~ty in marketing and impact analysis has lnade sub- 
stantial progress in 2002-2003. 

With the support of four NGOs working in f i~nr  differ- 
ent Sahelian countries, INTSORMIL economists hegan a 
field-development project in this year. This shiftcd prima~y 

205 continue to do impact analysis. Graduate students in 
PRF 205, as in other INTSORMIL projects, develop their 
skills as researchcl-s lhy actually doing research under the 
guidance oftheir major professor, an INTSORMIL principal 
investigator. In thc summer of 2003, graduate student Nega 
Wubenel- and Dr. Sanders, the principal investigator of PRF 
205, went into the tield in Tigray to continue the evaluation 
of the new Stvigu-resistant sorghum cultivars and associated 
technologies introduced there. Graduate student Rafael 
Uaiene spent the u inter of 2003 intenjiewing farmers in cen- 
tral Mozambique. He is evaluating the role of marketing strat- 
egy in the introduction of new technologies for maize and 
sorghum as well as thc importance ofboth in increasing farm- 
ers' incomes. Mr.Yigeru will begin his M.S. research in the 
fall of ?(I03 analyzing the introduction of N'Tenimissa and 
associated technologies including the importance of market- 
ing impr~>vements. 

With other funding from USAIDIAfrica the principal 
investigator of PRF 205 and his graduate students have been 
studying the potential impact of'biotechnology focusing, our 
attention on the costs to West Africa of not introducing Bt 
cotton. Anothcr project has been an analysis of the effects of 
technology and policy on farm income and technology intro- 
duction in cacao production in Cameroon and Ghana. Both 
projects broaden our scope and give us ideas for our 
INTSORMIL rescarcli. 

INTSORMIL's project UNL213 which focuses on crop- 
ping syslems to optimize yield, water and nutrient use efi- 
ciertcy ofpearl millel lhas been extremely productive in gradu- 
ate education of West African collaborating scientists, agro- 
nomic research which has led to publication in scientificjour- 
nals, the publication of extension bulletins, the transfer of 
improved practices to pearl millet producers, and strength- 
ening the: acti\ itie.; ofthe West and Central Africa Pearl Mil- 
let Research Nctu'ork. In the United States, the project has 
identified through research and documented the potential for 
pearl millet as a n a b  grain crop in the Great Plains, and de- 
veloped prod~~ction practice recommendations for planting 
date, rev,. spacing. and nitrogen fertilizer application. Re- 
search activities cxpanded from West Africa to Central 
America in 2001 

The major managerial issue facing project UNL 213 is 
balancing INTSORMIL efforts with other responsibilities in 
National Research Sqste~ns and in U.S. universities. Although 



electronic communication has improved the situation. com- 
munication remains problematic both i n  planning and repon- 
ing research acti\ities. There is continuing difficult) in iden- 
tification o f  potential graduate students from \Vest .African 
and Central American countries largely due to the need for 
English language skills. Funding o f  graduate student sn~dies 
is becoming increasing difficult with flat budgets along \\ ith 
increased costs (especially overhead and stipend). and due 
to fewer supplemental funding opportunities from other 
sources. Although etfective programs hate been established. 
the future is somewhat uncertain due to the weak institutional 
strength o f  national programs. The collapse o f  the \Vest and 
Central Africa Pearl Mil let and Grain Sorghum Research 
Nehvorks has reduced opporlunih for meeting to share re- 
search results and plan research activities. Nebraska research 
on pearl millet is severely constrained by the lack o f  a pearl 
millet breeding p r o p m  in the Great Plains. and the lack of 
private sector investment in de\eloping pearl millet as an 
alternate grain crop. 

The implementation o f  the proposed work o f  
mTSORSIIL's project U N L  219 which conducts research 
on soil and water management for impro\ ing sorghum pro- 
duction i n  East .Africa has been successful to date. The 
ISTSORiflL-sponsored graduate student is completing his 
second year field trial on effects of staner fenilizer and is 
expected to complete his $1.5 thesis in the Spring of 2001. 
The soils researchers o f  this project ha\e initiated Ivork in 
Uganda and are planning to continue giving technical sup- 
port to researchers i n  Tanzania. Two Y.S. students in Erhio- 
pia have began their study at -2lemaya University and hale 
initiated their first season field research at \lelkassa and 
Mekelle. Frequent communications \vould improve the qual- 
in- of implementation i n  Ethiopia. The investigators in thls 
project ha\e experienced infrequent communications. and 
have re-emphasized to our partners the importance o f  com- 
munications to the success o f  the project. Girma .Abebe is 
coordinating our research acti\ities in the Melkassa area since 
he assumed responsibility for sorghum agronomy research. 

Sustainable Plant Protection Systems 

Identifiing the correct causal agent(s) for grain mold 
requires that at the least the major species being recoiercd 
be correctly identified. thus formal taonomic descriptions 
o f  these ne\v species needs to continue. I n  the project which 
concentrates on agroecology and biotechnology of stalk rot 
pathogens of sorghum and millet (KSU 210). molecular di- 
agnostic tools are being de\eloped for these species. but \al i- 
daring them requires a suficient sample to determine their 
\alidit). Smdies o f  mycotoxin production under field condi- 
tions are needed. and the mycotoxigcnic profiles o f  ne\\l!~ 
described species continue to need to be developed. The 
identification o f  a compound that can be misidentified as 
zearalenone when "quick and dirty" techniques are used 
should relieve some concerns about mycotoxins in sorghum 
and ease trade barriers. .As before. species identification 

appears to k critical in estimating the risk> posed b! m!c- 
otoxins. and many of the Ftr.~<s-rrtrtr specie common on w r -  
ghum do not make high le\els o f  man! ofthe common m!c- 
otoxins lhut are to \ i c~ .  The Sctenutic \\ritin_g and Ftic'rriurf~ 
Laboraton \vorkshops ha\e k c n m e  successfi~l. \ ~.;l?Ie ot~r-  
reach effons that \r ill continue. Srtentific wrttlng ao:kshops 
are o f i r e d  opportunisticall! a hile the PI tn \e l i .  Frt~~rrr t tm 
Laboratop \\brkshops arc hzld in o d d - n ~ m k r s d  :.earn 21 

KSU in ilanhattan. and in e\en-numkrrd !ears JI 3 1c~a- 
tlon outside the United States The 2002 \\orkshop u as held 
in Sydney. -4ustralia: the 200.1 uorkshop is scheduled ft>r 
Pretoria. South .Africa: the 2OOh in-atton has nc,t b s n  set. 
but either Europe or Southeast .Asia 1s the most Ilkel! at the 
moment. 

Publication o f  the Snrplrrrnr .ski \Irli~.r. Drw,u;., h w h  
is a major accomplishment. u lth 19s authors from :9 coun- 
tries making a contribution to the final \p lume The PI 
KSL'2IO\rasonshhat1cal rSenrorFulhngn: Fello\\ 1 i n . 4 ~ ~ -  
rralia for much ofthe past !ear ~Januan A u g u s t  2lk)I,. and 
used much o f  this time to complete the t ~ h n l c a l  ectr~ng @i 
the So~plrunr criai \ / i l l c r~  DI<I~~Z<~~., \olume As 11 \\as k l n g  
completed. the additional size resulted ln 3 rcquc>t that the 
PI prepare camera-read! cop! as \\ell 10 help keep t'5e pnce 
reasonable. This added an addltlonal f i \e ~ o n t h s  ol'edltlng 
time. but reduced t l l r  final price b! Sill-40 per \olu.ne. 

\ b r k  with the fusarium collections is progres~ng. \-IS- 

iting scientist Dr. G i u x p ~  SIulP. from Ital! d ~ d  c<>ilah>n- 
rive research in the laboraton o f the PI < > i K S L  I l o  tier 
focus had k e n  on the stralns irom linger nullet in Iganda. 
which are pro\ing to k hoth dl\srse and p u u l ~ n g  \\brL 
with the Tanzanian strain set h s  p r o g r s x d  the p i n t  that 
the analysis ofthe tdentltied ipec~es 1s ewntiall! rimplete. 
and has led to the identilicat~on o i  a x c e  c i  stmini that 
represent a number o f  p re \~ous l !  undescrib-d and 
uncharacterized species. The t o \ ~ c o l o p  \\or* neeis a c o -  
laboralor a ho can test the etfscts o f  t o x ~ i i  in cornrnerc~al 
animal feeds. and \tho can model then ettPrts in lahrarop 
systems b! ustng human and animal cell itnes as m ~ d e l s  
Scientific \\'riling and Ft,<<rrrr~t~r Lah~ra iop  irorkshopi j z n e  
as interd~sciplinap \enus; for islcntlsrs ir, de\elofwd and 
de\eloping countries that aorh on tanous crops 1%-e\ihan_ce 
informarlon and to interact \\tth one an\>thi.r rn 3n iniorrnal 
setting. Iowa State Press IS intersstd in puhl~ihlng L x ~ k s  to 
go n i t h  each ofthesc courses. -icontract has k n  i l q e d  h! 
Brett Summerell and the PI o i K S C  210 m przp~re a m3nuai 
to accompan! the Fuwnum Laboratop \\oAihc>p~ 

Collahration u i l h  Dr. Slamoroo D ~ < x m e  tn \I311 has 
yet to be successful. The PI did not \!sir Dr. Diourte this 
year tlMl21. 4 s  a suhst~tute the PI h s  k:un \ % ~ ~ r * i n g  n i t h  
Dr. Rana-lit Band!opadh! a! oillT.-\and Dr Stephen \usugah 
(Ghana) and Dr. .\darna \e>a (Burklna Fasot 1,) ident~i! 
causal agents of grain mold and head blight tn wryhum in 
\Vest .Africa. 



KSU-21 I is INTSORMIL's project which conducts re- 
search and trains scientists in agroecology and biotechnol- 
ogy of fungal pathogens of sorghum and inillet. Collabora- 
tion with scientists in El Salvador and Nicaragua in 2002 - 
2003 was satisfactory. Extensive surveys were c~inducted 
for the past two years and research objectibes emphasizing 
the principal diseases are in place. Rust and fungicidal con- 
trol are being investigated in El Salvador and gray leaf spot 
and anthracnose will be researched in Nicaragua. Sergio 
Pichardo is now in a Ph.D. program at Mississippi State 
Unibersity. and this is important for future scientific programs 
in Nicaragua. A change in the pathology program occurred 
at CENTA as Carlos Borja will now be the INTSORMIL 
sorghum pathologist. A need exists for 1'h.D. training of a 
pathologist in El Salvador. The objectives of the collahora- 
tive project are on schedule as were initially planned. 

The emphasis ofproject KSU-220 is on developing high- 
yielding sorghum varieties and hybrids with enhanced nutri- 
tional and grain quality characteristics for use as human food 
and in animal feed. Recent nutritional studies indicated that 
cenain large-seeded hybrid sorghums were equivalent in feed- 
ing value to hybrid maize and were significantly better than 
conventional sorghum varieties. Breeding effhrts have been 
initiated to transfer these enhanced feed quality characteris- 
tics into high-yielding sorghum X~arieties adapted for produc- 
tion in Africa, Central America, and the United Stales. This 
will he accomplished through conventional breeding strate- 
gies and by adapting marker-assisted selection technologies. 
as appropriate. 

Other research efforts have focused on the characteriza- 
tion and utilization of genes to improve resistance to grain 
mold and tolerance to weathering. Studies evaluating the 
role of known defense response pathways have shown that 
factors other than the activation of defense genes account for 
differences among sorghum genotypes with contrasting host- 
plant resistance characteristics. Markel--assisted selection 
studies indicated that a subset of grain mold resistance genes 
tagged in the variety SureZo are expressed across environ- 
ments and in diverse genetic backgrounds. These genes rep- 
resent excellent candidates for utilization in crop iniprove- 
ment programs via marker-assisted selection. 

A training program is being developed to transfer the 
technology and knowledge needed to effectively utilize im- 
proved sorghum and millet cultivars for animal feeding and 
human food. Technical assistance and technology transfer 
are being pursued through interactions wit11 Dr. Carlos 
Campabadahl, one of the leading nutritionists in Central 
America, and Mr. Salissou Isa, Head oflhe Animal Husbandry 
Unit at INRAN in Niger. These efforts include the deveiop- 
ment oftraining programs directed towards key poultry pro- 
ducers and feed millers in West Africa and Central America. 
including demonstration experiments and workshops. 

The efforts of ihe investigators in KSU-220 to improve 
and protect sorghum grain quality include integrated research 
projects ir~volving pathology, breeding, and poultry nutrition 
within the framewol-k of a "mega-project" involving the four 
principal investigators and collaborating scientists in devel- 
oping countries. Although good progress has been made to 
initiate interdisciplinary research projects and collaborations 
to address this objective, the group has not yet coalesced 
into a fully integrated team. Some interdisciplinary compo- 
nents ofthe prolect h;i\.e been very effective and productive, 
but these synergies are less evident in other areas. In these 
areas, the arnount of collaboration among principal investi- 
gators within this pro-iect is comparable to interactions with 
principal investigators ofother INTSORMIL-CRSP projects. 
Thus, the KSU-220 team continues working towards a fully 
integrated collaboration. 

MSU-205 is a project with research activities in collabo- 
ration with scientists at the Panamerican School ofAgricul- 
ture in Honduras during the past 23 years which concluded 
in 2002. S,tudents fi-om the school trained in MSU-205 have 
returned to Central America to provide agricultural exper- 
tise. The extension ot'MSU-205 into Nicaragua and El Sal- 
vador in 1998 has probided MSU-205 the opportunity to in- 
vestigate entomological constraints to sorghum production 
on large fanns co~npared with the low input, subsistence farm- 
ing systerns in Honduras. The research collaboration with 
scientists in INTA. l i N 4 ,  UNAN and ANPROSOR in Nica- 
raguaand CENT:\ in El Salvador has proved to be extremely 
beneficial in developing plans and coordinating, implement- 
ing and conducting scientific investigations in these coun- 
tries. Investigations ofthe specific insect pest problems iden- 
tified i n  the respective countries have yielded the basic bio- 
logical inlormation needed for developing and recommend- 
ing effectivc insect pest management programs. This coordi- 
nated effort among scientists and administrators was particu- 
larly obvious in the planning and conduct of the Sorghum 
Crop Protection M.'<irkshop held in Managua in 2002. In the 
United St,ates. research investigations in 2002 - 2003 have 
been conducted and are in progress to determine levels of 
damage by fall artnyworln on sorghum in different plant 
growth stages. as \r ell as refining economic threshold levels 
for this lepidopterous pest on whorl stage plants and for sor- 
ghum midge on tlie panicles. This information will assist farm- 
ers in decision-making regarding the application of insecti- 
cides to control these pests. 

The project, PRF-2 13. supports research and training of 
scientists combatting a widespread parasitic weed in Africa 
which car1 severely decrease yields of sorghum and millet. 
Witchweeds (Siriiqo spp.) are obligate parasitic weeds of sig- 
nificant economic importance. Control methods available to 
date have been costly and beyond the means of farmers in 
developing countries. While combining several control mea- 
sures may he necessag for eradication of Striga, crop losses 



to Striga can he effectively minimized through host-plant 
resistance. Our goal is to exploit the unique life cycle and 
parasitic traits of Srriga. especially the chemical signals r r -  
quired for germination, differentiation. and establishment. 

RZTSORMIL's program using research to combat StrIga 
emphasizes identification and characterization of genetic 
variants o f  sorghum with known inheritance and expression 
o f  biological defense responses. The project employs simple 
laboratory bioassays and molecular markers in identilLing 
new variants and introgressing genes for StrIpa resistance 
from various sources into desired genotypes. Sorghum culti- 
vars with single as well as multiple mechanisms o f  StrIg'r 
resistance have been generated. Field evaluations are con- 
ducted in  Africa to test efficacy of each putative StrIga resis- 
tance mechanism as well as level and durability o f  the resis- 
tance acquired by pyramiding genes from several sources. In 
2002. afier extensive testing in multi-location tests. one o f  
our elite lines was officially released for commercial culti\ a- 
tion in the Amhara region o f  Ethiopia. The cultivar was rec- 
ommended and seed disseminated under a local name. 
"Brhan". translated as "light" in the midst o f  the darkness. 
Sfriga. 

The PI o f  INTSORtvIIL's project for sustainable man- 
agement o f  insect pests (WTU-200) traveled to Mali to re- 
\iew INTSORMIL activities and discuss collaborative re- 
search in entomology. Research on management o f  insect 
pests o f  sorghum and pearl millet u~as done as planned with 
entomologists and other scientists in Botswana. Mali, Siger. 
and South Africa. Sen  sorghums and an insecticide devel- 
oped by commercial companies were evaluated against green- 
bugs. Fitness o f  greenbugs on sorghum was assessed in rela- 
tion to temperature. soil water and nitrogen, and host. The- 
sis programs o f  six graduate students \\ere directed. One 
student completed her M.S. degree in  May. and two uill fin- 
ish in  August 2003. Tiecoura Traore from Mali came to \Vest 
Texas A&M University to learn English before beginning 
graduate studies in  fall 2003. Research results were presented 
at sorghum and entomology meetings including the 
INTSORMIL Principal Investigators' Conference in Ethio- 
pia. 

Utilization and Marketing 

.4reas o f  increasing importance within the INTSORMIL 
Collaborative Research Support Program are utilization. 
health aspects. and marketing o f  sorghum and millet. The 
project with emphasis on chemical and physical aspects o f  
food and nutritional quality o f  sorghum and millet (PRF-2 12) 
is a key element in  the WTSORVIL program. In  our contin- 
ued work on nutritional quality o f  sorghurn grain. processing 
o f  sorghurn and millet to commercializable processed prod- 
ucts in  West Africa. and fundamental aspects ofgrain related 
to its use in  food. perhaps our most noteworthy contribution 
this year relates to uork  on starch digestion characteristics in 
cooked sorghum foods. Sorghum foods. ranging from por- 

ridges to couscous to flat breads. ha\e a slo\\ly digesting 
starch propem that results in someu hat loaer starch digest- 
ibility as demonstrated in human and animal studies Last 
year ISTSOR\IIL in\estigators reponed on a pre:iousi! 
identified sorghum mutant ~ i t h  high protein digesirbilit? 
~ h i c h  also has higher starch digestihilip. !\,Id-t?pe sorghum 
cultivars with comparably higher protein digesrib~lit? also 
had higher starch digestibility. This finding has rele\ mcs to 
foods for weaned infants and others \tho c@nsume marginal 
intakes of energ. Further work on the basis o f  the sloul! 
digesting starch property o f  sorghum re\ealed this !car that 
sorghum proteins behaie dramaticall! diffsrc.ntl~ dunne the 
cooking process from those in other cereal tlours tested I maize 
and rice) in  that extensi\ e neb-like structures formed -\in- 

can and me r i can  researchers conducting research in ~ro ject  
PRF 212 have additional evidence that these protein suuc- 
lures can form associations \\ith gelatinizin: starch that re- 
duces access o f  the starch desrading enzyme> to 5omi ofthe 
starch: thus. creating a slo\ver digesting prcduct. This find- 
ing opens the door for funher research to determine the 
factor($) that cause this occumnce ~ i t h  the goal oimanipu- 
lating starch digestion rate either up ior groups nrrdinr rapid 
and complete digestion or down for reasons o f  health related 
to diabetes. and perhaps oksi t? and cardim zsular d s e w .  

In  other studies. uork \\as reiniuated on the high prn- 
tein digestihilit? s o ~ h u m  mutant \\ith the objecti%e s i fu r -  
ther improving kernel texture. Lines \\ere identified \\ ith a 
good degree o f  modification and conslstenc? that ha\: k e n  
planted in diverx locations for funher exaluation on stabil- 
it) o f  trait. A swine stud! \rat also initiatsd to determine 
digestibility and feed \slue o f  the mutant sorghum. 

In  Siger. \\ark continued to\\ards commercializauon o f  
sorghum and millet agglomerated products ~ c o u ~ o u s  and 
other similar particle size foods) and high qualit? tlourj. 
Further optimization and market testing has k e n  dons. Olher 
collaborators have been added in the region to include millet 
varietal evaluations for id products in nonhem Xigeria and 
in  Dakar. Senegal for e\aluation o f  high foexi qualit? local 
millet \arieties. A rnp to Dakar in Januan ?DO5 \ t i& Dr 
Lloyd Rooney shoued a \ e n  actixe millet prcxeising scene 
that can and already is being used as a model for the region 
regarding entrepreneurial commercializat~on o f  pm-cjsed 
products. The issue o f  the necessi? o f  ha\ ing high qualip 
grain for processing and the appmpnatr conuaiting a n c i  mar- 
keting channels that must be de\eloped are k i n g  a<ti\el) 
pursued by a number o f  groups. In Burkina Faso. a c o ' l a b  
ration wil l  begin in  the upcoming !ear. 

O f  great imponance to de\ eloping demand-dn\m \ aiue 
chains is food \\ ith \ alue-added characteristics and nutntional 
benefits for a range o f  nutritional needs The IXTSOR\IIL 
project dealing u i th  food and nutntional qualit? oisorghum 
and millet IT.45I 2261 complements research being done in 
PRF 212. The imponance o i  grain suppl! chain manage- 
ment i s  k i n g  recognized as a \ ital pan ofcrop imprmimsnt 



programs and utilization of grains, Investigators in 
INTSORMIL project TAM 226 have tried to publicize the 
need for this approach to provide for sustainable utilization 
of sorghum and millets in food products. New markets for 
value-enhanced white food sorghums are being promoted by 
the US Grains Council from our research on food sorghum 
processing and prototype products. In Japan, value-enhanced 
white food sorghums are processed into se~zernl c~xnmercial 
snack foods. Sorghum flour was demonstrated effective in 
nearly 20 traditional Japanese foods by Japanese chefs and 
food processors. 

Several mills are producing sorghum flour for niche 
markets in the USA. Total use is still vety low but new prod- 
ucts for celiac patients and ethnic foods exist. In Central 
America, white sorghums are used in cookies and other prod- 
ucts as a substitute for wheat or maize. 

The antioxidant level in certain bran fractions of special 
sorghums is higher than that of blueberries. These brans and 
their extracts are useful as h o d  ingredients in a number of 
applications. Extrusion processing of sorghum reduced the 
tannins into smaller polymers with improved health promot- 
ing effects. 

Several parental sorghum lines released from our pro- 
gram are used in commercial hybrids grown in Mexico and 
the United States. ATx635 hybrids have outstanding milling 
properties. The protein content of food sorghums is higher 
than that of other commercial sorghums. A method was de- 
veloped to effectively evaluate milling properties of sorghums 
when light colored meals were desirable. Antifungal 
proteins(AFP) are related to grain mold resistance in sor- 
ghum. However, the measurement ofAFP levels must be ac- 
complished when the sorghums are exposed to molding con- 
ditions. Thus, it may be easier for breeders to evaluate mold 
resistance by subjective methods. TheAFP levels remain high 
in resistant cultivars that are exposed to high levtls of mold 
infection. 

Biotechnology 

Biotechnology encompasses a number of concepts and 
techniques based on recent knowledge of genetics, biochem- 
istly, computer science. INTSORMIL scientists e~nploy tech- 
niques of biotechnology. such as marker-assisted selection 
to accelerate plant breeding and laboratorq assays to accel- 
erate selection of Striga-resistant gennplasm, INTSORMIL 
scie~lt ists  see  biotechnology as a means. not an end. 
INTSORMIL's ends to which the tools of biotechr~ology may 
be applied are summarized in its four main objectives, namely 
1) promote economic growth, 2) impl-ove nutrition, 3) in- 
crease yield, and 4) improve institutional capability to do 
research on sorghum and millet. 

Future ,Directions 

During the past 24 years, INTSORMIL has educated over 
1000 scientists by degree programs, visiting scientist experi- 
ences, post-doctoral training, workshops, conferences, and 
scientific publications. About one-third of those trained are 
Americatls and t\z'o-thirds are from developing countries. The 
bridges huilt by this training are crucial to maintain scien- 
tific and peaceful linkages between the United States and 
developi.ng countries. The collaborative research supported 
by INTSORMIL continues to produce benefits for hoth de- 
veloping countries and the United States. Food production, 
utilization and inarkcting in both developing countries and 
the Unit(:d States are strengthened by INTSORMIL. The 
health b~:nefits of the two nutritious cereals, sorghum and 
millet, are en.joyed by millions of people. Five hundred mil- 
lion people directly consume sorghum, 300 million people 
directly iconsume pearl millet, and sorghum is a key element 
in the rood chain of the United States, being a key feed for 
livestock.. What, then is the future for collaborative. interna- 
tional :sorghum and millet research supported by 
INTSOF.MIL'? The tilture is bright. 

There continues to be a need for highly qualified re- 
searchers for these two crops hoth in developing countries 
and the IJnited States. INTSORMIL fulfills a unique role in 
providing postgraduate training (M.S. and Ph.D. level) to 
meet this need. .4s the demand for water in cities continues 
to put freater prcssure on the use of water for irrigated crop 
production. sorghum and millet. which are for the most part 
rainfed, will gain increased importance in meeting the ca- 
loric needs of'devcloping countries, particularly in the semi- 
arid tropics. and of the livestock feed industty in the United 
States. Recent INTSORMIL research on the nutritional ben- 
efits of:jorghum and millet form a strong base for future re- 
search to enable the ci~mmercialization of nutritionally supe- 
rior sorghum Based on its achievements, the INTSORMIL 
team is well positi~lned to contribute even more effectively 
to ending hunger and raising incomes. With its increasing 
strength ~ ) f  scie~itilic expertise in developing countries, 
INTSOIZMIL is tiou able to more effectively reduce con- 
straints to production and utilization of sorghum and millet 
to the mutual henelit of developing countries and the United 
States. Ad\ances in sorghum and millet research over 
II\TSORMIL.'s lirsr 24 years and the training ofsorghum and 
millet scientists by INTSORMIL in the United States. Africa 
and Central America now enable scientist from developing 
countrit:~ and the ilnited States to jointly plan and execute 
mutually beneficial collaborative research. These collabora- 
tive relationships are keys to INTSORMIL*s success and 
will continuc as f~~ndamental  approaches to meeting the 
INTSORMIL mission. In the future, INTSORMIL will tar- 
get NARS collaborati\,e ties that reflect regional needs for 
sorghum andlor m11li.t production. These ties are in the sor- 



ghum and millet agroecoloeical zones of nestern. eastern. 
and southern Africa. and Central .America. By concentrating 
collaboration in selected sites. ISTSOR\IIL optimizes its 
resources. builds a finite scientific capahilit? on sorshum and 
millet. and creates technolosical and human capital that have 
a sustainable and global impact. 

Future strategies o f  INTSORSllL \ \ i l l  maintain 
ISTSOR\1ICs current. highl) producti\ e momentum. huild 

on its record ofsuccezr. and accomplish a nsu =I oigoals. 
ISTSOR\IIL's glohal strarcg) ior YN11 - 3 M W  1s mreided ro 
contribute ro the shiti ofsorghum and pearl millet ircm sub- 
sistencs crops to \ ah -added .  cash crops. ~ n d  prepojts re 
produce scicntitic kno\\ledge and techn~4o~tes  I<>: iontnb- 
ute to economtc gro\\th. Impro\e nutrition. !nire~sr. )ield. 
and impro\e instituuonal capahil~t? ro mce: global. rcstonal 
and national needs. 
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Summary 

Zearalenone is an imponant mycotoxin produced b) some 
Ftnarittm species. but these species are not commonly associ- 
ated with either sorghum or millet as they are most common 
under cool. wet conditions. Yet reports of zearalenone can be 
relatively common. even though species known to produce the 
toxin cannot be reco\ered from the associated grain sample. 
With my collaborators \ye examined a number of the traditional 
and newly described F~rsaritim species from sorghum and mil- 
let in Africa. When analyzed by thin layer chromatography. a 
spot that comigrates with rearalenone often can be identified. 
This compound also has a multi-peak L'V spectrum similar to 
that ofzearalenone. but the two compounds can he distinguished 
with reversed-phase HPLC. Based on mass spectral and SSlR 
analyses, this compound \\-as identified as  8-0-methyl-  
bostrycoidin (8-0!vfB). a previously idmtitied Ftrs'wium sec- 
ondae  metabolite of unknown. but presumably minor. m!c- 
otoxicity. Use of the correct chemical technology to identit:\ 
this compound in sorghum and millet ga in  should permit freer 
trade of sorghum and millet grain and should increase the per- 
ception of sorghum and millet as aholesome foods that are rela- 
tively free of mycotoxin contaminants. 

One approach to disease control is by breeding for disease 
resistance. but biological control is a desirahle. sustainable al- 
terna1ix.e or supplement to the breeding process. Many fungi 
harbor dsRNA molecules. which can confer phenohpes such 

as hypo\ irulence or altered colon! rnorpholog? and pigmenu- 
tion. In some species of Fti.sttt~rt,~~~. dsRS.4 moleculs are iotind 
in e \ e r )  strain examined. \Ve examined ICO F rn~i., ,tir<tttot~ 
(the most uidespread o i  the /-tts'n.rtrrr, spxies iniwtin w r -  
ghtim) isolates. but found onl) four that sarnrd d s R S . 4 ~  S ~ m e  
ofthese strains had a \ tsihl! unusual phenotype. Sane  ofthese 
dsRU.As a s r e  transmined through sexual crosses in u htch thr 
dsRS,A-containing strain x n e d  as the male paren: Each is+ 

late harbored a distinct set of dsRS.\s. \\ hish rdnged tn rtre 
from approximately -00 hp to appro\imatel) 3.llXl hp. Slul- 
tiple hands \\ere obsened in thrte stnins. and thrw x r s  o i  
d s R U s  \\ere tnnsmincd as sets at a htyh irequsni! te" q - " a l  

to \egetativel! produced microconidia. These d s R S . 4 ~  are 
pmhahl!locali/ed in the mtt~rhondri3. as the! cnpurified \,. tth 
mitwhondrta and uere protested against n h ? n u i l e ~ x  .4 diges- 
tion in mitwhondrial preparations. The founh srntn had onl? 
a single dsRS.A hand that \\as onl) nrel! td" 2"*t m s m i t t d  
to the micrw-onidia. These data suggest that diR\.4s are un- 
likel! to h: usefiil as biological controls ior Fi.>c:r.:trrtt ini<;ta- 
lions of sorghum and millet. 

Objectives, Production and Utilization Constraints 

- Detrrmtne the prcsence of \iahlr iungt and 
related m!coto\ins in sorghum and mtllet y n  n 
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S~l.~tainable Plant Protc.ction Svsre~n., 

Use genetic and molecular traits to assessing genetic 
variability in populations of Fusarium and 
Colletotrichum from Mali, Tanzania, India, Uganda, 
South Africa, and the United States. 
Provide pure cultures of hngi  from our extensive 
collection to U.S. and LDC investigators to expedite 
diagnoses of fungal diseases of sorghum and millet. 
Conduct Scientific Writing and Fusariu~n 
Identification training workshops. 
Edit Proceedings of 2000 Global Sorghum and 
Millet Pathology Conference. 

Constraints 

Mycotoxin contamination limits the uses to which harvested 
grain can be put, and creates health risks for both humans and 
domestic animals. Furarium-produced mycotoxins are among 
the most common mycotoxins found in cereal grains, yet have 
not been etiectively 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. Grain errantly identified as contain- 
ing zearalenone can be prevented from entering international 
trade channels. 

Fusarizrm spp. associated with sorghum and millet do ob- 
vious damage as stalk rot, grain mold and pokkah boeng. All 
of these diseases can cause intermittently heavy losses in the 
United States and in developing countries. Brceding for resis- 
tance to Fzsarium associated diseases often is limited because 
resistant germplasm is either unavailable or has undesirable 
characters from which the resistance trait must be separated. 
Biological control is an alternative to or supplement for resis- 
tance breeding. A common form of biological control in fungi 
is to use double strand RNA (dsRNA) molecules that can infect 
strains and behave as viruses to reduce the pathogenicity ofthe 
fimgal population. In successful instances, e.g. the control of 
Chestnut blight caused by Cryphonecrriaparu.\irica in Europe, 
thecontrol is sustainable in that it results in a pemianent change 
in the fungal population and is stably maintained by dsRNA 
replication and transmission with the fungus on a year-in year- 
out basis. 

Research Approach  a n d  Projec t  O u t p u t  

Research Methods 

Strains and culturing techniques. We examined 100 
strains of F prolifiratum from both symptomatic and asymp- 
tomatic plants collected across the United States for the pres- 
ence of dsRNAmolecules. We evaluated strains of E acrrtatum, 
F andiyazi, F begoniae, E brevicatenvlalum, F bulbicola, F 
circinatum, F: concentricurn, E denticulatum, f? guttforme, E 
konzum, F lactis, F. nisikadoi, E: ph~~llophilzrm, F 
pseudoanthophilum, F p.~eudocircinatzrrn. E prez~donygamai, 
and F: ramigenum for the ability to produce zearalenone and 
its analog. 

Strains were preserved as spore suspensions in 15% glyc- 
erol and f ro~en  at -70°C. Vegetative cultures were grown on 
minimal medium (7) solidified with 2% agar in slants or petri 
dishes. or as liquid cultures in 125 ml Erlenmeyer flasks. Incu- 
bations on solid media were at 2 5 ~  C under a 12 h light-12 h 
darkness diurnal cycle. Nucleic acids were extracted from 
young. rapidly growing liquid cultures. Vegetative growth 
measurements were made in race tubes containing either mini- 
mal or complete medium. Sexual crosses were made on carrot 
agar with standard tester strains from the Fungal Genetics Stock 
Center (University of Kansas Medical School, Kansas City, 
Kansas) scning as the female parents. Cultures for toxin pro- 
duction were grown on cracked com. 

TLC, HPLC, GCIMS, and NMR. Compounds were ex- 
tracted from cracked corn cultures with acetonitrile: water 
(75:25) and filtered to ch i@.  TLC (Thin Layer Chromatogra- 
phy) plates were developed with chloroform: methanol (98:2), 
and spots identified following irradiation with UV (ultraviolet) 
light or treatment with concentrated H,SO,. Zearalenone co- 
eluting bands were scratched off the plates into acetonitrile: 
water (60:4(1), filtered to clarify, and the filtrate concentrated 
with a rotary eyaporator. The compound was detected by HPLC 
(High Performance Liquid Chromatography) at a wavelength 
of 235 nm. and the eluate fraction(s) of interest were pooled 
and reconcentrated several times by rotary evaporation before 
being used for structural determination analyses. Structural 
analyses wwe made with IR (Infrared spectrometry), GCIMS 
(G;ls ChromatographyIMass Spectrometry), NMR (Nuclear 
Magnetic Resonance), and ESlMS (Electrospray Ionization 
Mass Spectrometry) using the HPLC purified compound. 

Toxicity assays. Toxicity of the zearalenone analog was 
evaluated in brine shrimp bioassays and iq the commercially 
available Microtox assay. The Microtox assay measures re- 
ductions in hacterial bioluminescence as evidence of toxicity, 
ancl retoms EC;,, balues, i.e, the concentration ofthe compound 
that reduces bioluminescence by 50%. Brine shrimp are cul- 
tured for 24 hours in 24-well microtier dishes containing one 
of 13 levels of the test compound (between 0.5 and 300 igml). 
Dead shrimp are counted microscopically, and then the living 
shr~lnp are klllcd by the addition ofacetone, and the total num- 
ber of shrimp in each well is counted. 

Mitochondria and nucleic acid isolation. Mycelia were 
ground to a powder in liquid nitrogen in a mottar with buffer 
and i-mercaptoethanol and extracted with phenol-chlorofom- 
isoamyl alcohol. Nucleic acids were precipitated with sodium 
acetate and erlianol. pelleted by centrifugation, and resuspended 
in r;terile distilled water. Single-stranded nucleic acids were 
precipitated by the addition of % volume of 7 M LiCI, incu- 
bated on ice for 6 li, pelleted by centrifugation and discarded. 
Double-stranded nucleic acids were precipitated from the su- 
pernatant nith ethanol at - 2 0 ~ C .  pelleted by centrifugation, 
and resuspended in sterile distilled water. The dsDNA in each 
sample was digested with RNase-free DNase. The remaining 
dsR.NAs were separated on 1.0% agarose gels and stained with 
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ethidium bromide. The sizes of dsRNAs were estimated by 
comparison with dsDNA molecular weight markers. 

Mitochondria and mitochondria1 nucleic acids were 
isolated From mycelia ground to a powder in liquid nitrogen 
with buffer. Mycelial debris and nuclei \\ere removed in two 
slo~v speed cenmfugations (1.000 x g for 10 min). and the mi- 
tochondria collected in two somewhat faster centrifugations 
(3.000 x g for 10 min). and pellets from these centrifugation 
steps pooled. Mitochondria1 nucleic acids \\ere extracted. pu- 
rified. and evaluated as described above for total cellular nucleic 
acids. To determine if dsRNAs were located inside the mito- 
chondria. ribonuclease A u a s  added to pelleted mitochondria 
before they were disrupted. ARer incubation for one hour on 
ice. the reaction was stopped u-ith the addition of Superase-In 
ribonuclease inhibitor and the incubation continued for another 
10 minutes before the nucleic acids were extracted. purified 
and evaluated as described above. 

Research Findings 

Zearalenone analog. Seven of the strains tested produced 
a compound with identical mi_mtion to zearalenone on the TLC 
plates. In all cases this compound eluted t\vo minutes before 
zearalenone on a C.,-HPLC column. The analog also has an 
absorption peak at 500 nm that is not found for zearalenone. 
There was no evidence for rearalenone production by any of 
these cultures. 

The zearalenone analog was found to have an elemental 
composition of C,,H,,O,N and a molecular weight of 299. It 
contained aromatic C-H. aliphatic C-H. C-0. CH.. C-OH. 
and C=CH, based on iR analyses. and the presence of these 
componenk was confirmed in the NMR. GC;\4S. and ESIMS 
analyses. Based on these analyses. the zearalenone analog was 
identified as 8-OMB (Fig. I). 8-OMB was first isolated from 
Fusari~mr r.er~icillioides by Prof. \farasas's group in South 
Africa in 1979. as pan of a search for the cause of equine 
leukoencephalomalacia; a search that culminated in the disco\ - 
ery of the fumonisin class of mycotoxins some I0 years later. 
This group did not do any TLC analyses, ho\\-ever. and thus 
failed to detect the similarity beh5een 8-OMB and zearalenone 
under these simple analytical conditions. Strains of both E 
ondi?~i. which is common on sorghum. and Eprrrvior!\~amai. 
which is common on millet. produced detectable levels of this 
compound. Thus. reports of zearalenone in sorghum and mil- 
let grain based on TLC analyses are likely to be false positives 
in which 8-OMB was present instead. For surety. reports of 
zearalenone in both sorghum and millet should be accompa- 
nied by a mycological analysis in u hich strains from at least 
one of the Ftrsarirrm species that are kno\vn to produce 
zearalenone was recovered. 

8-OMB was moderately toxic to brine shrimp, with a LD,, 
of 38 ielml. In the Microtox system. the EC!,, of this com 
pound was 59 i r m l  and the EC.,, 21 ig ml. again indicating 
moderate t o x i c i ~ .  8-0\1B was more toxic in the Microtox 

system than either zearalenone ( 13 ig mll or sorne @her com- 
mon m)cotoxins. e.g. patulin 17 ig mll. ochratoxin .A ( 1 %  ig 
ml). penicillic acid I IS ig mll. and allatoxin B 12.; is mil. 
Toxicit?. of 8-0x18 to venebrares and other higher animals IS 

unknou-n. but may he wonhy of funher stud!. 

DsRZAs for biological control. Four o i  the 100 E 
p~,,vl~ferurrrm isolates. D-591. D-599. D--20. and D-890. son- 
tained double-stranded nucleic ac~ds  that \\ere susceptibie to 
ribonuclease and resistant deoxyribonuclease esrablishin~ that 
these lo\\ molecular ueight. double-stranded elements \\ere 
dsRN.4 (Fig. 2). Isolate D-591 contained at leas1 four dsRK.4~ 
(approximately 3 .10.  3.000. ?.'MI. and -00 bpl. isolate D 

Figure I .  Chemicsi structures of 8-0-meth?l- 
bostr>coidin (8-0\1Bl ( A )  
s a d  zearalenone (B) 

Figure 2. Suclease digestions of total nucleic acids 
extracted from F. protiferorvm strains. 
Strain numbers are indicated abo%e the 
gel. ".4" Ianes are untreated total necleic 
acids. "B" lanes are DSase-digested ouckic 
acids. and "C" Ianes are RSase-dignted 
nucleic acids. Positions of the gel origin. 
fungal genomic DXA lgDS.41. transfer RS.\ 
(tRS.4). and base-pair lengths of dsDK.4 
molecular weight standards ("\I" Ianes) are 
indicated a t  the sides of the eel. 
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599 contained at least eight (approximately 2.400,2,100,2,050, 
1,500, 1,050, 1,000, 800, and 700 bp), and isolate D-720 con- 
tained at least seven (approximately 2.200.2.000. 1,900. 1,200. 
1,100. 1,000, and 950 bp). Isolate D-890 contained at least 
one dsRNA of approximately 2,200 bp. lsogenic lines were 
made for D-599, D-720 and D-890 that lacked the dsRUA(s) 
by chance through asexual segregation during condial spore 
production. The phenotypes and gro\vth rates of the dsRNA- 
containing strains and the dsRNA-free strains derived from them 
were not significantly different on either complete or minimal 
medium, as determined by "race-tube" assays. 

Mitochondria were prepared from an isolate that lacked 
dsRNAs_ D-599-11 (the final two digits indicate a single-con- 
idiospore culture ofthe original parent). An aliquot ofthe prepa- 
ration was "spiked" with dsRNAs extracted from isolate D- 
591-25 and treated with ribonuclease 4 to demonstrate that ri 
bonuclease A was active enough to degrade dsKNAs outside 
the mitochondria (Fig. 3A). Mitochondria from isolates D- 
591. D-599, and D-720 contained dsRKAs that were not di- 
gested by ribonuclease A (Fig. 3), while the mitochondria from 
isolate D-890 did not contain dsRNA. Thus. the ~nultiple sub- 
unit dsRNAs all are located in the mitochondria, and the pre- 
sumptive single subunit dsRNA from strain D-890 has a cyto- 
plasmic origin. These dsRNA-carrying F p~.o/ifl.ratzim strains 
join strains of Ophiostomu nova-ulmi, Rhizorfuniu soluni, and 
Cryphonectrin parasifica as representatives of the only four 
fungi known to cany mitochondrial viruses. Depending on the 
functionality of the dsRNAs in .F ppm11fl.i-atz~m. it is possible 

Figure 3. RNase protection of dsRN.4~ i n  mitochondria. 
A. Lane 1, mitochondrial nucleic acids from 
D-720-29; lane 2, mitochondrial nucleic acids 
from D-720-29 "spiked" with dsRSAs from 
D-591;  lane 3, mitochondrial nnclcic acids from 
D-720-29 "spiked" with dsRU,\r from D-591 
and treated with RNase A. Base-pair lengths of 
dsDNA molecular weight standards (lane ">I")  
are indicated to the side of the gel. B. Strain 
numbers are indicated ahnve the gel, " A "  lanes 
are dsRNAs from untrealed aliquots of mito- 
chondria, and "B" lanes are  dsRN:\s from 
RNase A-treated aliquots of mitochondria. 
Base-pair lengths of dsDS.4 molecular weight 
standards (lanes "M") are indicated to the 
side of the gel. 

that these dsIlNAs belong to a previously undescribed virus 
genus. This detsmiination. however, requires the subcloning 
and sequencing of all of the dsRNAs from each of these strains. 

Sixty single-conidiospore cultures of each of the four iso- 
lates were analyred for vegetative transmission ofthe dsRNAs. 
All of the singlc-spore cultures of isolate D-591 contained all 
ofthe dsRh'As. although the dsRNA elements of several ofthe 
cult~lrcs had dinerent relative staining intensities in ethidium- 
stairled ayarose gcls. Only 3% (2160) of the single-spore cul- 
ture!; of isolates 11.599 and D-720 lacked dsRNAs, while 97% 
(581(50) of the single-spore cultures of isolate D-890 lacked 
dsRIV.4. 

In sexual crosses, the dsRNA-containing isolates were fe- 
malt:-sterile. prcventing a direct test of the expected cytoplas- 
lnic heritability ofthedsRNA molecules. Female sterilitycould 
not 3e directly attributed to the dsRNA molecules. however. 
sincl: vegetative derivatives of dsRNA-containing cultures that 
contained no detectable dsRNAs also were female sterile. None 
of the dsRNAs Mere transmitted through crosses in which a 
dsRlVA strairi scn,ed as the male parent. Thus, there is no evi- 
dence to suggest that these dsRNA molecules can be success- 
fully transmitted through the sexual cycle. How the mycovims 
in 0-890 is maintained under field conditions is unclear as it 
appears to he transmitted very poorly through vegetative re- 
production. and not at all through sexual reproduction. 

Mycoviruses of pathogenic fungi are of interest because 
somz of them alter the virulence of their host, and may he use- 
fill as biological control agents. The most intensively studied 
case of hypo\ irulence is induced by Cyphonectriu l~ypovirus 
I (CHVI I in ('. /,at-nsiticu, the causal agent of chestnut blight. 
Several of the dsRNAs in 0. novo-zilmi, the causal agent of 
Dutch Elm Disease, decrease virulence, and like the dsRNAs 
reported here. are mitochondrial Mycovirus-infected strains 
of Fusoril~m grrr~~~inearzrm with decreased virulence on wheat 
also are knowll, and may be useful as a biological control. The 
mycokiruses liotn .F ,~~z-o/ifl.rutum are unlikely to be useful as 
biological control agents since they do not obviously affect the 
phenotype of strains canying them, although this possibility 
has not yet been strictly disproven. Freshly recovered isolates 
might be inorc likely to harbor dsRNAs than isolates in my 
collrction because we routinely select for cultures that grow 
stahly and robustly. which could eliminate many of the virus- 
carcling isolates. 
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Eight different species of Frlsorirtnr were evaluated for 
pathogenicity in an effort to develop a screening protocol for 
stalk rot variabilic in sorghum. A strain of E rliupsinrmnr (mat- 
ing population F) from sorghum was the most virulent isolate 
tested in the experiments. F tlropsit~um yielded higher disease 
scores on all three sorghum genotypes: while an isolate of mat- 
ing population A ( E  r.erricillioides) from corn was the least 
aggressive. Isolates of E rlrupsinrrm are recommended for e\alu- 
ating sorghum germplasm. Statistical analysis showed that scor- 
ing genoIypes I4 days post inoculation u ith an inoculum dose 
of 10' conidia ml-' or higher would differentiate differences in 
stalk rot resistance among genotypes. The optimum assay u a s  
a suspension of 1 (r to I OC conidia ml-' with an incubation pe- 
nod of 28 days or longer. Disintegration of C qficutra spores 
by freezing in liquid nitrogen followed by thawing pro\ ided 
the best template for PCR amplification ofconidia DN.4. BTX 
378. 96GCPOBI.13 and LC 35 were very susceptible to an- 

Objecti\es. Production and Utilization Constraints 

Objectives 

C.S. Mexico Sicaragua El Salt ador: Detsnnins the 
prokanotic plant pathogenic organisms rsjpmiihle L?r 
unique and unusual diseaws o f s o ~ h u r n  !hat n3? prjs ) isld 
constraints. These causal agenls are pnrnarl! insect dls- 
seminated and a joint collabnratit e prqisst u& zsuhl i rhd 
\\ith WSC-205. 

C.S. 3iexico Sicaragua El Salvador: - \ ~ e n a i n  d i jzax in- 
cidence through suneys coupled u ith uriliwtion of the 
-\Dl1 n u n e n  from Teras .A & \ I  Cnixersin at \annus 
locations. Genetic \anabilin of accessions \\ ithin the 
.ADIS \ \ i l l  be determined ifdisease setent? occurs. 

thracnose and lines R9113.88 PR 1057, 90 EON 343. and 91 . U,S. Sicaraeua: Determine the numberofraLs parhonprs 
BE 741 4 exhibited tolerance. Ergot was detected in BTX 623 

of Collrrorrich~mt grunrrtrrcolu: t C. ~r~blrrre~~rl~tnr and 1.. at Managua and 8-35 and SC 326-6 in San Blas. Xicaragua. 
lulcorunr) that occur in Sicaragua uith DS.4 fingerpnnr Fungicides applied 55. 75. and 95 days after planting signifi- 
inp techniques. This is a pnnion ofthe PhD. thests project cantly reduced the incidence ofzonate leaf spot in sorghum in 
oTSergio Pichardo at \tississippi State L ~ n ~ \ e n i n .  

El Salvador. 
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U.S./EI Salvador: Continue to evaluate gemlplasm for ge- A need exists for a rapid and reliable diagnostic procedure 

netic to ,,,st and evaluate fungicides for control to detect ('lar-ir(~j~s africana in sorghum seeds and feed grains 

of various sorghum diseases.. due 1.0 strict and rigid quarantine regulations of numerous coun- 
tries. A PC'R-fingerprint of this fungus was evaluated for use in 
detemzting spores and hyphal fragments in sorghum seeds. 

U.S./Central AmericaIAfrica: Develop a rapid and reliable 
protocol to detect Claviceps azicuna (causal agent of er- Research Approach and Project Output 
got) spores and hyphal propagules in sorghum seed and 
feed grains. Research Approach 

U.S./Africa: Continue to evaluate germplasm and screen- 
Single isolates from four mating populations of G fujikuroi 

ing protocols for ascertaining genetic germplasm tolerant1 (A, D. F. G)  and four recently described species within the G 
resistant to Fusari~rm stalkrot. ,fi!jiku~.oi complex were evaluated for vimlence against three 

sorghum eenotypes with variable disease reactions. The causal 
agents included F: ~:erticillioide.~, Fproliferatum, F thup.~inum, 

Constraints F ,?!,gamrri. F: andi?azi, F pseudoanthophilum, F. 
hrerdcaten~rlut~,m. and Fpseudonygamai. The sorghum geno- 

Grain sorghum received limited attention in Central types included ~ ~ 5 9 9 ,  ~ ~ ~ d l ~ ~ ,  and ~ ~ 6 2 9  which are resis. 
America in previous years as was the crop favored tant susceptihlc. and highly susceptible to Fusarium stalk rot, 
commercial and subsistant growers. A 10-fold increase in less respectively (unpublished data), The experiments were con. 
than 10 years in the poultry industly has provided an impetus dueled under greenhouse conditions since five ofthe Fusarium 
for sorghum production. Sorghum diseases urere poorly char- spp, ha,,c not heen in  the ~1.s. Seeds were treated 
acterized and the incidence and severity were unknown. Sur- Captan and then into 1- liter pots filled with pot. 
veys were conducted and the use of genotypes in the ADlN has ting ,,,is. pots were arranged in a randomized complete block 
shed valuable information on sorghum diseascs in El Salvador with four replications, Plants were thinned to a single plant per 
and Nicaragua. Interestingly, the major diseases, anthracnose pot seven days after emergence and were and fertil. 
and gray leaf spot are of the highest incidence with one or the ized as needed, Entries were grown at 270 c with natural light- 
other   re dominating in a particular year For example, anthra- ing  supplemented with overhead high-pressure sodium lamps. 
cnose was predominant in 2002 and gray leaf spot in 2001. in 2001, i n i g a t i o n  water withheld for 1 week flower- 

ing to inducc leaf rolling and mild drought stress. In 2002, 
~nthracnose is a significant constraint to yields of grain ,,larlts received as needed throughout the duration of the 

sorghum in numerous LDC's. The disease may be partially study, 
controlled by chemicals but they are either unavailable or the 
cost may be prohibitive for farmers. Incorporation of resistant Each Fl~,,,~lrium sp, was grown (23 to 250 ) in 500 
or tolerant germplas~n into acceptable cultivars would partially ~ ~ l ~ : ~ ~ ~ ~ ~ ~ ~  flasks containing potato dextrose broth and then 
alleviate losses due to anthracnose. The correct species identi- placed on a rotav shaker (60 rpm), Conidia were separated 
fication of the causal agent of anthracnose rcmains in flux. from the tnycelial mass by straining the culture suspension 

through four layers of cheesecloth. Conidial concentrations 
Fusariuln stalk rot is one ofthe most prevalent diseases of were asceflaincd with a hemacytometer, lnocula suspensions 

sorghum wherever the crop is grown. The causal orgar~ism is were adjusted ti, 1 0 ~ o n i d i a  m l ~ ~  with mM ( p ~  7.2) 
found in living plant tissues, crop debris. and soils in different phosphate huffcred saline(PBS), Fusuriumprol,ferahrm (strain 
geographical regions. At least 12 different F~~sa r ium species KS,LM) \\.as Llsed to the optimum inoculum concen. 
have been reportedaspathogens ofsors!hurn although, for nearly tration and of t i m e  after inoculation to evaluate 
100 years, F moniliforme was widely rcpofled as the specific gennp~asln, KS~.M is an isolate from a Fusarium stalk rot in- 
epithet. F monilifbrme consists of numerous species, strains, fected plant in Kansas, 
and isolates that are important pathogens on a wide range of 
economically important plants. Recently, this fungal complex Fourteen days after anthesis, an ldico filler-plug gun 
was classified into eight mating populations and a large num- equipped wirh a stainless steel modified needle was used to 
ber of asexual ph~logenetic species. Reducing losses due to deliver one inoculum of each isolate into the basal por- 
stalk rot have been through brecding efti,rts to develop resis- tiorl of the of individual plants. Twenty-eight days after 
tant cultivars. The cornplex nature of  the disease coupled with ino,:ulation, were harvested, split lengthwise, rated 
the environment and lack of reliable inoculation protocols that for disease incidence and severity measuring the internal 
mimic natural infection have limited the potential for screen- length of necrotic lesions counting the of nodes 
ing large numbers of genotypes. Previously, Iusarium sp. in- crossed by lesion,  
fested toothpicks were inserted in the bawl stalk to evaluated 
limited numbers of genotypes. 



In 2000, avo sorghum hybrids S.43012 s SC35 (susceptible) trihydrophobine sequence which has GS-rich areas that ma! 
and Redlan s SC599 (resistant) nere tested against inocula vary in length for ditKerent e e o t  geographical areas. 4 px r  of 
concentrations of0 .  10;. 10'. 10'and 10'conidia ml-' and 14. primers designated CPSlK2 and ohta~ned from another eyot  
21. 28. 35 and 47 days PI. In 2001. the number of test geno- iungus. C%r~!rt.p.~ prt?T>r,t-'w (causal agent of qegrass ezotl .  
types nere diversified and increased from nvo to ten hybrids. u a s  also used. 

.4t flowering. 25 plants from each shole  plot unit uere 
tagged with different colored tape. Fourteen days after tlower- 
ing. the tagged plants (fi\e plants for each inoculum dose in 
each whole plot unit) were inoculated in the basal stalk using 
an ldico filler-plug gun equipped with a modified syringe and 
needle that was calibrated to deliver 1 .? ml ofinoculum. Four- 
teen days after inoculation. one plant for each of the inoculum 
dose levels \\as ban-ested in each \\hole plot unit and scored 
for disease severit)-. Plants were hanested e \ e n  seven days 
until 42 days after inoculation. Disease se\erity was scored by 
splitting stalks lengthn-ise and measuring lesion lengths (cm) 
and counting the number of nodes crossed by E prnljfrror~rn~. 

Ergot conidia obtained from naturally infected sorghum 
uas mixed with healthy sorghum seeds at a concentration of 
10' spores ml. D M  from ergot spores was obtained by the 
follo\ving treatments with the spore suspension: 

Sonicated for one minute: 
Placed in a micro\vave until the suspension boiled: 
Centrifuged at 14.000 rpm for 5 minutes. \\ate1 \\as dis- 
carded and the pellet resuspended in 4% %OH overnight 
at room temperature. HCI \vas added to lysate and ad- 
justed to pH 7: DNA precipitated a ith 2 \ol EtOH and 
centrifuged at 11.000 rpm for 10 min and supernatant dis- 
carded. Pellet was air dried and dissolved in \\ater. 

Approximately 100 FI of spores suspension was frozen in 
liquid nitrogen and then immediately thawed. One FI ofconidial 
suspension \<as placed on a glass slide. covered a ith a plastic 
cox~er slip and crushed by applying pressure on the slip. Slide 
and cover slip \\ere washed s i th  100FI of oater and then placed 
in a 1.51111 tube. One hundred FI of a 2X iysis buffrr (?Om\! 
Tris HCI. pH 7.3. 1.5 mXl \fcCI.. 50 m\f KCI. 0.01'0 protein- 
ase K. 0.01?6 SDS) was added.  he sample was incubated at 
37 C for I hr. 95 C for 10 min and then cooled to 40 C. DS.4 
was precipitated by adding 2 xol of EtOH and centrift~ging. 
The sample was air dried and dissolved in water. 

The above procedures \Yere also used a ith one and hvo- 
day-old germinated spores. 

Four FI of intact ergot spores in a suspension and each of 
the abox~e treaments were used as templates for PCR amplifi- 
cation utilizing PCR \.faster mix (Promega) and PCR tempera- 
ture protiles adjusted for each specific pair of primen. PCR 
products \\-ere separated in 3"a agarose zels \vith EtBr and \ i-  
sualized with UV light and photographed. 

Primers used included: fTS5. IOR. OP.4 01. CGA R4XI 
and a pair that was designed in the laboratory for the 

ADIS: The ,411 Disease and Insect S u m n  I-\DI\I  ac- 
cessions (courtesy of D.T. Rosenou. T-\\l. Luhkrk.  TZ I \\ere 
planted at San Blas and Slanagua. Sicaragua ~ n d  Izalci~ and 
San :\odres in El Sal\ador. The .ADIS in El Salbador =ere 
utilized in a control stud? \\ith fungicides tC!cos:n and Elosal) 
applied at 35. 55 .  75 and 95 da\s after planting. The t q e t  
diseases included zonate Iea ispt .  anthracnnse. nrst and n m h -  
em leafblieht. 

Research Output 

Prokaryotes: Considerable elfon has k n  dexotcd in 
Sicaragua and El Sahador to detect prokar)or:c plant p;itho- 
gens that are disseminated hy inxcts. This is a!olnt styon u ith 
ISC-?Oi .  The association of prohanotsr. \\ ith r=-ts is com- 
mon in the tropics with other crops and is assumed to also c v -  
cur in sorghum. Ramfall has been inconslsten: in Sicar.~gua 
and prolonged droughty condttioni ha\e ~v iu r rcd  for the past 
r\\o yean. The insecr-pathogm relationship is nclrmall! fi~irnd 
a hen climatic conditions are fatorahle for prtduiing lush 
plants. 

Ergot: Dlsintrgntion of C: uthcorru sprsr. h! irsszing 
in liquid nitrogen follo\\ed h: thanin? prolidmi :he k t  :em- 
plate for PCR amplification oiconidia D \ A  Pnmers tested 
sho\\ed different patterns of amplilisat~on u hish depends3 on 
method o r  DS.4 isolation and age of conidia tifi~rnt3nt. da>s 
after germination). Research continues on wle.-iln~ printers. 

optimurn spore morpholog? and use of h?phae ai DK.4 reni- 
plates. 

Furorium: The a\erage pathogenic~t? s o r e >  \rere high- 
est for the F rlrup,~irrunr isolate iollo\ied b! i i o l 3 t ~ ?  frotn F 
p c e r r ~ f o r ~ ~ ~ ~ ~ n r r t i  and F a r x l ~ c i  rr hile the F 131-r.ciilirrici<- 
late \\as generally the least \ lrulent. \hnatlons In d ~ u a s e  scares 
among pathogens ranged from 6.53 cm to InOS a n  in lrilnn 
length and 1.61 to 2.24 nodes crossed b\ the 61seav iesl@n. 
Comparisons of means rewaled that the F rir~zr~i!rr~rr: isrlarc 
produced significantl? longer lesions than iselates o i  F 
i~errrci/lro;ci~~.~ and F rrr,c<mnii \Iran dlseass x.@m fbr the 
pathogen species \\ere genmll)  consistent her i ten  the t\\o 
experiments and is\, inreractlons uere detwtSd~ 

\lean leslon length of F pmlri~~r,~nmt 1n*-~13 concentra- 
tions for the year 200n ranged from 6.: 1 ~cnntrol I to IS. I i cm 
(IW con~dia ml - I  and da!s PI from - 2 3  cm I 14 d3)si to I-.:I 
cm (42 daxi). Similarl? in 2Ml .  mean lesion lengh ranged 
from 5.13 cm (controll to 20.46 cm I 1 0 '  con~dla ml I for In- 
ocula concentrations. and from 8.01 em t I4 da!il to 16.': sm 
(-12 days) for days PI. .A similar trend u s  i,bse?ed f@r the 
numher of nodes crossed (data not sho\\nl. \lean nurnk- of 
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nodes crossed in 2000 ranged liom 0.61 (control) to 3.21 atier 
inoculated with the highest inoculum concentration and from 
1.11 (14 days PI) to 3.03 after42 days PI. 

Similarly, in 2001, the number of nodes crossed ranged 
from 0.41 (control) to 3.42 (10' conidia ml : )  Sor inocula con- 
centrations and from 1.00 to 2.79 for days PI. The two-way 
interaction effects were generally not significant except fbr 
genotype by inocula concentrations and genotype by days PI 
for lesion length in 2001 although these interactions failed to 
change rankings. The increase of disease severity wit11 increas- 
ing inocula levels was comparatively loner among entrics that 
involved resistance sources (SC 1154. SC 1039. and SC 134) re- 
sulting in signiticant genolype by inocula interactions. Geno- 
type x concentration x incubation interaction etYcct was not sig- 
nificant except for lesion length in 2000. In gcneral, interac- 
tion effects were much lower than the main effect of the fac- 
tors. 

The mean square for the highest inoculunl dose and 42 
days PI was relatively lower than the preceding levels in the 
first year of the experiment. Lesion length mean square for 
inoculum dose ranged from 400 (control) to 2381 (10' conidia 
ml-I) in 2000, and from 192 (control) to 1359 ( 1  Okonidia ml-') 
in 2001. Similarly. mean square for days PI ranged from 1286 
(14 days PI) to 1778 (28 days PI) in 2000. and tiom 284 (14 
days PI) to 905 (35 days PI) in 2001. 

Significant differences in mean disease score were detected 
among genotypes for both scoring methods. lnoculum concen- 
tration and days P1 significantly (P<O.OI) affected the severity 
of Fusarium stalk rot in both testing scasons, lnoculum con- 
centration effects were more signilicant than days PI. Disease 
severity generally increased with higher inocula levels and days 
PI. 

Significant differences in disease sevcrity were detected 
among the genotypes tested. SC59[) was the most resistant 
variety and SU629 and BRedlan were thc most susceptible in 
each experiment. The lesion lengths for SC599 averaged only 
3.37 cm compared to 11.61 cm for SU629. A significant geno- 
type by experiment interaction was detected for the two dis- 
ease severity traits; however. the pattern of disease reactions 
among genotypes in each experiment was similar. Remark- 
ably, the genotype by pathogen interaction was not significant 
indicating that the genotypes responded similarly to infection 
by each pathogen isolate. 

ADlN Nicaragua: The all disease and insect nursery was 
planted at two locations in Nicaragua. Managua (Table I )  and 
San Blas. The San Blas location was extremely dly and the 
incidence and severity of sorghum diseases were extremely low 
(data not shown). Anthracnose was the major disease found in 
Managua. The lines BTX 378,96GCPOB143 and LG 35 were 
very susceptible to anthracnose and the lines R9113, 88 PR 
1057,90 EON 343, and 91 BE 7414 exhibited less than IO?4 

sevel-ity (Table I ) Ergot was detected in BTX 623 at Managua 
and 13-35 and SC 326-6 in San Blas. Downy mildew was de- 
tected by lng. Reni Clara at Esteli, Nicaragua which is about 
150 km North oSManagua. The incidence and severity remain 
unknown. howe\er, UNAand INTApersonnel will monitor the 
situation closely. 

T a b l e  1. A D l N  resul ts  f r o m  IJNA/INTA, 
M a n a g u a ,  Nica ragua  (2002)' 

. i u c ~ r s i o n  Anthracnore (%, scvctity) 
t l '  111 
'.C 3 2 6 0  22.5 
S C . 1 1 ~ 1 1 1  20 
SC' ,>70-1 I l . < l l l  20 
R Y I S Y  -12 5 
Sh I L O  i h ( ,  17.5 
Y O  l:<lN ',?X 15 
YO L O \  i 4 i  5 
" I  u r - , , ,  5 
87 HI1 K b l l 6 ~ f i  10 
88  BI- 2hi-X 17 5 
'14 C'W 5114; 17 5 
'>h C . \  i '>Sh 1 7 5  
c ) 6  C I3 6 3 5  27.5 
,>6 V l l  C,., 7 17.5 
"'1 BD I ' i t ,  ')HCL>IR7 17.5 

C'.,  >:a, 
'a9 C ,\ :51v 
' l g  < ,\ 1 4 2 2  
09 I ' l l  l l 5 U  H 1136 
I.(; 70  
I.<; 35 
HX I'R 1 0 1 1  
BK IPK IO5'J 
H X  I'R l l l T l  
4 X  l i K O h  125  
RX I'K I011 

U 6  OCP 08 I' 60 
&I<, < ; < ' I ,  013  , 5 ,  20 
9<?C;C12 (113 > < A )  20 
L)h < i C  P (313 ' 7 2  15 
Mt3 l O h  H 17.5 
97 l l R < l \  17'1 1 7 5  
98 I l R C I \  112 20 
X 8  H '12i 20 
I< 4 1 1 .: 5 
<,7 13I<<~,h ~ttI.4 L) 

H '2 104 27.5 
H ‘3107 30 
87 ILC) 1119 25 
H "601 40 
K H  H 'I?:, 25 
U 4  b3 i l l i i  25 
H Y I i l S  27.5 
R "hi,? 27 5 
D ,1107 30 
R '1 1 lil is 
Y I I 3  2 U ' Y  42 5 
T X  2'11 I 42.5 
K 9 ( 1 1 X  32.5 
K 95 1') 22.5 
Mt,!,h,>, -4~7 35 
S R \  1'1 3 2 5  
surcnir 32.5 
T X  ? 7 h 3  25 
T X  27h:' 5 
TX 278.: 37.5 
I H ~ X  + 7 5 25 
I3TX 6 2 2  40 
u rx  6 3 1  45 
L A M  4:ii 35 
T X  I JII 40 
r x  7 0 7 ~  40 
BTX 37s 67.5 
' R C S L ~ I C ~  rccolded hy l n g s  Scig~o Pichrrdo and Yanct Gutt ieno 



El Salvador: Funsicides proted eft'rctive in reducing in- 
cidence of zonate leaf spot (Gloeocerc~~.~poro sor~h i )  at lralco 
and San Andres. Control n-as significant at 55. 7 5 .  and 95 
days after planting but not significant \\,hen hlngicides \\ere 
applied 35 days after planting. In addition. significant ditfsr- 
ences \\ere noted in reducing incidence ofanthracnose. nonh- 
em leaf blight and rust when fungicides were applied 95 days 
after planting. 

Nehr-orking Activities 

Workshops 

Yanet Gutierrez. Sergio Pichardo and Jesus Narro \ isitrd 
Kansas State Lniversin in June. 2003 to attend the Fusarium 
shoncoune and discuss forthcoming collaborativr research 
plans. 

Research Investigator Exchanges 

Yanet Gut~errez from LTA, Uanaglia. \lcaragua \\ orked 
In the lab ofDr L E Claflln on a tralning srsslon from Jul! 29 
-August 13.2002 

Dr. L. E. Claflin s u n q e d  sorghum fields and discussed 
mutual research in El Salvador and Nicaragua in December. 
2002. 

Research Information Exchange 

The All Disease and Insect Sur sen  (-\DIKI that \ \as gra- 
ciously provided by Dr. D. T Roseno\\ \\,as planted in two lo- 
cations in both El Sahador and Nicaragua to determine dis- 
ease incidence and seberih. 

Numerous extension publications. compendia. and text- 
books were furnished to Reina Guzman and Iny. Sergio 
Pichardo. In addition. specialin. equipment and supplies were 
purchased with h i ~ d s  from KSL 21 1 and distributed tothe l a b  
ratories. 

KSU 21 I pro\ ~ d e d  the necessar) funds for the folio\\ lng 
collaborators to attend the Fusanum shoncoum at Kansas State 
In June. 2003. 

Yanet Gutierrer (Xicaraguat 
Sergio Pichardo (Nicaragua) 
Jesus Narro (4lexico) 

KSU ?I 1 provided funds to Sergio Pichardo for tra\el to 
Starks\.ille.M.S. to ini1iateaPh.D. program at \iississippi State 
University. 

\lanual Para la ldentilicacion de Ias Eniernledadc< dcl St,*\.! 
\Iijo" \\ere purchajcd and sent to Et Sat\ador .~iid \ ~ i ~ r . ~ g u ~  
for distrihutlon. 

Publications and Presentations 

Reed. J .  D.. > I .  R. Tutnstn. \ .  I\. \tcLaren. ti D. tiofo 6. S 
\\: Ochanda. and L. E .  Claflln. 2inl2. ~Anat!sis ~ f i ~ , n ~ .  
hining ah ill^! for ergot resistance In gr3in .,.rghum. C'r,,p 
Sci. -12:IXIX-182:. 

Reed.. J. D.. B. .A. Ramundo. L. E .  Claflin. and if. R. Tuiti:tn~ 
2002. .Analysis oireslsrance to ergo! In n>rghun~ dntl pr,- 
tential altrmale hosts. Crcp Sci. 4::l l li-i : .:$. 

Clanin. L. E.. and L. \I. Gicwda. 2I)O Smll. R,x* oiSorgtium. 
P a q s  1x5-190 In: Sorghum and \l~llei, i)iseascs J F 
Leslie. ed. Iowa Sute Press. .Amei. Itwa. 5 :  h pp. 

Tuinstn. \I. R.. T. 1. Teierra. L. E Ciaflin. R ( C  fienrell. - \ ~  
Borrell. S. Seetharama. G Ejela. and D. T. R~,ient>x. 2 k)2 
Breeding for Resistance to Rwt  and Sulh RDI> In Sor- 
ghum. Pages 2x1-286 in :  Sorghum and \Iiilstz D~ic.:ses 
J .  F. Leslie. ed. looa State Pre>s. .-\~ne>. lc>..%3. 5 t h  p;, 

Presentations 

Ital) ( 9  10 02-9 10 021. Organ~red and presented a >eiiiot~ ,,n 
control at the 6' Internattonal Conierence ~ . n  Pizudc~rn~>- 
nas s!nn$ae PathoLars and ReI3tc.d Pathngcna. S l ~ n t s ~ .  
ltal! and discussed hiotcmonsm programs \ i rh  F A 0  i i -  

enlists (Romel. 
Sicaragua 112 1 02-12 4 021. t k l ~ \ e r e d  suppl~es 2nd e\:ilti- 

ated ADIS nurseries for disease incidence ~ n i i  se\snr! JS 

pan of the ISTSOR\IIL procram. 
El Sailador I I2 4 02- 12 X 031. Deli\ersd syulpnlent. hxks .  

supplies. e\aluated -\Dl\ nurseries. and reie3rch plr~is 
under the 3uspices oiISTSOR\lIL~ 

.Miscellaneous Publications 

Claflin. L. E. 2002.  .-\grwcolng! and htoth-hnoloy! ~ l i u n g a l  
pathogens of soishum and mtllet. Pp. 11-1- In 
ISTSOR\IIL Ann. Repts.. .A Technlcd R f i .  Rep[ <,i[hc 
Gram Sorghum Pearl Sltllet Coll;rborat~\ e Rescarch S!.r- 
port Prognm ICRSPI. L~n~\erstt! o i k h n s k ~ .  L ~ n ~ o l r .  

Fony copies of each ICRISATcompendiaentitled. "\lanual 
Para la ldentificacion de las Plagas lnsectiles del Soqo.  and 



Enhancing the Utilization of Grain Sorghum 
and Pearl Millet through the Improvement of 

Grain Quality via Genetic and Nutrition Research 

Project KSU 220 
Mitchell Tuinstra and Joe Hancock, Kansas State University 

W i a m  Rooney and Clint Magill, Texas A&M Univenie 

Principle Investigators 

Dr. Mitch Tuinstra. Kansas State University. Department of .Agronom?. Xlanhattan. KS hh5M 
Dr. Joe Hancock. Kansas State Unixersit). Department of .Animal Sciences and lndustn. Jlanhattan. KS 66506 
Dr. Ui l l iam Rooney. Texas A&M Uni\ersity. Depanment of Soil &: Crop Sciences. College Swtion. T S  --$13 
Dr. Clint Magill. Texas A&\ l  Uni\ersity. Depanment of Plant Pathology 8: \lolecular Btolog?. College Statien. TX -'S4l 

Collaborating Scientists 

Dr. Carlos Campabadahl. Centro de investigaciones en Sutricion Animal. C'niversidad de Costa Rica. San Jos;.. Cosw Rica 
Dr. Medson Chisi. Private Bag 7. kit.  Makulu Research Station. Chilanga. Zambia 
Ing. Rene ClarB Centro Sacional de Technologia. .Agricola de El Salvador. San Sallador. El Sahador 
Dr. Salissou Issa. INR.AN Rainfed Crops Program. ISRAS. BP 129. Siamey. Siger 
Dr. lssoufou Kapran. K R A S  Rainfed Crops Program. INR.AS. BP 419. Siame!. Siger 
Dr. Chris Linle. Depanment o f  Biology. CT-Pan American Universib. Edinbuqh. T S  -8541 
Dr. Paul Marley. Sational A g  Research Project Ottice. IAR. .Ahmadu Bello l-ni\ersit>. P\I.B. InU. Samam. 73na. Sizeria 
Dr. Paco Sereme. Director General. INER.4. 01 B.P. 176.Ouagadougou. Burktna Faso 
Dr. Aboubacar Toure. IER Sotuba Research Station. BP 262. Bamako Mali 
Dr. Eva Weltzien Rattunde. 1CRIS.AT. P.B. 320 Bamako. Mali 

Summary 

Improve .Vutrition 

The emphasis of this project is to de\elop high yielding 
sorghum varieties and hybrids with enhanced nutritional and 
grain qualit? characteristics for use as human food and in ani- 
mal feed. Recent nutritional studies have focused on compari- 
sons o f  large-seeded hybrid soqhum genotypes with con\.cn. 
tional hybrid sorghum and maize varieties for ditfrrences in 
feed value. Poultry feeding trials were cot~ducted using hroiler 
chicks to provide information on the metabolizable energy value 
of the various cereal _mains. These analyses indicated that cer- 
tain large-seeded hybrid sorghums \\-ere equivalent in feeding 
value to maize and were significantly hener than conventional 
sorghum \arieties. Brerding efl'ons have k e n  initiated to trans- 
fer these enhanced feed qualin- characteristics into improied 
sorghum varieties. 

Other research efforts to improve p i n  qualit) character- 
istics o f  sorzhum and millet h a w  focused on the characteriza- 
tion and utilization ofgenes to impro\ e resistance to grain mold 
and tolerance to weathering. Studies evaluating the role of 
known defense response pathways haw sho\\n that factors other 
than the activation or accumulation of defense senes account 

for the dltTerences in soqhum genot>m u i th  iontrsr tng host- 
plant resistance characteristics. \larker-asstad x l h - t ~ o n  stud- 
ies e~aluating the expression of Erain mold resistance genes 
tagged in the \ariety Suretin ind~cated that a subjzt o i  t h m  
resistance genes is expressed across en\ ironment.i and in dl- 
\ ens  genetic hackgrounds. Thne  genes represent t\sellent 
candidates for utilization i n  crop lmpro\erncnt jmgnms \i.~ 
marker-ass~sted selection. 

Increase tield 

Satural tolerance to heat and drought permit w y h u m  to 
he grou n in areas unsu~ted for producuon o f  other isreal cr<,ps. 
Past breed~ng e tbns  ha\e stgnifisantl? enhanck >ield p@ten- 
tial in semi-arid en\ Ironments. but little attention has k n  f& 
cused on feed \slue and grain qualtp. Gsrmplain~ source% to 
improve the nutritional \slue of s o ~ h u m  ha\e k e n  identiied. 
The focus of th is project is to deliler these traits to *%hum 
producers and end-users through the de\ elopmert o f  soyhum 
culti\ars with enhance feed-\slue and gninqualtt! charazrer- 
istics. Breeding etlons have heen inttiated to t m s i e r  thex  
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enhanced feed quality characteristics into high-yiclding sorghum 
varieties adapted for production in Africa. Central America, 
and the United States. This will be accomplished through coti- 
ventional breeding strategies and by adapting ~narker-assisted 
selection technologies as appropriate. 

Improve Institutional Capacity 

A training program is being dcvelopcd to transfer the tech- 
nology and knowledge needed to efiectit ely utilize improved 
sorghum and millet cultivars for animal feeding and human food. 
Technical assistance and technology transfer in Ccntral America 
is being pursued through interactions with Dr. Carlos 
Campabadahl, one of the leading nutritionists in Central 
America. Dr. Hancock has lectured with Dr. Campabadahl at 
LANCE and RAPCO short courses for animal n~~tritions, These 
week-long short courses in animal feeding and nutrition include 
leaders in the animal feeding industry from hlexico, Cuate- 
mala, El Salvador, Honduras, Nicaragua. Costa Rica. Panama, 
the Dominican Republic. Columbia. Venezuela, and Ecuador. 
Technology transfer efforts in West Africa were initiated by 
hosting Dr. Salissou Issa, Head of the Animal Husbandry Unit 
at tlie INRAN Rainfed Crops Progranl in Kiger. on a tour of the 
animal research facilities at Kansas State University to plan 
training programs directed towards the needs of key poultry 
producers and feed millers i n  West Africa. These efforts \!rill 
include demonstration experiments and workshops in Africu in 
cooperation with Dr. Salissou Issa. 

Promote Economic Growth 

The ma]-keting and utilization of  sorghum grain often has 
been limited by lower grain quality and fccd valoc compared to 
other cereals. Given the complexity ofthese traits. plant breed- 
ers traditionally have placed little emphasis o n  cnd-use value 
of sorghum for human and animal consuiiiption. Our research 
prqject attempts to address this weakness in sorghum and mil- 
leicrop improvementthrough tlie integration oftraditional plant 
breeding with hiotechnology to de\.elop elite Ii)!x.ids and culti- 
vars with improved nutritional and pl-ain quality traits. Sor- 
ghum genotypes with enhanced feed-\aluc and grain-quality 
characteristics have been identified and these genes are being 
incorporated into improved genetic backgrounds for deploy- 
ment in regions of Africa, Central Amcrlca, and the United 
States. 

Objectives, Production and Utilization Constraints 

Objectives 

Identifj, and map genes associated with i~nproved grain 
and feed quality characteristics. 
Develop robust biotechnology tools for tagging genes that 

contribute to grain mold resistance and enharlced nutritional 
value. 
Develop techniques to rapidly quantify feedquality ofsor- 

gliurn and millet for poultry and to quantify food quality of 
sorghum. 
Develop li~gh-yielding sorghum cultivars with improved 
feed qualit? :~nd grain mold resistance using both conven- 
tional hrt:eding techniques and marker-assisted selection 
technology. 
Provide ~eclinology transfer and technical assistance in pro- 

moting the use of improved sorghums and millet in poultry 
fccding i.1 tllc developing regions of West Africa and Cen- 
tral America. 

Constraints 

Nen entrepreneurial opportunities for production of ani- 
mal feeds and products in developing countries including meat 
and eggs are needed to move sorghum and millet from subsis- 
tence crops ti) \slue-added commodities. However, the mar- 
keting and utilization of sorghum grain otten has been limited 
by lower gr;~in ql~ality and feed value than other cereals. Sor- 
ghum kernels are exposed to the environment as they mature 
and grain ~ n t ~ l d  problems are common; however, even in the 
absence of contaminating fungi, sorghum grain typically has 
lower digestihility and metabolizable energy values as com- 
pared to other cereals. 

Researcli efforts are needed to address food quality and 
feed efticiency traits in sorghum and millet. Components of 
feed quality are li.equently defined in terms of animal perfor- 
mance or metabolizable energy value. These traits can be mea- 
sured in animal fkeding trials, but these experiments are costly 
and not ameiiahli. to high-throughput testing as required in a 
plant breeding program. This research project attempts to ad- 
dre!,s this ueoknsss in soryhum and millet through the integra- 
tion of laboratory assays for feeding quality, traditional plant 
breeding. and b~otschnology to de\,elop elite hybrids and culti- 
var:; with improved nutritional and grain quality traits. The 
recognition ofthe tnle nutritional value of grain sorghum by 
animal producers will lead to greater health and productivity in 
regions o f  tlls world where hunger and poverty are major is- 
Sue!;. 

Genes for grain quality and host-plant resistance can be 
ider~tified and tagged with DNA-based markers to facilitate crop 
improvement. Some good resistance sources have been identi- 
fied but the inheritance ofthese traits is complex and screening 
under field cirnditions is environmentally dependent and often 
unrc:liablr. Breeding projects to assemble these genes into 
impro\,ed culti~:;lrs should proceed rapidly with the aid of 
marker-assisted selection complemented by performance tests 
made in multiple environments. 

Reriearch Approach and Project Output 

Reseurch VIetliods 

Collaborative research efforts in Africa and Central 



America are supported through shon and long-term training 
programs. germplasm exchange and etaluation. and comple- 
mentan basic research support actit ities. These research ef- 
forts are conducted in three regional programs including \\est 
Africa. Southern Africa. and Central America. Current train- 
ing activities include graduate student education. short-term 
information exchange. training \isits to the United States for 
collaborating researchers, and \vorkshop actixities in animal 
production and nutrition. Several collaborating researchers from 
Xiger. Zimhab\\e. and Mozambique \\ere hosted in research 
exchange and planning activities i n  ?W?-2003. 

Crop improiement efforts to develop cultitars adapted to 
environments i n  West Africa. Southern Africa and Central 
America utilize elite varieties and cultivars that are adapted to 
each o f  the regions. The lines used to create these populations 
are selected through evaluations of elite U.S. and host countn 
germplasm in the target region. This material is evaluated in 
the target region in conference \\ ith collaborating plant hreed- 
ers. Improvement efforts in \Vestern and Southern .Africa fo- 
cus on the development o f  early-maturing. droupht-tolerant 
cultivars and hybrids while etyorts in Central America are on 
improved food-type and Ylacio Criollos culti\ars. These ef- 
fons are focused on the de\elopment o f  photoperiod sensiti\e 
hybrids using Ma5 and Llah. 

The underlying objective for research to identit:\ and map 
genes related to grain quality is to de\elop a better understand 
the genetic control o f  important quality traits and generale ge- 
netic markers that can be used b) sorghum improvement pro- 
grams i n  the near future. Combining these traits into one geno- 
type is a significant challenge that could be facilitated by the 
use o f  molecular technolog). The development o f  these tech- 
nologies should enhance the efficiency ofcombining grain qual- 
ity factors including feed quality characteristics and grain mold 
resistance into xarieties n i t h  high yield potential. \lapping 
populations are being developed and characterized in coopera- 
tion trith collaborators at domestic and international sites. These 
populations are being gmotyped in lahoratoriss in the L S ,  us- 
ing \arious types o f  genetic markers. 

Technical assistance and technology transfer etTorts in 
poultry production and nutrition are currentl) focused on nark- 
shop and short course activities. In  2003. Dr. Hancock con- 
tributed to the L A K E  Shon Course. a neek-lone short course 
in animal nutrition. The participants included 30 ~ndustn  lead- 
ers i n  animal feeding nutrition a i t h  representati\es from 
htesico. Guatemala. E l  Salvador. Honduras. Xicaragua. Costa 
Rica. Panama. the Dominican Republic. Columbia. \enezuela. 
and Ecuador. Plans are being made to expand these technical 
assistance activities to ke;e) poultry producers and fecd millers 
as in West Africa. 

Research Findings 

Ran sorghum gemlplasm sources that allo\r for impro\e- 
ment ol'seed size \ ia increased p i n - t i l l  rate and duration l a \ e  
k e n  puhlicl) released and are currenil! k i n $  i!t:Iized to prrr 
duce h) hrids o f  increased seed i ize and ! ield pxe:itral Recent 
genetic studies ha\e indicated that normal-xeded h!hndi sen- 
rral ly produced h e r  crude protein. i l~ghtl! I c ~ e r  r u d e  iat. 
and higher starch \slues than that o f  !he Iarge-weded h! b ids:  
ho\\ever. the impact that these dityerenzss i n  zi-m?wticn tv~sht  
ha\e on metaholizahle energ) I \ IEI  \slues in ti.d r3riilni 1s 
not clear. 

The objecri\ c of th is stud! \\as to sonipare the ieed qud- 
it! o f  lace-seeded grain sorghum h! hnd i  $6 ith h? h n d i  <>f x l r -  
ma1 seed size. The ~arieties e\alualed in t h ~ i  s:ud! included 
eight sor~hum h!hridc produced from croiier betttren I\\<, 

commercial U S .  females and t \ \o larsc-seeded and tui, nor- 
mal-seeded male parent l~nes. The female parsn: ;in- used In 
this stud) \\ere AS.43042 and A\\~hcatland. The t n ~ l e  prcrrrs 
included t\\o normal-seeded line, IT\?-?- and T\J:5 land :\\o 
larpe-seeded line, IKSI l i  and Eastin-1 I. These h!hnd ;or- 
ghums and a h! hrid maize check aere produced under d n  1x111 
conditions at two Incations in Kansas in 2IWl 3rd 21kll 'The 
resulting -36 grain samples aere e\aluated ior c?rde <3t. prr- 
tsln. t i k r .  moisture. nitrogen. ash. and gross enel:! z<mtcnt. 
Feeding assa)s u i n g  hrrxlcr chicks aere cllnduaed tc pro\ ide 
information on the \It: conlent o i the \annus <ere31 grains. 

.\ comhined anal! s i i  c3fsh.d \\eight and somp-iti~xt 3cr~.ii 
the four lwatinns re\ealed s~gniticant ditt;.ren:e; 3nion2 w r -  
:hum h! hrids tTahle I I. I]! hrids produced irl?iii crLwz?i \I ~ t h  
11~~1s lines Eaain-1 and KS115 had ieed a e t ~ h i i  2ngin.r irom 
2.69 to 4. I 4  grams per lO(l iced and \\ere i~gni l i iant l !  grcxcr 
than h!hrids produced front crosses ail11 T\4?5 2nd T\1-3- 
\r hose seed \\eights ranged from 1.25 ti. 2.5: g n m s  H!bnds 
produced usiny KS 115 aterayed 3 9; grams r r  Ilk1 s"ds .ind 
\\ere significantl) greater than the other h!brids. \laizc )I!- 

hrids ateraged 28.3' grams per I W  seeds and uerc near!! 10 
times larger than ihr  sorghum h! h r ~ d c  

.Analysis oicomposit~on ditferencei among the h) hnd srr- 
@hum and malze \ar~eues indicated that cnide protein ior rhe 
sorghum samples nnged from 12.1 to 14. i c e  ~TzbIe I I The 
hyhnd sorghums nere gsnerall! greater in pr<>ts!r than h! hqd 
maize \\ i ~ h  a fe\\ exceptions The h!hnd m31ze z?eck h3d [he 
greatest crude fat content and significanrl? higher than m3>st 
of the h!~hrid sorghums (Table I I. H!hr~ds pr?d;iced i r t m  
K S I  I 5  \\ere the exception and did not i ~ g n i t i c a n t ~  dific.r irisrn 
maize for fat content. \orable dit?>rcn<ei c,r ir:nds ~ n i o ~ g  
prain saniples \\ere not apparent for lih'r. 3sh. rkir~xgen ire? 
extract. or yrnss energ? content. 

Siyniticant h! hrid. en\ ircinment. and h! bnd b! en\ !ion- 
nletit inter~ction effects \\ere iintetl ior \It in the a>mhin:d 
anaI!sis. The most s~gniticant factor intluenclng \IE \;lu:j 
\\as the hyhrid etTect. flouc\er. gncn h! hrid b! en\ircnment 
interactions. din-ercnces in \ IE \rere replned on a? indi, idual 
environment and comh~nsd a\cnge har i i  ITahlc 2 I Ind~, idual 
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hybrid ME values across the four environments ranged from try diets. resulting in increased animal performance that was 
3.121 Mcal kg-l for AWheatland x Tx435 up to 3.736 Mcal comparable to that of maize. Results from this study indicate 
kg-] for ASA3042 x KS115. In the combined analysis, the that [he use of KSI 15 as a means of increasing seed size and 
ASA3042 x KS115 hybrid had the greatest average ME con- yield potential in grain sorghum improvement programs may 
tent of3.591 Mcal kg-I, followed by the hybrid check at 3.508 also contributc to enhanced feed quality. 
Mcal kg-l . The average ME content ol'the KS 1 15 hybrids was 
higher than the other male hybrid groups with a ME value of Grain Mold Resistance 
3.484 Mcal kg-I. The Tx2737 hybrids had an average ME 
content of 3.387 Mcal kg-I, followed closely by the Tx435 A critical component of the KSU220 project was the im- 
hybrids, which averaged 3.362 Mcal kg-I. The Eastin-I hy- provement of grain mold resistance using marker assisted se- 
brids had the lowest average ME value of 3.313 Mcal kg-I. lection (MAS).  Previous work had detected five QTL influ- 

encing grain mold resistance from Surefio in the recombinant 
Comparisons of the hybrids used in this study indicated inbr<?d line progcny from the cross of RTx430 x Surefio. From 

that KSI 15 hybrids produced grain with exceptionally large this work. experiments were initiated to determine the efficacy 
seed size and an increased level of fat content. These seed of MAS for grain mold resistance in sorghum. 
characteristics appear to be beneficial to sorghum-based poul- 

Table 1. Combined analysis of seed weight, crude protein, and crude fat for 
hybrid sorghum and maize varieties produced at two Kansas 
locations in 2000 and 2001 

Secd Crudc Crude 
Entries weight protein fat 

y 100seedr-I ", , o  % 

ASA3042 x KS115 
AWheatland x KS 1 I5 
ASA3042 x Eastin-1 
AWheatland x Eastin-l 
ASA3042 x Tx435 
AWheatland x 7x435 
AS.43042 x 7x2737 
AWheatland x TX2737 
Hybrid maizc 

GRAND MEAN 2.88 12.7 3.5 
LSD (0.05) -- 0.26 2.2 0.4 

Table 2. Metabolizable energy (ME) contents for individual location and hybrid treatments 

Environment 
Ottawa Manhattan Relleville Manhattan Average 

Entries ME ME M E  ME ME 
........................................ / kS.] ----..----------------------------------- 

ASA3042 x KS115 3.623 
AWheatland x KS115 3.519 
ASA3042 x Eastin-1 3.426 
AWheatland x Eastin-l 3.416 
ASA3042 x Tx435 3.146 
AWheatland x Tx435 3.121 
ASA3042 x Tx2737 3.450 
AWheatland x TX2737 3.275 
Hybrid maize 3.322 

GRAND MEAN 3.366 3.467 3.393 3.351 3.394 
LSD (0.05) 0.259 0.273 0.234 0.205 0.196 



Five populations were developed to test the efiicacy of 
MAS for grain mold resistance. In each population. Surefio 
was used as the grain mold resistant parent a i th  one of five 
elite parental lines (Tx430. Tx436. Tx2903. Tx635. and Tx63 I ). 
From each cross. F? progeny were selected based on maturity 
and shorf plant height. A total of 1.000 F2:3 lines (approxi- 
mately 200 lines per population) were evaluated for agonomic 
desirability and grain mold resistance in Weslaco. Beeville and 
College Station. Texas. From this etaluation. a total of 100 
F3:4 lines uere selected and advanced in a winter nursery. In 
the F, generation. DN.4 samples from each line ivere taken for 
QTL marker analysis. 

In the summer of 2002. 87 ,,? lines were evaluated in six 
locations across Texas in randomized complete block with hvo 
replications per location. Parental lines and standard -pin mold 
resistant lines were included as checks in all en\ ironments. The 
trials were located in Beaumont, Beeville. College Station (2). 
Corpus Christi (2). Victoria. and Weslaco. In College Station 

and Corpus Christi. t\\o trials \\ere planted in separate fields 
for a total of eight environments. In addition to asronorntc 
traits. _erain mold rating \\ere collected on each $enowye in 
all locations. 

Since fi\e distinct populations \\ ere e\aluavd i n  t h ~ s  stud!. 
i t  \\as clear that there uould k \an ing  de_ersss ofp1)mor-  
phism kt\veen Surefio and the respectixe adapted parents. -\n 
array of molecular markers linked to the soyhum _mtn mc>ld 
QTL \\ere screened for polymorphism using DX.1 from :he 
parental lines. Those markers that proxed to k pl!rnorpixti 
between 'Sureiio' and any of the adapted parents \<ere whiz- 
quently amplified. visualized. and scored in the respecti\e p y u -  
lations. Both SSR and AFLPmarksrs \rere utiltred in this stud- 
ied. and the method of \ isualization depended upnn hth the 
particular marker system and the nature of the pelyrnorphixn 
itself ,411 AFLP markers \\-ere \ isualized usins the LlCor ?el 
system. SSR markers uere either \ isualized \ la super tine  re^- 

lution agarose gel or silver stained p l > a c q l a m i d e ~  

Table 3. Grain mold rating means of homoqgous classes within each linkage group associated 
a i th  a grain mold resistance QTL from Suretio by Klein et al. (2001) using grain mold 
resistance ratings from eight environments in Texas in 2002 

OTL Marker 
Population Allele Source LG-D LG-E LG-F LG-G LG-I 

Tx430 x Sureilo T 4 3 0  
Surefio 

LSD 

Tx436 x Suretio Tx436 
Sureilo 

LSD 

Tx63 1 x Surefio Tx63 1 
Surefio 

LSD 

Tx635 x Sureilo Tr635 4.16 4.32 4.00 * 
Suretio 4.18 4.31 4.32 

LSD ns ns 0.05 

Tx2903 x Surefio Tx2903 5.08 5 5 2  . 5 .- 70 * . i .- ? I  * . '. . 0- 
Sureilo . 5 7 ,  4.91 4.76 4.91 . i . 13 

LSD 0.05 ns 0.05 0.05 ns 

Combined Adapted 4.68 4.68 4.88 4.'5 4.95 
Surefio 4.73 4.71 4.5- 4.64 4.?5 

LSD ns ns 0.05 ns ni 

Grain mold rating. 1 = resistant to 9 = susceptible 
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To test the effectiveness of MAS, lines from each popula- 
tion were classified for QTL marker alleles at each of the five 
loci. Comparisons in level of grain mold resistance were then 
made between classes with Sureiio or adapted parent allele for 
each locus (A, B, C, D, and E). Comparisons were made within 
populations and across the entire study. If MAS enhances grain 
mold resistance, then the group with the Surefio allele should 
have greater grain mold resistance than the group with the 
adapted parent allele. 

Grain mold pressure varied widely among environments 
(Table 3), ranging from a mean of 2.937 in Beaumont (least 
grain mold pressure) to 7.345 in Beeville &here the most dis- 
ease pressure was encountered. When the mold scores within 
all environments were compared. it was found that the eight 
respective environments effectively tbrmed four groups of en- 
vironments, which had mean grain mold scores that were not 
statistically different. Since selection had been practiced for 
various phenotypic traits (for height and agronomic desirabil- 
ity) in earlier generations, the populations used in this study 
were not ofa suitable sttucture for the construction of a linkage 
map. As would be expected, the five adapted parents varied to 
a large extent with respect to the proportion of the molecular 
markers that were polymorphic between them and Sureiio. 
RTx430 showed the greatest amount of polymorphism, while 
BTx635 showed the least. 

Comparisons of the marker allele classes across all popu- 
lations indicated that only one of the five QTL enhanced selec- 
tion for grain mold resistance (Table 3). The presence of the 
Sureiio allele in LG-F enhanced mold resistance across all en- 
vironments. The remaining three QTL showed no effect on 
mold incidence in the combined analysis. However, when the 
data were analyzed by specific population, MAS was clearly 
effective in the population derived from crosses with RTx430 
(Table 3), but in the remaining four populations, the markers 
did not particularly enhance selection efficiency. producing sig- 
nificant improvements in only 5 of 17 contrasts (Table 3). 

These results indicate that while MAS can be effective. 
there are limitations to the application of the technique. The 
utility of MAS was clearly valuahlc in the Ts430 population. 
which is not surprising since these QTI. were mapped in this 
population. However, these QTL are clear11 less valuahle in 
the other populations evaluated in this study. Therefore, while 
selection efticiency maybe enhanccd through MAS, its utility 
is limited to populations i n  which mapping is completed. A 
positive result from the current work is that the markers did 
appear to be applicable across en% ironments. In fact certain 
QTL appeared to have stronger effects in specific types of en- 
vironments. Ifthe applicability across populations were solved, 
the use of specitic QTLs based on the environment could prove 
particularly useful. 

Other supporting grain mold resistance research activities 
have focused on an analysis of the role of dcfense response 

pathaays in preventing grain mold of sorghum. Panicles of 
four cultivars were inoculated at anthesis with conidial suspen- 
sions of F: thop.,in~~m and C. lzmata, the fungi most often found 
in naturally molded grain. RNA was extracted from the imma- 
ture floral tissues at various times following inoculation. Lev- 
els of mRN,\ fix four known defense-response genes, phenyla- 
lanine ammonia i?ase. chalcone synthase, b-1,3-glucanase and 
ch ihase  were examined by hybridization to PCR generated 
clones of the respective genes. Expression of each gene in- 
crelsed rapidly li>llowing inoculation with either fungus. Al- 
though differences were seen in response to the two pathogens, 
the general patiern was similar in Surefio (resistant), RTx2911 
(highly resistant), SCI 70 (intermediate resistance), and RTx430 
(very susceptible) to grain mold. The results imply that factors 
other than the timing of activation or level of expression of 
these particular defense response genes account for cultivar 
difEel-ences secn when the plants are challenged at the time of 
flowering. 

Highly consewed sequences within cloned disease resis- 
tance genes from other species were also used to search for 
homologs in the sorghum EST database and to generate candi- 
dale resistance gene analogs (RCAs) via PCR. Thus far, 13 of 
the clor~cs sequenced have features characteristic of resistance 
eenes. Hybridization of these clones to two sorghum BAC li- - 
braries has identified 19 different BAC clones that include 
RGAs. 

Ei~aluatiun of Tan Plant Hybrids 

The improvelnent of grain quality remains an important 
goal of Inany sorghum breeding programs. The TPHT (Tan 
Plant Hyhrid Test) and IFST (International Food Sorghum Test) 
art: grown in test adaptation and productivity of new commer- 
cial and ehperilttental tan plant hybrids with improved grain 
quality. The TI'HT was grown in multiple locations in Texas 
and Kansas. The IFST was grown in locations in Africa, Latin 
A~nerica and Texas. The results of the JFST (Table 4) indicate 
that ]many fi,od quality hybrids are competitive with traditional 
hybrids in thc f11ll season category, but further improvements 
ar: still needed to develop early- and mid-season food quality 
hybrids. (Re\ults ofthe TPHTare not presented, but are avail- 
akmle at hli[~:':sorghum.tamu.edu). These will be continued to 
further the de\2elopment of this material into Central America 
ar~d Southern .Africa. 

Networking Activities 

N'ork.shop,s and hfeetings 

IKTSOR\1IL Principal Investigators Conference -Novem- 
her 17-20. 200.3. Addis Ahbaba, Ethiopia. 

2003 Sorghum Industry Conference - February 16-18, 
21103. Albuqocrque. New Mex~co. 



Table 4. Combined analysis of performance characteristics of hybrids evaluated in the 2002 
International Food Sorghum Adaptation Test at six locations in the C.S. and Central 
America 

Hybrid SD* PL GL ~ 1 1  DY FIT E X  DS LO \IS n\ \'D 

ATX631*RTX437 W T b 4.0 70.8 4 - 6  3.8 1.3 1.0 I:.? 55.8 6.25- 
ATX642*RTX430 R P - 4.8 70.3 43.8 5.5 4.1 1.0 13.4 5 5 .  6.655 
AOPR59'5BRON154 R T t 1.3 ? 8 5  4'6 3.' 3.6 1.0 136  5,9 5,s.:: 
ATX37g8RTX430 R P - 3.6 68.8 48.8 4.8 4.9 1.8 1.3 0 5J 9 5.-9- 
.48PR1057*5BROS 139 . - R T t 1.3 55.6 U . 1  1.' - .  1.1 1 4 6  59Z 5.Y4 
.ATX63 1 *RTX436 \\ T b 3.1 72.8 4' I 3 P 3.5 1 3 1 4 0  5 5 5.--0 
.4TX2752*RTX430 R P - 4.0 69.5 W I  4 4.3 I.: I .  5 1 -  5.-29 
.4TX6?3*RTXJ30 W P - 4.0 70.1 50.9 4.5 5 0  1.6 11.2 54.' 5.-2' 
AHF14*RTX436 \ T st 4.0 72.0 U . 0  3.4 3.2 1.0 13.6 54.t) 5.013 
HF11*96GCPobs124 R T st 2.6 72.0 43 9 2 7  3.4 1 . 1  I3 - 5 6 9  5.595 
-29701 *RTX137 R T I 3.0 68.5 J O  d.0 4.1 1.0 I.:' 5 :  5.590 
4TX631*R9818 \\ T b 3.1 74.6 48.' 3.7 3.4 1 3  1 4 0  5- i . .. ;?.- 
.4HF11*96GCPobs17? R T t 2.8 71.8 I 2.9 3.4 1 . 1  1 4 9  M.1 5.4% 
AHF8*96GM'092 R T st 1.3 76.3 42.5 3.7 4.0 1.0 14.4 5 9 9  5.JJII 
ATX631*R9317 \ T 1 3.6 73.9 46.7 3 5  3.4 1 5 I4 I 5 5.455 
ATX63 1 'R9528 V T lb 3.3 73.6 48.1 3.7 2.9 1 4  14.0 5-.4 5.U' 
ATX631 *R9693 \V T SI 3.3 72.5 48.1 3.8 4.1 2.8 1 4 0  55.5 5..:95 
AHL8*R93 17 W T st 4 5  72.R 4 1 8  4.7 3.0 1.3 13.9 43.2 5.263 
A961 J'RTX436 \ T st 3.8 74.9 49.2 4.6 4.2 2.4 I 5 b 3  5.243 
.48PR1057*Tx436 R T I 3.5 74.1 43.8 3.4 .: - 1 .1  I 5" 5.201 
A9717*RTX?903 R T st 2.6 '2.6 42.9 4.3 3.5 4 14.0 ?-.I > . !S l?  
ATX63 1 'R9759 V T t 2.6 '1.8 51.6 3.7 4 6  L5 13.9 55.4 5.116 
ATXARG-I8R9818 \ T t 3.3 73.8 43.7 3.6 3.6 1 . 1  13.6 19.1 5.WF 
AOPR59*5BROX139 R T t 1.6 78.8 43.9 5.0 3.9 I D 4 ii 5 i . l l l6 
A9601 *RTX436 \ T ib 3.8 73.1 46.5 5.8 4.1 2.6 l.:9 56.1 I.010 
ATX635*RTX436 \ T i t  3.8 76.5 51.1 4.2 4.2 4 4 59.9 5.00‘4 
A9701 *RTXl36 R T st 2.5 0 . 6  U 6 5.0 4.0 I.? 13.6 5-.O 4.949 
ATX63IaR9839 W T t s n  3.3 r . 5  50.0 2.9 -19 I S  4 I 58 6 4.920 
AHL8*R9528 W T st 3.8 73.1 45.3 4 1  4.3 1.0 2 41'  4.W+ 
A971 7*RTXJ36 \\ T st 5.1 69.9 42.0 4 .  3.6 1.3 13.1 $ 6 ~ -  43'29 
ASPR1049*Tx436 W T st 4.3 74.5 U . 4  3.8 3.6 I 4  I :  5c  3 4,s:- 
ATX63 1 *RTX2903 R T ib 1.8 74.6 45.0 3.- 1.4 1.4 143  56.2 4.-43 
ATXh31*R9752 \ \  T I 3.5 15.4 48.9 7 6  3 9  2 3 I? 6 5 5 1  4.-dl 
AHF8'5C41625 R T t 2.8 7-13 1 2 9  3.0 4 0 1 0 I4 5 59 5 4.-24 
ATXARG-I'R9759 \V T t 2.6 74.0 4 5 6  4 0  3.8 2.3 1'9 5‘ : 4.-19 
ATXARG-I'RTXJ36 \ T I 4.0 75.3 42.2 3.5 3.X 1.4 I:.$ 4 .  4 , ~ s -  
ATX63 1 *R9809 R T st 2.5 15.0 44.0 3.2 5.4 2.6 13.6 5 5 5  4.6Sl 
ATX63 1 '5CA4213-I R T t 2.8 52.4 46.1 2.6 4.4 1.3 151  5 6  4.m> 
ATX.4RG-1 'R9693 \ T I 4.0 73.9 4 2  3.9 4 4  I 9 1.: L 5s  11 4.Cctl 
AHF14'5CA4205-3 R T sl 2 . 5  75.X 42.0 3.2 3.9 1.0 14.6 6 ~ 1 1 ~ ~  4.N-I 
liTXARG-laR9839 \ T t 4.1 57.9 4 3 2  2.1 4 '  I.? \ I S .  a 1 2  4.546 
AHFX8R975? \h' T sn 3.5 3 45.5 4.0 3.9 1.3 1.q.9 is1 4.464 
AHF13*5CA4208 R T I 2.3 75.9 43 5 3.0 3 5 1 0  I4 - 42 6 4.426 
ATXARG-I 'R9805 R T 1 3.0 74.0 4 3 9  4.- 4.4 2.0 l.:6 i-: 4 . J 3  
ATX631*R9840 \ T sn 3.1 74.5 49.3 3.3 4.2 3 3 1.1 3 5- - 4 . W  
ATX63 1 '5CA4631 \ T t 2.5 519 49.9 3 2 3 9 2 1  15  0 59 5 4.546 
A8PRIO57'5BROXl55 R T t 1.8 54.9 I 2.9 J I !l I J I  4 4..;16 
ATX63 1 *R9805 R T bf 2.5 73.0 4 . 5  5.2 4 9  2 6 13 - 5 9 4  4.25l 
ATX63jWR9840 W T st 3.3 67.8 49.5 4.2 5.1 2.8 I 4 0  5 4.rU9 
ATX635*R9809 R T t 2.1 78.1 52.2 . I  6.4 2 9  13.- 59.2 .:.$5.: 

GR4XD LIE.4X 3.1 71.2 45.9 3.8 4 0  1.6 1 4 0  55.1 5.052 
C\- 23.0 7.0 4.6 28.4 21.4 6'9 9 4  24.- 1 -  
LSD (0.09) l l  4.1 2.3 0.9 0 9  1 0  1 :  6 6 5  

'SD = seed color (R = red. W = white. Y = yellou ): PL = plant color IP = purple. R = red. T = tan): GL = glurne color 11 = 1x1. b 
= brown, r = red. sn = siena. st = straw. Ib = light brown): GL! = _pin  mold ratlne I I = none to 9 = suzceprrhle~. Dj' = mid- 
anthesis (days): HT = plant height (inches): EX = head exsenion (inches): L S  = uniformity I I to 4 icalzl: DS = d ~ ~ ~ r a b ~ : i t ?  I I to 
9 scale): LO = root and slalk ladeing ( I  to 9 scale): T\V = test weight (Ibsbushell: YD = w l n  yeld ilh acwI 
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Participated in the Sorghum Germplasm committee meet- 
ings in Wichita, KS and Albuquerque, NM in October 2002 
and February 2003, respectively. 

Research investigator Exchanges 

Hosted Mr. Leo Mpofu (Zimbabwe) for sorghum breeding 
training in College Station in July 2002. 

Hosted Mr. Joaquim Mutaliano (Mozambique) during his 
English Language training at Texas A&M from August to De- 
cember 2002. 

Hosted Drs. Issofou Kapran and Salissou Issa (INRAN- 
Niger) during a visit to Kansas State, Texas A&M, and Purdue 
Universities in October 2002. 

Hosted Dr. R. G. Henzell, Sorghum Breeder from Hermit- 
age Research Station in Queensland, Australia, during a visit to 
Kansas State and TexasA&M Universities during October 2002. 

Germplasm and Research Information Exchange 

Coordinated the Tan Plant Hybrid Trial. This trial is de- 
signed to evaluate commercially availahle tan plant (improved 
grain quality) sorghum hybrids for agronomic adaptation and 
grain quality parameters. The test included 40 hybrids from 
eight companies and was grown in nine locations across Kan- 
sas and Texas. Included in this trial were breeding lines from 
TAM223, TAM222 and TAM220C. 

Distributed germplasm from TAM220C for evaluation in 
Central Amerlca and Southern Africa. 

Distributed germplasm from KSU22OA for evaluation in 
Niger and South Africa. 

Publications and Presentations 

Journal Articles 

Moran, J.L., and W.L. Rooney. 2003. Comparative agronomic 
performance of iso-cytoplasmic grain sorghum hybrids. 
Crop Sci. 43:777-781 

Prom, L.K., R.D. Waniska,A.I. Kollo, andhT.L. Rooney. 2003. 
Response of eight sorghum cultivars inoculated with 
Fusarium thapsinum, Curvularia lunata, and a mixture of 
the two fungi. Crop Protection (in press). 

Rooney, W.L. 2003. Registration of T'x2912 to Tx2920 sor- 
ghum germplasm. Crop Sci. 43: 442-443. 

Rooney, W.L. 2003. Registration of Tx292I to Tx2928 sor- 
ghum germplasm. Crop Sci. 43: 443-444. 

Rooney, W.L., F.R. Miller, and L.W. Rooney. 2003. Registra- 
tion of RTx437 sorghum parental Line. Crop Sci. 43: 445- 
446 

Yu, J.. and M.R. 'Tuinstra. 2003. Analysis ofcold tolerance in 
sorghum under controlled environment conditions. Field 
Crops Research (in press). 

Hicks. C., M.R. Tuinstra, J.F. Pedersen, F.E. Dowell, and K.D. 
Kofoid. 2002. Genetic analysis of feed quality and seed 
weight ofso~ghum inbred lines and hybrids using analyti- 
cal methods and NIRS. Euphytica 127:3 1-40. 

1sla:m-Faridi, M.N., K.L. Childs, G. Hodnett, M.A. Menz, R.R. 
Klein. PE.  Klein, W.L. Rooney, J.E. Mullet, D.M. Stelly, 
and H.J. Price. 2002. A Molecular Cytogenetics Map of 
Sorghum C'hromosome 1: FISH Analysis with Mapped 
BACs. Genetics 161 :345-353. 

Morgan, PW.. S . 4 .  Finlayson, K.L. Childs, J.E. Mullet, and 
W.L. Rooney. 2002. Developmental physiology of grasses: 
Opportonitics to improve adaptability and yield. Crop Sci. 
42:1791-1799. 

Reed, J.D., M.R. Tuinstra, B.A. Ramundo, and L.E. Claflin. 
2002. Analysis of resistance to ergot in sorghum and po- 
tential alternate hosts. Crop Sci. 42:1135-1138. 

Reed, J.D., MR.  Tuinstra, N.W. McLaren, K.D. Kofoid, N.W. 
Ochanda. and L.E. Claflin. 2002. Analysis of combining 
.ability for ergot resistance in sorghum. Crop Sci. 42: 18 18- 
1823. 

Books, Book Chapters, and Proceedings 

Moran, J.L., WL. Rooney,G.N. Odvody,and R.A. Frederiksen. 
:2003. Differences in ergot \rulnerability among sorghum 
genotypes and the relationship between stigma receptivity 
and ergot vulnerability. pp. 113-120. In J.F. Leslie (ed.), 
Sorghum and Millets Diseases. Iowa State Press, Ames, 
IA. 

Rooney. W.L.. S.D. Collins, R.R. Klein, P.J. Mehta, R.A. 
I7rederiksen and R. Rodriquez-Herrera. 2003. Breeding 
sorghum for resistance to anthracnose, grain mold, downy 
mildew and head smuts. pp. 273-280. In J.F. Leslie (ed.), 
!;orghum and Millets Diseases. Iowa State Press, Ames, 
1A. 

Tuinstra, M.R., T.T. Teferra, L.E. Claflin, R.G. Henzell, A. 
I3orrel1, U. Seetharama, G Ejeta, and D.T. Rosenow. 2002. 
Breeding for resistance to root and stalk rots in sorghum. 
pp. 28 1-286. In J.F. Leslie (ed.), Sorghum and Millets Dis- 
eases, Iowa State Press, Ames, 1A. 

Dissertations and Theses 

Kriegshauscr, T.D. 2003. Genetic analysis of large-seeded sor- 
ghum hybl-idsurith increasedgrain-fill duration andeffects 
c ~ f  increased seed size on feed quality. M.S. Thesis. Kan- 
sas State University, Manhattan, KS. 

Stamm, M.J. 2003. Effects of a genetically longer grain fill 
duration on seed weight and composition of grain sorghum. 
M.S. Thesis. Kansas State University, Manhattan, KS. 

Tesso, T.T. 2002. Analysis of resistance to Fusarium stalk rot 
in grain so r~hum [Sorghum bicolor (L.) Moench]. Ph.D. 
C)issertation. Kansas State University, Manhattan, KS. 
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Abstracts ghum improvement programs. ISTSOR\IIL Pnni~ple  In- 
\rstigators Conference. .Addis .\haha. Eth~opla. So\em- 

Kriegshauser. TD.,  S1.R. Tuinstra. and J.D. Hancock. 2002. k r  16-23. 
Feed qualit) analysis of large-seeded sorghum hybrids. Stamm. \I.J.. and \f.R. Tuinsrra. 2002. .Anal)s:sofprote:n par- 
I?;TSOR%iIL Principle Investigators Conference. .Addis t~tioning in large-seeded soyhum. .AS.ACSS.A-SSS.4Con- 
Ababa. Ethiopia, November 16-23. ference. Indianapolis. IS. S o \ e m k r  11-14. 

Rooney. WL.. D.T. Roseno\v.GC. Peterson. and M.R. Tuinsm. 
2002. Application of molecular marker technology to sor- 
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Principal Investigator 

H e n q  S .  Pitre. Entomologist Professor. blississippi Sute Cni\ersity. Bok 9-75, \llssissippi Slate. \IS 39-62 

Collaborating Scientists 

Rafael Obando Solis. Agronomist. INTA. .\pdo Postal 1217. llanagua. Zicarapua 
Carmen Gutierrez. Entomologist. lST.4. .\pdo Postal 121'. Jlanagua. Sicaragua 
Sergio Pichardo Guido. Plant Pathologist. CNA. klanagua. Nicaragua 
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Yanette Gutierrez. Plant Pathologist. L - 5 .  Managua. Sicaragua 
Rene Clara hlencia.  Sorghum Breeder. CEST.4. .Apdo Postal 885. San Sakador. El Sal\ador 
Mario Ernesto Parada Jaco. Entomologist. CENT;\. .Apdo Postal 885. San Salt ador. El Sakador 
Reina Guzman De Serrano, Plant Pathologist. CENT.\. .4pdo Postal % X i .  San Sahador. El Sahador 
Francisco Varga. Agronomist. ANPROSOR. \lanagua. Sicaragua 
L a w  Claflin. Plant Pathologist. Kansas State University. Slanhattan. KS 66506 

With the conclusion of research activities in Honduras 
during the past 23 years. crop pest management research was 
expanded in Nicaragua and El Salvador in 1999-2002. with 
emphasis on insect pest constraints to sorghum production in 
improved cropping systems on large agricultural fanns on the 
Pacific coastal plain. Unlike the activities of the past 23 years 
when this project worked with lo\v input. subsistence farming 
systems in Honduras. activities in Nicaragua and El Sahador 
emphasize development of insect pest management tactics and 
strategies on sorghum in improved technololr) production sys- 
tems. Collaborative research actibities with the lnstituto 
Nicaraguense deTechnologia (ETA). the Universidad Uacional 
Agraria (LNA),  the Nicaraguan National Sorghum Producers 
Association (ANPROSOR) in Nicaragua. and the Centro de 
Technologia de A-&cola (CENT.\) in El Salvador ha\e included 
investigations on insect biology. behavior. ecology and popu- 
lation dynamics of the sorzhum midge and fall ann)\\orm. the 
hvo principal insect pests on sorghum in this region of Central 
America. Information from these investigations is used in de- 
veloping cultural. biological and chemical control tactics for 
implementation in insect pest management systems for specitic 
pests or complex of pests. Popular articles have been pub- 
lished for fanner utilization in the application ofsorghum midge 
pest management in Nicaragua and El Salvador. Complemen- 
tary research on insect pest behavior and damage to sorghum is 
in progress in the United States for improt ing sorghum midge 

and fall armpvorm pest management aralegles The ~oll ibo- 
rati\e research actit it~esamong I\TSOR\lIL an3 ~ r ~ a h - h  and 
farmer organizations ha\e k e n  f ~ l t f u l  in de\e:~xping greater 
research capacity and furthering insti~ul~on bulldlng actibines 
in this ecogeographic zone. Graduate student education and 
professional \\orlishops hate increased 3gncultural capabili- 
ties ofprofsssionals in t h ~ s  region ofCenual .Amerl.x. The \ISU 
205 principal in\estigatoru i l l  continue to suppor! -gaduats stu- 
dent education. to conduel sorghum research in Cenml Amcnca 
and the United States. to collaborate uith w-~en~ists in g o ~ s r n -  
mental organizations and agricultural unltersltles. and to \rork 
with non-go~ernmental organizations to detelop irnpro\el: in- 
sect pest management practlca for sorghum production. 

Objectives. Production and Ctilization Constraints 

Refins intestigations to determine fall arm>nornl cr-cur- 
rence. seasonal population le\els. and extent ofdamag? to 
sorghum h> this pest. Conduct pest management srud~cj 
with fall arn1!nonn. 
Prepare manuscripts for publication in r c ~ e r t ~ t i ~ ~ o u r n a l s  
and popular article for distribution Into f3rm cc~mmunities. 

PRR/IOUS PAGE BLANK 35 
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Meet with Central America collaborator scientists in INTA, Entomological investigations were initiated with UNA, with 
UNA IJNAN and ANPROSOR to develop collaborative additional participation with ANPROSOR in 2002 following 
sorehum croo urotection research ulans for 2002. meerings to djscuss constraints to sorghum production in Nica- . . . Complete year ofresearch and academic programs ragua. Collaborative crop protection research was discussed 
for MSU 205 Ph.D. student. and plans we]-e made for the 2002-2005 growing seasons, which 

begins in August. There was specific interest in crop protec- 

El Salvador 

Collaborate with scientists in CENTA to evaluate insecti- 
cides and application procedures for fall arniyworm man- 
agement and evaluate sorghums for resistance to this lepi- 
dopterous pest. 

United States 

' Continue experiments to evaluate the effectiveness and eco- 
nomical benefit of insecticide spray programs and retine 
the economic thresholds for fall armyworm and sorghum 
midge on sorghum. 

Research Approach and Project Output 

Nicaragua 

MSU 205 initiated research activities in Nicaragua in 1999, 
after initially developing collaborative relationships with sci- 
entists at WTAin Managua in 1998. Unlike research activities 
in Honduras during the past 23 years in subsistence farming 
situations, entomological research in Nicaragua emphasized 
insect pest constraints to sorghum production in large, improved 
technology systems on the Pacific coastal plain. The principal 
insect pest constraints to sorghum production on the coastal 
plain are recognized to be sorghum midge. fall armyworm and 
chinch bug. Research was completed on seasonal occurrence 
of sorghum midge on host plants and oviposition behavior on 
specific hosts. Tactics for management of the midge were evalu- 
ated and included planting date, crop variety and insecticide 
efficacy. A manuscript, representing this research was pub- 
lished in the international journal, Tropical Agriculture. Asec- 
ond journal paper considering the occurrence of sorghum midge 
on sorghum during the second crop-growing season on the Pa- 
cific coastal plain of Nicaragua was published in La Calera 
the scientific journal of the National Agricultural University of 
Nicaragua. Apopular article, "La Mosquita De La Panoja Del 
Sorgo", was published by JNTA and prepared for distribution 
into farm communities in 2002. The information in this puhli- 
cation will assist farmers in sorghum midge pest management. 

The student from Nicaragua that completed the Master of 
Science degree in entomology is continuing entomology stud- 
ies for the Ph.D. degree at Mississippi State IJniversity. This 
research emphasizes economic thresholds and evaluations of 
fall armyworm and sorghum midge management practices in 
monoculture sorghum in the United States. 

. . 
tion training. Particular emphasis was given to developing plans 
for tollaborative, multisciolina~, on-farm cron orotection in- 
vestigations with MSU 2b5, INTA, UNA and ANPROSOR 
collaborating. Collaborative research activities among these 
organizations was limited in 2002, although meetings among 
scientists from cach organization to discuss research plans for 
the future did occur. This was evident in the joint planning and 
comluct of meetings among scientist and with producers. 

Studies u,ere conducted by INTA scientists to evaluate al- 
ternative treatments for managing sorghum midge and leaf- 
footed bugs on sorghum panicles. Treatments included hio- 
logi,cal organisms, plant and insecticide chemicals, and crop 
barriers. Sorghum midge infestations and damage were less in 
insecticide treatment compared with the barrier crop treatment; 
the biological treatments provided interesting comparisons, but 
more research is needed to substantiate the results obtained. 

The MSIJ 205 PI (Henry Pitre) and KSU 21 1 PI (Larry 
Clatlin) conducted a five-day sorghum plant protection work- 
shop in Managua in 2002. The workshop was sponsored by 
INTA and UNA and was attended by 38 agricultural profes- 
sionals from 1NT.4, UNA and ANPROSOR (in Nicaragua) and 
CENTA (in El Salvador). Technical presentations included en- 
tomology and plant pathology pest management principles, pest 
management tactics and strategies, defining integrated pest 
management programs and specific insect and disease agent 
pest constraints to sorghum production in Nicaragua and the 
region and related pest management programs. Field trips were 
taken to observe insects and related plant damage, as well as 
plant diseases on sorghum. This workshop provided the stimu- 
lus for several sorghum pest management meetings that were 
conducted by I!NA, INTA and ANPROSOR in a collaborative 
effc~rt. Two meetings were held, one with producers from the 
hills and the coastal plain, and the other with farmers from the 
coastal plain. Forty producers attended each workshop. Pro- 
duction prohlelns were identified to include specific insectpests, 
fungal diseases. and mycotoxins in grain. Specific needs were 
addressed to include: workshops on IPM and post harvest prob- 
lems. and information on identification, weed control, variety 
selr:ction and fcrtilization. 

Plans werc made for a collaborating scientists at UNA to 
begin a Ph.D, program in June, 2003 at Mississippi State Uni- 
versity. This scientists will receive additional training in plant 
pathology. with specialized training in insect pest management. 
Research activities will be collaboratively directed by scien- 
tists at Mississippi State University and Kansas State Univer- 
sity. The student participated in the Fusarium Laboratory Work- 
shop held at Kansas State University in June. 



El Salvador Cnited States 

Entomological research with scientists in CENTA in El Sal- 
vador was initiated in 2001. Insects of greatest interest and 
thought to be the most damaging to sorghum crops in El Salva- 
dor include the complex of soil inhabiting insects and defolia- 
tors (particularly fall arm)worm). The objectives of research 
for 2001-2002 involved determining the extent of damage and 
economic significance of fall armyuorm on sorghum. This ob- 
jective included elucidation of the occurrence and aspects of 
population dynamics and control tactics for this pest. Obser- 
vations on populations of this caterpillar on and damage to sor- 
ghum in the All Disease and Insect Surjer\. (ADIN) was made 
during the crop growing season. This was coordinated with 
collaborating sorghum breeder and plant pathologists in CENT.& 
and Kansas State University (KSU 21 I) .  respectively. The re- 
sults ofthese investigation~ were reported in the MSU 205 Year 
23 annual report. and published as three separate papers in the 
scientific journal La Colera. The results of the investigations 
indicate that sorghum plants damaged by fall armyvorm in early 
vegetative stages can compensate for this damage during later 
stages of plant development. This Further indicates that insecti- 
cides should be used with complete knowledge of the stage of 
plant development at the time of fall armyworm infestation and 
potential for this pest to cause irreversible feeding damage to 
the developing plants. The infestation level at critical times 
during sorghum development should be given particular anen- 
tion in recommending fall armpr-om control measures using 
recommended insecticides. Additional research is needed to 
refine the recommendations for fall army7vorm pest manage- 
ment on sorghum during different phenological stages of the 
crop. 

Studies involving the examination of economic threshold 
levels for fall armyworm on whorl-stage sorghum in 2002 cor- 
roborated the results ofsimilar studies conducted in 2001. These 
studies were conducted at three locations. Plants infested with 
fall army~vorms at levels ranging from 0 to 80 percent had simi- 
lar yields at harvest. 

Sorghums in the ADW a-ere again e\ aluatsd in 2002 in El 
Salvador and sorghum fields were sampled to determine oc- 
currence of insect pests during the growing season. A stem 
borer a a s  recognized to cause damage to sorghum in some ar- 
eas: the extent of damage was not determined. Also. a lepi- 
dopterous larvae. the pink scavenger caterpillar. was observed 
to infest sorghum panicles. Plans have been made to conduct 
research on these pests in 2003. 

Plans uere completed for the collaborating entomological 
scientists and CENTA to begin formal English language train- 
ing in August 2003 at the University of Nebraska. The scien- 
tists will begin a Ph.D. program in entomology at Xlississippi 
State University in January 200-1. 

The economic threshold for caterpillar pest: on \\ horl stage 
sorghum and sorghum midge on panicles is not clearl! identi- 
fied for soqhum in different groath s tags .  Preliminw srud- 
ies conducted with fall arrn)\rorm todetermine lnfestatiorl Is\- 
els suitable for anificial infestations. sun I \  al oifall arm!-\om 
larvae in stages of de\elopment at infestation and o\er time 
after infestation. time of day most suitable for infestation. and 
other infestation procedures. Thls information uas used in 2W2 
to observe fall arm!worm lanal k h a \  ior and to refine e i e  
nomic threshold le\els using nvo strategies. one in\ol\ xng .lum- 
ber of insects per plant and the other percentage o i p l a n : ~  in- 
fested. S e l d  data \\as recorded for treatments. Information 
from these studies can improve the application oipest manage- 
ment practices for fall arm!\\ orm on sorghum. 

Sorshum fields for treatment infestations including one. 
two. three or four inoculations \vew compared \r ith un-init~ted 
plants in 2002. S o  sipificant difterrncs tn !ield \her? rr- 
corded among treatments regardless o i  the n u s k r  o i  1.1nal 
infestations. This information Further suggests that F.A\\ lar- 
vae damage to sorghum throughout plant de\el,~pment I\+. horl 
to boot stages) ma! not significantly reduce !ield u hen plants 
are not stressed. Insecticide application control thls pest on 
sorghum may not be bvarranted. 

Further investigations to e\aluate the total ctfects of F.AW 
feeding damage and economic thresholds for this pest on sor- 
ghum are planned for 2003. These studies include I 1 EtTect of 
multiple infestations of F.4H on sorghum ! ~ e l c  m d  2 I F.\\V 
damage to sorghum panicles. 

Setworking Activities 

The sorghum crop protection uorkshop in Sicaragw or- 
ganized by ISTSORXIIL I\lSC 2051 KSC 21 I .  IST.4. I-5.4 
and ASPROSOR sened as the stimulus for the de\eloprnent 
of meetings k n r e e n  scientists. farm oqanizations and sorghum 
producers. Such meetings \\ere conducted in o02-2IW3 and 
additional meetings are planned for 2003. The! lncluded a- 
pects of integrated insect pest and plant d i w a x  management. 
The \vorkshops \\-ere successful hecause ofdeta~l  coordtnati@n 
by scientist and administratorsat IST.4. LS.Aandnd\SPROSOR~ 

Research in\estigator exchanges in\ nl\ed shipment of silp 

plies and small equipment for research purposzr. 

Setuorking ~ i t h  .ASPROSOR pm\ ides o p p m n i t i r s  lo 
conduct on-farm research u ith cooperation from man! fanners 
associated with this nattonal soqhum prnducen ass.iati~,n. 

The popular an~cles on sorghum insect mts pro\ ide in- 
formation for farmers to manage these pests on soqhurn to 
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improve yield. Publications are distributed by lNTA into farm 
communities with assistance from local agricultural profession- 
als. 

Publications and Presentations 

Journal Articles 

Carrillo, M.A. and H.N. Pitre. 2002. Observations on diapause 
in Metaponpneumata rogenhoferi: Moschler in southern 
Honduras and notes on other lepidopterous species. Ceiba. 
43(2): 2-10. 

Zeledon, J .  and H.N. Pitre. 2002. Management of sorghum 
midge on sorghum on the coastal plain of Nicaragua. Trop. 
Agric. 79(2): 114-1 19. 

Cordero, R.J. and H.N. Pitre. 2002. Development o f  
Metaponpneumata rogenhoferi on maize, sicklepod and 
wheat germ diet. Trop. Agric. 79(2): 133-136. 

Carrillo, M.A., H.N. Pitre and R.J. Cordero. 2002. Develop- 
ment and reproduction by Metaponpneumatu rogenhoferi 
Moschler. Trop. Agric. 79(3): 1-5. 

Vergara, O.R., H.N. Pitre and D.W. Parvin. 2002. Economic 
evaluation methods for integrated pest management in in- 
tercropped maize and sorghum production systems in south- 
em Honduras. Ceiha. 43(2): 35-45. 

Presentations 

Jaco. M.P. H .  Pitre and J .  Zeledon. 2002. Control of Fall Ar- 
myworm (Spodoptera frugiperda) on Sorghum in El Salva- 
dor. INTSORMIL Principal Investigators Conference. Addis 
Ababa. Ethiopia. Nov. 18-20. (Poster) 

Pitre. H.N. Pest Management Principles Applicable to Ento- 
mology. Sorghum Plant Protec t~on Workshop. 2002. 
Managua, Nicaragua. 

Pitre. H.N. Insect Pest Management Tactics and Strategies for 
Sorghum Production. Sorghum Plant Protection Workshop. 
2002. Managua. Nicaragua. 

Pitre, H.N. The Sorghum Plant and Sorghum Insect Pests. Sor- 
ghum Plant Protection Workshop. 2002. Managua, Nicara- 
gua. 

Pitre, H.N. Insect Pests on Sorghum: Laboratory Identification. 
Sorghum Plant Protection Workshop. 2002. Managua, Nica- 
ragua. 

Pitre, H.N. Insect Pests on Soybeans and Sorghum. Miss. Coop. 
Ext. Sew. Commercial Applicators Training Program. 2002. 
hlississippi State University. 
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Summary 

Witchweeds (Swigu spp.) are obligate parasitic weeds ot' 
significant economic imponance. Control methods available 
to date ha\ e been costly and beyond the means of farmers in 
de\ eloping countries. While combining se\eral control mea- 
wres may be necessan for eradication of Sn-igu. crop losses to 
Slrrga can be effectively minimized through host-plant resis- 
tance. Our goal is to exploit the unique life cycle and parasitic 
traits ofStr~ga especially the chemical signals required for ger- 
mination. differentiation. and establishment. 

In this repon, we summarize our recent activities in the 
area of research on breeding for durable resistance to Srriga in 
sorghum. Our program emphasizes identitication and charac- 
terization of genetic variants of sorghum with knoun inherit- 
ance and expression of biological defense responses. \Ve em- 
ploy simple laboratory bioassays and molecular markers in idsn- 
tifying new variants and introgressing genes for Srrigu resis- 
tance from various sources into desired _eenotypes. Sorghum 
cultivan \vith single as =ell as multiple mechanisms of Strrgu 
resistance have been generated. Field e\ aluations are conducted 
in Africa lo test efficacy of each putative St r~ga resistance 
mechanism as \yell as level and durability of the resistance ac- 
quired hy pyramiding genes from several sources. In 1002. af- 
ter extensive testing in multi-location tests. one of our elite lines 
was officially released for commercial cultivation in the .Amhara 
region of Ethiopia. The culti\ar was recommended and seed 

disseminated under a local name. "Brhan". tnns l3td  3s "l!_rht 
in the midst of the darkness". .Yir-r.rc~. 

Objectives. Production and l'tilization Constraints 

The o\enl l  objectires of our research are 10 i u n h ~ r  ota 
understanding ofthe biological inrerait~ons kt\\ s z n  Sir:.?.~ and 
its hosts. and to dexise control strategm baw-d on host rcsli- 
lance. In addressing our goal ofde\eloping sorghum iulti\nrj 
that are resistant to Srrigo. \\r emphasize the \iwi r@ks of the 
multiple signals exchanged hsrutcn the panjite 2nd I& hosts. 
which coordinate their life c!cles. To de\elop cortrol stra:e- 
gies based on host-plant resistance. \re emplo? integrated b n -  
technological approaches comhlning h ~ ~ h e m i s t r \ .  tlssue i i i l -  

ture. plant genetics and breeding. and molecular biolog) 

Sfrrglr spp. IS econom~call) imponant parzrrss ofwrghum. 
milletsand other cereals in tropical.4fnia and Asia. l'!eld l@,ss 
of sorghum due to Sir-ruu infstatlcn. s ~ ~ o p l e d  uith p > r  soil 
fertilit?; lo\\ rainfall. and lack of production inputs, all contri* 
ute to sun i\al diflicultirj for subsisrenie farmerr. Endicatit,n 
of Srrigcr has been difficult to the unlque adaptat~on c,f 4,-;?.I r o  
its en\ ironment and the comple\it) of the hl>st-p.ir3site reI1- 
tionship. Suggested control rneasurss ~nclud~ng rneihan~sal b>r 
chemical weeding. so11 fumigation. nitrogen feniliiatton. h3\e 
heen costl! and beyond the means ofpoor suhsistrrce farmeri 



Host plant resistance is probably the most feasible and poten- 
tially durable method for the control of  Stri,qu. Host resistance 
in\,olves both physiological and physical mechanisms. Our goal 
is to unravel host resistance by reducing il to components based 
on the signals exchanged and disrupt their inter;lctions at each 
stage of the Striga life cycle. The specific objective of our 
collaborative research project are as fbllows: 

To develop effective assays for resistance-confcl~ing traits 
and screen breeding materials assentbled in our Srriga re- 
search program for these traits. 
To elucidate basic mechanisms forS/ii,gu resistance in crop 
plants. 

To combine genes for different mechanisms of resistance. 
using different biotechnological approaches, into elite 
widely adapted cultivars. 
To test, demonstrate. and distribute (in cooperation with 

We place m;ljor emphasis on developing control strategies 
primarily hased on host-plant resistance. To this end, we have 
in pl,ace a very comprehensive Striga resistance breeding pro- 
gram in sorghulii. Over the last several years. we have gener- 
ated and selectcd diverse and outstanding breeding progenies 
that combine S/iig<r resistance with excellent agronomic and 
grain qnalilq characleristics. All previously known sources of 
resistance lia\c been inter-crossed with elite broadly adapted 
iinprobcd lincs. Almost all resistant sources ever recorded have 
been assemblcd and catalogued. We undoubtedly have the larg- 
est, most elitc and diverse Striga resistance germplasm pool, 
unmatched li! ;~ny  program anywhere in the world. However, 
while all rcsista~>ce sources have been introgressed to elite and 
most readilq usable backgrounds, the only mechanism of resis- 
tance we ha\e lillly exploited has been the low production of 
ger7nination signal. We have not had the ability to screen for 
othcr nicchanisms of resistance in the infection chain or the 
host-par~isite interaction cycle. In the last four vears. we have ~ ~ ~, , 

various public, private. and NGOs) elitc Sirigo resistant placed signiiicnnt emphasis on developing additional effective 
cultivars to farmers and farm communities in Strk'a en- methods lbr screening host plants for Striga resistance at stages 
demic areas. in the parasitic life cycle beyond germination, including low 
To develop integrated Striga control strategies, with our produclion of l~austorial initiation signal, failure to penetrate, 
LDC partners, to achieve a more cf fec t i~e  control than is hqpel-sensiti\e reaction. incompatibility, or general cessation 
presently available. of ~roa' th atter penetration. Work is currently in progress on . assess (both ex ante and ex post) of the adaptation and rcf~ning these assays and integrating them into our plant breed- 

use of these control i n  with col. ing, procedures for effective transfer of genes of S t r i p  resis- 

laborating agricultural economists. tance into nca and elite sorghum cultivars. 

To train LDC collaborators in research methods. breeding 
'Thc \vealtIi of germplasm already developed in this pro- approaches, and use of integrated Sti.i,ya control methods 

gram also needs to be shared by collaborating national pro- and approaches. 
granrs in Srr.i~n endemic areas of Africa. To this end, we have 
orl:ani/cd rniernalional nurseries for distribution of our Research Approach and Prnject Output 
geni~plasm on a xvider scale. This has sewed as an effective 
way to netuork our Striga research with NARS that have not 

Research Methods becn actively collaborating with INTSORMIL. As we com- 

Field evaluation of crops for Striga resistance has been 
slow and difficult, with only modest success. Our researcli 
addresses the Sfriga problem as a series ofintcractions between 
the parasite and its hosts. with potential for intervention. We 
recognize that successful Strigo parasitism is dependent upon 
a series of chemical signals produced by its host. 

The working hypothesis is that an intricate relationship 
between the parasite and its hosts has evolved exchange of sig- 
nals and intenuption of one or more of these signals results in 
failed parasitism leading to possible development of a control 
strategy. Our general approach has becn to assemble suitable 
germplasm populations for potential sources of resistance, de- 
velop simple laboratory assays for screening these germplasm. 
establish correspondence of our laboratory assay with field 
performance, establish mode of inheritance of putative resis- 
tance traits, and transfer Fene sources into elite adapted culti- 

bine and confirm multiple mechanisms ofresistance in selected 
genotypes. the efficiency and durability of these resistance 
mi:chanisms can be better understood through such a wide test- 
ing schenic. 

Furtlicrmorc, in cooperation with weed scientists and 
ag,ronomists il l  various NARS, we plan to develop and test eco- 
n(~tnicaily feahible and practicable integrated Stviga control 
packagcs for lesting on fanners' fields in selected countries in 
Africa. While most INTSORMIL projects have been directed 
as bilateral collaborativeventures focusingon individualNARS, 
this Sli.igo prcrject is handled as a regional or more "global" 
program. heca~~se  of the commonality of the Striga problem 
and bccaitsc nn other agency has the mandate or is better suited 
tc do the job. 

Research Findings 
. 

vars using a variety of biotechnological means. Whenever pos- Breeding for Durable Resistance to Striga in 
sible, the methods developed will be simple and rapid, in order 
to facilitate screening large numbers of entries. Sorghunz 

The use rrfcropculti\,ars \vith resistance toSfnga has been 

10 



widely acknoa ledged as the most practical and economicall) 
feasihle control measure. particularly for subsistence farmers 
in .Sf~-ig<r endemic regions o f  frica and India, Host-plant resis- 
tance is also central to integrated Srrigo management approaches 
ah rn  combined u i th  other inno\ati\e and input-based farming 
practices. Horvever. progress from past etiorts in breeding Srrig~r 
resistant crops has been rather limited. The reasons for the slou 
prosress \an. from complexity o f  the trait to lack o f  research 
support as \\ell as lack o f  a functional and rational approach to 
selection stratesy. In recent years. significant adrances hare 
been niade in sorghum. maize. and coapeas leading to d e ~ e l -  
opinenr o f  culti\ars with good le\ els o f  Srr-rgcr resistance. Se\ - 
ertheless. crop cultilars with durable resistance to Srri~cr have 
not yet been identified. 

K i t h  a research paradigm that focuses on dissecting S~ri,yrz 
resistance into simple highly heritable components. de\elop- 
ment o f  bioassa)s that a l lou identification of disrupted host- 
parasite associations. and adoption o f  molecular marker tech- 
nologies. it i s  no\\ possible to develop crop culti\ars \vith mul- 
tiple mechanisms ofStr-igcr resistance. Crop @mot! pes that pos- 
sess multiple genes for Srripa resistance. based on distinct 
mechanisms. are likely to ha\e senetic resistance that is du- 
rable across several en1 ironmental conditions as \tel l  as across 
ecological variants o f  the parasite. i n  this repon. \\e discuss 
the strategy \ve have adopted and the progress u s  ha\ e made in 
breeding sorghum culti! ars with durable resistance to 5rric.o in 
a collaborati\e research approach engaging a number of scien- 
tists from several organizations. 

The central theme of our Srrrgu research program at Purdue 
University is to de\elop a better understandine o f  the hiolog! 
o f  host-parasite interaction i n  the life c?cle o f  Srri,?<z parasit- 
ism. \Ve focus on the characterization o f  e\idences for sienal 
and resource exchange between the host and parasite. Our ob- 
jecti\e is to isolate a specific signal exchange or interaction 
bemeen the host and parasite and. hased on such an ohsena- 
tion. derelop appropriate laboraton assays for screening ge- 
netic ~ariants o f  sorghum that may lack or produce an essential 
signal or a defense response. Our \\orking h!pothesis 1s that 
mechanisms o f  resistance could be defined on the basis o f  host- 
dependent developmental processes and the essential signals 
exchanged. Hence. disruption o f  one o f  these signals or re- 
sources results in failure to establish parasitkm. The hasic ra- 
tionale and theoretical assumptions behind our approach hake 
been outlined in an earlier report 

The lack o f  simple. rapid. and reliable laboraton prrwe- 
dures for e\aluating crop germplasm has hampered progress in 
breeding for Srrigu resistance. I n  the last few years. reliable 
hioassa!~ have been developed for germplasni screenlng and 
generation ofgenetic information. In  our breedlng program u e  
routinel! employ the .Agar Gel -\ssa) for gerniplasni screening 

as \tell as for examining host-parasitic interactions during the 
early infection process. Disruption in signal exchange at the 
important stages of germination and haustorial initiation earl) 
i n  life cycle can be detected b! this assa). \Ye hale more re- 

cently de\eloped t\ro other in \ ~ t r o  techniques. the ExtenJed 
.Agar Gel Assa! and the Paper Roll Assa) d e s i n k d  31 thisc.,n- 
ference. These ne\r assa!s allo\r critical ohrenatlon c~fgeoctic 
ditt'srences amon? host genot! pes at later stag- i unng  atta~h- 
rnent. psnetratlon. and de\elopment o f  the parzite on host !is- 
sue. \\s hate used these three assa!r re ident~i) genetic \ari- 
ants and characterize mechanlsnis of .Srnpl, reslstdnce ~SJIZI- 
ated \\ill): a) lo\\ germinat~on stimulants ilp, I prrrlucrlon. h i  
lo\\ haustorial factor(1hfl prductlon. c~ h!~r;znsi t i \e ri.spl.?.iz 

(IIRt.  and d l  incompatlhlr response I I R I  to inieirion 

\\s :enerared se\ era1 recombinant Inbred p>pulat~~ms srz- 
regating for genes ccrndltionlng res~stance due to each o f the 
mechanisms o f  resistance ~drnufied. These plpulations are 
genotyped usins SSR markers to idenuf! moleiul3r rnari.cn 
linked ~ i t h  genes controlling Srrr?'~ resistance. Intmgreslon 
and pyramiding o f  genes for multiple mechanisms o f  S ~ r i s ~ r  
resistance 1s hcilltated h! k ~ t h  the bioasu)s 3s ue l l  as the= 
molecular markers. E\aluatlon o f  tield r r - i ~ ~ r  rts~st.~nce o f  
genetic stocks. ssregattng populat~ons. and recamhlnant in- 
hred lines ha\e k e n  conducted in Srrrro infeted feldr in s?\ - 
era1 countries. .Although me had earlier testrd against SIv~pr 
~ r ~ i ~ r r i c u  at \\'hitr\il le. \C. all our recent field-testi hate k e n  
conducted against .Sft-igc~ I i< . r t?~o~~rh i~  ,J rn Ainca in collah~ra- 
tion u ith sc\cral national research programs. 

With a\ailahilit! @f simple lahnratop blo3ss~is. isolattnn 
of genetic lariants of host plants that disrupt pmsltic asscx~a- 
tion at critical stages has been niade p>rsihle. h3\e panleu- 
larl! exploited the mechanism ofSriylr rcxistance h a d  m the 
lo\\ production of hob1 plant root e\udates rsquir-d for germl- 
nation. Di\erse sorghum genonps \\ i th llnle or nc stlmuiant 
prnduction capacit! ha\e k e n  idenrlfied. The senettcs o f  i c ~  

germination sttrnulant i I c .71  prnductlon has k e n  eitahllshed. .A 
numher o f  improied sorghum \anellei u irh 9,-!?.I resrstance 
due to 1c.v ha\e heen de\e lopd and r.tYect~\eI\ disseniin3rsJ to 
Srrryn endcniic areas In se\eral Ahcan  counrnes Intr@<res- 
sion ol'grnes fbr l@u l iausr~~r~a l  factor 1i11fi. h ~ ~ r w n s i t i \ e  re- 
sponse OIR). and incnmpatible resplmse IIRI 113 9r:p.i lnfec- 
ti011 into inipro\ sd sorghum germplasni are cunentl! 311 under- 
\\a) in our sorghum hrccdiny program. 

The dldicult? ofempincal hreedlng oi5rriy.r mlsranci. In 
the field. asstwiated n i t h  the complc\ir! of the rratt and 11s In- 
teraction ~ i t h  the rn\Ironmenr. coupled a t th  the gndual I r i i -  
provemmt in the cost etYecti\encss oiPCR t ~ h n ~ ~ l o g t e s  ha\e 
mads use o f  molecular rnarken a \ iahle altemati\e in SIv:g,i 

resistance breedlng \rorld\r ~de. In  our soyhum r ~ z a r s h  prn- 
gram. \re ha\e generated a sorghuni 1lnL.a~~ :rap o i  1n2X 
centi\lurgans 1c\11. a ith an a\enge tntenal of*.; ; \I  
adjacent 1ck.i. Putat~\e QTL assnciated \\ i th tield reslstanis t~ 

hoth S .n;orf;~, and S. h,vmr,rrrhrr-u ha\ e k n  detected. 
of thew QTL are mapped on the -me linkage group srirh !s>. 
hut independently from factors c@nditi@nlns %r..q.r r rs ls t~n ie  
due to nther nieclianisms. Se\eral studies are unllenba? 10 trst 

dttferent mapping populations at a n o n i k r  i ~ i l ~ x a t i o n s  u l t f i  m 
~nternational netaork ofcollahorators to ~dentl<! ke! QTL :hat 
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are universal for use in marker assisted selection for Striga re- 
sisrance. 

There appears to be a paucity of major sene sources of Striga 
resistance among germplasm pools of culti\ated sorghums. 
Among landraces and improved sorghum lines that we screened 
using the different bioassays, variants with lhf /fR, and IR have 
been rare, but sources of lgs have been more commonly oh- 
tained. In contrast, there has been a greater preponderance of 
genetic variation for many of these traits arnong sorghum 
germplasm in wild and related species. This has opened great 
opportunities for introgressing genes frorn these wild species 
into cultivated sorghum lines for greater protection. either se- 
quentially or via gene stacking approaches. 

Improved sorghum varieties with resistance to Striga have been 
developed and released in several African countries. However, 
the wide use of these cultivars by farm communities is limited 
primarily because of lack of strong seed production and dis- 
tributing agencies. Furthermore, some ecologies in Africa fa- 
vor local landraces that are uniquely adapted to these niches 
where introduced cultivars do not do as well. In the highlands 
of Ethiopia and in the high rainfall areas of West Africa where 
long duration Dura and Guinea sorghums, respectively, are cul- 
tivated, improved Strigcr resistant Caudatum are not accepted 
because of problems of grain deterioration even when agro- 
nomically adapted. Such niches also exist in Tanzania where 
the so-called rice-type Guinea sorghums are tivored. In these 
specialized niches, there is a need to incorporated S t r i p  resis- 
tance genes into favored local landrace cultivars. Some of these 
varieties have been farmer-selected for Strigrr tolerance. We 
are currently undertaking an introgression of genes for Strigu 
resistance and tolerance into selected landraces for Ethiopia, 
Sudan. and Tanzania in East Africa, and Niger and Mali in West 
Africa. 

In addition to combining Striga tolerance from African landraces 
with major gene resistance sources from our genetic stocks, we 
have also embarked on stacking major genes resistances based 
on different mechanisms into improved sorghum lines. We hy- 
pothesize that pyramiding genes for S/ri,yn resistance based on 
different mechanisms would enhance durability of resistance 
sources as well as stability of perfomlance undcr chenging en- 
vironmental conditions. Preliminary evidence, from field test- 
ing under Striga hermonthicrr in Africa. of experimental sor- 
ghum lines that combine mechanisms of.Sfriga resistance based 
on I@, HR, and IR suggest that there is stronger field resistance 
expression in those lines than in single mechanism resistance 
sources. 

Networking Activities 

Workshop and Program Reviews 

We have been involved in a number ofengagements in our 
Srriga research and development this past year. Two major pro- 

grams have heen underway in Ethiopia and Eritrea directed at 
the promotio~i ofan integrated Striga management using a mix 
of ~echnolo_eies, including Strlga resistant sorghum cultivars, 
nitrogen fertili/ation, as well as tied-ridges as a water conser- 
vation measure. In Ethiopia. over one thousand demonstration 
plols have hccn planted in four regions ofthecountry withvery 
exciting and promising results. Plots planted to the IPM tech- 
nology yielded consistently higher andup to fourtimes the yield 
ofthc untreated fanner-managed plots. Project efforts in Eritrea 
were similar, but scaled down in number with only one hun- 
dred demonstration plots this first year. The second, but very 
important. objective of the project in both countries focuses on 
promoting a fu~lctional seed multiplication efforts based on sale 
of good quality seed for a premium price. Keen farmers were 
identified. trained, and encouraged to engage in seed business. 
While early results of the quality of seed from these organized 
multiplication efforts have been good, it is too early to judge if 
the concept ofseed as a business entity has taken hold yet. 

A training workshop was held in Ethiopia to kick of the 
demonstration and seed multiplication activities. In addition. 
presentations on the Striga biotechnology research were made 
both at the First Sorghum and Millet Improvement Workshop 
in Nazret, Fthiopia and at the 2002 INTSORMIL PI Confer- 
ence in Addis Ahaba, Ethiopia. 

Research Irtvestigator Exhange 

M'e have had visitors from India. Ethiopia, Uganda, Burkina 
Faso. visit our Striga research facility at Purdue University. In 
addition, Dr. Hamidou Traore, a Fulbright fellow spent a year 
at F'urdue conducting Sfriga research in our facility. His work 
focused on  idcnti fication ofsorghum lines with multiple mecha- 
nisms of Stpi,vu resistance. 

Gerntplasm Exchange 

Seed of .Stri,ya resistant sorghum lines have been filled on 
a request basis. In addition, an International Striga Resistant 
Sor~hnni Nursel-y has been organized and distributed to a num- 
ber ofAfLic;~n national programs, who have agreed to collabo- 
rate on rrec u,ill. This past year, the nursery has been sent to 
Etlliopia. Uganda. Kenya, Eritrea, Niger, Mali. andZimbabwe. 

Publications 

Refereed Papers 

Mohamed. A,. ,I. Ellicott, T. L. Housley and G. Ejeta. 2003. 
I4ypersensilivc rcsponse to Sfriga infection in sorghum. Crop 
Sci. 43: 1?20-1324. 

Rich. P.J.. C. Cirenier and G. Ejeta. 2003. Sources of Striga 
resistance mechanisms in wild relatives of sorghum. Crop 
SCI.  (In PI-csa). 
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INTSORMIL. Kamapala. Uganda. (In Press). 
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Published Absrracts 

Mohamed. A., A. Ellicon, T. L. Housley and G Ejeta. 2002. 
Hypersensitive response to Striga infection in sorghum. 
INTSORMIL int. Principal Investigators Conference. Addis 
hbaha. Ethiopia. 

Ejeta G 2002. Advances in Srri~a hiotechnolo_p: and ~ontrol  
at ISTSOR\tIL. Principal In\estigaton Conference. I'-20 
November. Addis .Ababa. Ethiopia. 

Ejeta. G 2002 Increasing crop yields throueh hyhnds: Pros- 
pects for sorghum h! hrids in Ethiopia. First Sational \!@rk- 
shopon Sorghum and \l~llefs in Ethiopia. 11-14 Zo \emkr .  
Sazret. Ethiopia. 

Ejeta. G 2002. Biotechnolo~ hased approazhes to the study 
of host plant resistance to Srri.qlr in sorghum. First \ational 
Workshop on Soqhum and \fillets in Ethiop~a. 11-14 ?irr 
\ember. Sazret. Ethiopia. 

Ejeta. G 2002. Host-plant reslsfancelo SII.ip 111 =@urn Train- 
ing Hbrkshop on Srri,ea Resistan! Sorghuni Seed Smd Pro- 
duction and Disseminat~on. \lelkassa. Eth:opta. 



Sustainable Management of Insect Pests 
Project WTU 200 

Bonnie B. Pendleton 
West Texas A&M University 

Principal Investigator 

Bonnie B. Pendleton, Assistant Professor of IPM. Entomology, Div of Agriculture. Box 60998. \\~est Texas & X I  Lni\. 
Canyon, TX 79016 

Collaborating Scientists 

Dr. Niamoye Yaro Diarisso, Entomologis~'Coordinatrice Scientifique des Cultures lrriguees. IER CRR.4. BP 25% 
Bamako. Mali 

Dr. Yacouba 0. Doumbia. Entomologist. IER!SMCRR.A. BP 438. Sotuba. Bamako. Mali 
Mr. Hame Abdou Kadi Kadi, Entomologist. INRAN CERR.4. BP 210. Xfaradi. Niger 
Dr. D. C. Munthali. Entomologist, Private Bag 0027. Bots\vana College of Apculture. Gabarone. Botsuana 
Dr. Gary Peterson, Professor, Texas A&M Lniv Ag Research 8; Ext Ctr. Rt 3. Box 219. Lubbock. T S  -9401 
Dr. Roben Bowling, Extension Agent-Pest Management. Texas C ooperative Extension. 3 10 E. I' S m t .  Dumas. TX -W29 
Dr. Roxanne Shufran, Entomologist. Texas A&M Univ Ag Research & Ext Ctr. 6500 .Amarillo Blvd \Vest. 

Amarillo. TX 79160-1796 

Summary 

The PI traveled to Mali in October to revie\\ collaborative 
research to manage insect pests and develop integrated pest 
management (IPM) approaches for sorghum and pearl millet in 
the field and storage. The bioloe  of and resistance to insect 
pests of sorghum and pearl millet was researched uith Mr. 
Abdou Kadi Kadi inNiger. AMalian came to \Vest Texas.48-XI 
University to learn English and begin graduate studies. The 
graduate program of one student from the United States u a s  
completed. Graduate students assessed effects of temperature 
on fecundity and longevity of different biotypes of greenbug 
on sorghum. fimess ofgreenbug biotype 1 on resistant and sus- 
ceptible sorghums and wild grasses. and effects of different 
amounts of soil moisture and nitrogen on the biology of green- 
bugs. Graduate students began assessing effects of resistant 
sorghum on coccinellids feeding on greenbugs from the sor- 
ghum and began assessing resistance of sorghum and coa-peas 
to storage u:eevils. Sorghums and a new insecticide developed 
by commercial companies were evaluated against greenbugs. 
The PI advised agricultural consultants. extension personnel. 
and the National Grain Sorghum Producers on management of 
insect pests. The PI and graduate students participated in sor- 
gbum and entomology meetings. 

Objectives, Production and Utilization Constraints 

Objectives 

research to de\elop and transfer strategies. esprviall? non- 
chemical methods. to manage insect pests and improte 
yield and income from sorghum and pearl millet. 
Identify a Xlalian to begin _graduate studies in IPXI and 
entornolog) in the Lnited States. 

Sorrrhenr .<fnca 

Assist scientists in Botsuana and South.\hca \\ irh m a r c h  
to evaluate resistance and de\elop lPXl strategie ier :n- 
sect pests of sorghum in the field and storage. 

- Study the biology. ecolo_q\. and population d?namics o i  
insect pests so effecti\ e management stralegies and longsr- 
lasting plant resistance can be de\eloped. .Asses firn'sj 
of  greenbugs on wild and culti\a[ed erajses :o better Ln- 
derstand insect-plant interactions. .Assess effe~ts ~i tem- 
perature on the biology of greenbug b i o t \ - p  m determine 
the optimum temperature for e\aluating resistance to green- 
bug in sorghum. 
Assess effects of agronomic practices on the abundance o i  
and damage caused b) insect pests. Slud! e l k t s  ef  srril 
moisture and fenilin on abundance of -penhugs on sor- 
ghum. 
Collaborate with breeders. commercial wcd indust?. a ~ d  
molecular biologists to develop sorghum germplasm for 
grealer yield potential and tolerance to major insect pests. 

Assist scientists from Mali and Niger with collaborative 
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Supervise graduate student research in entomology and 
IPM. 
Advise agricultural consultants, extension personnel, com- 
modity organizations, and the sorghum industry with man- 
aging insect pests of sorghum. 
Participate in professional and scientific meetings and ac- 
tivities. 

Production Constraints 

West Africa 

Abiotic stresses and such biotic constraints as insects, dis- 
eases, and Striga limit production of sorghum and pearl millet 
in West Africa. The most damaging insect pests are panicle- 
infesting bugs; sorghum midge, Stenodiplosis sorghicola; sug- 
arcane aphid, Melanaphis sacchari; and stalk borers on sor- 
ghum, and millet head miner, Heliocheil~is alhipunctella, on 
pearl millet. Sorghum midges can destroy 100% of kernels. 
Panicle-infesting bugs and associated infection by pathogens 
reduce yield and quality and render grain unusable for human 
consumption. Stalk borers bore into sorghum and kill the cen- 
tral shoot or break the peduncle. Larvae of millet head miner 
cut flowers and tunnel in kernels of pearl millet. Other insects 
can become pests when agronomic practices arc changed and 
new crop varieties are used. Effective management of insect 
pests requires a multi-disciplinary team with knowledge of en- 
tomology, plant pathology, agronomy, plant breeding, and ce- 
real quality. 

Southern Africa 

Sugarcane aphid, sorghum shoot fly. Athrrigona soccata; 
sorghum midge, stalk borers, and termites infest and reduce 
yields of sorghum in the field. Beetles destroy stored sorghum 
grain. Few taxonomic keys are available for correct identifica- 
tion of insects from the region. 

United States 

Major insect pests include greenbug, sorghum midge, and 
panicle-infesting bugs and caterpillars. Ecosystem dismption 
caused by  non no culture of sorghum increases the severity of 
pests and results in increased production costs and reduced yield. 
Insecticides prevent damage and yield loss, but overuse results 
in increased production costs, disruption of the ecosystem, out- 
breaks of secondary arthropod pests. resurgence of the targeted 
pest, and environmental contamination. Biology, insect-plant 
interactions. amounts of damage, and economic and ecological 
costs associated with the use ofchemicals tocontrol insect pests 
need to be understood better. Biological and cultural manage- 
ment tactics such as use of resistant cultivars are needed to 
prevent damage by insect pests. Development of resistant sor- 
ghums requires collaboration among plant breeders, entomolo- 
gists, and molecular biologists. 

Research Approach and Project Output 

This project emphasizes collaborative research and edu- 
cation. The IPM approach is used to develop strategies to 
manage insect pests economically, ecologically, and environ- 
mentally. For effective IPM, the insect pest must be identified 
correctly: its biology, ecology, and population dynamics un- 
derstood: abundance determined in relation to crop damage and 
yield loss; economic threshold determined; and direct control 
tactics used. especially conservation of natural enemies, agro- 
nomic practices. resistant varieties, and chemicals only when 
necessary, Information and technology from the research is 
transferred to extension personnel, farmers, and others. 

West Africu 

Tiecoura Traore from Mali came to West Texas A&M Uni- 
versity to learn English and begin graduate studies in IPM and 
entomology in fall 2003. From 18-29 October, sorghum re- 
search was reviewed and collaborative research projects planned 
with scientists in Mali. Dr. Diarisso evaluated ash and extracts 
Gom local plants to control panicle-infesting bugs in the field 
and beetles ofstored sorghum grain. Twenty-five kilograms of 
leaves from neem trees and from Calotropus procera were 
pounded and mashed in 30 liter of water. The juice was fil- 
tered and sprayed on bug-resistant Malisor92-l and suscep- 
tible S34 sorghums as seedlings, at the end of flowering, and at 
the hard-dough stage. Bugs were counted the day before and 
week after treatment. Sorghum plots were infested with 51.2, 
3 1.8. and 37.5 bugs in the plots not treated, treated with neem, 
and treated with Cblotropus, respectively. There was no sig- 
niflcant difference in the number of bugs on plants sprayed with 
juice from neem or Calotropus. Damage was greater on 
nontreated sorghum than treated Maliso192-1. Leaves of the 
two plants contained flavonoids, sterols, triterpenes, and other 
chemical compounds. 

In collaboration with Dr. Peterson, Dr. Diarisso, and Mr. 
Abdou Kadi Kadi, sorghum lines and landraces were evaluated 
for resistance to insect pests in Mali and Niger. Resistance of 
74 sorghums to panicle-feeding bugs and sorghum midge was 
evaluated at Samanko, Mali. At 50% flowering, sorghum midge 
larvae per I0 rachis branches per panicle of sorghum in each 
plot were counted. The percentage of damaged kernels per 
panicle was calculated. At maturity, the kernels were assessed 
using a scale of  I to 9 for damage by sorghum midge. Damage 
ranged from 1 to 4.5. Four sorghums with scores of 1 for sor- 
ghum midge. 2 to 2.5 for bugs, and 2 to2.5 for grain mold were 
only slightly damaged. Numbers of bugs ranged from 2.6 to 
8.1 per panicle. 

Southern Africa 

In collaborative research w ~ t h  the PI and Dr. Peterson, Dr. 
Munthal~ ebaluated 100 sorghum lines from the United States 



for resistance to sugarcane aphid. stalk borers. and termites at 
the Botsa-ana College of.-2_giculture. Each sorghum \\as planted 
in two single-row plots 7 m long. Seeds \\-ere sown with 30 cm 
between plants and 50 cm between rows. -4 total of 25 seeds 
u.as planted per plot. Plants were examined ever) two \veeks. 
The number of plants infested with sugarcane aphids \\as re- 
corded four and eight weeks after plant emergence. Sugarcane 
aphids \\ere more abundant on sorghum in January than \larch. 
Abundance in Januan ranged from 14.8% infested plants of 
OZCGh312-I to 100°o. Only 02L227-BK sorghum \\as resis- 
tant to both sugarcane aphids and ternlites. while O2L7M was 
resistant only to termites. Percentage ofplants attacked by stalk 
borers in Januarl; ranged from 10% of 02CG6739-BK and 
O?L?86-BK to 88.69,0. The proponion of plants with deadheans 
ranged from 096 of 02CG6372-BK to R5.7°b. Nine and I4 
sorghums had only 0-?5°;~ of plants with damaged leaves and 
deadheans caused by stalk horers. 

Dr. Llunthali also e\aluated 19 sorghums de\eloped in the 
SADC region. Each sorghum was planted in four 7- by 7-m 
plots in a randomized complete block design. r\hundance of 
insects \\as assessed using the method of House (1985).  
Coccinellids \\ere counted on all plants in each plot. Abun- 
dance of and damage by stalk borers also \\ere assessed on all 
plants in each plot during the vegetative growth to determine 
damage to leaves and at grain filling to evaluate damage to 
stalks, All plants in each plot \\ere dissected and lanae \\-ere 
counted by species. Plants infested with sugarcane aptlids de- 
creased from 38.6 to 9.390 from Januan to March. hut all sor- 
ghums were equally susceptible (Table I ). Significantl) more 
coccinellids were found in Januar) (5 .2  per plant) than \,larch 
(I 5 ) .  but abundance did nor r a n  significantly among the sor- 
ghums. The most abundant coccinellid \vas Hr /~ l~o~ l~r r r~ io  

vuriP~ota I 4 5  hectles per plot). The number of stalk hrzrs 
did not \a? significantly among the sorghums. but inirsrat:on 
\\as significantl) greater in J a n u q  rhan \larch. Damage to 
\lampants< I?.?)  was signiticantl! least in \far;h. O \e r~ l l .  
6-1.2°0 of plants uere infested per plot. Damage :o leases and 
stalks\vasgreat r78and 5J.2°0. mprctl \el> I. andUP~oiplanrs  
had deadheam. The sorghum siqificanrl! ark-ted the ncm- 
her of emergence holes per stalk: \lampants! had ie\\esr holes. 
Sported stmm horer. C'itilri pr~rfcllrrc. aas thr mast abundant 
(54.5%,) of the stalk h e n .  

Cnired Stares 

Boot-stage sorghum in \loore Count?. Texas \\as u x d  to 
e\aluate 0.56 kg h a -  of Lorshan' ~chlorp?nfos~ and irWo to 
0.099 kgha of experimental FI'RZ rF\iC Corpont~on)  i<>r 
suppression of greenhug and etfrct on coccinellids. Grem- 
bugs and coccinellids on I O  consecuti\e uhole plants In a ro\r 
\\ere counted. Treated sorghum uas  lnfestzd u irk s~_gn~ticaritl> 
feuer  errenbugs 3 and - days after trratnlrnl than \bas 
nontreated sorghum. Cocclnellids \\ere not inrli~encsd h? in- 
secticide. Chemically treated lea\es in petn dlshrs \\ere ~d 
to assess resistance of  field-collected Banks grass mltrs. 
Oligorr~~chr,.~ prorrr~cir. \fires From frequentl! treated fields 
on the Texas High Plains \\ere as much as -.inmiold more 
resistan1 to bifsnthrin hut not dimerhoare or propan.rrr than 
\\-ere mites from fields that had n o e r  k n  treated in S e u  
\le\-ico The PI also e\aluated 2.3- sorghum lines de\elcp&I 
by Pioneer Hi-Bred International. Inc. ior reststance to green- 
bug bioepe I. 

\laster's student Kishan Samharaju aaszsxrl the fimr.\s of 
biotype I greenbugs on ~ i l d  grasses and resistant and sus:ep 

Table 1. Effects of  sorghums on sugarcane aphid, stalk borers. and coccinellids in 
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tible sorghum and wheat. Greenbugs are thought to survive on 
wild grasses when cereal crops are not available. Seeds of 
susceptible RTx430 sorghum; resistant LG-35 sorghum; sus- 
ceptible Custer wheat; resistant GRS I201 wheat: barnyardgrass. 
Echinoclou crus-galli; Johnsongrass, Sorgh~rm halrpense; 
jointed goatgrass, Aegi1op.s cylindrii.um: and Arriba western 
wheatgrass, Agropyron smirhii; were sown in a greenhouse. 
Three, 2.5-cm' plastic cages each containing a single greenbug 
were clipped onto leaves of plants in each of six pots, for a 
total of 18 clip cages on each kind of grass. The original green- 
bug was removed after it produced a nymph. The nymph was 
retained until it produced offspring, which were counted and 
removed daily. The number of days the greenbug lived was 
recorded. The experiment was done three timcs. The pre-re- 
productive period of the greenbug was longest on bamyardgrass 
(7.5 days) and westem wheatgrass (6.4 days) and shortcst (5.2 
days) on resistant wheat and jointed goatgrass (Table 2). Aver- 
age fecundity was only 13.9 nymphs per greenbug on 
bamyardgrass and 22.4 nymphs on western wheatgrass, hut 4.4 
and 2.7 times that many on susceptible wheat (62.2 nymphs) 
and sorghum (61.5 nymphs). The total number ofnymphs pro- 
duced per greenbug differed significantly between susceptible 
versus resistant sorghum or wheat. Each greenbug lived only 
14.8 days on bamyardgrass. Greenbugs lived longest on grasses 
of the genus S o ~ h u m  (29.4,28.8, and 27.5 days on Johnson- 
grass, RTx430, and LG35, respectively). The eight grasses 
were adequate to good hosts for biotype I greenbugs. The worst 
wild host was hamyardgrass, and the best were Johnsongrass 
and jointed goatgrass, which are related to sorghum and wheat. 
The resistance mechanism in the resistant sorghum and wheat 
probably is antixenosis or tolerance, rather than antihiosis. 

Master's student Anastasia Palousek assessed effects of 
10-23, 14-27, 18-31, and 22-35' C temperatures (daily low- 
high cycle) on the biology of greenbug biotypes E and I to de- 
termine the optimum temperature for evaluating resistance of 
sorghum to greenbugs. Twenty plants of RTx430 sorghum were 
used for each combination of temperature and biotype. A single 
greenbug enclosed in a clip cage was attached to each of two 
leaves on a sorghum plant that had seven tnle leaves. The in- 
fested sorghum was kept at 14:lO 1ight:dark hours in an incu- 
bator. The original greenbug was discarded after it produced a 
nymph which was retained. When the greenbug in each cage 
began producing offspring, the nymphs produced per day were 

Table 2. Pre-reproductive period, fecundity, and longevity 
of biotype I greenbufs on Zrasses. 

Prc- Total frcundrty 
reproducti>c (nymphs) pcr 

( i iass Longevity (da1.s) 
- .~~ period (days) grcenbug 

Ilarn\ardgres> 7.5 k 0 . 3  a 13.9 i 2 . 4  d 14.8 i 1.0 cd . . 
\4cstem uhi'iirgrahs 6 . 4 i 0 . 2 a b  2 2 4 i 2 2 c d  1 7 7 k  1 . 0 ~  

Jointedgoal~liis~ 5.2 i 0 . 1  b 54.1 i 2 . 6  b I 9 3  i0 .X  bc 
Johnsongrass %?kO. l  b 57.1 i ? . 7 a b  2 9 4 i  1 4 a  
(iRSI2OI oheal 5 .2rO.I  b 4 7 3 i 2 . 8  b 2 2 0 i  I.? bc 
C'ustcr ii heat 5 . 4 i 0 . 1  b 62 .2 i3 .1  a 2 2 9 i  1.0 bc 
LC35 sorghi!m 5.5 i 0 . I  b 48 .9 t2 .5  b 27.5 i 14i ib  
k T ~ 4 3 0  5orghonl 5.3 i n . ?  b 61.5 i 2 . 7  a 28.Xi 1.3 ab - 

MCYAI~S f<>lliiiir.d b\lhc ssrne letter in a column arc not significantly different 
(Ttikey'r IISD!. 

counted and removed. The greenbug was monitored until death. 
The pie-repr<~ductive period was significantly longest for green- 
bugsat the coolest temperature of 10-23°C (9.4 days) and short- 
est at the warmest temperature of 22-35O C (Table 3). Green- 
bug biotypcs E and 1 at the coolest temperature produced 2.8 
and 5.1 times ~nilrc nymphs (51.4 and 50.9) than did greenbugs 
at the warmest temperature (18.1 and 9.9). Greenbug biotypes 
Eartd I at the coolest temperature lived 5.0 and 7.2 times longer 
(60.3 and 6 I .'I days) than at the warmest temperature ( 12.1 and 
8.6 days). Lcngth of the pre-reproductive period, total fecun- 
dity. and longc\,ity per greenbug differed significantly by the 
biotype of greenhug only at the warmest temperature of 22-35" 
C. 

Master's student Suresh Veerabomma assessed etfects of 
difTrrmt soil water potentials (-33, -50, -100, and -300 kPa) 
and nitrogen ( 2  I, 50, 100, and I50 ppm) on abundance and 
longevity of biotype I greenbugs. A greenbug enclosed in a 
clip cage was attached to a leaf of each of 90 sorghum plants. 
10 per treatment combination, in a greenhouse. The experi- 
ment was done lwice. The length of the pre-reproductive pe- 
nod. daily numher of nymphs produced, and longevity were 
assessed. Soil water potential, but not nitrogen, significantly 
affected greenbug fecundity, with almost twice as many nymphs 
produced per greenbug on sorghum in soil with -33 Wa ofwater 
potential (44.5 nymphs) as with -300 kPa (28.5 nymphs) (Table 
4). Oreenbug longevity was affected by different soil water 
pote~~tials hut not nitrogen. Longevity was 22.2 and 28.6 days 
on sorghum i n  soil with -300 and -33 W a  ofwater. 

Table 3. Effects of temperature and biotype on greenhug biot?pe$ E and I on sorghum. 

IPre-reproductive period (days) /Total fecundity (nymphs) pcr ( Pc"~. iBiotyPe yP Igrce;? I L o n r i t y  (days) YP 
Biot e 1 Biot e E Biotype I Biot e E Biot e I 

10-23 9.4 * 0. laA 9.4+0.2aA 51.4 -t2.8aA 50.9i2 .7aA 60.3 +2.8aA 61.9i2 .7aA 
14-27 
18-31 
22-35 

are not significantly different (LSD. P = 0.05). 
Means followed by the same lower-case letter in a column or upper-case letter within a treatment in a row 

6.6+0.2bA 6.8*0. lbA 
6 .5 i0 .2bA 6.0+0.3cA 
5.0 0.2cA 3.9+0.2dB 

50.2 +3.2aA 
40.2:+2.7bA 
18.1 +3.0cA -. 



Table 4. Effect ofsoil water and nitrogen on bionoe I - . - ~ -  
greenbugs on sorghum. 

Y u m k i  ol d ~ ) :  of \)mphi pnxlucrd \ u r n k c  ,,ida)j 
pri-rcproducri\c p.r lissnhue each greenhug 
p r n d  lnrd 

\\ atcr ootmlial 
I l P a l  . . . , ~  . . O l a  U i a  1 x 6  r 
-50 6.2 a 40 6 a ,- - - : a  
1 0 0  6 2 a l U V a  2 x 3 3  
-?00 6.4 d 29.5 h 3. - b -- - 
Siriogcn ippml 
2 1 6 - a  ~ 2 . 2  a .-. 

26 l a 
50 6-4 a 3 i V r  ,- - .: > 3 
100 6 3 3  40 .I r 73 q x . . 
150 6.~: a -38 9 a 7 . .  - a 

\ lean\ fillloiitd b! thc mmc lrrlcr for a tre.%!mi.ni ullhin a column are ,lo! 
-i~nificaoll! ditT<rrni iTukc)'i HSD. P = I1 05, 

Nehvorking Actirities 

The PI panicipated in and co-authored four posters pre- 
sented at the 5 1'~Annual \feeling of the South\vestem Branch 
of the Entomological Sotien ofAmerica (72-27 Februap2003. 
Oklahoma Cit!. Oklahoma). For the Biennial Conference o f  
the Sational Grain Sorghum Producers (16.1 8 Februac 2003. 
.Albuquerque. Sen \.lexica). the PI sened as entomoloy dis- 
cipline chair. organized and moderated the entornolog?- sym- 
posium. and co-authored fi\e presentations. The PI ga\s three 
presentations ar the Entomology Science Conference (6-8 So- 
\ember 7002. College Station. Texas). at the 50th .Annual .Agri- 
cultural Chemicals Conference (18 .August. Lubbock. Texas). 
and at the Joint \leeting ofthe Greenbug Research Consortium 
and U.S. Department of .Agriculture Western Coordinating 
Committee (IVCC-0661 on Integrated \lanagen~ent o f  Russian 
\\'heat .Aphid and Other Cereal .Aphids 19-10 September 2001. 
Still\vater. Oklahorna). The PI participated in the ISTSOR\IIL 
Principal In\estigators' Conference ( 15-70 So\ember. d d i s  
Ababa. Ethiopia). During t x o  sessions. 10 entomolo,' "1~1s in- 
\o i \ed  ~ i t h  ISTSORMIL discussed aphids. armhuorms. 
panicle-infesting bugs. shoot fly. sorghum midge. spittle hugs. 
stalk borers. white grubs. and storage insects as rnajor pests of 
sorghum. \,fillet head miner. blister heetles. panicle-infesting 
hugs. shoot fly. stalk borers. and storage insects are pests o f  
pearl millet. Better storage. biological control. biotechnology. 
botanical insecticides. cultural practices. habitat management. 
IP\I. and plant resistance were discussed as nays to manage 
insect pests. 

Research Investigator Exchanges 

From 18-29 October 2002. the Pi traveled in 51ali and dis- 
cussed and reviewed research and needs n i th  scientists and 
administrators of  the lnstitut d'Economie Rurale ( IER) at 
Bamako. Cinzana. Samanko. Sikasso. and Sotuba and with 
ICRIS.AT sorghum breeders. Entomological emphasis \\as on 
managing panicle-infesting bugs. sorghum midge. stalk borers. 

sugarcane aphid. and storage beetles. Collahorati\e research 
in agronom?. breeding. entomolor\. plant patholog!. ntaintaln- 
ing sorghum dnersrt!. and qualit? of sored grain \<as \~z<rzd 
at Sotuha. .A project at C~nzana and Samanko used ncem. 
C.~rlonry>rcr. and diazinon against Er~<n / r r \  bugson \ I ~ l i so f i l -  
I and S-34 sorghums. A cooperatne project bet\\cen D n .  
Diarissu and \lamourou Dioune iplant pathologistt on zwlk 
hnrers and anthracnose itas seen at Sikasso. The w ~ h u n ~ s  in 
the Al l  Disease and Insect Surxries I.-\DISI at the d~fTerent 
research stations looked bad hecauv oiszarcc rainfall and p ~ t s .  

Research Information Exchange 

The PI ad\ ~sed a&~icultural consultants. exrenilon. and the 
Sational Grain Sorghum Producers on management otjc~rgi~urn 
insect pests. The PI is assisting Dr. John Burd. LSD.%-.ARS. 
Still\vater. Oklahoma. ~ i t h  a multi-hear. mulu-state stud: of 
greenhugs on n i l d  and cultr\ated grasses. T\\o hmdred th~nh-  
se\ en sorghums de\ eloped for resistance to hior? p. I gmn?ug 
\<ere e\aluated for Pioneer Hi-Bred Internatrona;. Inc. .An e l -  
perimental insecucide de\eloped b) F\IC Corp,nrron .\as 
e\aluated for effect on greenbugs and cKclnell~cs in the tield. 
Supplies \\ere pro\ided for entomological rese~rch for I)rs~ 
Diarisso and Doumbia in \lali. \Ir. .AMou Kadi Kadi in \tger. 
and Dr. 3lunthal1 in Bots\\ana. S o ~ h u m  entonc~log! re:er- 
ence materials \rere sent to Dr. Paul Tanrub11 In Ghana and Dr. 
Johnnie \an dun Berg in South . - \ h a .  

Publications and Presentations 

Publications 

Peterson. GC.. B.B. Pendleton and GL.  T~etes. M .  PROFIT 
- Prduct i \e Rotations On Farms In Tehas. In J. Lrxlle (Ec1.1. 
Sorghum and \lillets Diseases. \\~orld .Agnc~lturt. Senei. 
lo\\a State Press: .A Blackacll Publ~shing Cornpan). Am=. 
1.4. Pp. 365-3-0, 

Bouling. R.. R. Shuhn. B. Pendleton. C. Copeland. and S 
Cox. 2003. Inxcticidee~aluations forgeenbug, iikvnoptera: 
.Aphididas) management in sorghum on the T e u i  H ~ g h  
Plains. P 93. In J..A Dahlkrg. R K~wheno\\-r. R. Klein. 
5. Roone). S. Bean. B. Pendleton. 1. Stack. and B. \launder 
Ieds.). Proceedings of the 3 r d  Bienn~al Gralrl Sorgh~m 
Research and Lti l lzat~nn Conference. Fcbn~an 1 6 - 1  8.100:. 
.Albuquerque. \\I. 

Palousek. A .L .  B.B. Pendleton. B.A Ste\ran. G I  \IIL-hels. 
Jr.. and C.SI. Rush. 2003. Fecundit! and ionget It! ofgrszn- 
bug (Srhi:l~phi\ griinrr~ru~tt~ afticted b! b l o t ?p  and tern- 
peratore. P. 08. In J..A Dahlkrg. R KWheno\\cr. R. Kle~n. 
B. Roone!. S. Bean. B. Pendleton. J. Stack. and B \launder 
1eds.1. Prweedlngs of the 3 r d  B~ennral G m n  Sorghum 
Research and Cttliration Conference. Fehruar? I&!%. 2M1 
.Albuquerque. S\l. 

Pendleton. B. 2003. Roundtable discussion b! prcducers iln 
manasemen1 of sorghum insect pests and fu t~ re  research 
needs. P 91. In J..A. Dahlkrg. R. Kochennuer. R Klein. R.  
Rnoneh. S. Bean. B. Pendleton. J. Stack. and 8. \launder 
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(eds.). Proceedings of the 23rd Biennial Grain Sorghum 
Research and Utilization Conference. Fcbruaiy 16-1 8,2003. 
Albuquerque, NM. 

Sambaraju, K.R., B.B. Pendleton, C.A. Robinson. R.C. 
Thomason, andM.D. Lazar. 2003. Greenbug fitness on wild 
andcultivated hosts. P. 99. In J.A. Dahlberg, R. Kochenoruer, 
R. Klein, B. Rooney, S. Bean, B. Pendleton, J. Stack, and B. 
Maunder(eds.). Proceedings ofthe 23rd Biennial Grain Sor- 
ghum Research and Utilization Conference. February 16- 
18,2003. Albuquerque, NM. 

Veerabomma, S., B.B. Pendleton, B.A. Stewan, C.A. Robinson, 
and GI .  Michels, Jr. 2003. Effect of different amounts of 
soil moisture and nitrogen on greenbug fecundity and lon- 
gevity on sorghum. P. 100. In J.A. Dahlberg, K. Kochenower, 
R. Klein, B. Rooney, S. Bean, B. Pendleton, 3. Stack, and B. 
Maunder (eds.). Proceedings of the 23rd Biennial Grain 
Sorghum Research and Utilization Conference. February 16- 
18, 2003. Albuquerque, NM. 
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51" Annual Meeting of the Southwestern Branch of the Ento- 
mological Society ofAmerica, February 22-27,2003, Okla- 
homa City, OK - Fecundity and lorigevit), of greenbug, 
Schizaphis graminzrm. aficted h? hiotype o17d temperature 
presented by A.L. Palousek, B.B. Pendleton. B.A. Stewart, 
GI .  Michels, Jr., and C.M. Rush; Gre~~nbzi,q.fitness on sor- 
ghum andnon-cuNivatedhosts presented by K.R. Sambaraju, 
B.B. Pendleton, C.A. Robinson, R.D. Thomason, and M.D. 
Lazar; Response of Banks grass rnife pop~ilarions to 
bijenthrin anddimethoate presented by R. Shufran, K. Bowl- 
ing, B. Pendleton, P. Porter, G. Cronholm, C. Patrick. and B. 
Lewis; and Effect qfd{flerent amurm/.s ufsoil ~ a f e r  and ni- 
trogen on greenbug fecundity ond longel'ih/ on xorghum 
presented by S. Veerabomma, B.B. Pendleton, B.A. Stewart, 
C.A. Robinson, and G.J. Michels. Jr. 

23rd Biennial Grain Sorghum Research and Utilization Con- 
ference, Februaly 16-1 8, 2003, Albuquerque, NM - In.sec- 
ticide evaluations for greenbug (Homopteru: Aphididue) 
nranagement in sorghum on the 72x0s High Plains presented 
by R. Bowling, R. Shufran, B. Pendleton, C. Copeland, and 
S. Cox; Fecundity and longevity qfgreerlhug (Sc1irzaphi.s 
graminurn) affected by biotype and iemperature presented 

by A.L. Palousek, B.B. Pendleton, B.A. Stewart, G.J. 
hlichels, Jr.. ;md C.M. Rush; Roundlahle discussion bjpro- 
aucers on rn~nugement uf'sorghum insect pests andfiitzire 
n:?sea~.ch nr~i is  by B. Pendleton; Greenbug,fitness on wild 
and ciiltivatcd hosts presented by K.R. Sambaraju, B.B. 
Pendleron. C.A. Robinson, R.C. Thomason, and M.D. Lazar; 
and Effirt (?/ <fiferent amozrnfs qf soil moisture and nitro- 
re" C H I  gr<~erihr&&cun+ and longev~h~ on sorghum pre- 
sented by S. Veerabomma, B.B. Pendleton, B.A. Stewart, 
(-.A. Robinson, and G.J. Michels, Jr. 
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presented by N.Y. Diarisso, 0. Youm, A. Togola, and B.B. 
Pendleton; Sturus qf.so&um midge re.search in Niger pre- 
sented by I1.A. Kadi Kadi, 1. Kapran, and B.B. Pendleton; 
Feczozdi~i [~~zdlongevity ofgreenbug, Schizaphisgraminum, 
ilficrcd 111. biotype and temperature presented by A.L. 
Palousek. B.B. Pendleton, B.A. Stewart, G.J. Michels, Jr., 
and C.M. Rush: Greenbzrgfitnes.~ on sorghum andnon-cul- 
/ivatedhoil.\ presented by K.R. Sambaraju, B.B. Pendleton, 
C.A. Robinson, R.C. Thomason, and M.D. Lazar; and Ef- 
, , k t  ~~fdijfi'rerrt umo~rnts qfsoiinitrogen andwuter on green- 
h~rg.fi.cu~idi(v and longevity on .sorghuni presented by 

S. Veerahomma. B.B. Pendleton, B.A. Stewart, C.A. Robinson, 
and ( i J .  Michels, Jr. 

Annual Meeting of the Entomological Society of America, 
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Bark\ gt.i./~o mirepopu1ation.s to bifnthrin, dimethoate, and 
propar:qiti> presented by R. Bowling, P. Porter, G. Cronholm, 
C. Patrick. B. Lewis, R. Shufran, and B. Pendleton. 
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lege Station, TX -A. Palousek and B. Pendleton. Greenbug 
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hugs presented by S. Veerabomma and B. Pendleton. 

Joint Meeting ofthe Greenbug Research Consortium and U.S. 
Depanmenl of Agriculture Western Coordinating Commit- 
tee (WCC-066) on Integrated Management of Russian Wheat 
Aphid and Other Cereal Aphids, September 9-10, 2002, 
Stillwater. O K  E f f 2 c f  ofhio[~peandfemperatlrre ongreen- 
bug hiolog~, presented by 

A.L. Palotisek and B.B. Pendleton, Fitness o f b i a ~ p e  /green- 
Bzrg on difiJvent grass ho.st.~ presented by K. Sambaraju and 
B.B. Pendlelon, and Efict  ofsoil moisture andnitrogen on 

.$tnr.~s ~f.gmerzb~ig biotype I on sorghum presented by S. 
Veerabomma and B.B. Pendleton. 

50th Anntinl 4gricultural Chemicals Conference, August 28, 
2002, Lubhock, Texas - Fecundiy and longevity of green- 
bug. Srhizuphi.~ graminurn, afected hv biocvpe ar7d tem- 
perutuw presented by A.L. Palousek, B.B. Pendleton, B.A. 
Stewart. G.J. Michels, Jr., and C.M. Rush; Greenbugfitness 
on .so~gIi~irn and non-cultivated hosts presented by K.R. 
Sambaraju. B.B. Pendleton, C.A. Robinson, R.C. Thomason, 
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and M.D. Lazar: and Efececr ofdrfferent amorrnts ofsoil ni- 
trogen and water on greenbugfecrrndin and /ongel.ih on 
s o ~ h r i m  presented by S.  Veerabornrna. B.B. Pendleton. B.A. 
Stewart, C.A. Robinson. and GJ. Michels, Jr. 
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The four-country development pilot prosram in the Sahel 
introduced not onl? new technologies but also ne\\ marketing 
strategies. The principal results from these activities \sere: 

Sahelian farmers appreciated the access to inorganic fer- 
tilizer and improved ~ariet ies of millet e\en though yield 
gains were modest d m  to the bad weather of 1001-2001. 
Farmers recei\ed input credit for millet production and 
\\ere able to repay it if they recei~ed higher prices than 
those paid at han.est time. 

By nailing to sell their grain until prices reco\er approhi- 
mately six months after harvest. farmers in Senegal and 
.Mali received higher prices. In Mali there uas  also a price 
premium forqualit?. I0 FCFAkg abme markn price. u hile 
in Senegal farmen were able to obtain 25 FCF.Xkg above 
marker price. 

In Niger. the market price went quickly abme the con- 
tract price: therefore. most farmers sold their grain outside 
the contract. The government replenished public grain 
stocks. In the ne\v contract for 2002-2003. the  rice-deter- 

Qualit) impro\cment is the ne\t btg challenge for helpiny 
processors and for increaslny farm incomss C'urrcnrl!. 
"baches"(ntgsI are k i n g  ~ntroduced to keep the Ihreh ng 
off the yround. hut this is onl) the first slep In Sc.neg.11 
I Kaolack reglon I. some entrepreneurs are alread? ot?>nny 
threshing sen  ices for hire. lntrrxluct~nn oithnw threshing 
machines in other \jllages greatl! tmprot<d tns qu~l l t )  o i  
grain. This ir an ohjscti\e ofthe Sasakaua _'*.MI prt>~ect in 
2003-?OM. 

Objectives. Production and Ut i l i t ion  Constraints 

This year our principal a c u \ ~ ~ :  \ \as to soliah>-ate in the 
four<ountn contracts k t u r e n  fanners and procscors i n  t te  
Sahel. Dr. John Sanders and Tah~rou .-\Moula!e spent OI.r<,h.r 
1002 uith Ouendeba Bororou and nat~onal kxd ic!entists in 
the field inten ieuing procrssors and farmers. T h ~ i  \bas a nest 
acti\ it! for us. soncentrattng on markenng-strateg? improi e- 
ments to facilitate the intrcduct~on of n ~ \ \  th-hnologic.i in sor- 
ghum and millet production in an ongoing ds\elopment pn>- 
slam being implemented b) three d~tt'erent SGOi In fou- 
Sahelian countries. 

mination method has been changed to the maiket pnce at 
time ofsale plus a qualitypremiurn( 10 FCFhkg). So there Besidesthismarketing acri\ it). me conunue to m~lnitor the 

is a leaming.by-doing effect from these market sales, introduct~on of Jir~ga-resistant cullitars in Ethiop~z. Lie are 
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analyzing technology and marketing innovations for maize and 4 Gor.ernmen/&'C;O intervention in hadweurlreryear A prin- 
sorghum in Mozambique and we began a program to evalllate cipal povetty instrument in the Sahel is to keep food prices 
the introduction of N'Tenimissa with associated technologies low to benctic the urban poor (and the influential middle- 
in Mali. class, governl~lent bureaucracy). The strategy is to moder- 

ate or eliminate the response of public policymakers and 
Research Approach and Project Output NGOs in thuir efforts to drive down the prices received by 

fanners by inlroducing cheap grain. 

Marketing Strategies in the Four Country Sahelian Project. 
We have a four-point approach to increasing farmers' inconies The seasonal price variability is dramatic in the vety d ~ y  
with marketing strategies, thereby enabling them to utilize higher years as pl-ices during the year can more than double far the 

input levels, especially improved seeds and inorganic fertiliz- basic staple (Fig. 1'1. In a more normal rainfall year, as in 2002- 
ers. This strategy responds to the following four problems, re- 2003, priccs for Malian millet went from 110 CFA/kg at har- 
ducing the price received by farmers: vest to over 160 CFA in six months. Farmers rather than mer- 

clianrs need to henefit from this price variation so that the farm- 

I post- hanneStprice co/lapse. F~~~~~~ have very important ers can pay for the increased input costs of improved seeds and 
cash reql~irements at harvest including debts acquired be- inorganic fertilizer. As many farmers delay more of their grain 
fore and the crop season, sc[lool fees, taxes, migra- sales, the seasonal price variability will be reduced and ulti- 
tion expenses, weddings, and naming ceremonies.The strat- mately eliminated. 
egy is to enable farmers, as urith inventory. credit and stor- 
age, to avoid selling during the post-hawest price collapse A more long-range goal is to help develop markets for pro- 
period but to receive cash as an advance against the value cessed foods ~nadc from millet and sorghum. Note that sub- 
of the harvest. stantial gains have been made by food scientists with rice and 

wheat, especially in reducing the processing and cooking time. 
2 Good-~.eufher price collapse. The basic problem is that Similar catch-up gains are now being made in sorghum and 

peoplecan only eat somuch ofthe basic staples. Withgood millet. As a consequence of technology availability in these 

weather, people consume up to the maximum they can af- cereals and increasing incomes. new products from millet and 
ford and then prices collapse.  he strategy is to develop sorghum are I-apidly being introduced into West Africa. These 
new markets, as for processed cereals and ultimately feed products are vcry imponant to urban tvomen, who have much 

grains as income growth continues. lo dampen or elimi- higher opportunity costs for their time than rural women. An 
nate the between.year price collapse in normal or good- important part of our field project is the food-scientist techni- 
rainfall seasons. cal assistance fiom INTSORMIL directly to the rapidly expand- 

ing group of'food processors involved in this four-country pro- 
3 Poorgrain quali@ Processors are generally willing to pay granl. 

more for a higher-quality, more uniform product. Farmers 
need sufficient bargaining power to pressure the proces- As these new markets are developed the processors are 
sors to pay the quality premium. This works better where expected to be u'illing to pay for a more uniform (one variety), 

the processors are producing a high-valL,e product. as the higher-quality product. For example, much of the threshing of 
yogurt-producer in Senegal. the basic ceres~ls takes place on the ground, resulting in the 

- .- - - - -~ ~ ~- - . - - - ~. ~. - - ~- ~~ ~~ - ~~ 
~ ~ - -  

Millet price at S a e  Saboua-Maradi. Niger(FCFAiKg) 

Om- Nov- D e c  Jan- Feb- Mar  Apr- May- Jun- J u l  A u o  Sep- O n ~  
01 01 01 02 02 02 02 02 02 02 02 02 02 

Ml,"thS 

~-~~ -~ ~ ~ ~ ~ ~ - - - - - - - - - - - -  
Figure 1. Farmer estimates of seasonal millet prices in the Maradi 

region of Niger for the crop year 200 1-02 
Source: Ouendeha et al., 2003. 



inclusion ofdin and stones in the marketed grain. \\omen haw for payng for inputs \r ith no qualip premium 1s almost at l .ill 
to be hired by the processors to laboriously clean up the grain. CF.4 kg \\ith a I0 CF.4 price premium the break-e\sn polnr 1s 
Over time the processors are expected to be prepared to pa! a I I5 CF.4. \Yilh a 20 CF:\ kg prcn~ium for quallt?. farmers can 
quality premium for a higher-qualit? product and the easiest elen make a sniall profit selling at the hanesr ?rice oiSOCF.4 
first innovation was to put the "bache" (rug) under the $rain for kg. Many processors are noa prepared to pa: 3 10 CF4 pre- 
the threshing. In the future. there isexpected to be a high return mium for keping the rcx-ki and din out ofthc millet. Funher 
for introducing mechanical threshers in the i illage. quality improlements are also fsajible. 

The final change (4 above) may be the most imponant and 
also the most difficult. \lost Sahelian go\emments act as if the 
only available poxerty pllic! is to keep the prices offood staples 
lo\\-. NGOs reinforce this beha\ior by dumping food staples 
frorn developed countries. Both thus reduce the profitahility of 
agicultural production and discourage farmers from using in- 
puts or making investments in agriculmre. There are other pox - 
em; policies besides depressing the agricultural sector. For es- 
ample. NGOs could buy food staples from the higher-ramfall 
regions of developing countries in adx~erse climatic years and 
then use these staples in Food for Work programs in the lou- 
rainfall regions in the same count?. 

In the long run. technological change will gradually re- 
ducr the costs ofoutput. enabling food staple prices to decline 
uhile farmers land consumers) still benefit. Some farmers can 
benefit from costs falling faster than prices. Ho\ve\er. in the 
short run. it is imponant to a\oid the food-price collapses from 
the combination of good weather and technological change. 
Moreover. avoiding the goiernment- and NGO-induced dis- 
tonions of driving down the profitability of agriculture in ad- 
verse climate years is also important. 

Do these different strategies make a difference b! enabling 
fannen to pay for the necessary inputs to modernize their agri- 
culture? Figure 2 illustrates the abilin offarmers to pa? otythe 
costs of improved seeds and fenilizer The break-e\en point 

Hot\ nell did the contact program k t u e c n  fanners and 
processors function in the lint !ear ofacri \ i t> 3W1-1C02 in  

increasing the incomes of farmen' 1001 \\as 3 \er?. dr! :532 

and +Ids were \ray down. Ofthe last si\ !ears in \lali '%I-- 
1999 \\ere g o d .  2(KK)-2Onl normal and rhis year had. \\irh 
! ieldsdo\\n.quantitiss ofm~llct and sorghum a\ailabis fo- sale 
\\ere generally k l o a  hat f a n e s  had contnsttd uith the prw 
cessors. 

In Senegal and Burkina Faso. prKessors r e i i z d  to hu! at 
the highcr prices requesled after hanesr and \ \ i rk  a qu~lir! pre- 
mium. so the NGOs coordinating this proymm. €'\\:A and SG 
2000. bscame the buyers. The! gale good p n i s j  and r e p ) -  
ment rates \\ere high. There is a prosfis bet\rezn prcwesarj 
and farmers of  learning ahout bargaining p\\er. In the Fast. 
the processors. twtng more limited in number and sommunl- 
cating among themsel\es. had most ofrhs marker p u e r  Nou 
this begins to change as farmers organize into prcduzers'aiso. 
ciations with the help of these SGOs 

In both Senegal and Sigsr. the !kid ctTwts s ine\ \  tech- 
nologies <\ere \ e n  important in insreasine insnmti (Table 1 I. 
Farmers are genenll? recognizing the need to bu! Inpuls s ten  
\\ ith the poorer responses 01-the d n  !ear There :s an auare- 
ness ofthe loss of soil f e n i l i t ? ~  ith highsr population d e n s ~ t ~ f i  
and the inadequacy of organic fenilircr Fmilirer prices hake 
been increasing so the importance of getnng a go;d pnce i > r  

-40 
Price (FCFAILg) 

Figure 2. Income =aims for participating farmers for three pricing scenarios. 
Kondogol. I s l i ,  2003 
Source: Ouendeba et al.. 2003. 
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Table 1. Per-hectare income gains' from the contract program in the 
three countries -- 

Nigcr Mali -- Scnegal 
Yleld effect I l o 1  4% 16% 

Price effect 2 O/o 2 I ?'o 1 I %  

Total effect l 3 : b  2 3 @/h 2 7 '% 

'Using harvest-time price froni field interviews in 1l.c four-country development project. 
Source: Estimated from the ficlil interbiea,~ in thr filur countiy development project. 

milletlsorghum is becoming generally recognized. This is the production and consumption technology shifts result in rapid 
main focus of the program. declines oitlie pi-ice of poultry relative to other meats. These 

changes continue for decades and are still going on in the US. 
In Niger and Mali, active governmental intervention by Central America is well into these changes in consumption 

importing food staples affected prices. In Niger, there has been patterns (]:if. 3 ) .  For sorglium producers in Central America, 
purchasing to add to public cereal stocks, thereby drivingprices this implies tllc need to compete with maize imports and 
upward and causing fanners to lose interest in the contract price. domestic m a i x  production. Both El Salvador and Nicaragua 
In Mali with the bad weather, the government and NGOs have have been implctnenting policies for their sorghum producers 
been importing grains and driving down the sorghumlmillet to benefit from these demand shifts. We are studying the 
price afier June 2003 but well before the next harvest. interaction hctmeen marketing strategies and the introduction 

ofnew technologics by sorghum producers in both El Salvador 
In Senegal, EWAbought 12 tons of inillet at CFA and then and Nicaragua. 

sold it to tlie yogurt producer for 200 CFAikg. Ofthe various 
processors. EIVA had the best understanding ofthe bargaining- Technology-Marketing Evaluation in Mozambique and 
power problem. Apparently fanners will need the interventions ~ ~ l i .  ln Mozambique duringthe winter of2003, Rafael Uaiene 
of these NGOs until they learn how to negotiate fhr their share. spent three months in the field interviewing mairelsorghum 
The price effect was the dominant ef'fect i n  Mali and also producers in  one of the principal zones of agricultural produc- 
important in Serlrgal (Table I). tion in the country He is presently analyzing the data for the 

comparison and contrast ofthe process oftechnological change- 
Our first objective in this program is to enable farmers to marketing strategy for maize and sorghum. An important com- 

increase their bargaining power and to get higher prices So they ponent of this activity is the development of new markets 
can afford to pay more for inputs. Fanners need to purchase thmugh prodllct processing these two crops. 
fertilizer and improved cultivars since their soils have been 
mined of nutrients and new cultivars are needed to take advan- Dr. Sandcrs and Tahirou Abdoulaye spent two weeks with 
tage of higher input conditions. Ouendeba flotorou and Aboubacar Traore interviewing farm- 

ers and processors about the introduction of N'Tenimissa and 
But an imponant secondary prrrpose of this activit). is to progeny i n  Mali. Yigezu will be following up this activity, do- 

assure the supply to the processors and obtain forthem a higher- ing field and then his analysis for his M.S. degree 
quality product. The first requirement on the quality side is beginning in  [he fall of2003, 
farmer utilization of a unifonn and higher-quality variety and 
secondly to avoid threshing on the ground. Threshing tech- ~ ~ ~ ~ ~ ~ k i ~ ~  ~ ~ ~ i ~ i t ~  
niques vary and the simplest impro\ement is to put a "bache" 
(sheet or rug) down on the ground. Then threshing can be Dr Sanders participated in the Stvigu-resistant sorghum 
done with sticks or by driving over the bache. Clearly the next and associated tec)lno)ogies workshop organized by D ~ .  cebisa 
technical improvement needs to be threshilig machines at the Ejeta in  Nar;lre,h, Ethiopia in November 2002, H~ presented a 
farm level. paper there with Nega Wubeneh's results from the introduc- 

tion of ,S'tr.iga-resistant sorghums and associated technologies 
shifts in  ema and with the Rapid Growth of the Poultry i n  ~ i ~ ~ ~ ~ ,  ~ ~ h i o ~ i ~  and interacted with participants. He began 

Industry in Central America. The most significant shift in the for a more thorough evaluation ofthe introduc- 
demand For sorghum is the structural change in diets as incomes [ion of ,yr,.igo.res,stant sorghums technolo. 
grow. Consumers reduce their consumption ofthe basic grains gies in E t h i o p i a  i n  2004, 
(or in higher-rainfall regions, tubers) and consume higher levels 
of animal products (meat. milk, and cheese), fruits, and Dr. Sanders and Kidane Georgis presented a summary of 
vegetables. Poultly consumption increases exponentially as results rrom [he six.countly H~~~ study for  GAD in the 



PI .Meeting of MTSOR\lIL researchers and collaborators in 
Addis Ababa. Ethiopia in November 2002. Dr. Sanders also pre- 
sented a paper at this same meeting. laying out the marketing 
strategy and the preliminan- results from the four-count? 
Sahelian project. 

In July and August 2002,Amare Belay from the Ti-my 
regional research stntion in Mekelle and Kidane Georgis, the 
Director ofthe m l a n d  Research Prozram in EAR0 (the Ethio- 
pian Agricultural Research Organization) in Addis Abaha came 
to Purdue University to collaborate with us. Amare Belay was 
here for three weeks and Kidane Georgis for hvo months. This 
travel, per diem, and consulting fees u.ere paid by Dr. Gebisa 
Ejeta's regional budget for the Horn of Africa. 
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Figure 3. Growth of poul tn  production in El Salvador. 1962-2002 
Source: Unpublished data from Aves (Chicken Producers'Association 
in El Salvador). 
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Summary 

Principle investigators in TSTSOR~llL Project LNL 213 cation of 20 kg h a '  P and 30 kg h a  S \%hich more c l o x b  
continue with international research efforts related to nutrient matches the nutrient estraction h! the crop Research ihcued 
management and use efficiency in West Africa and Central that an animal rract~on zai system produced sim~lar! lsld to the 
America. Preliminaq microdose fertilizer application responses traditional zai system across six din2rsnt so11 tsyrum in Burltina 
in West Afnca have increased pearl millet grain (3S0b) and sto- Faso. but a hile only requiring 21 man-hours labor p-r hectare 
ver (56%) yields. but the results are variable across locations. In Central .America. nitrosen application i n c r s a d  sorghum 
Highest grain and sto~eryields have been produced with appli- grain yields quadratically for both photoperid isniirtt e and 
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S ~ ~ ~ t u i n a h l e  Production Sysrems 

insensitive varieties. Little ditTerence in nitrogen use efficiency Conduct N rate and N use efficiency studies for grain $01- 

was found among the photoperiod insensitive varieties tested, ghum production in El Salvador and Nicaragua to identify 
indicating that broader screening of germplasm in Central N use efticient varieties and determine N rate recommen- 
America sorghum breeding programs will be needed to iden- dations. 
tify and develop high nitrogen use efficient photoinsensitive . increase human capital in west ~ f ~ i ~ ~ ~  countries 
sorghum varieties. Nitrogen application of 90 to 1 1  5 kg ha~l where pearl millet is an important crop through graduate 
was necessary to optimize grain yields. In El Salvador, the education. short-term training and through mentoring 
photoperiod sensitive varieties SCP-805 and ES-790 for relay former upon return to their home country, 
intercropping with maize were found to be high yielding and to Collaborate with national extension senices and N G ~ ,  
have high KUE and % N Fertilizer Recovery. Grain yields were P\iOs in transferring improved pearl millet and grain sor- 
optimized with 47 kg ha~l N application. Validation trials are ghum agronomy practices. 
underwav on-farm in collaboration with non-zuvernmental 
~ ~~ ~ 

.. . ~ ~~ ~ 

agencies to promote the use of thc variety SCP-805 with mod- Constraints 
erate application of nitrogen fertilizer. 

Research in the United States indicates that kernel weight 
is the most important yield component to explain yield varia- 
tion across environments for pearl millet and grain, and there- 
fore, merits more attention in plant breeding and crop manage- 
ment research. Crop rotation was shown to have economic ad- 
vantages due to diversification benefits in addition to enhanced 
yields, reduced costs and greater yield stability. Study of " o l d  
and "new" maize and sorghum hybrids indicate that maize had 
higher yield potential than sorghum in 1960. and that maize 
grain yield has increased more rapidly than grain sorghum for 
dryland production on high water holding capacity soils in the 
western corn belt. Plant breeding programs must increase sor- 
ghum grain yield potential to maintain or increase sorghurn's 
role in Great Plains agriculture. 

This project has focused primarily on crop production sys- 
tems which increase the probability of obtaining higher pearl 
millet and sorghum grain and stover yields. This involves sys- 
tems which increase nutrient and water availability to growing 
crops, and produces desired uniform stands. Present efforts em- 
phasize inorganic and organic fertilizer management, develop- 
ing varieties and cropping systems to improve nitrogen use ef- 
ficiency of sorghuni, water management of traditional and im- 
proved cultivars. and weed control strategies. Cropping system 
research efforts require long-term investments of well-trained, 
interested scientists and stable funding. Education of additional 
scientists i n  crop management and continued support of their 
work aRer return to their home countries is needed to improve 
productivity of cropping systems and to maintain the soililand 
resource. 

INTSORMIL Project UNL 213 emphasizes capacity de- Research Approach and Project Output 
velopment throughgraduate education. short-term training, and 
coordination of the Central America Region Program. A gradu- 
ate student from Niger completed a Ph.D. degree, and students 
from Chad and the U.S. are working on b1.S. degrees. 

Objectives, Production and Utilization Constraints 

Objectives 

Conduct multi-year research on microdose. N and P fertil- 
izerapplication on pearl millet grain yield, nutrient removal, 
and changes in soil nutrient lebels in Burkina Faso, Mali 
and Niger. 
Conduct research on mechanized zai production system 
for pearl millet in Burkina F'asn. weed control interactions 
with fertilizer ratesin Mali. and fertilizerrate by plantpopu- 
lation for hybrid grain sorghuill seed production. 
Evaluate grain sorghum and makc hybrid froin the 1950s, 
1970s and 1990s under low and high water holding capac- 
ity soils, wide and narro\\ rows, and dryland and irrigated 
environments to better understand the shift of dryland sor- 
ghum area to maize in the Western Corn Belt. 
Determine recommended production practices for pearl 
millet production in Nebraska. 

Pearl millet and grain sorghum are usually grown in stress- 
ful environments with high temperatures, lack of predictable 
water supply. fiagile soils with low nutrient status, and limited 
growing season length. Lack ofwater is usually considered to 
be the most crltical environmental factor controlling growth 
and l i m i ~ i n ~  yield in Africa, but a source of nitrogen andlor 
phosphorus often is more critical. This is especially true for 
intensive cropping systems using improved cultivars on de- 
graded land. Nutrient use and water use efficiencies are closely 
inl.erwot,cn with higher yields possible with improved crop- 
ping systems utilizing improved cultivars. Since human capital 
for research and extension activities are very limited for pearl 
millet producing areas in West Africa, project activities are 
generally conducted as either as graduate education programs 
for scientists fiom this region and as mentored collaborative 
activities upon return of former graduate students. Studies have 
been initiated with collaborators in Central America on nitro- 
gen fertilizer management and identification of nitrogen use 
eficicnt genotypes for grain sorghum production which is also 
a critical issue in the region. In the U.S. Great Plains, produc- 
tion practice recommendations for planting date, nitrogen rate 
and water supply for high yielding, dwarf pearl millet hybrids 
are being determined to help adoption as an alternate grain crop. 
'This complex interaction of water, nitrogen, phosphorus, culti- 



vars and yield enhancing production practices is the focus of 
Project UNL 213's research efforts. 

Domestic (Sebraska) 

Environment Effect on Pearl .Millet 
and Grain Sorghum Reld Componenfs 

l.Vouri .Maman. Ph. D. Thesi.5) 

Research .\lethods 

The experiment \\as conducted on a Keith silt loam under 
a linear move irrigation system with drop nozzles at the High 
Plains .4gricultural Laborator) located at Sidney in \\estern 
Nebraska (semi-and environment) in 2000 and 2001. The es- 
periment a-as conducted using a randomized complete block 
design with a factorial (2 x 4) treatment arrangement and three 
replications. Factor I was the pearl millet hybrid 168.4.; OXhRl 
and one grain sorghum hybrid (DK 28E). Factor ? \\as com- 
posed of 4 different water regimes. The water regimes con- 
sisted of: f i )  Control. rainfed: (ii) Full \ratersupply at all gronth 
stages (apply water to bring soil moisture level to 80'0 field 
capacity any time it falls to 704.0 field capacity): ( i i i l  Water 
supply at boor stage, and ( i t )  \rater supply at grain fill stage. 
Environments \yere considered to by year. location and \rater 
regime combinations. Grain and the yield components of 
panicles m'. kernels panicle-l and kernel neight aere  deter- 
mined at hamest and corrected to I4Ob water content. .A similar 
study was conducted in eastern Nebraska at Mead (sub-humid 
en\ ironment) using a furrow irrigation system. Data a ere ana- 
]!zed using analysis of variance and path correlation proce- 
dures. 

A t  Sidney no rainfall occurred dunng the XIiW griming 
season. thus lo\\ a\ erage lacross \rater rrglmcjt gmln) ieldi o i  
1.9 \1g ha ' For pearl millet and 4. I Sfg ha ior gram s rqhum 
uerr  produced. In 2001. Sidne? produced h~gher z\erase ) ir.lds 
of 3.9 \I@ h a  for pearl millet and 5.0 \ I  h a  for Lmln *r- 
ghum with good rainfall. and in Slsad in hob :ea5 the a\erase 
grain ! ields aere  5 .  I \lg ha ' ior pearl m~llet and 6.1 \I: h3 
for grain sorghum. The higher >islds at \lead thm at Sidne: 
\\as the result of higher soil water holding iapailt? and 3 less 
stressful production en\ ironment. 

In the semi-arid. non-irrigated en\ Irnnment at Sidne). a11 
yield components \\ere poslt~rcl> correlated rr irh ~ a r l  milln 
and gram sorghum grain ?isld = 0.S- to 0.W). x i  due t' the 
greater direct etkct. kernel \\eight ( p  = 0.461 and panlzle m 
( p  = 0.801 \!err the major contr~hutors to \ icld r Table I I .  lri the 
subhumid en\ ironment at \lead. kernel \\eight \\as the ma~or 
contributor for pearl millet grain yield u ~ t h  a p > j ~ t l \ e  correla- 
tion = 0.81 1 and greatest direct e t k t  ip = 11 - - I .  l'ield 1nsr:Jse 
a irh imgatiori in  the semi-arid en\ !mnment in  r\eiti.m Sebr3d.3 
resulted from increased panlcle5 m-'. kernels panicle .and ker- 
nel \\eight for both crops. Y~eld increase in rhe icb-hunitd <It- 
mate in eastern Sehraska ~ i t h  irrigation for par1 inillst ~ 3 5  

mostly due to an increased kernels panlcls . Ksrnel \\eight. 
\\ ith greater ps i t i \  c correlation t r = 0.64 m Q u i t  m d  grsater 
direct effect ip = 0.10 to 0941. a a s  the rnajor>isld s@nmbtttor 
for bat11 crops in all sub-humid en\ Ironrnents. Ir all subhrimid 
environments. except inr grain soyhutn panicles rn ' \\ith no 
irrigation. kerncl \\sight \\as the most 1mp3nant >leld iwnp'- 
nent f i r  pearl millet and grain soyhunl. I t  \\as coniluded that 

Table 1. Path anahsis direct effects (underlined and bokl) and indirect effeck of number of 
panicles m ', kernel weight, and number of kernels per panicle of pearl millet and grain 
sorghum as affected by Hater regimes in 2000 and ZOO1 at Sidne). bE. 

Prsr l  millet Grain wrebvm 
Paniclei m Kr.rn<l Kernzl nanlclr Ptn:rlc< m Kcmr! Kt-<: w::tk 

.All nsar r@mer 
Panicles m - 0.16 0 . N  0 I4 0 14 - 0.17 n I: (3 : $0 i: .\i> 

Krrnei xecght 0 01 0 4 1  n s- 0 1: 0.Ss 8 ,  l i- 0 (c 
Kernels pantsie 0 OI 11 4' 0 0.: o I I ~  % ,  :! Q # > ! ;  
Zo-irrigation 
Panicles m '  0 . 3 8  0 ;0 0 9: &Q 0 !! .,t .h ii w 
Kcmel \rrtghr 0 Zrl 9 0 .: 1 O.kz- ( 8  -+ .,', : h , > I ) -  

Kernels panicle 0 I 3  0 1 3  ii U P  0 -I X I  :: - -0.18 c b  ,- 
Boat irrigation 
Panfclcs m 0.19 -0 T 5  -0 'I -0 -E -0.12 - 1 8  - i t  .(a m ;! <. - ~. 

-0  I < ,  @ , I  ; i Kernel \rrlgh! -0.16 2 0.26 (I ~g . . i ,.: 
~ c r n s l i  plotcir. -n I i (I sh 0.27 n a. n ,,: .,, .?I, OM i . \  - 
\lid-grlin fill irrigation 

.,I I : I, \: .:,:, . -. 
Panlclcr m: - 0.02 -0. I.' -11.05 : ,  

Kemcl aelght -0OiM 0.68 0 .?I I I  h ? i l  .n n- a.9s .., , -z ,  - '1 \ I  

Kernel5 panicle -0.l101 0 63 61 n ,*>I .I, - 4  i ;  : 
\lultiple irrigation 
Pantclcr rn '  - 0.27 -0.1'4 0 19 -011  - 0.01 0 4 i  .,I i l l  <, .: ; 

Kernel \<eight -0.2: - 0.61 0.40 n .9 il <Mi .0 0- I ,  ."i 

Kernels ~an ic le  -n 11 05.1 0.16 0 sii -0 <XII 0 2: 0.29 !>ti- 



plant breeding and crop managemenl research to increase pearl 
millet and grain sorghum yield should increase emphasis on 
kernel weight. 

Impact of Crop Rotation on Risk 
(Nouri Maman, Ph.D. Thesi.sj 

Research Mefhod~ 

To isolate the risk contribution to income stability from 
crop rotations, an analysis of two eastern Nebraska dryland 
rotation studies was done. One was a corn-soybean rotation 
with data from 1985 to 1998 and the second. a grain sorghum - 
soybean rotation study with data from 1981 to 1996. Historic 
yield, estimated operating expenses and grain price data were 
used to calculate net returns for continuous corn (or grain sor- 
ghum), continuous soybean, diversification without crop rota- 
tion, and rotational cropping systems. The four cropping sys- 
tems were evaluated for average net returns and risk. Risk was 
calculated as the standard deviation of net returns (measure of 
stability of net returns) and totaling the dollar deficits for all 
years where net returns fell below $100 per acre. 

Research Results 

In the corn-soybean study the standard deviation of net 
return was $64 for continuous corn, S51 for continuous soy- 
bean, $46 for the diversification system, and $57 for the rota- 
tion which was basically mean ofthe two continuous systems. 
In this study, the net return variability was ereater for the rota- 
tion system than for the diversification system. thus crop rota- 
tion reduced stability of crop yields. In contrast, in the grain 
sorghum-soybean study the standard deviation was $67 for con- 
tinuous grain sorghum; S52 for continuous soybean of, $41 for 
diversification, and $40 for the rotation. In this study crop rota- 
tion increased average net returns. and both crop rotation and 
diversification systems reduced return variability. For both ex- 

periments. the rotations reduced risk in tenns of net returns 
meeting a target return. This was due to the increased yield and 
reduced cost associated with use of crop rotation rather than 
continuous cropping. 

Crop rotation exhibited potential economic advantages over 
continuous cropping. The was partially due to diversification 
(i.e.. mol-e than one crop being present in an individual year), 
but was also iniluenced by enhanced yields, reduced costs, and 
the potential increase in yield stability. The latter was much 
moreet~ident in ihegrain sorghum-soybean study than thecorn- 
soybean study. 

Grain Sorghum - Maize Hybrid Comparisons in 
Dpland and Irrigated Environments 

(Delon Kathol, M.S. Thesis) 

A three-year study was initiated in 1999 to determine the 
importance and physiological basis for shift in dryland sorghum 
production to tnaize production in eastern Nebraska. Best hy- 
brids were identified from the 1950s. 1970s and 1990s as the 
best perfolmilig hybrids in the University ofNebraska Perfor- 
mance Tests and they were produced in three environments each 
year. The environments were sandy loam and silty clay loam 
soil types. and irrigated and dryland water regimes on the silty 
clay loam soil. Regression analysis was conducted to relate year 
of hybrid release lo yield with the objective to determine if a 
difference in rate ofyield increase was present between maize 
and grain sorghum for different production environments. 

Maizc yields were higher than grain sorghu~n for all pro- 
duction envirolinicnts and hybrids (Fig. I). On the high water 
holding capacity silty clay loam soil, irrigation increased maize 

Fig. 1. Grain sorghum and maize grain yield as influenced by year of introduction for dryland silty clay 
loam soil, irrigated silty clay loam soil and dryland sandy loam soil environments, 1999 - 2001. 
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grain yield but not forgrain soqhum. The rate o f )  ield increase 
was similar for maize in the sandy loam soils. and grain sor- 
ghum in all production environmmts with the rate o f  increase 
beins 0.05 = 0.004 \ l g  ha !  y r - .  The rate of increase for irri- 
gated maize \\as 0.0282 510 h a '  (28 kg  ha^') and 0.0501 51g 
ha (50 kg ha1)  for dnland maize produced in the high m t e r  
holding capacity silt). clay loam soil. These rates ofmaize! ield 
increase. except for the dnland. high soil water holding capac- 
it? soil. are considerably lo\\er than the 57 to 89 kg ha: y r ,  
reported in the literature fordnland production in central lo\\a 
(Duvick and Cassman. 1999. Crop Sci.3V:l622 - 1630). This 
suggests that the ahilit) to tolerate intermediate stress likely to 
occur in dnland production on high nater holding capacit). 
soils has been the maior contribution oiplant breeding to maize 
yield improvement in eastern Nebraska during the past 50 years. 
These rates o f  sorghum yield increase due to hybrid impro\e- 
ment are also less than the 23 kg  ha^' yr-  reported in the litera- 
ture for Bushland. Texas (L'nger and Baumhardt. 1999. g r o n .  
.I. 91: 870 - 875). The higher yields and higher rate o f  yield 
improvement of maize on dnland. high soil aater holding ca- 
pacity soils paniall! explain the replacement of dnland grain 
sorghum \vith dnland maize in the \vestem corn belt during the 
last I 0  years. 

International 

.Microdose Fertilirer Studv 
(Taonda Jean-Baptiste - Burkina Faso, .lfinamba 

Bagayoko and Samba TraorP -.Mali. 
and S q n i  Sirifi - .Viger) 

Three-year central studies \!ere initiated on-station in 
Burkina Faso (pearl millet). Mali (pearl millet on sand? soil 
and grain sorghum on heavy soil) and Niger (pearl millet) in 
2001. A randomized complete designed study \\as used n i t h  
fourreplications Treatments consisted ofzero. microdose ( c a p  
full ofcomplete fertilizer in the seed hi l l  at planting). micodose 
- 20 kg ha:  P. microdose - 1 0  kg h a  P. microdose - 30 kg ha. 
I N. microdose - 60 kg ha'. microdose - 20 kg ha:  P - 30 kg 
 ha^' Z. and microdose - 10 kg h a '  P - 60 kg ha,  N. Each plot 
\\as sampled prior to initiating the experiment so that soil nu- 
trient l e ~ e l s  afler three-years could be determined. Grain and 
stojer yield. and S and P uptake in the grain and sro\er \\ere 
collected. I n  addition. satellite studies were conducted on farms 
using zero. microdose and microdose - 20 kg h a  P or 20 kg 
ha-' P - 40 k g   ha^' S treatments. One replication was planred 
per farm. and in the data analysis farms were considered to k 
replications. 

Preliminan results indicated that the yield increase due to 
microdose fertilizer application \\as not unifomi across loca- 
tions in the three countries. nor beween station and on-farm 

sites. Houe\er. on the a\srage. microdose fertilizer appl:ca- 
lion increased grain and staler !ield h: .:i to 6l0o k~n-starion 
and on-farm (Tables 2 and .:). Clearl! the microdojz appl c3- 
tlon is a low cost inrestmenr that has a high prohahilit? to in- 
crease grain yields across the \\;.st Africa prarl millet produs- 
tion area. On-station srudies indicated that to rnz\imize grain 
and staler yields required application o i20  hg ha P and 3C k$ 
h a  N in addition to the microdose appl~cation. .A relared stud! 
on grain soryhurn in Burkina Faio in 7002 had a g n i n  !ield 
increase irom 1 . 1  to 2 2 51s ha Earlier research rRaga!oko et 
al.. 2000.1 .\ric. Sci. 135: 399 - -10': Baga?<,ko et al.. :t?i)O. 
Plant Soil 128: 103 - 116)) indicated that P application and 
crop rotation \r ith coups increased earl! seasor r w t  gro\rth 
leading to greater exploratit>n i l f  the slvl prc7tilc f < ~ r  nutnenti 
and increased early endom!csorhizal iniections. thus stimu:at- 
ing plant _ro\rth and nutrient uprake. This insrcasc in g n i n  and 
sto\er yield remo\cs more N and P than is app:irxl \ \ i th :he 
microdose application. soma! actuall! conmhute m more n p ~ d  
depletion o f  soil nutrients 111 thew soils. One g , ~ !  o i rh is re- 
search is to continue rhese long-term studies to deterni.ne 
\r hether more rapid nutrient depletion ~ c u s  or w t .  

lleed Control S Fem7i:er SIudv 
(Samba Traore - .Mali) 

A randoinired co~nplete hlock designed e\periment to 
evaluate the interactne effects of hand \\ceding m e t h ~ d  a d  
fertilizer application on pearl millet grain and i t o \ c r )  ield uas 
conducted at the Cinrana Research Sution in 2 t r i l  and 10(':. 

Pearl millet aas hi l l  planted on ridge. atier icnilizer appli,a- 
tion. Hills \\ere thinned atier emeyenee to ~WII plans per hi l l  
Fert i l i rer  treatments consisted ilf m i c r o d ~ ~ s e  I g r a r l j  
diammonium phosphate per hill). 6 grams ~li Ii-! ! - I5 F r  hill. 
and 4 T h a  manure incorporated dunng mil pieranuen plos 
50 kg h a  diammonium phosphate hrnadcast applid3tieremcr- 
gence. \Iechanical aeed control treatments consisrcd o f  corn- 
plete control. needing of  ridges onl). and no seeding. G n i n  
and sto\er ?!r id uer r  determined. and data \\ere anal)zed us- 
Ing anal)s~s oi lariance procedures. 

.Anal!sis o f \  ariance indicated that \ ield d~tfsrensss 
due to year X \teed control and !ear Z ienilirer treatments. I c l  

need control S fenllizer interaction etfects \!ere present. in 
both ?ears. rainfall uas limited late in the grorring season rc- 
suiting in axeragc gn in  !ields oiSni i  to UiO kg ha . and a\er- 
age stoxer ) k ids  oi.:?U kg h a  in _'lull and 1635 hg ha -n  
2002. l i ked competition uas much Fearer in 2 M  than M I .  
at least paniall!accounting tor the Iorqer sto\er productic,n in 
2002. In  2001 \\ i th loa aced pressure present. i:ech~nic.~l 
\\reding treatments had little effect on grain and i:o\er !ield. 
\\bile i n  2002 \\ceding of  ridges increased g n i n  !ield b! 4-n 
kg h a  1 9 7 ~ 0 1  and complete used control incrsaxd p i n  !ield 



Table 2. On-station mean pearl millet grain and stover yield as  influenced by fertilizer treatment in West Africa. 
Values represent mean of location (Burkina Faso, M ~ l i  and Nizer), year (2001 and 2002) and soil type 
(sandy and loam) in Mali. 

C:ra~n stovcr 
Fsnilirer Trearment Mean Ranee Inc~ctise Mean Ranee Increase 

14" ha ' ........... . Me ha ' "A 
-0 ~= ~~ 

Zero 0.46 0.1 1 to 0.88 1.6 0.5 to 4.1 
Microdosc 0 62 0.34 lo 1.10 7 5  2.5 1.1 t o 6 3  56 
Microdose - 20 kg ha '  P 0.77 0.24 to 1.23 67 3.1 1.4 to 6.8 94 
Microdose -40 kg ha P 0.81 0.46 to 1.40 76 2.9 1.2 to 5.3 8 1 
Microdose - 30 kg h a  N 0 69 0.37 to 0.95 0 3.0 1.2 to X b  88 
Microdose + 60 kg h a '  PN 0 71 03Xto  1.12 14 3.0 1.2 ro 8.8 88 
Microdose + 20 kg h a '  P + 30 kg h a '  N 0 97 0.hO to 1.33 I I I 3.7 I .5 to 8.4 131 
Microdose + 20 ky ha' P + 30 ke h a '  N 0.85 0.35 to I .29 K5 3.7 1.8 to 8.4 131 

T a b l e  3 .On- fa rm m e a n  p e a r l  millet  a n d  s o r g h u m  g r a i n  a n d  s tover  yield as influenced by fert i l izer 
t r e a t m e n t  i n  W e s t  Africa.  Values r ep resen t  m e a n s  o f  locations (Burk ina  Faso, M a l i  a n d  
Niger)  a n d  y e a r  (2001 a n d  2002). 

Grain Stover 
Fertilizer Treatment Mean Ranxe incrcase Mean Range Increase 

....... ........ ........ Mg  ha^' ....... ?!<I Mg ha- '  O h  

Zcro 0.44 0.27 to 1.00 2.4 0.4 to 5.9 
Microdose 0.71 0.33 to 1.43 6 1 3.8 1.1 to 7.9 5 8 

by 736 kg h a '  (146%). The application o r 6  gram diammonium villages of Saria, Nandiala and Kindi in a 800 mm yr~ '  rainfall 
phosphate did not increase grain or stover yield due to salt in- zone. Each farm considered a replication. The soil types present 
juryreducingemergence. Themanure+ 50 kgha-' diammonium on the farms \\as sandy (2 farms), sandy loam (5 farms), sandy 
phosphate treatment did not increase grain yields greatly in clay (5 fanns). clay (2 farms), gravelly clay (4 farms) and grav- 
2001, but in2002 increased grain yields by 912 k g h a ~ '  (150%) e l ly  (6 farms). 
over the microdose treatment. Climatic factors make it difficult 
to draw concrete conclusions from lhese two years results. Reseui~h R<:.y,i/r,y 

Mechanized (Animal Traction) ZaV Research 
(Taonda Jean Baptiste - Rurkina Faso) 

Research Methods 

The traditional zaV system composed of planting pearl 
millet seed in asmall hole with as~~li t l l  amountofmanure which 
increases water infiltration on some soils and results in increased 
yield, but requires considerable land labor. Scientists at INERA 
have developed a mechanized zai using animal traction. The 
objective ofthis study was to determine the efyectiveness of the 
mechanized zaV (with 300 g compost per hill) to the tradi- 
tional zaV (with 300 g compost per hill) and a flat-planted con- 
trol (without compost) across six different soil types (textures) 
in Burkina Faso. The study was conducted on 12 fanns in the 

Pearl millet grain yields varied across soil types with con- 
trol yields ranging tiom 246 to 686 kg  ha^' (Table 4). The use 
of the zaV or mechanized zaV consistently increased yields, 
with the yield increase being greatest on thegravelly soil. Pearl 
millet stox'er yield was increased by a similar magnitude. The 
combination oftillage, creation of a micro-catchment to increase 
water intiltralion. and compost application certainly increased 
crop yield, and the human labor savings of approximately 278 
man-hours h a '  suggest that this is a viable technology for 
Burkina F;~so production situations. The economics of adop- 
tion ultimately must include the cost and maintenance of the 
traction animal and equipment, and of the compost. A com- 
plete economic analysis is being conducted, with intent to ac- 
tively promote transfer of this technology to producers. 

-- - - 

Table 4. Planting system influence on pearl millet grain yield across soil types in Burkina Faso, 2001 - 2002. 

Soil Textuic 
Planting System Sandy Sandy Loam Sandy Clay Clay (iravelly Clay Gravelly Mean 

.................................. kg  ha' (% increase) .................................. 

Control (Flat) 457 246 473 681; 492 289 44 1 

Zai 824 (80%) 433 (76%) 763 (61%) 1189 (73%)) 824 (67?') 830 (187%) 811 (84%) 
MecanizedZai' 1032 (125%) 573 (133%) 787 (66%) 1 I I 1  (6?9b)  1003 (104%) 852 (195%) 893 (102%) 



Production Practices for 
H)-brid Sorghum Seed Production 

(Seyni Sirif i  - Siger) 

Research .\ethodF 

A study was conducted in Lossa. Niger in 2001 and 2003 
to determine recommended plant populations and nitrogen ap- 
plication rates for seed production o f  the sorghum hybrids 
N A D I  and F221. The experimental desig \\\as a randomized 
complete block with split plot treatment arrangement and three 
replications. Whole plots were four ro\vs of the female inbred 
lines o f  Tx623A for N A D I  and 221.4 for F?ZI with a ro\v of 
the male parent sMR 732 on both sides. The sub-plots were a 

factorial combination o f  four plant populations ( 15,625: 20.833: 
31.250: and 62.500 plants ha-' )and four nitrogen rates (0. 22. 
44 and 66 kg ht i '  as urea). \\-ere planted planted at four plant 
populations and four nitrogen rates. Date o f  flo\veNng, plant 
height and seed yield data was collected. 

Research Resulrs 

I n  2W2. seed \\as not produced due to nicking problems 
between male and female plants. and the yields were \er) lo\\ 
in  2001 ranging from ? I  to 452 kg ha-'. In general. the best 
yields uere produced with a plant population of 3 1.250 plants 
 ha^' in combination with 66 kg ha '  N. Crop conditions at the 
Lossa Station for planting time and supplemental irrigarion are 
critical to justifv hybrid seed production at this Incation. 

.l'itrogen L'se Eficiency (.VL'E) 
of Photoperiod insensin've Sorghum Varieties 

(Wilfredo CasfaZeda, Leonardo Garcia 
and Orlando TPNez - El Salvador and .Vicaragua) 

Research llerhods 

A three-year study was conducted at two locations in  E l  
Salvador and two locations in  2002.2003 in Nicaragua. and in  
2002-2003 in  El  Salvador with the objective to determine i f  
NUE differences exist among photopericd insensiti\ e sorghum 
varieties and optimal N fertilizer rates h r  grain sorghum pro- 
duction. and to identify high NUE varieties. .At each location a 
factorial combination o f  four grain sorghum xarieties \\ere 
grown with four N fertilizer rates in  a randomized complete 
block design with four replications. Grain and stover yield. and 
N concentration of grain and stover at harvest were collected 
in 2001 to allo\v determination of1VL'E. Data analysis \\as done 
using analysis of variance procedures. and orthogonal contrasts 
determined for N rate responw. In  2002.24 lines from the breed- 
ing program were grown with out K and with 112 kg ha!  N. 
and evaluated for grain and stover yield. percentage S. and 
NUE in Nicaragua. These same breeding lines were evaluated 
for grain and stover yield. and agronomic characteristics in  El  
Salvador and Yicaragua. 

.Among the photoperid insrn\iti\e \artet:zj on1  small 
differences in  gram. biomass and isn~llzer nltrilgen use etft- 
cienc) were found. and i t  \\as concluded that zreening of a 
broad hase of germplasm used in hreed~ng progmms in El Sal- 
vador and Sicaragua \tould be needed t~ !dent16 and de\elop 
varieties \\ith high nitrogen use et3icisnciei. Th15 research uas 
initiated in 2002. and the lines ICS\L\I-9Oi l i ' .  1CSi-I 51- 
90520 and ICS\'L\I-89513. l m k  promising h3wd up.m p i n  
and sto\er !ield without and \\ith fenilizer S ap?iisation. m d  
agronomic conditions in hoth El Saltador and Sicara:~. 

Grain sorghum yields usuall? responded to i n c res rn~  S 
application rates in a quadratic manner. and bield m%\imired 
occurred with 90- ~Sicaragual to I I T  kg ha h) the highest 
rate used in either El Sal~ador or Slcaragua. In tl Sal\a<or. 
I I5 kg ha '  nitrogen increased aLerage grain ? ~ e l d  ofphotow- 
rind insensitive sorghum laneties from 2.5 to -1.; \ fg  h 3  ~n 
bnth years. while 90 k~ h a  nltrogen In \1cm,yu3 ~ncreased 
average grain yield from 1.- to 3.6 \Ig ha- . The%, Impreiri\e 
yield increases result~ng from S application and ewnomii  
analyses indicate that producers should lncreaw \ appltcati,n 
rates to 90 to 115 kg ha S to optimize a-onomic return. 

Silrogen Llte Eflcienr~' (.VL%) of Phufuperiod 
Sensitive (.%faicillo Criollo.~) Sorghum I arieties 

for Relay Infercropping with ..Ifaix 
(H ilJkdo Castdeda - El Salvador) 

A two-year study \\as conducted at Santa Cniz Ponllo and 
Izalco in  El  Sal~ador in  2002.2003 a irh the oh!cx-tiic to deter- 
mine if SUE ditTerences exist among photopsnd sensiti\s 
soyhum varieties and optimal S fertilizer rates for $rain sor- 
ghum production. and to identit:\ h ~ g h  SLE  \arietler. .At sash 
location a factorial combination ofsix grain soehum tanet~es 
\\-ere grown with X fenilizer rates o f  zero. -I-. 91 and 1-12 kg 
ha-' in a randomized complete block design ~ i t h  i o ~ r  replica- 
tions. Grain and scot er! isld. and S concentration ofgrain anc 
sto\er at hanest were collected toallou detcrmlnation ofSCE. 
Data analysis was done using analysis o f \  anancs prcxedures. 
and orthogonal contrasts t~ dererm~ne the \; rate r rsp lnx.  

.Across the four location-year combinations. the photops- 
nod sensitite \ arieties SCP-805 and ES--W\ prcduced the high- 
est grain yield and grain nitrogen use tlficienc:. and had high 
O o  S fertilizer recoven at both ID\\ and high S ratss iT3ble 51.  
ES-"90 had ver) high ' o  S fertilizer recosep 31 the 2 -  kg h3 
S rate. hut SCP-805 had slightl! htshsr !~cld. W E  lnd  .:. V 
Fertilizer Recoven at high S rates. The banetics Santa CNZ. 
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Table 5. Yield and NUE differences among photoperiod sensitive (Maicillo Criollo) varieties 
in El Salvador, 2002 - 2003. 

Yield NEE N Fertilizer Recovery 
47 kg  h a 1  h applied 95 kg  ha^' N 142 kg h a ' N  

Variety Grain Stover Grain Biomass applied applied 
.... M~ ha.' .-.. kg  grain(biomass) k g '  N ............................... 56 ............................... 

ScP-805 4.1 6.1 59 136 50 51 44 
ES-790 3.9 6.3 5 5 138 74 46 37 
86-E0-226 3.3 5.6 47 131 10 24 17 
Limay 3.1 7.6 42 143 J? 40 30 
Santa Cruz 1.6 7.7 25 140 40 60 33  
Yalaruina 1.4 6.9 2 5 138 3 3 27 19 

Limay and Yalaguina had higher stover and lower grain yield in the coming year. Nanga Kaye Mady (Chad) started a M.S. 
than the other varieties. The variety 86-EO-226 had high NUE, degree in May 2003. 
but low 9.6 N Fertilizer Recovery suggesting that it efficiently 
uses N within the plant, but has low ability to take up N from Research lnformafion Exchange 
the soil. The variety SCP-805 is being validated on-farms with 
and without N fertilizer application in collaboration with sev- Funds passed through to Burkina Faso, Mali and Niger to 
era1 Non-Governmental Organizations (NGOs) during the 2003 assist with collaborative research. 
growing season. 

Purchased chlorophyll meters for research use in El Salva- 
Photoperiod sensitive varieties were selected under low dor and Nicaragua. A packet of research articles was sent to 

soil N conditions since these producers are poor and seldom help collaborators use the chlorophyll meters effectively in re- 
apply N to sorghum. Averaged across varieties, yields increased search. 
quadratically with increasing N rate. Although the highest yield 
was produced at the highest N rate. 47 kg ha-' N was the most Pearl millet growth and nutrient uptake data was shared 
economical and produced the highest NUE and % N Fertilizer with Dr. tienit Hogenboom, Univ. of Georgia and SANREM 
Recovery. Application of 47 kg ha-' N increased grain yield CRSP for modeling research and development of decision aid 
from 2.1 to 3.0 Mg  ha^' and stover yield from 5.0 to 7.1 Mg tools. 
 ha^'. It was concluded that relatively lorn N rate applications 
should he recommended to producers of Maicillo Criollo sor- Visited INTSORMIL research efforts in El Salvador and 
ghum varieties. Nicaragua in Oct 2002 and April 2003. 

Networking Activities Publications and Presentations 

Workshops '4 bstracts 

INTSORMIL Central America Regional Research Direc- 
tors Meeting. Managua, Nicaragua, 3 Oct. 2002. 

Programa Cooperativo Centroamericano de Mejoramiento 
de Cultivos y Animales (PCCMCA) Annual Meeting, La Ceiba, 
Honduras. 28 April - 2 May 2002. 

American Society of Agronomy Meetings, Indianapolis, 
IN. I0 -14 Nov. 2002. 

Seyni Sirifi, IFDCISoil Management CRSP Soil Fertiliw 
Workshop. Lome, Togo. Oct. 2002. 

Research Investigator Exchange 

Nouri Maman (Niger) completed his Ph.D. degree (May 
2003) and Delon Kathol (U.S.) will complete his M.S. degree 
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Mason, S.C. and T.W. Crawford. 2003. INTSORMIL - 
Programa international de colaboracion y apoyo para 10s 
programas de investigacion de sorgo y mijo. PCCMCA 
XLlX Reunion Anual, 28 April - 2 May, 2003. La Ceiba, 
Honduras. 

Mason, S.C .  and R. Clara. 2003. El programa de INTSORMIL 
en Centro Amkrjca 1999 a 2003. PCCMCA XLlX Reunion 
Anual. 28 April - 2 May, 2003. La Ceiba, Honduras. 

Casteiiada. J.W. Evaluation centromericana de fertilizante 
nitrogcnado en cuatro variedades de sorgo fotosensitivo en 
monocuitivo, 2002. PCCMCA XLlX Reunion Anual, 28 
April - 2 May, 2003. La Ceiba, Honduras. 

Casteiiada, J.W. Selection d e  cultivares de  sorgo 
fotoinsensitivos que respondan a requerimientos minimos 
de ferti lirante en la region centromericana, 2002. PCCMCA 
XLIX Reunion Anual, 28 April - 2 May, 2003. La Ceiba, 
Honduras. 
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Soil and Water Management for Improving 
Sorghum Production in Eastern Africa 

Project UNL 219 
Charles Wortmann and Martha Mamo 

University of Nebraska 

Principal Investigators 

Charles Wonmann & Martha Mamo. Dept of .Agronomy & Horticulture. Cni\ of Sehraska. Lincoln. S E  6SSSl-rWl i 

Collaborating Scientists 

Gebisa Ejeta. Purdue L'niv, Depanment of4gronomy. Purdue Cni\ersity. Lilly Bldg State Street. \\;st Laia!i.ttc IS 4-40- 
Steve Mason. L'niv of Nebraska. Dept o f g r o n o m )  8: Honiculture. 2'9 Plant Science. Lincoln. S E  hS33-lK)Ii 
Gary \'anel. USDA-ARS. Univ of Sehraska. 279 Plant Science. Lincoln. S E  685x3 
Kidane Georgis. EARO-Addis Ababa. PO. Box 2003. .Addis .Ababa. Ethiopia. 
Zenbaba Gutema. E.AR0-Xlelkassa. Sazareth .Agricultural Research Center. POBox 436. Samreth. Ethinp~a~ 
Amare Belay. Mekelle Agricultural Research Center. P.O. Box 492. \lekelle. Ethiopia 
Girma Abebe. EARO-llelkassa. Nazareth A_micultural Research Center. P.O.Box 43h. Sazareth. Ethiopia 
Getachea Alemayehu. EARO-Sirinka .Agricultural Research Center. Sirinkn. Ethiopia 
Kaizzi Kaluki. S.4RO-KARI. PO. Box 7065. Kampala. L-ganda 

Farmers working with researchers in Ethiopia have tenta- 
tively identified niches and opportunities for tillage alternatives 
and for tie-ridge and planting implements. and research is con- 
tinuing in four semi-arid sorxhum production areas. In nonh- 
em Ethiopia. sorghum p i n  and biomass yields \\ere I42 and 
88% more with fertilizer application compared to no fenilizer 
in sis on-farm trials. Research on \taler and nutrient manage- 
ment -as initiated in Uganda in 2003 using panicipaton ap- 
proaches. Research on P sorption for diverse soils of Ethiopia 
and Uganda is showing results of soil properties that are im- 
portant to P sorption. including the imponance of termite ac- 
tivit). on sandy soils. Preparations have been made to begin 
data collection for a sorghum production database and atlas for 
eastern and southern Africa. 

Sorghum yield was not increased with the use of starter 
fertilizers in eastern Nebraska in 2002 but it was a dr) )ear: 
this research is continuing with six trials established in 2 0 3 .  
The results of research to validate a nitrogen credit to sorghum 
follo\ving soybean in rotation of84 kg N h a '  generally suppon 
this N credit but the results have not been Fully consistent: more 
trials will be conducted to better understand this S rate by en- 
\ironmen1 interaction in ZOM. The potential ofoccasional t i l l -  
age as a mean to impro\ing agronomic and environmental as- 
pects of no-till systems has been found to be feasible: addi- 
tlonal research on occasional tillage is undenvay as a PhD. 
dissertation topic. Six graduate students are being panly or 
fully supported by this ISTSORMIL project. Drs. Mamo and 
Wortmann visited collaborators and research areas in Ethiopia 
and Uganda and hosted two visiting scientists from Ethiopia. 

Objectives, Production and Utilization Constraints 

Conduct nutrient management and \baler corsepation re- 
search. such as use of tie-ridging or micr~at:hments. In 
t ~ o  semi-arid areas in Ethiopia 
Conduct on-farm trials and or collahrate in  on-pcing >t.~- 

tlon trials to \eni> S credit to s o ~ h u m  icllo\\ inp w ? k . ~ n r  
in rotation atier soybeans. 
Conduct research on staner iertilizers ior n*t:ll wyhiim 
production in Sehraska. 
Implement research to pred~ct P fixation cap l i in  o is i i l s  
across Sehnska and Ethiopia and asses  eRmt oit l l l igs 
systems on organic  matter^ 

Initiate data compilation to e\aluate ~nternal nutrient use 
efiiciencics. and relare \anations in gntn  !ield and wed 
number to plant \ concentration. uptake. 3rd S han ?st 
index. 

Inadequate nutrient suppl! and \\ater delicia .are the pn- 
m a v  production constraints a d d r e d  in this \\at:r and nutn- 
ent management research. as uell as stud! ninuoient d!narn. 
ics in the soil and in the crop. 

Research Approach and Project Output 

Zutrient and Hater management research in Ethiopia 
The objecti\es are to ohtain farmer and researcher asse,iment 
of tillage and implement options and to determine ho\\ tillase 

PREVIOUS PAGE BLANK 
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for water conservation interacts with nutrient supply and time 
of planting. Trials have been established in four semi-arid sor- 
ghum production locations in 2003 with varying elevation rang- 
ing 1300 to 1800 m. The locations include Welench'iti. Miesso, 
Sirinka and Mekelle at Abergele with trials on 3 to 6 farms per 
site for both April, at some locations, and June planting. In 
2002, yield results were obtained at only one location, Abergele, 
due to drought conditions but farnler assessments were obtained 
from three locations. Main plot treatments valy according to 
location but generally include some variation of the following: 

Traditional, e.g., tilled with maresha, broadcast sowing, 
and shilishalo for weed control. 

Tie ridging using modified maresha (a test implement) with 
tie ridges made before planting. Plant in the furrow with a row 
planter (test implement). 

In-furrow row planting with test implement but tie ridge at 
first weeding with the modified mu~esI~a.  

Conservation tillage or reduced tillage. Plow 1-2 times. 
Apply Lasso Atrazine pre-emergence. 

Farmers identified water deficits. low soil fertility, runoff 
associated with soil crusting and compaction, as well as S/t?ga, 
as major constraints to sorghum production. Water loss to run- 
off in May and June is of major concern. Tie-ridging using a 
modified traditional plow (maresha~ was seen as easy to use 
but not very good on stony soil. The draft requirements of the 
ridger were not too great for the oxen. even in May when oxen 
are often weakest. The oxen-drawn row planter was tested at 
Miesso and Wolenchiti where the cooperating farmers deter- 
mined it to be appropriate for their needs as it was easy to use 
and gave good placement of seed and fertilizer. Farmers thought 
that tie-ridging and conservation tillage would be appropriate 

in their communities with conservation tillage preferred for 
stony or sandy soils and for those with inadequate access to 
drafi power Fanners emphasized that significant adoption will 
require farmer training in the use of the implements and the 
alternative tillage systems. The preliminary results suggest a 
need for fi~rtlier investigation of the muresha tie-ridger for tine 
texture soils that are not stony; for sandy and stony soils, the 
traditionalrhilirl7alo tillage orconservation tillage systemsmay 
he more appropriate. At Mekelle-Abergele in 2002,6 trials were 
successfully iniplemented and grain and biomass yields were 
142 and XX'% m~ire with fertilizer applied as compared to no 
fertilizer. Thcre was no effect of tillage method, probably due 
to lack ofheavy rainfall events. 

P fixation of soils from Ethiopia and Uganda- Phospho- 
]-us sorption isolherms were determined for 30 soil samples col- 
lecred in Ethiopia and Uganda to the 0-15 cm depth in Novem- 
ber 2002. In i:thiopia, sampling was along transects from Debre 
Zeit easl to Mirsso and north to Mekelle. In Uganda, samples 
were collected in five districts of central and eastern Uganda. 
As termites lha\e much influence on soil properties in Uganda, 
cornpanion soil samples were also collected from and near ter- 
mire mounds to evaluate effects on P holding capacity. P sorp- 
tion maximum and P saturation index (PSI) were well corre- 
lated (Fig. 1 ). I' sorption maximum increased moving south 
from entisol of northern Ethiopia to the more developed cen- 
tral and eastern vertic soils (Fig. 1). However. in the Abergelle 
region, red soil exhibited much lower P holding capacity than 
black soil located within few meters. Sand and clay contents of 
Uganda soils affect P sorption capacity. For sandy soils, soil 
from termite mounds had greater P sorption capacity than nearby 
soils while the opposite was true for clay loam soils. 

-. - ~ ~~~ . ~p . ~ ~- ~ ~~~ . . - 

y = 0.5098 ' x - 11.436, R2 = 0.9831 

Fine texture soil (vertisolimontmoriilonitic) sail of Ethiopla 
Fine soil of Kwanda. Uganda 

Red Abergelle Soil of Ethopia 
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Fig. I -  P Saturation Index (PSI) and Langmuir Sorption Maximum 



Table 1. Grain sorghum performance as affected b? starter fertilizer treatments in 2002: 
means of 6 trials conducted under non-irrigated. no-till conditions in eastern 
Sebraska. 

Plants h a 1  Early plant \\eight 1-ield 
000 e  plant^' \ Ip ha. 

KO Starter 86.8 . i . 65 6.20 
2 2 - 2 2 ,  5x5 90.3 5.96 6.38 
22-22. over the rou  93.3 6.01 6.30 
I I - I  I .  in-furro\v 8L7 . i . 63 6.2 1 
22-22-0-1 1. 5x5 91.2 6.14 6.06 
22-22-0-1 I.  over the row 90.5 - i .. i 4  6.14 
I 1 - 1 1-0-6. in-furroiv 86.3 6.31 6.0s 
11-1 1-0-6. in-furro\v \\ith .ATS 87.6 5.89 6.1- 
LSD 0.10 6.02 0.4 12 0.29 

Nutrient and water management research in Uganda. sit? with in-furroa placement \\as 8 5 . W  plants k3 compared 
Research was been initiated with farmers in Kumi district in to 91.390 for other placements. Earl! plant neigh: s a s  grea:est 
2003. Farmers. together\vith research and extension staff. idm- u i t h  22-22-0-11 placed 5\ and \\ith 11-1 1-13-6 placed in the 
tified pnoriq problems and research topics. On-farm research seed furrot\. The a\erage sorghum grain ! ield \%as 6.2 \1g 
was conducted during the first season of 7003 but results are h a  hut yield \\as not atkcred b? staner fertilizer treatment. 
not yet available. Results for nutrient uptake are not yet a\ailable. Grain )ield 

o a s  not related to early plant grovr-rh but plots \ti* more earl! 
Starter fertilizer for no-till sorghum production in Se- growth tended to ha\? more heads per acre at hanest time ir = 

braska. In 2002. 6 pain  sorghum trials \\ith 4 replications 0.49). 
a-ere conducted on farmers' fields across di\erse topographic 
positions soil bpes  in Gage counn of southeastern Nebraska. Sn~bean S credit verified for grain sorghum in Se- 
,411 sites had a histo? of continuous no-till and \\ere non-irr- braska. The L'SL nitrogen recommendallon for g m n  sorghum 
gated. Soil pH ranged from 5.3 to 6.1. Soil organic matter was considers expected !ield. soil organic matter. soil nitrate-S. 
generally more than 3O0. Bray-l P ranged from lo\\ to \cry and the etTecr of a prc\ ious legume crop. Recent results <ram 
high. Potassium le\els \\ere high at all sites. on-station research indicate that the mean S benefit to gmin 

sorghum follou-iny so!bean is 90 kg S ha  ahile current rss- 
Three placement positions werecompared: in the seed fur- ommmdations allou 50 kg S h a  . T h ~ s  research \\as uncer- 

ro\v (in-furro\v). over the row. and 5 cm to the side of the rot5 taken to verify a credit of 84 kg S ha  or to de~ermins the 
and 5 cm deep (5x5). Liquid starter fertilizer treatmsnts (Table conditions for when this credit is \ alid 
I) were applied as S-P and N-P-S at the rates of 22 kg ha '  
each for S and P. and I I kg hti' for S. Half rates aere  applied On-farm trials offour replicationi are being <ondusted in 
with in-furro\v application. .Ammonium sulfate a a s  the main southeast Sebraska \\ here the treatmentsaw: 0 S :  and dte CSL 
sulfur source but was compared toammonium thiesulfate (.4TSl recommendation gi\ ing 0. 50. and S4 kg ha S i r d i t  ior so! - 
for in-furro\v application. bean. The results from 3 o f 4  trials conducted in 2001 and 

2002 give verification to the 84 kg S ha credit #Table 21. The 
The average density was 88.712 plants ha.' (Table I I. Treat- results of the Sagel trial indicate that 50 kg S h a  is 3 b t e r  

ment effects did not have a significant effect but the mean den- 

Table 2. Grain sorghum yield at various S fertilizer rates to verif? a 84 k g  (75 lb) S credit 
to sorghum following soybean in rotation. 

84 kg <credit 5.66 4.02 5.09 6.22 ; 25 
50 kg S credit 5.36 ; 3 ,  5.1' 6.5.: 5 ~ 6 0  
S o  X credit 5.68 4.94 . i .. 5.4 6.39 5 . N  
Sign. I t 0.066 0.‘1 . 
LSD 0.05 1.07 1.07 0.61 0.-- 0.5- 
Estimated Pi need before credits ( lb ;\I I I2 140 ' 8  95 



estimate of the credit. More information is needed to cotnplete 
the verification. 

Tillage and organic matter in Nebraska. Production of 
the sorghum-soybean rotation and the corn-soybean rotation in 
no-till systems is common in eastem Nebraska. Improved soil 
physical properties and increased so!l organic matter (SOM) 
arecommonly observed at the 0-5 cm depth with no-till as com- 
pared to tillage with little improvement below 5 cm. However, 
the increase in SOM generally slows or ceases aRer a few years 
of no-till. To increase no-till benefits_ we hypothesized that oc- 
casional tillage of no-till, e.g. once in 15 years. may increase 
yield over time, improve surface soil to greater depth, and in- 
crease C sequestration. The effects of plow-disk tillage versus 
no-till, and occasional tillage of no-till. on SOM, particulate 
organic matter (POM). and wet aggregate stability were deter- 
mined. Soil samples (0-5 cm) were collected from two long- 

tern1 tillage trials and from a farmer's field where more than 25 
years of continuous no-till was intenupted with a single season 
of disk tillage in 2001 in randomized strips across the field (the 
Occasional Tillage Trial). The occasional tillage trial was 
sampled one year after the tillage event. POM and P0M:SOM 
were less with plow-disk tillage than with no-till (Table 3), but 
SOM was not significantly affected in the sorghum-soybean 
trial. These properties were not affected by the one-time till- 
age in the occasional tillage trial. Wet aggregate stability was 
less with plow-disk tillage than with no-till but not affected in 
the occasion:il tillage trial (Table 4). 

The results show that occasional tillage can be conducted 
in no-till systems without soil degradation. Further research is 
being condurtcd on no-till production of sorghum and soybeans 
to derennine if the hypothesized benefits of occasional tillage 
will he achie! ed. 

Table 3. Effects of tillage on soil organic matter fractions. 

POM SOM - P0M:SOM 
~ g g '  Yo 

LSD 0.05 1.93 3.08 2.62 
R M F - ~ O I & U ~ ~  ... 

Plow-disk 3.9 34.4 11.4 
No-till 8.8 39.5 22.2 
LSD 0.05 3.02 5.86 4.59 

Occasional - tillage 
Continuous no-till 9.2 33.4 27.6 
No-till, disk. no-till 10.2 34.9 24.5 
LSD 0.05 1.74 2.25 3.41 

Table 4. Tillage effects on wet aggregate stability determined as 
the percent of aggregates retained following wet sieving. 

A g r e ~ a t e  size fi-actions, mm 
2.0-8.0 4 .0-8 .0  2 .0 -4 .0  1.0-2.0 0.50-1.0 

RMF-colm -- 
Plow 47'5 

46.9 48.2 49.5 69.0 
No-till 51.2 62.1 60.3 67.2 80.5 
LSD 0.1 3.76 3.61 4.06 3.48 3.91 

- KMF-?orgl~um 
Plow 43.0 44.2 41.9 45.4 64.8 
No-till 50.6 50.8 50.4 55.1 73.4 
LSD 0.1 5.66 5.64 6.47 8.81 5.55 

Occasional tgillse 
No-till 58. I 71.9 64.4 66.3 83.3 
No-till, disk, no-till 65.0 66.3 63.8 68.1 84.0 
LSD 0.1 4.38 6.15 4.37 4.94 3.20 



Nehvorking Activities 

During the INTSORMIL PI conference in November of 
2002. we discussed the possibility ofthe compilation and p u b  
lication of sorghum production database and atlas for use in 
regional policy formulation. research, and estension with John 
Lynam of  the Rockfeller Foundation. Seyfu Ketema of  
ASARECA, and Anthony Obilana of ICRISAT-ECARSAM: 
collection of data in Ethiopia. Kenya and Uganda is being ar- 
ranged. Dennis Friesien. CIMMYT-Nairobi and Dr. George 
Brhane of the Arnhara regional development project have ex- 
pressed interest to collaborate in an extension training program 
on tillage and water and nutrient management in 2004 and in 
subsequent extension activities. Dr. Wonmann panicipated in 
the First National Sorghum and Millet Research. Extension and 
Production workshop in Ethiopia, Nov. I? tol4, 2002. 

Publications and Presentations 

B.. Tetvodros X4.. Zenbaba G. Ze\\ay \I.. Paulos T.. and 
Jibril 11.. E.ARO-Sazret Research Center; Gebre)ejus B. 
and Amare B.. EARO-Mekelle Research Ccnrer: \t. \lam0 
and C .  h n m a n n .  Cnnersi? ofxebraska. Presented at the 
ISTSORLtIL PI conference. .Addis .Ababa. Ethiopia. Zot 
17-23. 2002. 

Soil and Water Management for lmpro\~ng Soqhum Prduc-  
tion. by Charles Hbnmann and Manha \farno presented at 
the tXTSORMIL PI conference. .Addis.Ababa. Eth~opia Xo\ 
17-23. 2002.  

Soil and Water Management for lmprot ing Silqhum Prcduc- 
tion. by Charles Hbnmann and \fanha \lam0 prsszm-d to 
the Agronom) and Horticulture .Ad\isor? Board. Marc? 2 - .  
2003. 

Farmer Assessment ofTillage Systems for Soil and Water Man- 
agement in Sorghum Producing Areas of Ethiopia. By Hbrku 
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This project was initiated in Januar).: 2000. Population 
hybrids among West African landraces were made in 1999 and 
in the greenhouse during the 1999-2000 winter. Cooperators 
were identified in Niger. Mali. Senegal, Zambia and Xigeria 
for testing and evaluation of pearl millet population hybrids 
among landraces. Seeds were sent to all cooperaton. 

Population hybrids were crosses among West African 
landraces. but the hybrids did not out-yield the local genohpes. 
indicating a need to produce hybrids among locally adapted 
and desired types or at least where one parent is from this group. 
As in 2001. SOSAT-C88 was identified as a parent with good 
general combining ability that tended to produce the highest 
yielding grain hybrids. Significant variation existed among the 
population hybrids for _main yield. Only small differences for 
grain yields were observed for the various cycles of the popu- 
lation hybrids. Significant differences were observed for do\\ny 
mildew resistance among the population hybrids. The popula- 
tion hybrids appear to have potential for improving p i n  yields 
in West rZfrica. Plans are to release a dwarf grain hybrid. 
TitGrain 102, developed in the Georgia p r o w .  

Objectives, Production and Utilization Constraints 

Prob~de short- and long-term mlnlng for p r l  millet bnud- 
ers 

L'se Nest African germplasm to lmpm\e genp la jm a d  
productl\ i t )  of L S h>bnds 

Consrrainn 

Constraints in \Vest Africa include moisture. atailahilir) 
of fertilizers. resources to purchase fenilizn and other inputs. 
pest damage (insecrs. diseases. \reeds and hirdsl. lo\\ yields. 
unstable markers. etc. Plant hreeding can help to proy'ide gc- 
neric resistance lo pest. improve yields. and impro\c stahilit? 
of yields. These genetic impro\ements due to plant breeding 
can hate long-term recumng benefits. 

Research Approach and Project Output 

Landraces from West Africa uere assembled and g r o w  
under quarantine. Landraces uere intercrosxd b! collecting 
pollen from about 300 plants of one landrace. bulktng the pol- 
len and using the bulked pollen to pollinate ?M plants of an- 
~ t h e r  landrace. These crosses are c y l e  I and am r e f e d  to as 
?opulation hyhrids (Tables I and ? I .  The same prwzdurr. uas 
used to produce cycles 3 and 3. except that the pollen collec- 
tion and crossing mere conducted on 30 random plants n ithln 

Improve the productiviq and stability ofpearl millet cul- cyclel population h5bnd, open-pollinated ,trandom 
ti\ars in West Afnca. 

ti9 
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mating) population of cycle I was also grown in 2002 for the 
Exbomu x Ugandi(WA31) and Exbomu x Mansori (WA32) 
crosses. These population hybrids were evaluated for grain 
yield in Nigeria, Senegal, and Zambia in replicated trials. The 
hybrids were evaluated for forage production as part of a 9 x 9 
lattice trial in Georgia. 

Population hybrids with SOSAT-CRX as a parent tended to 
produce more grain and dry matter at almost all locations (Tables 
1 and 2), but no hybrid significantly out yielded the best local 
cultivar. For example, hybrids from crosses with SoSat-C88 
tended to be in the top grain producer group at all locations. 
WA25 and WA33 produce signiticantly morc forage in Geor- 
gia than the best commercial hybrid. WA33 was also was the 
best dry matter producer in Zambia. 

At most locatio~ls there were only small differences for 
grain or L'orage bields among the various cycles of the popula- 
tions hybrids indicating that hybrid vigor could be maintained 
in these pop~llatiun hybrids. 

Significant differences were recorded for downy mildew 
resistance among the population hybrids, both at a specific lo- 
cation and amon? locations. The least amount of variations 
and the lowest incidence of downy mildew was observed in 
Senegal. This \a[-iation could be due to different races of the 
disease in the !~arious countries. 

The population hybrids could make a contribution to im- 
proving grain yields of pearl millet in West Africa. However, it 
appears that crosses nerd to be made between specific types 

Table 1. 2002 yields of population hybrids grown in Nigeria, Senega1,and arnbia.  

NrrnC~r Ped iq ree  - 
wi 8 93-Ex-5ornc tigandi IC21  
I,% 3 Ex-3arno x M a r s a r i  lC2) 
*l:G xx- io rno  x I r , i a r <  (Cil 
.>. .  1 ix-B:rnu x P373;o 

!vdi2 Ex-a3rnc x Uyan31 
;<A13 ExbZrcU x MdnS3:: 
VIA!< Zx-Ecrxo r i r i a r l  
6Ai3 P 3 S c l c  x t ingad! 

P3K0io x Mansor1 
1 P3ko:o x i c i a r l  
1?,13 Dganj i  x i4anocr: 
,.. . " 
b . A l l  i j a b d ;  X I n i S I i  
. . ~ *  :.,niC 1r.lari h blansorl 
, ,?. i n i l  20:0-Ex-3orno SOSET-C38 
P;A22 !4ar!sari x SCSRT-C6R 
WAZ3 SOSLT-C89 x Rnkcunres i  
W1124 ScSat-CR8 x HUF-;+IS 
W.25 SCSKT x GR-21 
!*;A26 Cgandl  x SoSat-':he 
XA27 Ex-Borno a llacdi I;2) 
*A28 ExPornO X Marcr: (Cil 
Wk29 Ex-Barno x 'gandi iC3) 
6A3e EX-aorcc x Xansor: ( C l l  
'ulA3; EX- io rno  x tigandi l i l - sp )  
WR32 Ex-BOTXO x Marscr: lC'.-5p! 
iiA33 ScSa t  C 9 8  x Gwagia 
Cneck Saura  
C h e c k  Sosat-C88 
C h e c k  Ex-Bornc 
Cileck 1,nbasi 
C5eck Ruomboka 
Che-k Xaraba Loca l  

3 . 4 6  3 . 6 3  ) . ; i 8  !,582 2.g 515 5% LSD !.L 4.9 
4 ? i  pIAs rre cycle : pop'l;3ticr h;$r13s ex,:e,ai a s  inrilcatea:?fA" jib?, ';'I:, '#'I127 acd NR2@ a r e  cy;:s 2 .  WRZ? ar.6 9!4?0 a r e  

cycie 3 .  KA3! and W43; are  ope!:-?c!;lna:cj clrcii 1. t = PErS 



Table 2. ZOO2 Forage yields and IVDlID of population hybrids groan in Georgia. 

Sumbsr Pedieres 
A 8 99-Ex-Bomo Ugandi IC?l 
\\'.A 9 Ex-Bomo x \lansori IC2I 
\ A  Ex-Bomo s lniari lC2) 
2 Ex-Bamo x Lqndi 
A I Exburnu x \lansori 
A En-Bomo I lniari 
5 P3Kolo : Lngand~ 
6 P3Kolo \ Xlanson 
A P3kolo x lnian 
A I Cgandi x \fanson 
9 L-gandi I lniari 
\\.A20 lniari x \lansor~ 
\\-.A2 I 2000-Ex-Bomo SOS.AT-CXR 
\\'.A?? \fanson z SOS.4T-C88 
\\'.A23 SOS.AT-CRX x .hkounress 
\ A  SoSat-CXX x HKP-C\lS 
\\.A25 SOS.AT r GR-PI 
\\-.A26 Cpandi x SoSar-CBR 
\\.A27 Ex-Borno x CGand~ lC2 
\\'.A28 ExBomo 9 Xlasori (C21 
\\.A29 Ex-Bamo x Lpndi lC3) 
\\..A30 Ex-Bomo n hlansorilC31 
A Ex-Bomo x UgandilCI-opl 
\\.A32 Ex-Bomo x Xlanior\(CI-opl 
\\.A33 SoSar CS8 I G\rag\ra 1,508 6 l 
Check Titleaf 3 1 4 3 7  h; 

5',1 LSD 1501 h 

.All \\.k are c)cle 1 popularwn h)brids except as ~nd~carcd:\\'.AX. \\ \ Y .  \\.AI(i. \\.A>- and \\ i Z \  
are cycle 2. \V.C29 and \V.L30 arc c)clc 3. 5V.G I z nd \\.%I2 arc apsn-polltnatsd i)cll' I 

(maturity height: ~ a i n  color and size: head length: etc) \\it11 
local adaptation. Genotypes such as SOS.AT-C88 with gomi 
general combing ability could be ettectivel) used to enhanc: 
yield. Crosses betueen SOSAT-C88 and Souna3. Kuomboka. 
Toroniou C I should be evaluated for grain production. 

We have been \\orking on a disease (mainly rust) resistant 
dwarf ( I  .5 m tall) pearl millet grain hybrid for about 9 years. 
Plans are to release an ad\anced hybrid. Tiffirain 102. at th: 
end oi2003. Tiffinin I02 yields from 4300 to 5700 kg h a  for 
May and June planrings. Ro\v widths of  35 to 52 cm appear 1,) 

produce the most grain. f i e  hybrid tlowers in 45 da!s and grain 
can be combine harvested in 85 days. 

Publications and Presentations 

Lluuka. F.P. and LV.\\'. Hanna. 2002. Pollen dning techniques 
in pearl millet [Pennisetum glaucum (L.1 R. Br.] Inrerna- 
rional Sorghum and Millet Seusletter 43:88-90. 

Hanna. \V.. I..Angara\vai. -4Fofana . R. Gates. J.Gonda. S. 
Gupta. F.Muuka . B.Ouendeba. LI.Sanogo. and J.\\'ilsor. 
2002 Pefonnance of Various Cycles of Population Hybrids 
Bet\\een \Vest .African Pearl \fillet Landraces .Ahstracr i.1 

Proceedings of INTSOR\IIL PI Confermce. 18-20 S o \ .  

2002. .Addis .-\haha. Erhiopia. 
Hanna. W.. .A. Kumar. and K.S. Ral. 2lW2 Fen:lit! rrst,.n- 

tion ofdi\erse pearl miller c)7oplajm1c-nuclear male sterile5 
by \Vest .African genot!pcs. Ahstrait In Pro~eedings o i  
ISTSOR\IIL PI Conference. I X-2i)So\. _'Oil_'..Add~sAhlht 
Ethiopia. 

Hanna. W.. I..Angarauai. .-\.Foiana . R. Gates. JGonda. 5 
Gupta. F.\luuka . BOucndeha. 51 Sanopo. and J \Vllwn. 
2002. Grain and forage !ields o i  popularion h!brids k- 
n\een \lest .African pearl rn~ller landnsss. .Abstract in Prc- 
ceedings of ISTSORSIIL PI Conierence. 18-20 S o \  1IKV. 
.Addis -\haha. Ethiopia. 

\\'ikon. J.. \\\\ tlanna. \ I .  Sanoro. J. Gonda. I .  .Angm\\ai. 
Douny \lildeu Incidence in Pearl \Illlet Population H!- 
brids in \Vest f r ~ c a .  2001. A b s t n a  in Pro~eedtngs of  
ISTSOR\IIL PI Cont>rence. IE-lllSo\. 2ikl2..Addis.-\h1tu 
Ethiopia. 

Hanna. \\. I. .Angraaai. J. Gonda. F. Sluuka. B OuenJeha. A. 
Fofana. \ I .  Sanogo. .And SGupt3. IlOf12. Pcr<ormansc 
pearl miller population h!hr~dj i n  .-\ir~ca and the l ~ i  A .  
American Swiet? ofAgrnnom! .Ahsmcrs. In-I4 Kc,\. 'IW2. 
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Summary 

The goals of this research are to improve the productivity, 
yield stability. and pest resistance of pearl millet cultisah. 
Achieving these goals require I )  identieing constraints limit- 
ing production or utilization within and across environments. 
2 )  acquiring and evaluating new germplasm for desirable char- 
acteristics, 3 )  crossing selected germplasm with regionally 
adapted breeding lines or cultivm. 4) selecting and evaluating 
improved progeny as potential ne\i cultivan. 

In the first year of this project. propess toward meeting 
these objectives has been made. Project collaborators at mul- 
tiple locations have been identified. 'Ihese individuals have con- 
tributed cultivan and experimental germplasm for evaluating 
genotype x environment interactions in grain yield. quality, and 
dlsease and pest resistance. Collaborators have reached con- 
sensus on project objecti\es. methods and time-table to achieve 
these objectives. A replicated set of selected pearl millet 
germplasm was distributed among collaborators. Multilocation 
experiments have been established in Ghana. Mali. Niger. Ni- 
geria, and Senegal. The gemplasm is being assessed for char- 
acteristics that contribute directly or indirectly to stability of 
grain yield and quality. 

In an effon to expand the diversity in the breeding popula- 
tions being selected at collaborating locations, crosses have been 
made behveen several African cultivm and U.S. breeding lines 
to develop new germplasm in the A! and A, male sterile c)to- 
plasrns, and also with corresponding genes for fertility restora- 
tion. The introduced accessions are being evaluated for pests 
and diseases of importance to growers in the U.S. and in Af- 
rica. Sources of resistance to leaf blight. rust. and root knot 
nematode have been identitied in the African pearl millets. 

Objectives, Production and Utilization Constraints 

Objectives 

Broaden dibenity of pearl mlllet germplasm aiailahle to 
breeders and researchers. 
Identify sources of disease and pest res1stan;e for pearl 

millet improvement. 
Identify characteristics associated \vith desirable pearl 

millet p i n  qualih. and biotic and abiotic iactors that ai- 
fect grain quality 
Develop and release pearl millet with high p i n  yield. re- 
sistance to multiple diseases. and improved g a i n  qualih. 

Production and Utilization Constraints 

Yield and stabilir? of pearl millet -pain and s t o ~ e r  are af- 
fected by biotic and abiotic stresses. including dise~izs.  nema- 
todes. insects. and drought. The prima? diseases and psts .n 
the L'nited States include rust I Plrrcirrirl sr~hrrrara \ ar irrJtc.d). 
leaf blight (P~.rictrlurto grisnrl. grain molds (caused b) sc\- 
era1 fungi ). root knot nematodes .\klorc/0~7rr ttrt.cig~rtr~z and 
.\I mmnaria). and chinch bug (Bhssrr lr.rrcaprrn~i Iiricr~prrn~s i .  
Primap diseases and pests in .Africa ~nclude doun)  rnilds? 
(Scl~mcpora grarnmicolat. and Slrteo ~ S l r r ~ u  hetntotrrii;cai. 
Genetic resistance or tolerance is necesrap to reduce !!el3 
losses and variability in grain and sto\sr qualit?. 

Deseloping the commercial potential of pearl millet \ \ i l l  
require that growers produce a consistent product to sell to pn- 
cesson. Stability ofgrain qualih is also likel! to be a l k t e d  h! 
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both abiotic and biotic constraints. The impact of pearl millet 
genotype, diseases, and environmental constraints are not well- 
defined, in part because grain quality standards for pearl millet 
are poorly defined. Quality represents the couibination of sev- 
eral factors, such as grain shape, color. and size, endosperm 
hardness, proximate composition, and the presence of grain 
molds, mycotoxins, and insects. 

Research Approach and Project Output 

Genotype and Environmental Effects on Pearl Millet 
Grain Quality 

Research Methods 

Multi-location evaluation of genotype x environment in- 
teractions affecting grain quality are needed to identi@ geno- 
types with inherently superior grain yield and quality. and the 
relative importance of diseases and other constraints on yield 
and quality. These studies were designed in pan to define more 
clearly grain characteristics among genotypes, and the stability 
of expression over a range of production environments. 

Samples of 86 pearl millet germplasms have been acquired. 
These were selected by colleagues on the basis of their high 
grain quality, their fertility restoration for specific cytoplasms, 
resistance to diseases or pests, agronomic traits. or commercial 
usefulness. From these, 40 germplasms were distributed to col- 
laborators in Ghana, Mali, Niger, Nigeria. and Senegal for multi- 
location evaluation of stability of grain yield and quality traits. 
These studies were initiated this year. and research results are 
not yet available. 

Disease and Pest Resistance in Pearl Millet 

Research Methods 

Use of pearl millet germplasm from African countries will 
broaden the genetic base of the breeding populations in U.S. 
programs, and is a likely source of important characteristics. 
Accessions acquired from collaborators were evaluated for re- 
sistance to foliar diseases and to root knot nematodes. Seed- 
lings were evaluated in two replicated experiments in the green- 
house for resistance to pyricularia leaf spot and rust. In sepa- 
rate tests, plants were subjected to multiple inoculations to de- 
termine the frequency of plants with resistance (based on in- 
fection type) in these cultivars. Selected accessions were evalu- 
ated for resistance to the southern root-knot nematode in two 
replicated tests in the greenhouse. Pots containing five plants 
were inoculated with eggs of MeIoirk~m,rie incognita. After grain 
harvest, eggs were extracted from roots. DifTerential reproduc- 
tion of the nematode on the different genotypes was determined. 

contin~red disease pressure, a reproductive advantage is asso- 
ciatcd with disease resistance. Pyricularia leaf spot is a chronic 
disease of pearl millet in West Africa, and there was relatively 
greater freq~iency of resistance to leaf spot than to rust, which 
occurs less often in the region. In spite of multiple inocula- 
tions, conditions for successful infection were less than opti- 
mal since the susceptible Tift 454 control expressed uncharac- 
teristically high levels of apparent resistance to both diseases 
(Table I). I'otuntial sources of resistance to leaf spot include 
Ankoutess, DMR 36-1, and % HK-B78. Sources of rust resis- 
tance were more limited, and 99-72 and Ugandi appear to be 
most promising. 

All accessions were more resistant to the southern root knot 
ncmatode than was HGM 100 (Table 1). SoSank and SoSat C- 
88 appear to be most resistant. It can he hypothesized that 
SoSank has resistance genes from both SoSat C-88 and 
Ankoutess, sirlce it supported numerically less nematode re- 
production than either of these parental sources. 

Networking Activities 

Attended the American Phytopathological Society meet- 
ing, Milwaukee. WI July 27-31, 2002. Served as chair of the 
Colleclions and Germplasm Committee, member of the Office 
of International Programs Research Committee, and as senior 
editor of Pl>ytopathology. 

Participated in "Pearl Millet Research Planning Workshop 
for West and Central Africa: Facilitating the improvement of 
pearl millet in West Africa through conventional and molecular 
plant breeding. farmer participation, and comparative genomics 
strategies" at Bamako, Mali, October 9-12, 2002. Presented 
invited paper "Application of the Dynamic Multiline Popula- 
tion Strategy for Developing Stable Disease Resistance in Pearl 
Millet llybrids: Issues in Pathosystem Dynamics". Contributed 
to prioritizing pearl millet development research needs for West 
and Central Africa, and identified potential collaboration be- 
tween INTSORMIL CRSP project ARS-206 with representa- 
tives of National Agricultural Research programs and Non-Gov- 
ernmental Organizations. 

Participated in and presented research results at the 
INTSORMIL CRSP PI conference "Increasing Profitability of 
Sorghum and Millets" held at Addis Abaha, Ethiopia, Novem- 
ber 17-23.2002. Contributed to developing 2006-201 1 vision 
statements for West Africa (West) and West Africa (East) re- 
gional prosram working groups. 

Attended "bfolecular Breeding of Forage and Turf, 3'd In- 
ternational Symposium", Dallas, TX, May 18-20, 2003. Iden- 
tified technology and methods applicable to improvement of 
pearl millet for use as forage or grain. 

Research Findings 
Contributed information for reuort "Sorghum and Pearl - 

The results of the foliar disease inoculations support what Millet Health Food and Industrial Products in Developed 

is already known about these pathosystems. In the presence of Countries" to be presented by J. Dahlherg and T. Snyder at the 
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Table 1. Pearl millet germplasm evaluatecl for disease and pest resistance in greenhouse 
trials. 

Genotype F'yricularia Rust \ I e / ( > i ' t ~ > . g ~ ~ ~ e  
resistance resistance incoprrir'~ 
( ' 0  plants) ( O O  plants) leggs root I 

h k o u t e s s  (Source 1 ) 
Ankoutess (Source 2)  
DMR I5 
DMR 36.1 
DMR 68 
DMR 72 
Ex-Bornu 
GCP V 6  
GCT 
Gu-agawa 
HKP-GMS (Source I )  
HKP-GhtS (Source 2) 
3 4 HK-B78 
lnian 
LCIC 9702 
Mansouri 
P3Kollo 
Sadori local 
SoSank 
SoSat C-88 (Source I ) 
SoSat C-88 (Source 2) 
Taram 
Ugandi 
Zatib (Source 2 )  
Zatib (Source 3 )  
Zongo 
99-70 
99-71 
99-73 
Tift 454 
HGM 100 

... 

165 bcd 
I22 sd? 
69 cde 

160 cde 
12- cde 
115 cde 
Z U  sd 

2 ia  
615 h 
532 h . - I >? cde 

38 c 

62 de 
90 cde 

250 sd 
-6 cdc 

165 cdc 

Mean separation based on anal>sls of square-root tnnrformed data 

Expen Meeting on ...4 ltemative Uses of Sorghum and Pearl Geoyia Plant Patholo?? Drpanment. .Athens. GA. Swer rh r r  
Millet in Asia". July 14. 2003 at ICRIS.4T. Patanchen~. India. 5 .  2001. 

Served as member of Sorghum and \tiller CropGermplasni Hosted\ isit to Tition. Geoyia. hy Dr. C.L.L. Go\rda. (ilc- 
Committee. ha1 Theme Leader. Crop Slanagement and i - t~ l iz~t ton.  and Dr. 

K.S. Rai. former D~rrctor. Germplasm Resour<= and Enhanie- 
Served on Ad\isor). Committee for the Cni\ersity of  men1 Program. ICRIS.4T. India. Discussed p~tentiai arwc o i  

Geor_pia's Of ice  of International A-@culture. .ARS ISTSOR\IIL ICRIS.ATcollahont~\c. rwa-sh .  Aiiguit I .  
3002. 

Presented "Managing Diseases nith Host Resistance: .:\ 
Perspective from Breeding Pearl \fillet" to the Universin of 



Hosted visit to Tiflon, Georgia, by Dr. Ouendeba Batorou, 
Director, ROCAFREMI (West and Central African Millet Re- 
search Network). Niger. Discussed organizational objectives 
and collaborative research needs for pearl millct improvement 
for West Central Africa. Current resources and potential for 
integration of efforts among INTSORMIL, ICRISAT, and Na- 
tional Agricultural Research scientists were idcntified August 
11. 2002. 

Hosted visit to Tifton, Georgia, by Walter de Milliano, 
African Cereals Specialist, African Center for Crop Improve- 
ment, University ofNatal. Republic of South Africa. Discussed 
regional and global objectives and strategies for pearl millet 
improvement, and identified specific germplasm exchange op- 
portunities between ARS and Southern Africa region programs. 
June 19.21.2003. 

Visited John Erpelding, Sorghum Curator, at the USDA- 
ARS Tropical Agriculture Research Station, Mayaguez, Puerto 
Rico. Discussed application of molecular genetic technology 
to germplasln conservation and breeding objectives in sorghum 
and pearl millet. March 28, 2003. 

Experimental pearl millet germplasln developed in the U.S. 
was distributed to collaborators in Guatemala and El Salvador, 
and field supplies were provided to collaborators in Mali and 
Ghana. 

Publications and Presentations 

Journal Articles 

Lynch, R.E., B. Guo, P. Timper, and J.P. Wilson. 2003. United 
States Department ofAgriculture-Agricultural Research Ser- 
vice research on improving host-plant resistance to pests. 
Pest Management Science 59:71X-727. 

Books, Book Chapters, and Pr0ceeding.s 

69 in: Leslic, J.F. (Ed.) Sorghum and Millets Diseases. lowa 
State Presh. 41nes. lowa. 

Wilson. .l.P 2002. Diseases of pearl millet in the Americas, pg 
465-469 i n :  L.eslie, J.F. (Ed.) Sorghum and Millets Diseases. 
lowa State I'ress, Ames, lowa. 

Zurjevic. Z.. D.M. Wilson, H.H. Caspcr, and J.P. Wilson. 2002. 
Fungal cont;lminants and mycotoxins on stored pearl millet 
grain. pg 1 7 3  in: Leslie, J.F. (Ed.) Sorghum and Millets Dis- 
eases. Iowa State Press. Ames, lowa. 

Wilson. 1.P. WW. Hanna. D.M. Wilson, and A.E. Coy. 2002. 
I-lost-specific differences in preharvest grain infection by 
loxigenic fungi in dryland pearl millet and corn. Phytopa- 
lhology 92:S87. 

Hanna, W., I .  Angarawai, A. Fofana, R. Gates, J. Gonda, S. 
Gupta, F. Muuka, 6. Ouendeba, M. Sanogo, and J. Wilson. 
2002. Grain and forage yields ofpopulation hybrids between 
West Africa11 pearl millet landraces. INTSORMIL PI Con- 
ference. No\'ember 18-20,2002. Addis Ababa, Ethiopia. 

Hanna, W .  I .  Angaralvai, A. Fofana, R. Gates, J. Gonda, S. 
Gupta, F. Muuka, B. Ouendeha, M. Sanogo. and J. Wilson. 
2002. Pel-fbnnance of various cycles of population hybrids 
between WesL African pearl millet landraces. INTSORMIL 
PI Confercn~.~. November 18-20,2002. Addis Ababa, Ethio- 
pia. 

Wilson. J.P.. W.W. Hanna, M. Sanogo, J. Gonda, and I. 
Angarawai. 2002. Downy mildew incidence in pearl millet 
populatiotl hybrids in West Africa. INTSORMIL PI Confer- 
a c e .  November 18-20, 2002. Addis Ababa, Ethiopia. 

Z. Jurjevic. l1.M. Wilson,J.P Wilson,G.C. Rains, D.M. Geiser, 
N. Widstrom. F~~sarium species on Georgia corn and pearl 
lnillel and its rclation with fumonisin production. Phytopa- 
tholoyy 93:S12. 

Wilson, J.P. and R.N. Gates. 2002. The dynamic multiline popu- 
lation: An alternative approach to durable resistance'? pg 65- 
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Purdue University 

Principal Investigator 

Dr. Gebisa Ejeta. Dept of.4gronomy. Purdue L'ni\ersit): \'*st Lafayette. I\ 1'90- 
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Breeding sorghum varieties and hybrids for use in de\el- Objectives. Production and Ltilization Constraints 
oplng countries requires proper recognition o f  the major con- 
straints limiting production. knowledge of germplasm. and an 0bjectir-e~ 
appropriate physical environment for evaluation and testing. 
Successful breeding efforts also require knoaledgr of mode of ~ ~ , ~ . ~ ~ ~ ~ h  
inheritance and association o f  traits that contribute to produc- 
tivity as ne l l  as tolerance to biotic and abiotic stresses. Re- . ~ ~ ~ ~ ~ d )  the inhentanCeoftrai ,sasm.l a,ed,,ith mluansc 
search and germplasm development activities in PRF-207 at- to biolic and stesses in wphum 
tempt to address these essential requirements. 

To elucidate mechan~snis oireslstalics to these .;tresses in 

PRF207 addresses major biotic and abiotic constraints 
(drought. cold. grain mold. and other diseases) that limit pm- 
ductivity ofsorghum in many areas ofthe world. O\ r r  the !ran 
significant progress has been made in some o f  these areas. 
Superior ra\v germplasm have been identified, mode o f  inhertt- 
ance established. chemical and morphological traits that con- 
tribute to productivity as \yell as to tolerance to these stresses 
have been identified. Selected gene sources ha\e k e n  placed 
in improved germplasm background. some of which ha\e al- 
ready been widely distributed. 

sorghum and or millets. 

To evaluate and adapt n ru  hiotechnolofical rechniqua and 
approaches in addrasing sorghum and ni~llet conitr3ints 
for which con\mt~onal approaches ha\c nGt ks? iuscas- 
ful. 

To de\clop sorghum \anstis' and h! hrids u tth itoprwed 
! ieid potential and broader en\ ~ronrnenul adapr3rton 

To develop and enhance sorghum gsrmplasm ut th  tn- 



?nt and Cof7se~r,urion 

creased levels of resistance to drought, cold. diseases, 
and improved grain quality characteristics. 
To assemble unique sorghum germplasm. and to encour- 
age and facilitate free exchange of germplasm between U.S. 
and LDC scientists and institutions. 
To assess applicability of various statistical and DNA fin- 
gerprinting technologies for evaluating gcnomic similar- 
ity or for discerning genetic diversity of sorghum and mil- 
let germplasm pools. 

Training, Networking, and Institutional De),eiopnze17t 

To provide graduate and non-graduate education of U S .  
and LDC scientists in the area ofplant hreeding and genet- 
ics. 
To develop liaison and facilitate effective collaboration be- 
tween LDC and U.S. sorghum and millet scientists. 
To encourage and facilitate positive institutional changes 
in research, extension and seed programs of collaborating 
countries involved in sorghum and millet research and de- 
velopment. 

Research Approach 

The research efforts of PRF 207 are entirely interdiscipli- 
nary. The on-campus research at Purdue is in close collahora- 
tion with colleagues in several departments. We undertake ha- 
sic research in the areas of biotic and abiotic stresses where a 
concerted effort is underway in elucidating the biochemical and 
genetic mechanism of resistance to these constraints. Field and 
laboratory evaluations of sorghum and millet gemplasm are 
coordinated, the results from one often compleinenting the other. 
In addition, there have been collaborative research elTorts with 
colleagues in Africa where field evaluation ofjoint experiments 
are conducted. 

Our germplasm development and enhancement program 
utilizes the wealth of sorghum and millet germplasm we have 
accumulated in the program. Intercrosses are made in specific 
combinations and populations generated via conventional hy- 
bridization techniques, through mutagenesis. or through tissue 
culture in vitro. Conventional progenies derived from these 
populations are evaluated both in the laboratory and in the field 
at West Lafayette, Indiana for an array of traits, including high 
yield potential, grain quality, as well as certain chemical con- 
stituents that we have found to correlate well with field resis- 
tance to pests and diseases. We also evaluate our gennplasm 
for tropical adaptation and disease resistance during the off- 
season at the USDA Tropical Agricultural Research Center at 
Isabella, Puerto Rico. Selected progenies from relevant popu- 
lations are then sampled for evaluation of specific adaptation 
and usefulness to collaborative programs in Sudan, Niger, and 
more recently Mali. Evaluation of the drought tolerance of our 
breeding materials have been conducted at Lubbock, Texas in 
collaboration with Dr. Darrell Rosenow, in a winter nursery at 
Puerto Vallarta, Mexico, as well as the University of Arizona 

Dryland Station at Yuma, Arizona, and several locations in Af- 
rica. Over the years. assistance in field evaluation of nurseries 
has also been provided by industry colleagues particularly at 
Pioneer fliRrcd and DeKalb Genetics 

Thc training, networking and institutional development 
ef'forts of I'RF 207 have been provided through graduate edu- 
cation. organization ofspecial workshops and symposia as well 
a5 direct and closer interaction with research scientists and pro- 
gram leaders of NARS and associated programs. Much of the 
effort in this area has been primarily in Sudan andNiger, with 
limited activity in Mali and some in Southern Africa through 
SADCilCRISAT. 

Project Output 

Research Findings 

Selecrio17 ,/or Grain Yleld in Sorghum (irrder zhfoisft/~~e Sfrcss 
iind R'iit~.irni Stress Envip-onmenfs 

Crop breeders in the semi-arid tropics often confront a 
combination of moisture and nutrient stress in their target pro- 
duction en\ironments. Stability of performance under stress 
conditions is thus a desirable goal for crop improvement. To 
improve and stabilize crop production in stress environments, 
the genetic potential of the crop germplasm to available envi- 
ronmental stresses need to be adjusted. Strategies are available 
for imp]-(wing performance in nutrient deficient and moisture 
deficit soils of the SAT. One of the approaches assumes that 
selection of plant genotypes under optimal nutrient and mois- 
ture supply may maximize genetic gain in low input production 
environnicnts. Testing the usefulness of this approach will be 
important both in the stress-prone SAT as well as in temperate 
environmcnts where stress is infrequent but farmers are often 
looking fhr ways to reduce production costs. In certain situa- 
tions. the amount of genetic progress from selection for broad 
adaptatioti i n  hoth favorable and adverse production conditions 
diminishes as the intensity and frequency of stress increases in 
the unfa\or;tble production environments. In others, the initial 
selection under limited nitrogen supply would not improve the 
probability ofidenti@ing cropgenotypes with wide adaptation 
to both I~igli and low fertility conditions. These conclusions 
were draw11 from sorghum studies which were conducted in 
either moisture stress or limited soil fertility. However, crop 
breedcrs in the semi-arid tropics most frequently confront a 
combination of both moisture and nutrient stresses in their tar- 
get production environments. Therefore, evaluating hreeding 
matel-in13 under both limited moisture and nutrient supply may 
increase !he chance for identifying lines which are adapted to 
one or botli stress conditions. 

The hreeding procedure commonly practiced for handling 
segregatin: ger~erations affects the rate of genetic progress that 
can he made under stress. Single plants selected from early 
segregatins generations in nutrient deficient and moisture defi- 
cit soils may fail to maintain thesameexpression in subsequent 



Table 1. Mean grain yield, da!s to flolrering, and plant height of single-seed derited 
F6 lines, their parents, and inbred checks grorrn under high and low fertilih 
as rrell as rainfed and irrigated conditions for h % o  !ears. 

~ ~~ .~ - - - - 
Rccnmh~nulr 
LO&,&. m c_&& 

En\ironment \lin \ l a \  \lean \lean \lean 
Grain \kid l\l&hn') 

- -  - -  - 
LCU Fcni l~b I U 4 N  2 lila l .Hu ? 4-1 

tll%h Fern!\? 3-12 U th 6 4hh - -. .b * w3 
Ramfed 1.08 2 44 I 94.t : %a : *a 
Irngarrd i 2 5  4 64 I U h  : 2~:h : a:$ 

Plsnl Hpieht irm) 
1 .o~  Fenill? 68 1 S-l i l ' ir Ilhl :tNl 

High Fcn~liQ 65 I'M I:@ ICIU i ~ , ~ -  I :, 
Ralnirzl 60 Is?. Vha \ -a  -:u 
lrn.aied 6.4 1'22 12)b !o*b :is:? 

D.>r  to i.buerinp 
Loa Femlil) OX *I -& - .  hl 

*. -a 
Hleh Fenti@ '0 h5 'tu ?J -4.3 

Ramfed I8 60 N a  h l a  *:a 
I r n f a r d  ih -. hhh (hl c.:t 

- - -  - -- - - -  - _ - _ _ _ - - -- - - 

\leans of the rno f tni l~? le \ i l i  or rno;.ittm ri.glm\ I;lllo<rzd h) the urn Ict!cr i ~ c w  nor r~gnlticmxiy d~llrrm~ a p-,I 81; :L-.r: ;5:?i :~s 

progeny testing because of the inherent lack o f  uniformity in Usan yields o ia l l  RI  lines. the~r parcnrs. and checks in thc 
the in tms in  of these stresses in the experimental field during lo\\ Senility en\ ironment irere sipiticantl! smaller than t h w  
selection as well as because of the resultant segregation fro111 i n  high Fertility en\ironment. Lou 5011 fertilit? -edui?d rr,ean 
single plants. To minimize these problems. e~aluation and st- yields ofal l  genot!pes to 46'0 ofthe h ~ g h  fenil~t> en\imnment 
lection for stress tolerance may be delayed until tnle breedin; (Table I ). Thc o \ e n l l  mean yieldofal l  genot!psr in the n i r i f d  
lines are de\ eloped. The use of the sinzle seed descent breed- m\ iron~nent \\as reduced to 69'0 ofthe imgaied en\ ironm:nt. 
inf method which allo\ys rapid anainmsnt ofhorno~gosi ty ma!. Grain ! ~elds under ~mgat ion u ere une\psctedl! lea kause 
therefore. he suitable for dexeloping recombinant inbred line5 ofthe limited irrigation uater suppl!. The rwnnlbinanr i n h r ~ d  
to be tested under an array ofcontrasting moisture and nutrien: lines. thelrparents. and checks did not differ jignifisantl! from 
en\ ironments. one another for grain !ield in each contrasting en\~ronmsnt 

(data not shoanr. The lo\\ fenilit! en\Ironmcnt dl4 not ditfer 
The objectives of this study \wre I I )  to explore the from the high ien~lit! en\ironment ior plant hs~g'l:~ o i the in- 

extent of genetic variabilit? among recombinant inbred lines of bred lines. their parents. and checks. B? contrast. plane from 
sorghum in high and lo\\- fertility as well as in irrigated and each group grcm significantly taller in the imga~ed en\lrrbn- 
rainl'ed conditions and ( 2 )  to predict and measure the corre- nwnt than i n  the rainfed en\ ironment The ditfsrrncr; In mesn 
lated responses o f  yield \\hen selection is exercised in either days to flattering hetusen high and lo* ienil~t! m d  krmri.n 
oneen\ironmentoracombination ofcontrastingen\ironmmts. ramfed and imga~ed en\ tronmenls \\ere not i l gn i f  cant. \!em 

yield of the h~ghest ! ielding RI  line \\as more tkan 11, l i e  J\ 

Fifn-seven random R I  lines of sorghum den\ ed via single great as the mean yield o f  the lo\\est ! ~ s l d i n  m-onlh1n3nt i2-  

seed descent from the F, generation of a cross hsr\\een K886 bred line in each tea en\ ironment. I n  spite oisuch i3se  d~fTer- 
and CS3511 were used as experimental materials. KR86 \ras ences in g n l n  yield. the genoic \anance in h ~ g h  ienilit! en\ I- 
an inbred line tolerant to pre-t lo\wing drought stress. CS3l-I I ronment \\as not significant k c a u x  o f  laee !ear \ l ~ n e  inter- 
was chosen for its susceptibilin to pre-flouering drought stress action. 
and its good general combining ab i l in  and production o f  high 
yield potential hybrids under stress free conditions. The re- The genetic lariance for grain! ield in each s m s  en, iror- 
sponses of these n \ o  sorghum inbred lines to limited nutrient men! did not differ from the corresponding nlmstrsii. en\ Iron- 
supply was unknown. The 57 R I  lines. the two parents. and merit hascd on standard errors Funhermow. I ~ n e  Y !ear inter- 
three checks n i t h  tolerance to either pre- or post-tlo\\ering action for grain )ield in each stress en\lronment itas either 
drought stress \rere grown under dryland. irrigated. low fenil- comparable to or signitiianrl? smaller than that i n  the i o m -  
it). and high fertility conditions. The In\\ fertility e\perimenr sponding nonstress en\ ironmcnt rTahle 1 1  I t h ~ u g h  the ge- 
\ras planted in the field which receixed no fenilizer io ro \er  35 netic \ariances for plant height and da! j to t l c u e r i n ~  ir 
years. The high fertility experiment receixed 150 k: S. 40 kg nonstress en\ironnlents \\ere slightl! higher than t h o x  in the 
P. and 50 k g  K per hectare. respscti\e stres5 m\ironments. the din-trences \\ere not statls- 
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Table 2. Components of variance and heritability estimates for grain yield, plant 
height, days to flowering of recombinant inbred lines for contrasting test 
environments. 

- 

Environments Gen. Var GXE V A K  Heritability 
Grain Yield 

Low Fertility O.IX10.08** 0.14+0.07** 0.60i0.26 
High Fertility 0.0410.10 0.51r0.i3'* 0.1 X*0.44 
Rainfed 0. I6*0.08* 0.21~t0.011** 0.5410.28 
lnigated 0.24*0.09** 0, lX+0.09~k* 0.5910.24 

Plant Height 
Low Fertility 0.83=0.19** 0.0')10.02'* 09610.22 
High Fertility 0.86+0.19** 0.05L_00.02"* 0.97+0.2 1 
Rainfed 0.71i0.17** 0.1 liOO?** 0.9310.22 
Irrigated 0.89+0.19** 0.05~0.02** 0.97+0.2 1 

Days to Flowering 
Low Fertility 0.67=0.15*" 0.0410.(11* 0.94*0.2 1 
High Fertility 0.59i0. l h*" 0.24+0.0(,** 0.88+0.23 
Rainfed 0.49+0.13** 0.13~0.0;** 0.8610.23 
Irrigated 0.81*0.18** 0.07M.O?** 0.94h0.2 1 

~- 
*, ** Significantly different from zero at ~ ~ 0 . 0 5 ,  and p=0.01 lcvcls. rcspectivcly. 

tically significant based on standard errors. Heritability esti- trasting environlncnts was used to evaluate the actual yield 
mates for each trait in each contrasting environment followed a advances from indirect and direct selections (Table 3). lndirect 
similar trend as the genetic variance estimates (Table 2). Ge- selection in low fertility environment u,as less effective for 
netic correlation between low and high fer-rility environments improving grain yield under high fertility enrjironment than di- 
for grain yield did not differ significantly from zero. Although rect selectiorl in high fertility environment itself. In contrast, 
the genetic correlation between grain yields in rainfed and irri- the yield admncrs under low fertility environment resulting 
gated environments was more than two times as large as its from indirect seiection in high fertility environment was nearly 
standard error, it was not very high either (rc-0.66). Genetic as high as the one from direct selection in low fertilityenviron- 
correlation between grain yields in rainfed and low fertility en- ment. Selection based on the rank summation which included 
vironments was closeto one. These results did suggestthat yield both low and high fertility environments increased yields sig- 
responses of the RI lines in the two sets of contrastingenviron- nificantly i n  thcse two contrasting mvironments. When the in- 
meots, soil fertility and moisture regime, were controlled by dex involved rainfed and low fertility environments, yield in- 
different sets of alleles. By contrast, thc performances of in- creases of tlre selected lines was greater in low fertility envi- 
bred lines under rainfed and low fertility ent'ironments were ronment than in high fertility environment. Selection in the 
similar Genetic correlations between contrasting envir<~nments rainfcd ensin,nment improved yield significantly in both rainfed 
for plant height and days to tlowering were signilicant and high. and irrigated environments. On the other hand, indirect selec- 
Predicted gain from indirect selection for gririn yield in each tion in the irriyatcd environment failed to improve yield under 
nonstress environment (high fertility and irrigated) was smaller rainfed condition, lndirect selection for increased yield based 
than the predicted gain from direct selection in the correspond- or? the rank summation which involved both irrigated and rainfed 
ing stress environment (low fertility and rainfed). as indicated environrne~lts or rainfed and low fertility conditions were nearly 
by the relative efficiency value o f <  1.0. lndircct selection for as good as ths corresponding direct selections made in irri- 
grain yield under rainfed condition was found to be as efficient gated and rainfed environments (Table 3). 
as direct selection under low soil fertility. lndirect selection for 
plant height and days to flouering in each nonstrcssful envi- As sorghum is largely produced in nutrient deficient and 
ronment produced as large a response in the respective stress rnoistul-c deficit soils in the semi-arid tropics. it is necessary to 
rnvironment as direct selection in the stress en\rironment itself. evaluate tlie genctic potential ot' breeding materials to with- 

stand these two stresses. Although a limited number of recom- 
Because yearto year variation is inherently high in stress- binant inbred lines were included in our studies, large differ- 

prone production environments, a selection scheme that takes ences i n  grain ~ie ldamong these lines were found in lou: fertil- 
advantage of genotype by year interaction may prove useful. A ity and rainid environments. Thus. the cross segregated for 
rank summation index which assigned equal weights to the two genes contrnlling pruductivity in both nutrient deficient and 
years in each environment as well as in a combination of con- rnr~isture ddicit soils. The variation in grain yield was not cor- 



Table 3. Mean grain yield of the best 10 lines selected in a single environment or a combination 
ofensironments by using the rank summation index which was expressed as a percentage 
of the overall mean of  all the random lines tested in each response environment. 

Selection Environments 

Lo\\ Fertility 
High Fertility 
High - Lo\i Fenilih 
Rainfed - Lon Fertilit). 

Dpland 
Irrigated 
Irrigated - Rainfed 
Rainfed Lo\\ Fertility 

Rvrlxmw En\ Ironrwnt 
Low Ferfilic High Fetilit? 

- -- 
**Sipnificantly higher than the o\erall mean of 311 the inbred lincs ( 1OO0o\ at p=0.@1 le\cI using LSD. 

related with the ariation in plant he~ght and dais to lloweriilg. 
indicating that it should be possible to identil') high !ielding 
lines specificall! adapted to nutrient and moisture limited rn- 
\ ironments in different maturity and heipht backgrounds. One 
ofthearguments for selecting in a favorable en\ ironment. e\ :n 
ifimpro\ed performance is sought for a stress en\ ironment. is 
that the former permits greater genetic xariance amone 1in:s 
with smaller year to year fluctuation in genot!pic performance 
than does the latter. The genetic and line 1 year interaction \ aii- 
ance estimates for grain lield in the high fertiiii? and 1rrigatt.d 
environments of our studies did not indicate such trends. In 
fact. genetic variances for grain ) ield in these two nonstresshil 
conditions did not differ significantly from those in the come- 
spondinp stress conditions. The magnitude of line i !ear inter- 
action for grain yield in each nonstress en\ ironment thigh fer- 
tility or irrigated) was either comparable to or grater than thst 
in the respecti\e stress environment ( l o x  fmilit? or rainled.. 
E\ en if the genetic variance under nonstress condition a a s  larger 
than the genetic variance under stress condition. the differences 
for grain !, ield obsened in the absence ofsrress might he layel! 
unrelated to the differences obsened in the presence ofse\err. 
stress. Variation in productivih of genot!pes obsened in the 
presence of drought stress may arise from dityerences in ana- 
toniical. morphological. and physiological features. Funher- 
more. \.ariation in the yielding ahilii) ofgenot!pes in the pres- 
ence of nutrient stress ma)- he mediated by differences in nutn- 
ent uptake. partitioning of the nutrients into the grain. and nu- 
trient use eficienc). Therefore. detecting dityermces among 
grnot?pes for responses to stress b! tneans of such complex 
traits ofadaptation \ \ i l l  be difficult byhen stress is absent. 

Indirect selection for increased yield under hieh fertility 
or irrigated environment was found to be less etficiient than 
d~rect selection in the corresponding stress environment (lo\\ 
fertility or rainfed). Honever. selection in each nonstress en\ i- 
ronment based on the rank summation index scores identified 
lines which did well in the respective stress en\ ironment. Since 

the f rnnic  correlation u3s an men11 in\erss measure o i  the 
gmot?p- 1 ens ironment intsracti~>n of the mt rz set of ines. 
some gsnot!prs could interact \ e p  little \s ~ : h c ~ ~ r t m . ~ t t n ~  :n\ I -  
roninrnts not\r ithstanding the presence \,fa lo\\ +-netli come- 
lation. Our results suggested that s c l c c t ~ ~ n  icor! !<Id in nois- 
lure and nutrient stress en\ ironmenrs shmild Iw done dirsctl) 
in those en\ironments. Hone\tr .  the ds\ elopn~znr o i j e p l n t e  
hreedlng p r o p m s  for moisture and nutnent itmj en\ imnntenrs 
u 111 kditficulr and eyxnsne .  .A more realist~i ~ tpproa~h \\,xuld 
he to screen hreeding mattrials in plots \\hiih comb~ns Wth 
drought and nutrient stress The btron: genet:< co~el3t ic~r  he- 
rueen rdinfed and lo\\ fenil~t? en\~rcnments i ~ ~ r !  iclf mi! the 
common occurrence of inbred lines ahich \\ere :epnnklrg  in 
hoth rainfed and lo\\ fenilit? conditions in our s r~dies  pro\ ded 
an additional cuppon to this approach. To achie\e i.rtater sain 
in perfomlance in these tuo  stress cond~tions. incorp,n:~ng 
parcnrs \r ith g d  performance under IOU Input le\cls in cro.;re5 
\rill he needed. Because fa\onhle gro\\ln$ seasJns are w i a -  
sionall! encountered in sorghum prduction en\ irnnments. al- 
ternatins selection in moisture and nutnsnt s t res  41th wlec- 
tion in faxorahle cond~r~ons ma! perrnrt the idmtitic311t~n of 
lines ahish are adapted to both stressful and nonit:ersiul c.v- 
ditions. 

Sehvorking Activities 

Research In~~esrigafor Exchange 

Hr had \ is~tors from India. Ethiopia. Burk~ns Faso. Ilai!. 
\Ies~co. and Bnzil during ?Ml. Dlscuislons \\ ere held on \\ or). 
In drought tolerance. mold reciaance as u ell as marker assisted 
sclecrion for man! oirhe traits addreibsd in  this p-c,ject 

Germpla.snr Exchange 

\\'e continue to pro\ide an a m ?  of sorghum gernlpl3s:n 
from our hreeding program to national reiearch pragnms 1n 
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developing countries. Our germplasm is provided in either a 
formally organized nursery that is unifom1ly distributed to all 
collaborators that show interest or upon request by a national 
program of specific germplasm entries or groups from or 
germplasm pool. Germplasm was distributed to cooperators in 
20 countries in 2002. 
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Dr. Aboubacar Toure. Sorghum Breeder. ISTSORSIIL Host County Coordinator. IER. B.P. 47s. Sotuba. B3rn3hc,. \!3:1 

Dr. Medson Chisi. Sorghum Breeder. Golden \alley Research Station. G4RT. Box 54. Fringrla. Zambla 
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Ing. Rafael Obando. Sorghum Breeder. CSI.4 1ST.A. .Apartado 124-. Slanagua. Slcaragua 
Dr. Sdiaga Cisse. Plant Breeder. ISR.4-CSR.4. B.P. 53. Barnhe!. Seriegal 
Dr. Ibrahim D.K. htoliple. Sorghum Breeder. S-ARI. PO. Box 52. Tamale. Ghana 
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Dr. G C. Peterson. Sorghum Breeder. Texas ;\&\I Universit? Research and Extension Center. Lubtxxk. T I  -34ib.: 
Dr. W.L. Rooney. Sorghum Breeder. Dept of Soil 6; Crop Sciences. Texas .A&\l Ini\ersit:.. College St3tion. T S  --S4.: 
Dr. L.W. Rooney. Cereal Chemist. Dept of Soil 8; Crop Sciences. Texas :\&\I Cni\crsit!. College St3til>n. T I  --<J? 

Dr. R. D. Waniska. Cereal Chemist. Dept of Soil 8; Crop Sciencss. Texas :\&51 Cnl\ersit>. College Stnti~%n. T I  --,U3 
Dr. G N. Odvody. Plant Pathologist. Texas .-\&\I Lni\ersir? .Ag Research 8; Extension Center. Corpus Chniti. T I  -S4lX, 
Dr. Gebisa Ejeta. Sorghum Breeder. Dept of -\gronom). Purdue Cni\ersit). \Vest Laia!ette. IS 4-91'1- 
Dr. S1.R. Tuinstra. Sorghum Breeder. Dept oi.Agronom>. Kansas State Cni\ersit!. \!anhattan. KS Mil)(. 

Dr. L.E. Clatlin. Pathologist. Kansas State L'ni\ersity. \tanhattan. KS 66906 

Summary 

The principal objectives of T'ASf 221 are to identifi and 
develop disease resistant and drought resistant sorghum 
germplasm in genetically diverse backgrounds for use b! host 
countq and U.S. scientists. to identi%. evaluate. and utilize 
new elite exotic germplasm. and to collaborate ~ i t h  host coun- 
t y  scientists in all aspects of their crop impro\ement programs. 
The disease and drought resistance breeding program contin- 
ued to develop and evaluate n e a  germplasm for use in the U.S. 
and host countries. Fom-nine nen  iu l lcon\ened exotic lines 
and 71 partially converted lines from the coopsrati\e T.4SIU- 
T.4ES 'CSD.4-.4RS Sorghum Convmion Program \\err sub- 
mined for release. Zumerous ad\anced generation B and R 
lines developed in T.4Lf 222 were identitied as patenrial re- 
leases for distribution to private companies and U.S. and host 
count5  public pro-mms as the project leader ahemprs to phase 
down the sorghum breedins project in preparation for retire- 
ment. 

Data and characterization on the Mali Sorshum collection 
of indigenous sorghum cultiiars was completed and entered 
into the USDA-ARS GRlS system. Several \ e n  unique and 
promising ne\v Durn and Dum-Bicolor and Dum-Dochna npc 

cultiran irclrn the d n  northern pan oi\Iali eerc  :dmriried rn 
the Collection. and hold promrse in sorghum lmpro\emert rn 
the drought prone areas of.Airlsa and rhr L S .  A.  B R-line re- 
action and h?brid \ igor of selected \laIran and Sudanese zulti- 
tars \bas dstenniiied. T\\cnl?-fi\e sorghums imrn the \la11 
Collection \rere selected for enln Into the S~>ehurn Cc,nier- 
sion Pmgnm. 

Breeding progen? dr\eloped in TA\l 2 2 2  uhich had 
sho\\ed escellent pxentlal In ihe Zamblx. South :\fnc3. \ic3- 
ragua. El  Saltador. and in south and ~ e s t  Te\as nith \ar.,,ui 
combinations of high !reld. drought reststance. grain q u ~ l ~ t ) .  
and disease resistance \\as a ~ a r n  di$rrrbuted to se\eraI i ~ ~ c t  
eounln screntists. The! o t k r  good p~tenilal ior use as \anel- 
ies directl! \\ here approprtare and a l ; ~  33 parental lines im use 
in hybrids. Sfacia can imprmed cultnar ir~,m \I,~zanihiqucl 
d e n ~ a i i \ e  lines lwked espeiiall! promislnf 2nd als~, otfsr FL 
tential to de\el<,p some lmpro\ed uhltc-seeded. :3ii-pl~nt pa- 
rental lines ior L.S. use. 

Ster!limui,n and c\aluat~<m conllnued on  3 13ye nurYhzr 
of nea B-llne hreedlng fenotyps  to assist d e i ~ i i ~ ~ n s  c>n a hizh 
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ones to release. These lines contain various colnbinations of enous Mali and Sudan sorghum cultivars and evaluate for 
stay green drought resistance, lodging resistance, improved useful traits and breeding potential. 
grain quality, and head smut resistance. Several are white- Strengtiierl the collaboration with scientists in Ghana and 
seeded, tan-plant A-B pairs that could he useful in food-type Senegal including breeding, pathology, entomology, 
hybrids. agrononiq. and Sfrigu research. 

Flour made from the IEWLNTSORMIL developed tan plant cenryo/ ,~l,~c7,-;~.~l 

euinea cultivar. N'Tenimissa. was successfullv used in Mali bv - 
a private bakery @AM) to produce and market a new cookie, . ~~h~~~~ yennplasln base with sources ofresistance to grain 
DeliKen, made with 20% sorghum flour being substituted for mold, fl,lillr diseases and drought, and food type sorghums. 
wheat flour. A private entrepreneur was successful in organiz- and lines for adapted commercial hybrids. 
ing the production of 13,800 kg of N'Tenimissa in 2001 and 
had initiated new markets in addition to the GAM bakery. He Hal, of-lfi ,,dSc,i 
organized the nroduction of an estimated 200 tons of - 
N'Tenimissa grain in 2002 with numerous farmers. but com- Enhance drought resistance, disease resistance, and 
pany financial problems halted the 2002 project. It has been 

ncrmplasm hase with the development of improved high shown that newcultivars with improved grain quality traits can - 
stimulate the development and commercialization of new sor- yielding. adapted germplasm and elite lines. 

ghum-based products. Some of the new N'Tenimissa breeding 
progenies in Mali show good promise to be even superior to Con"traint.' 

N'Tenimissa for production and grain quality. One of the new 
cultivars, 97-SB-F5DT-63, N'Tenimissa*Tiemarfing, has been Drought is the major constraint to sorghum and millet pro- 

released and wassa, rwo other new tan-p~ant, (iuinea duction around the world. West Texas has a semiarid environ- 

cultivars ( ~ ' ~ ~ ~ i ~ i ~ ~ ~ t ~ i ~ ~ ~ ~ f i ~ ~ )  have been given names ment ideal for large scale field screening for both pre- and post- 

zarra and ~ ~ ~ i ~ k ~ d i ~ ,  and will be increased and evaluated for flo\vering drought response and breeding for improved resis- 

value-added products and cotnmercial utilization. tance to drought. 

Collaborative INTSORMIL activities recently initiated in 
Senegal and Ghanaare continuing in the areas ofsorghum breed- 
ing, disease resistance, and S f r f ~ u ,  as well as in entomology 
and agronomy research. MOUs are currently in place with both 
countries. 

Objectives, Production and Utilization Constraints 

Objectives 

Diseases are important worldwide and most intemation- 
ally important diseases are present and are also serious con- 
straints in Tcxas. especially downy mildew, charcoal rot, grain 
mold!weathering, head smut, and head blight. The Texas envi- 
ronment, particularly south Texas, is ideal for screening and 
brecding sorghu~ns with high levels ofresistance to most inter- 
nationally important diseases. 

Poor grain quality is a major problem over much of West 
Africa and is priinarily due to the head buglgrain mold com- 
plex. Head buss are a major constraint to the use of itnproved 
high yielding nortguinea type sorghums in much of West Af- - .  - - . . - 
rice. with head hug damage often compounded by grain mold, 

Develop and release agronomically improved disease and resultine in a s,,li. discolored endosnem. which is unfit for ~r . ~ ~~ ~ ~ ~ 

drought resistant lines and gemplastn and :dentif>' new decclrticalion :~nd traditional food products. Early maturity of 
genetic sources of desirable traits. Select for drought re- intrc,duced also increases the grain deterioration proh- 
sistance with molecular markers. Evaluate new gemplasm 1, the sout!lern regions. late maturing. photoperiod sensi- 
and introgress useful traits into useable lines or germplasm tive sorghums are nceded to assure grain maturity after the rainy 

Wesfern Rcgion/Wcst Africa I.Wirli, Ghana. Senc?gal) 

Develop, release, and distribute agronomically acceptable 
white-seeded, tan-plant Guinea type sorghunl cultivars to 
enhance the commercial value and demand ibr improved 
value, high quality sorghum grain. 
Develop high yielding white, tan non-Guinea type impro\,ed 
cultivars with high levels of resistance to head bug and 
grain mold with adaptation to the drought and soil condi- 
tions ofWest Africa, and with acceptable levels of disease 
resistance. Characterize and describe the selected indig- 

season 

Much of LVcct Africa, especially the more northern areas, 
are drought prone areas and drought tolerance is important. 
Faliar diseases sitch as anthracnose and sooty stripe are impor- 
tant in the central and southern pans and in certain areas of 
Southern Africa  long with leaf blight. In much of East Africa, 
the rnajor constraint is drought, and related production prob- 
lems Moisture-stress related charcoal rot and subsequent lodg- 
ing are serious problems. Srriga is a major constraint in most 
areas including Vali, Niger. and Sudan. 



In Central .4merica, diseases and grain quality are major Quarantine Station in St. Crou(man! itemir. andmthsne\a lu-  
constraints. \tith drought also imponant in the drier ponions of ated in Pueno Rico and Texas fbr useful tm:s Selectrd phot,+ 
the region. Improvement in the photoperiod sensitive. food- period sensiti\eculti\an are entered into the<oo~ra t i \ e  TAES- 
y p e  maicillos criollos grown in association with maize on small. L S D .  Sorghum Con! enion Program. f m p r a t i \ e  \r,>rl, a ith 
hillside farms is a unique challenge and must bedone on site in T R S  assuresthcircount~'s indigenoui wr,: 71u1n culti\arj are 
Central America. presened in long term prrmanent storage in  the L~S. at the 

SSSL. as \%ell as e\aluatsd and used in germpiaim enhance- 
There is a constant need in host countries and in the L.S. ment programs. Grououts of entire colleitions ~Sudan and 

toconsenegenetic dixersityand utilizeneu di\erse gennplasm \tali) ha\e k e n  gro\\n in their count? ofongin ior ch~nc te r -  
sources with resistance to pests. diseases. and en\ ironmental ization. seed increase and e\aluarion pnor to intrcducr.cn intu 
stress. Many developing countries are an imponant source of the L S .  Assistance is pro\ ided in de\eiopinp rmrrllsr nork~ng 
divenegermplasm in sorghum and millet. Thecollection. pres- or core collections for the '\.ARS to aitnel! ~rrinratn ;!nd use 
enation and utilization of eenetic ditersit) in sorghum is im- in their impro\ement programs. 
ponant to long-term. sustainable sorghum impro~ement pro- 
grams needed to insure sutxcient food for increasing popula- Re.$earch Findings 
tions of the future. 

Breeding. selection. and screening for drought resis- 
Research Approach and Project Output tance continued. using major tield screening nurseries 3: Luh- 

hock. Halfwa!. Chillicothe. Corpus Chrisri and Be<\iIle g ~ x d  
Research .Methods pre-flouenng stress nccumed at Corpus C.hri;ti and Bsl-\tlls 

Extreme late season stress at Lubhwk and Hali\\a! resulted in 
Introductions from various countries \\ ith drought or dis- excellent post-flourring stess and lodging ntingz. The -sta! - 

rase resistance. or specific desirable grain or plant traits. are green" line. B T x M  B3i. continues to k an e\<ellent r u r c e  
crossed in Texas to appropriate elite C.S. or uorld\vide lines or of poa-flo\verinp drousht resistance and lodgin~ resistance in 
breeding materials. Seed of the early genewtions are sent to hreedins progen?. Breeding dm\at i tes  of the parental line. 
host countries for selection of appropriate traits and adapta- BTXN31BI ). a den\ati\e ofB35. sho\ted some glad drrusht 
tion. Technical assistance is protided. as time and trat el per- resistance. with man! shon ing outstanding lcdging rcjist3nce 
mits. in the selection and e\alualion and use of such breeding especially the pedigrees I B 1.1 B-90-1'1 S C - ~ S ' S C ~ ~ ~ I I I I .  
material in the host count?. IBIBBTx630. and (B2-1*BTxh3il Stml iza t i~~n and h!bnd 

e\aluation continued on the a t m e  mennenrd 3 lines $5 7:ch 
Disease resistant breeding material is generated from includes several u h ~ t e  seeded. tan plant lines. 

crosses among various disease resistant source?. agronomically 
elite lines. and new sources of resistance. Initial screening is Te\\ disease resistant hresding material, u err. de\ eloped. 
primarily in large disease screening nurseries utilizing natural screened. and selected along uith ad~anced generation breed- 
infection in south Texas. Selected advanced msterials are sent ing niaterials for imprmed agronomic t q s  rtit'l high le\eli 
to host countries as appropriate for e\aluation and are also in- of. and or multiple. disease resistance. Screening ~ n d  seleit!on 
corporated into ~a r ious  standard replicated trials for extensit e was done primaril) in large disease screening numnss. m~osti! 
evaluation at several locations in Texas and host countries. in south Texas. Xta~or diseases ~n \o l \ ed  uere damn) rnildc\\. 

head smut. anthracnose. grain mold ueathenng. and charcaul 
Breeding crosses involting sources of drought resistance rot. Resistance to other ioliage d i x a w i  zuch z.s rust. zonate. 

are selected under field conditions for pre- andor  post tlouer- and pray leafspot  as alsu selected in  some nursrr:es. 
ing drought resistance. yield. and adaptation at seteral Inca- 
tions in \yest Texas. Selected advanced materials are incorpo- .Approximatel! 30 .A-B pairs and R lines de\eloped im? 
rated into standard replicated trials for etaluation at several mt i t e ly  uith L.E. Clark In the cmprratite drought bresrtir:p 
locarions in Texas and sent to host countries for evaluation and program have k e n  identified for possible r e l e w  Theie Iinc- 
use. contain man? traits ti-irh emphasis on sta! green. and lodging 

resistance. Set era1 are \\hitc-seeded tan plant line; and some 
Convened and partiall! conlened lines from the Sorghum shou enhanced weathering resistance. Thrw uill tu propojrtj 

Con\enion Program. exotic lines. new introductions. and breed- for release mostly as germplasm stocks .Another set tli ad- 
ing materials are screened and exaluated in Texas for neu tanced generation pt rn t ia l  germplasm releases containin; 
sources of resistance to intemationallq imponant diseases and barious desirable traits. including resistance to do\r~r! milde\r. 
resistance to drought. head smut. grain mold neathering. anthracnose. cha:ceal rot, 

hoth pre- and post-florvrring dmupht resistance. I& r!p gni r  
New sorghum germplasm is assembled or collected as op- quality. and lodging resistance ha\ e been ideniiiled. Ser Table 

portunities exist and introduced into the C.S. through the quar- I for a listing of set era1 hrecding lines for ptentiai reisas.  
antlne greenhouse (small number of items) or the LSDA Plant 
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.now breeding Table ,. potmtial A,B Line and ~ - ~ i n e  releases from Dr. D. Ror 

project (TAM 222). 
[lniqlle i r a i t s ( s  

~ ~ ~ i ~ n ~ t i u n / P e d i ~ r e e  head a n l ~ ~ t  res 
(BTn643r~l*~Tr(r15)-ti~14 AIB HFI4 W h ~ r c .  Ian piant 
( R T x h 4 3 ; n ~ r ~ T x b ? i ) - H F ~  AIB HF8 \vhitc. tan plant 
( B T x 6 4 3 ; ~ l " ~ ~ ( > 3 5 ) - \ . ~ 7  AIB V57 \$8),1tc. ,an plmt. head smut res 
(BTxb13 ,~~~~Tx( ,35) -V:X A:B \'78 \ \ l l i tc .  h c d  smut rcs 
(82.1 *g- rx6 i i tV?h  A.B V26 piant. head smut res 

,\:B HF4(3dl (8Tx634*B41-HF.1 \4,1~i~;. head smut res 
A!B HF25 ( B T ~ ~ ? ~ * B ~ ) ~ H F Z ?  \\hltc,  waxy endoiperln 

( B , B O N ~ ~ * N Y ~ ~ I ? I - L D ~  *n A. LO6 r x ?  \V\II:C. tan plant 
( ~ , R o N ~ ~ ' B Y ~ U ~ ) - L D ~  "On A. LD6 no" \I.I,,; ... t o n  plant. head smutres 
( B , ~ ~ 1 ~ * ~ ~ ~ ~ ~ ( ~ ~ * ~ 9 ? 0 ~ i ) - ~ ~ O P ~ K - ~ E 7  

A. BE7 \( h,ti.. tan plant, head smut res ( B , H F 1 4 * B t l I l B ~ ~ ~ ~ i ~ ~ ~ ) ~ - t ~ ~ ~ ~ ' ~ ~ - B ~ ~  
A. BE8 \vhllC, plant, head srnut rcs 

( R , ~ ~ 1 4 * B . D L 0 3 i 7 ) - ! ~ ~ m K - t l E i  
A. BE1 , \h l rc ,  head smut res. wry 

T ~ , ,  plant popula~ion dcrlr. A. TP25der ,;,c. ~3 Dmil ies 
.. ( B T ~ ~ ~ ~ * Q L ~ ~ * R . H F I ~ ) - H L ~ ~  \ \hllr,  tan piunt. P3 D:mil ies 
.. ( 8 ~ ~ 6 2 3 * Q L i ) * D  HF13!-HLl5 1li.d. purple SG. ldg ies 
A. 2-XB) (BTnh25*B351 1li.d, SG. Idg xi. ha res 

( ~ ~ ~ 3 0 4 2 * ( B l ~ x 6 ~ 5 * 8 3 ~ ) )  A. 402 ( s ~ x ; 0 4 ? " [ ~ ~ x 6 ~ ~ B ? i ~ ~  R C ~ .  p ~ ~ r p l e ,  SG. ldg re5 

A. 403 \vh, pt,rple. some 1dg rcs 
A. 409 [BI"B"SOI~ 

\$)I,. purple. some ldg res 
A. PDLT157 ( ~ 1 ' 8 ~ 5 0 1 )  llcd. purple, some SG, ldg rcs 
A. ~ L 0 3 5 7  ( ~ 1 * 8 ~ 5 0 1 1  I R ~ .  S O ~ C  SG, Idg res 
A. D L T I ? ~  ( B I ' B Y ~ ~ I )  R C ~ .  P U T ~ I C  some sG, idg re, 
A. VIO ( ~ 1 ~ ~ 9 5 0 1 ) - V l O  ~ ~ ' 1 .  pu'plc, some SG. ldg re3 
A. V6O (Bl*B9501)-Vbl) \ \ I ,  porplc. some SG, ldg res 
A. HF88 (~I*BY501!-tlF8X R ~ , I ,  purple. sci,  ldg rcs. HS rcs 
A. LD2 (B35"8402)-1.1)? ~ ~ d .  purple. sG. Idg res. HS res 
A.HD9 (~35 '~402) -HDY LC,,, ye l ,  purple. solnc SG. IdE rea 
A. v 3  ( B ~ ~ * B O ~ O S ) - \ ' ~  \ \h,  some sG. ldg re% HS res 
A. HL?-HL2 (BI  *~95111)-HI)"~HL2 

\vh. pumle. some sG, ldg rcs. HS rCs 
A. I=?'?-HL2 ( B I  ~~y5111)-HD"?-HL? 

Restorer Liner \L., 1'". ~ ~ t h ,  ~ u s t .  LB re5 
86EON361 (~?6.16*5C3Zb-6) \+ .7n 

( ~ A ~ 4 2 ~ * ( ~ ~ ? 3 2 * C S ~ 5 4 1  87FON366 1". T,,. w t h r  Res, P3 D. Mil Res 
90EON328 ( S ~ ~ ~ ~ ~ ~ B D M - ~ Y ~ I - ~  i n 5  \y, 1'". w t h r  Rrs, 1'3 D. Mil Res 

(8;~0~36h*Y1110X33?8i-HF6 98CD187 \v. TO. ~3 DM11 Rcs 
9hCD635 ( ~ ~ ~ 3 9 * Y o E O N 3 2 8 ) - i t F 4  w, ~ n .  p3 D.Mi1 Rc i  

( i(7~0~ihh*9liE0"r328)-HF3 9hCD677 itc*, ~ ~ n .  Wthr!GrMoId Res 
( T x Z ~ 9 ~ * ( ~ ~ ~ 7 0 X L Z R 4 - 4 6 7 1  ))-Bkl7 

90EON343 ( ~ ~ ~ o N ~ ~ I * Y u F O N ~ ~ ~ ) - H D ~ ~   KC^. ~ t h r i G r M o l d  Res 
99G\\'09? It<d, pui. R ~ S ,  Some Wthr Re\ 

~ T n ~ 7 ~ . ; ~ ~ ~ ( ~ 7 ~ X X I C 6 3 0 ) l  88BE2668 LV. I,, p3 u.MiI Rei. Dl Res 
82BDbl49Y (sC173*SC414) 11. P, P3DMiI Re3 

(~c74x*SCl,3ll)*SC414) 86PL2120 I,, .ran, p3 D. ~ i l  Rei. Wthr Rss 
9 2 ~ ~ 1 9 x 2 - 4  ( P L ~ ~ ~ " * X ~ E O ~ ~ ~ I - B D ~  ~ ~ d ,  pur. p i  D. M I I  Rei. Wthr Re\ 

I p ~ ~ ~ ? ~ ~ ~ t l l l ~ h l X , ~ - B U 1 9  5EO509 R C ~ .  P U ~ ,  Wthr Res 
~7~,.6.1:'blll-l-467l)LF~ R4317 I(. P. w t h i  Res, Ldg Re$ 

87BH8606 (rX43?s(sc  74X*SC 630)) \v, T , ~ O O ~  hybrids .. ( 8 ( , ~ 0 3 6 1 = ~ ~ 2 h h X ) - L L Z  
it. T, g u ~ d  hybrids .. (klacia*!3Flh68)-HD9 
\\. T. good hybfids .. ( 8 6 ~ 0 3 6 1 * ~ a c i a ) - t l D 1 ~  
\I. 1'. Wtde Adap .. ( ~ ~ ~ i ; , ~ ~ o r i l d o l l S e v e r a ~ )  
\ V T .  Uthr  Rcs 

.. (~84.7*VG1531)1917X \\< T, Wthr Rcs 

.. (surcno-\'Cil S3)CC549 \v. T. Wthr Res 

.. (surcnoxu~EO36hi-CW3 
~ 9 5 0 1  = (~7904~(sC748*SC630!1 
89502 =B~x3042' (BTx6?5L8~51)  
~ 0 0 1  = ( n 1 * ~ 9 5 0 1 1  
By5()3 = ( ~ ~ ~ 6 2 3 * ( B T x 6 2 5 * B ~ 5 ' l i  

do functional pmomics and stress physiology research in "- 
Forty-nine new fully converted lines and 71 partially con- hpcration *ilh scientists in Austrdia were evaluated for Stay 

' ive TAMU-~ES/USDA-ARS bulks from the cooperTt ,reen in T~~~~ and Australia. In another project, advanced 
sorghum conversion program have heen submitted to populations and hybrids were generated and evalu- 
initiating release procedures- to identify QTLS for yield and heterosis in exot'c 

,e,l,lasm~ one donor parent, ~ i a n l a n g  Ai, aChineselandrace 
Near isogenic \ins ( N I L S )  deyeloped (BC6 of = 

( ~ l i * T ~ 7 ( j O o ) )  to do fine mapping of s a y  green QTLsand lo 
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culti\ar appeared to enhance both erain yield and earliness in 2002 uerc dashed due to financial and other prchlem, 111 h ~ s  
hybrids and could be useful in enhancing yield i n  hybrids. compan! 

Several ne\v tan-plant S'Tmimissa deri\ati\ e guinea t y p  
breeding lines looked promising in Mali in 2001. showing less 
stalk breakaee. and better head bug resistance than N'Tmimissa. 
One line. 97-SB-FjDT-63. S'Tenimissa*Tiemarting. has been 
released and is called \Vassa. Two other germplasm. true Guinea 
culti\ars (S'Tenimissa*Tiemafingi nere gi\en names Zarra 
and Keninkedie and \\ill be increased for use in \slue-added 
products. I s o .  some ne\r. shoner S'Tenimissa derivative F, 
and F; lines showed real promise. Selection also continued 
amon8 non-guinea hpe. tan-plant breeding lines with improved 
levels o f  head bus tolerance and ~ a i n  mold resistance. .A local 
prilate entrepreneur successhlly organized the production o f  
a large quantiyofgrain ofN'Tenimissa in 2001 in the Bamako 
area and has initiated a net\ market for the flour. His etfons in 

In  Sicaragua. s e ~ e n l  o f  the breeding llnzs xrhlch ha\e 
lnnked outstanding in the Sou~hern .Ainca  rest‘^^. uerc cr3lu- 
ared and some perforined s e n  a e l l  (Table _'I The 11nr.r 
(J!acia*Doradol-LL6. t I C S \ i i l > Q B F ' \ 1 a c i ~ ~ - H F ~ .  
t \ lac ia 'Dorado~-LL2.  t \ Iacia*D<~rad1>1-I iDl1.  and 
IICS\'l089BF*\lacia1-HF2 comb~ne high ?lei8 2nd appropn- 
ate plant height. and maturit?. and agronorn~c tn: ts ior poten- 
t ~ a l  use as ne\\ culti\ars in S~cara<ua. .Also. the \\ l i i te. [an 
cultnar. \lacla. introduced b) Dr. Gar! Odrc+ ir,>m icuth- 
ern A i r ~ c a  region. has k e n  selected in \~cansua ior r e l s ~ i e  
I.4fncanal [Tzble ?I. \lacia aas one o i  se\enl elltz -\irican 
sorghums sent to Centnl .America in I QW 15 an IVTSOR\l IL 
nunen 

Table 2. Performance of advanced (generation \% hite seeded). tan plant breeding lines for 
potential as cultivars. CSI.4. Sicaragua. 2002. 

<iraln ma> 5 Plant Plnl<ic 

Varier? Scud Y # e l d  lo I l a g ! ~ ~  I\xmil.n 

Pcdlpree Source Lx ha l . ' l t n s  cr cn1 . ;!? 
Suieno ~ 4 L I O ~ X  .Ilh 6s 8 1 -  - 
l\luc~a*Sur~nol-llFI9 O I  HI>44hh 6226 - I )  19- il 

I \ l s c l a ~ D o r u d o l - l ~ l ~ h  1IIC.-\ I 744 511511 hx 159 , 
(ICSVI OX9BF*\Iactal-HFY O1~ ' . . \1 -92  5 -32  hll 1 3  11 

I \loc$a*Dondo l - I ~ L 2  OIC.AI'23 c l i q  1,Q I*\> ., 
I \lncl;%*Durado,-f ID12 0lC.-\I532 5 Ill6 6,) 1 - 0  c 
I I C S \ I l 1 X 9 B l ~ * \ l ; ~ c ~ a ) - l ~ 2  l l l C ~ . A l - - 6  500u I nl) h 

-. 
ISC\-IOX9BF oOL2li5 4lrs- -. . .- .. 
I S K S ~ ~ * O ~ E O S ~ ~ X I - I I F ~  00CA429i 44x3 - 1  I 50 2 

I \ I ~ C ~ ~ . I I ~ ~ ~ ~ ) - L L -  n I <-.A I -w 4.13 I h- , < <  .. ~ 

. . 
, . 

I C E I ~ I ~ \ I P ~ ~ I I - L D ~ ~  OIBD52I4  411s (,.I 14- 4 

1Y0EO.32X*Cfllil IbLDI I iIlCl>i2l)S 111-12 6 s  I 24 . . 
I \lacla*Doradu)-HD4 ~ l I C . . \ l 5 1 ~  403s h'l lhl 

~ ICS \ I i~XYBt * \ l a r . i a l~ l IF l  1 111c~A1x1l.l . ). (.Q 1 5 -  .- .- 
I Llacla'Dorudol-HDI2 OlC~~Al5 . :S  ~, . ~3 0 -  1-6 .-.. 
Y X C D I X I  187EO.~hl~9lIFOi2XI-HFh O l I L 2 i . ~ l l  34x3 -. 14- 
Dorvdo V1)L IX5<?  . . -0 1 5 5  . . ..a1 
Ku>urna Ol lL25h7  2-8,4 h> l(10 \ 

99C1\\092 lXhEO.;hl9OFll.;4il-HDI2 O O L Z 4 i  l 221,: lill :t, 
-. 

l ) i 'Fl l3h6*YOtOX32Xl~l~Fl4 OOBI)24X? 20‘1 -0 151. 

Test \lean 41Sx 

Table 3. Performance of selected released and experimental white seeded. tan plant culti\an. 
CS1.A. Sicaragua, 2002. 

Grain P.t>\ Plani P ~ n i ; i z  
\'arlet) \.leld 10  IIc8ghl. F\-c-~,m.  

Lg ha Fio\\ci sm ;:n 
Pnnolero I h s l l  hh 202 : I 

tT\P)S-6-P-1-1 I N R X  62 I ,2 i 8 

\ lac ia  I.4fricanal hi;' h i  1-4 : :  . . . . 
SORER.A\~O 633  l 65  1-2 : I 
ITxPIS-h-P-I-- h20h 62 l'lh : ,  , - 
ITYP)S-~-P- I - I~  60Sh h i  1 -t, > .  . 
CEST.4-RC\. 5x01 60 20~: . . . . 
IOCORO 5202 hS 162 



Gcrmpla.~m Enharicemer7t and Cun.sowrtion 

Thirty-five selected diverse Malian indigenous sorghums, except for a few Guinea types, especially Margaritaferum types. 
including some new unique Durras, Durra-Bicolor, Bicolor, and Essentially all the Guinea-Caudatum derivative cultivars from 
Duma Dochna from Northern Mali, along with 30 primarily Southern Sudan were strong restorers. The dominant Bl  gene 
Guinea-Caudatum sorghums from Southern Sudan were evalu- was absent in most Durra and Durra-Bicolor Malian lines, and 
ated for BIR fertility reaction, hybrid vigor and presence of the some of these lines showed promising heterosis. There ap- 
dominant B1 gene (gives testa with L1.S. females) in Mali and peared to he r;ither good differences in hybrid vigor among 
Puerto Rico (Table 4). Most Malian cultivars were restorers lines. espec~nll? in Mali. 

Table 4. F1 hybrid evaluation, fertility reaction and R1 gene etaluation of selected Malian and 
Sudanese cultivars from the Mali and Sudan Sorghum Collection, Mali (2002) 
and Puerto Rico (2002-2003 winter). 

Hyhndl TrsG 
Cultivari Racc'l Aeronumtc Scorc FcniIit9 @ I )  
Desienation Workin< (irnun Mali P Rico Reaction Rcacrion 
97MLIO BIB 2.6 1 .0  R P 
97ML20 DBII)B 2.2 2.4 R P 

CiBI(iB 
D,D 
U D (Dif. Gad! 
DID (Nor Gad) 
DID (Not Gad) 
C:Cn 
(i'G 

R 
R 
R 

PR 
R 
R 

H-HP 
R 
R 
R 
R 
R 
R 
R 

PR 

GIG YCSM388) 
G,Consp 
DID 
D D (Lah Gad I\  I 
CIC Nig 
D.D ( trrcl  Hd) 
CilG (Scquetanal 
D. D (Errcll 
GlGK 
RIB11 
DBIIIDoc 
BIB0  
DID (Erccll 
D DB 

- 
G Mdrg 
GIG 
D I D  

Gadiaba 
DID 
G X  

CNISG 
GICO 
CiCK Kaura 

I.? 
,?  

2.2 



Table 4 cont'd. F1 hybrid evaluation. fertilit?. reaction and BI gene evaluation of selected \latian 
and Sudanese cultivars from the l la l i  and Sudan Sorghum Collection. \tali (2002 and Puerto Rico 
(2002-2003 winter). 

Cultt\ur- Race ; .A~.mn<,m~r Srtl:e 
Dertmation 

tcfi:!:,:: ~ 8 : .  
\\oi(ttnq Groun \lrll P Rare 

SKI913 
Rca.-,ri.n 

CC CG 
Rsx::.w 

2 2 - 1 
SKI916 

. . . . HP-PR 
G Conrp 

P 
2.n . + 

SLl92h  , ,  
R 

CC S G  
? 

- 1 . < 
SLl929 

- .  K ? 
CG CG 2 1 

SC193O 
Z 4 

CB GZ 
PR ? 

I U 
SKI934 

' 4  R 
CG CG 

? 
2 (1 . % 

SL1936' 
- .  

CG G S  , . ?R ~\ 
2 I1 p 

SL-1944 
- < R 
, , CG G S  2 4 

SL 1948 
- - P-PR ? 

CG G S  2 4 1 !  

SL1954* 
- .  P-PR 

CG GZ 2 .  I , . 4 ' 
-. I) <... 

Cultt\ur- Race ; .A~.mn<,m~r Srtl:e 
Dertmation 

tcfi:!:,:: ~ 8 : .  
\\oi(ttnq Groun \lrll P Rare 

SKI913 
Rca.-,ri.n 

CC CG 
Rsx::.w 

2 2 - 1 
SKI916 

. . . . HP-PR 
G Conrp 

P 
2.n . + 

SLl92h  , ,  
R 

CC S G  
? 

- 1 . < " - .  U 

I U 2 4  R ? 
2 (1 - .  . % . . ?R ~\ 
2 I1 p - < R 

, , 2 4 - - P-PR ? 
2 4 - .  - !  P-PR , . 4 ' 
2 .  I -. I) <... 

SL 1-65 C LZ I S  I U R .\ 
- .All h ? h d ,  made r i l h  T\;BI2 unlcr, dc,~gnarcd unh  '. .AT\ 3 iU-. *-\Ilk 199- \la13 c t 11:- . i r . u n  p : ~ :  ?umk:.. i t  ~ :*: 5 2 ~ :  

and 1993 St. Croi\ p b r  n u n l k n .  
B = Bicolor. G = Gulnsa. D - Duma. C - Caudalurn. k = katir. Cunrp = Con,piruurn. Du T*ri'.n~.. \tzr,- . 
\largailaicrum. 3 i g  - Signic2m. S - S~grl-an* ZZ - Zrrazera 
gronom8c rore.  I = \rr? g0.4 to I pwr Pnmai? snwrra ua, B n l n  ?icill 
B = no seed PB = 5-1V0. P = Z O -  !(r'.. PR = i&%,1,. R - alp, a n l  praa 
Presence tP) or ahscncr. ( ~ 4 1  of testa in FI h?hnJ P = [Xlrntnan~ R l  gcnc prs-nr in nlalr p::n: -5 - FLY-<!,C !?::.&: :> 
male 

Nehvorking Activities 

N'ork.rhops/Conferenees 

Panicipated in the Sorghum Germplasm Comm:ne  m e t -  
i n g ~  al Col\vich. KS. Scpt. 20. 3lW2 and at the SIC-\.% meet- 
ings in Alhuquerque. S \ I .  Feh. 16. 200:. and dlicussed 
eermplasm and other soryhum rrsearch. 

Participated in the biennlal Grain Sorghum Research and 
Utilization Conference and SlCNA 5leeting. Feb. 16-18.7003. Traveled lo  \lali. S o ~ e m b e r  8-14. 2002 h, e\aluats 

Albuquerque. New Mexico and presented a paper. ISTSOR\lIL IER collahorati\e research at S.?:uba and 
Cinzana. and discuss and plan htrure sctib ttres \r tth \Ialian K-I- 

Pantcrpated in the lhTSOR.MIL P[ Conference No\em- entls's 

ber 17-23. 2002.Addis Abaha. Ethiopia. chaired a session. pre- 
sented a paper. and uenr on the pre- and post-conference toun. Tra~e lcd  to Ethiopia. So\emher  11-24. 2002 ior the 

and sened on the Planning committee for the PI Conference. ISTSOR\lIL PI Conference and discussed and plannd i i t u ~  
research ~ t t h  numerous Hog Count! and L S  samtrsts esp- 

Panicipated in the so%hum Field Da) ciall! as related to West Africa. but a lw  \\rth scrrnrrsts irom 

and Workshop. September 18- 19.2002 at \lanhartan. Kansas. East .Africa. Southern .Airlca. and C entral .Arnenca. 

and the photrrinsensitive GRIN Collection Grouout at Colwich. 
KS September 20. Panlcipated in the ISTSORSIIL TC \Ixtrng. \la! I I -  I;. 

7003 at Kansas C1t)and interacted \vith w e n 1  I\TSOR\IIL 

Research Investigutor Exchunges 

Interacted svith numerous Host Country and C.S.  Coordinated the tnininf of \1r. Siaha Teme. fcrrler *r- 

INTSORMIL scientists and discussed and planned future re- ghum breeding technic~an ~ i t h  IER. 51ali \rho completed his 

search plans and act]\ ities at the INTSORLIIL PI Conference M S ,  degree in Decsmlxr. 2002 at Texas Tech Lnt\e?tr?. s e  

in Ethiopia. Noiember 17-23. 2002. oprrati\e !r ith Texas .A&\!. and 1s no\\ \\orkin$ on h : j  PhD.  



Gcrn~piasm Enhcmcerrrent and Con~e~-~~rrion 

Interacted with sevcral private seed company scientists at 
the SICNA Meetings, at the Sorghuni Advisory Committee 
Growouts at Tampico, Mexico. March 5-7.203, and at the sor- 
ghum Field Day at LubbockiHalfivay, September, 2002 where 
future possible releases from Rosenow's sorghum breeding pro- 
gram were viewed and discussed. 

Hosted several international and 0.S. visitors at Lubbock 
where they toured sorghum plots and discussed sorghum hreed- 
ing and germplasm research. Visiting scientists included: Neil 
Muller - Pacific Seeds Breeder, Queensland, Australia. Sept. 
15-16, 2002: two lady India Sorghum Breeders, Sept. 23-24, 
2002; Lssoufou Kap~an (Niger, sorghum hrecder). Sept. 23-25, 
2002; Bob Henzell, Australian sorghum brccder, Sept. 28-0c- 
tober 4,2002; John and Janet Taylor, South Africa qualityiuti- 
lization scientists, Oct. 21-22, 2002; and John Mullet. Robert 
and Patricia Klein,TexasA&M Molecular Biologists, May 30, 
2002. 

Germplasm and Research Information Exchange 

Gernlplrnm Cnn.rewnfion and Ule 

Continued the coordination ofthe work with the Mali Sor- 
ghum Collection with the completion of the data and character- 
ization and entry into the USDAIARS GRlN system. The Col- 
lection was evaluated, characterization completed, and a tenta- 
tive working collection identified in cooperation with Drs. 
Aboubacar Toure, Jeff Dahlberg, and Jolin E.rpelding. and Mr. 
Niaha Teme. After the seed sent to Experiment Georgia has 
been processed, seed of the entire collection will be sent to 
NSSL at Ft. Collins, Colorado and \\.ill be distributed as appro- 
priate to ICRISAT, ORSTOM, and IER. The complete set of 
data on the over 40 grain. gluine. and plant characterizations 
was complied by JetfDahlberg and sent to the L'SDA-ARS for 
entry into the GRlN system. 

Nineteen new sorghum breeding litles from IER, Mali were 
introduced into the U.S. and evaluated in Puerto Rico and seed 
increased.. These included some Dun.as from northern Mali 
and white-seeded, tan-plant, good food quality guinea deriva- 
tive and non-guineatypes. Selected indigenous sorghums from 
the Mali working Collection (35) and the Sudan Working Col- 
lection (30) were evaluated for BIR reaction and hybrid vigor 
in Mali and Puerto Rico. 

The 4,000+ photoperiod insensiti\ e entries from the GRlN 
Sorghum Collection were grown at Halfway. Texas in 2002 for 
observation and evaluation by interested sorghum workers. 
Notes were also taken on a duplicate plantingat Colurick, Kan- 
sas. 

Two sets of new fully comerted exolic lines (27 and 22 
items) from the cooperative TAMG-TAESIUSDA-ARS Sor- 
ghum Conversion Prograni were selected for release and are 
being prepared for release along with 71 partially converted 
lines. Twenty-five Mali entries. inrlrlding some new. diverse 

types from Xonhern Mall were selected for entry into the Sor- 
ghum ('on\ erslon Program. 

Seed Plvd~rction irnd Dirl~ihution 

A large number of sorghum breeding and germplasm lines, 
from earl5 to :rd\anced generation progeny, A, B, and R lines, 
conve~ted lines, and experimental hybrids were increased and 
distributed to in~emational and domestic collaborators. These 
contained sources ofdesirable traits such as resistance to downy 
mildew, anthracnose, sooty stripe, leaf blight, rust, and char- 
coal rot, prc- zind post-floweringdrought resistance. grain mold 
and weathering resistance, and lodging resistance. Seed was 
increased and many scts of standard replicated trials contain- 
ing elite germplasln and source lines were packaged and dis- 
trihuted in thc L'S. and internationally. These include the ADIN 
(All Disease and Insect Nursery), GWT (Grain Weathering 
Test), DIT  (llrooght Line Test). DHT (Drought Hybrid Test), 
and the UHSN I Uniform Head Smut Nursery). Also, special 
drought trial5 end elite gennplasm nurseries were assembled 
and distributed. Countries to which large numbers ofgermplasm 
items were distributed include Mali, Niger, Ghana, Senegal, 
Nigeria. Burkina Faso. Zimbabwe, Botswana, Zambia, South 
Africa. Ethiopia. Guatemala, El Salvador. Nicaragua. and 
Mexico. 

Joint e\'aluation of permplasm and nursery and test entry 
decisions wai done collaboratively with national scientists. 
Training on disease and drought breeding methodology, as well 
as informarion on sources of nea~  usefill germplasm and sources 
ofdesirable traits, was provided to several visitors. Pollinating 
hags, coin en\elopes, and other breeding supplies were pro- 
t~ided to the Mali breeding program. Purchases included com- 
puters for Ghana, Senegal, and Mali, and other miscellaneous 
supplies fix Mali. 

Other Cull~ihr~~-cr~or.s 

Cooperation or collaboration with the following scientists 
in addition to the collaborating scientists previously listed was 
iniportanl tu the activities and achievements of Project TAM 
222. 

Dr. lis(>ufou Kapran, Sorghum Breeder, INRAN, Niamey, 
Niger. 

Dr. Yenhaha Gutema, Sorghum Breeder, EARO, Nazareth, 
Ethiopia 

Dr. I:red Rattunde. Sorghum Breeder, ICRISAT. Bamako, 
Mali 

Dr. E l  a Weltzien Rattunde, Sorghum Breeder, ICRISAT, 
Bamako. Valr 



Gert~rj~l~r.~, ,~ E,,ksr~~r~nr 

Dr. Paul Marley. Pathologist, IAR. .Ahmadu Bello Uni\er- 
sih. Samaru. Zaria. Nigeria 

Dr. Adama Seya. Pathologist. INER.4. Farako-Ba Station. 
Bobo Dioulasso. Burkina-Faso 

Dr. Mamaurou Dioune. Patholosist. IER. Sotuba Station. 
Bamako. Mali 
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Increase field and Promote Economic Grou.th 

Research emphasis of this project has emphasized the 
breeding for resistance to insects component of the integrated 
Texas A&M rniversih sorghum impro\ement program. Pri- 
mar) objectives are to identi%. charactenre and utilize the ge- 
netic diversit) of grain sorghum to develop impro\ ed culti\ars. 
germplasm. or parental lines resistant to selected biotic and 
abiotic stresses. Insect pests recei\ing emphasis are the sor- 
ghum midge (Srenodiplosis sorghir.oia~, greenbug (Schiz~~phi.~ 
qatnintmt). and sugarcane aphid (lfe1onuplri.s ria.r.Jr~r,?). Seg- 

by . Ihr~~~r~~~/romf, lu  phclrer,lt~io ([Taisi] Gold). Project empha- 
sls is shifting to Include add~t~onal research nn <wd t\pz ,or- 
ghums and drought resistance \\ htle mamuinins 3 resiiran~e to 
Insects component. 

Breedtng and selection acti\~ties use primaril! ;omen- 
tional methodolog!. Collabnnri\e mole,-ular biolng> rex:ir;h 
has mappd  genes tbr resistance to grssnbug bi~typei  m d  mcr- 
lecular markers ha\ e k c n  used 10 concurrenrl? se KI for gruen- 

regaling populations are also selected for resistance to economi- bug resistance and stay-green t pnst-!lo\\ cnng drought t~cler- 
cally imponant diseases including but not limited to: sorxhum ancs). Sumerous lines from dltYerenl m~oulations are k i n g  . 
do\vny mildew (caused by Petwrro.srleru.spora o t ~ l r i  [\\?stan 
and Cppal] Shaa ) .  head smut (caused b! (Sphocrlorhrcu 
rriliarfa [Kuhn] Clinton). and anthracnoje (caused by 
Collerotrichrrm granrirficola [Cesati] H'ilson). Other diseases 
for which resistant genoepes are selected include zonate leaf 
spot (caused by (Gloeoce,ro.iporasot~lri [Bain and Edgerton] I. 
bacterial leaf streak (caused by .Yanrhorrrtrr~as hnlcicolcr [Elliot] 
Star and Burkholder). bacterial leaf stripe (caused b? Pcert'lonro- 
flax atldropogorri ([E.F. Smith] Stapp). and charcoal rot (caused 

. . - 
exaluated to identtf! superlor lines resistant to fr:enbu~ i>ii.- 
n-pe i with excellent sta)-green and \\lde adaptarcan. 

Apriman research oh!est~\e is tt~de\elop sorghum midge- 
resistant hybrid parental lines. I n  add iu~v  t ~ ,  pr.;: re5iiunse 
the lines should produce excellent gnin  !ield under htgh 
densit?. acceptable! ield \\ ith the pest absent. and :<~~ta in  ntber 
fa\onhle tnlts including adaptation. dlseaje rc.i<ian<e. ctc. 
The hest midge-resistant lines in h! hrid cnrnh~n~tion pndkice 
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10.15% less grain yield than the best susceptible hybrids when 
sorghum midge are absent at anthesis. When sorghum midge 
are present at anthesis, or when planting occurs taro weeks later 
than normal, resistant hybrids produce significantly more grain 
than susceptible hybrids. Research is on-going to select for 
improved grain yield potential. With a shift in project empha- 
sis research on sorgl~um midge resistant hybrids will be de- 
creased with new emphasis placed on sorghum midge resistant 
varieties for use in developing country production systems. 

Increase Yield, Promote Economic Growth, 
Improve Nutrition 

Experimental greenbug resistant lines with wide adapta- 
tion and resistance to several diseases are in advanced yield 
testing. llicluded is an array of plant and grain color comhina- 
tions such as tan plant, white grain and tan plant, red grain. Tan 
plant red or white grain sorghum hybrids with multiple stress 
resistance and high yleld potential may help increase utiliza- 
tion of sorghuln in new or  non-traditional uses. Multiple stress 

To reduce stress impact sorghum hybrids or cultivars with en- 
hanced environmmtal fitness are required. Cultivars experi- 
ence stress concurrently or sequentially and genetic resistance 
to multiple stresses reduces environmental risk and enhances 
productivity. 'This is especially important as production eco- 
systems change nit11 the natural balance between cultivars and 
biotic stresses experiencing change. 

1:armers use hyhrids or cultivars with improved genetics 
for adaptation. stress resistance, and quality to meet the de- 
mands of increased food production in economically profit- 
able, environmentally sustainable production systems. This 
requires a multi-disciplinary research program to integrate re- 
sistant genotypes into the management system. Varieties or 
hybrids with genetic resistance to stress readily integrate with 
other required inpots as part of an integrated, ecologically sound 
production and suess control strategy with large potential ben- 
efits in subsistence and mechanized agriculture. Host plant 
resistance to ir~sects is a continual effort in response to a dy- 
namic evolving production agroecosystem. 

rcwilanz~.. \r.~de aJ.~pwtl\rn. dl\cr>c plmt I! pc. \r 111 hv u,cd h! 
r I n u n  r r I I I I I I ~ ~  , I  Hr*v~rch \()~II.WJC~ and I'rcrjrct Output 

Improve Instirufi~~nal Capacity Research Methods 

The principal investigator serves on the graduate committee of 
one M.S. student (from Mali), and two Ph.D, students (co-chair 
ofMalian student at Texas Tech and U.S. student at TexasA&M 
University). The Malian M.S. student conipletcd the degree in 
December 2002 and is now working on a Ph.D. degree at Texas 
Tech University. The principal investigator coordinated the 
short-term training of a Southern African breeding collabora- 
tor, and assisted in the short-term training of collaborators from 
Botswana, Zambia, and South Africa. 

Objectives, Production and Utilization Constraints 

Objectives 

Obtain and evaluate germplasm for resistance to arthro- 
pod pests and other stresses including selected diseases 
and drought. - Develop and release high-yielding, agronomically im- 
proved sorghums resistant to selected insects and other bi- 
otic or abiotic stresses. 
Utilize molecular biology to increase understanding of plant 
traits for stress resistance. 
Develop and release high grain yield sorghums with mul- 
tiple stress resistance and itliproved grain quality traits. 

Constraints 

Sorghum production and yield stability is constrained by 
biotic and abiotic stresses including insects. diseases and 
drought. Insects pose a risk in all sorghum production areas 
with damage depending on the insect and local enviromnent. 

[ollaborative LDC research is supported through gradu- 
ate education. gemlplasm exchange and evaluation, site visits, 
and research at nursery locations in Texas. Activity is con- 
ducted in three regional programs - Southern Africa. Central 
America. and West Africa (Mali). Project resources directed 
to Mali support n Ph.D. student. Southern Africa research is 
directed at incorporating resistance to sugarcane aphid into 
adapted cultivars. Additional selection criteria includes dis- 
ease resistance. adaptation. and end-use traits. Research in 
Nicaragua and El Salvadorsupports research on sorghum midge 
(the most important biotic production constraint in Nicaragua), 
drought resistance. disease resistance, adaptation, and end-use 
tl-aiu. In the i!nited States; sorghum midge and greenbug-re- 
sisrant sourccs hare been identified and used in developing elite 
resistan! sorgl~ums. Through collaborative ties with other 
pro.jects genclic inheritance, resistance mechanisms, molecu- 
lar mapping. and marker-assisted selection research has been 
conducted. Appropriate selection methodology is used to con- 
currently select for other biotic or abiotic stress resistance to 
develop germplasm with wide adaptation, multiple stress re- 
sistance. and improved end-use traits. 

C e l m p l a s ~ ~ ~  is evaluated for resistance to economically 
important insects in field nurseries or greenhouse facilities de- 
pending on tlie insect mode of infestation. Sources o f  
gemiplasm ibr evaluation are introductions from other programs 
(including I('ItISAT). exotic lines, and partially or fully con- 
vened exotic lines from the sorghum conversion program. New 
resistance sources are crossed to elite resistant germplasm, and 
to other gertnplasln with superior trait(s). Although a primary 
selection criteria is insect resistance, other significant selection 



criteria include uideadaptation. resistance to specific diseases. ported in Table I. .At Corpus Christi. sorghum midge popula- 
drought resistance. \\eathering resistance and impro\ed end- tion density at anthesis \\as lou \\ ith mt mean o f 4  I (rated on 
use traits. Based on data analysis and phenotypic evaluation. a scale o f  I = O-lOOo damaged kernels. 2 = I I-?loo. up to 9 = 

crosses are made among elite lines to produce germplasm for 80-1IMoa damaged kernels. I Conclusions can he made ior sor- 
subsequent e\aluation. The goal is to combine resisrance genes ghum midge resistance under lo\\ to mndsrate population den- 
for multiple stresses into a single high grain ) ield genotype. sity on])  Pre\ ious research indicates that genot:xs mi i tant  

under lo\\ to moderate population denstt) ma) net he resistant 
For insects important in  LDCs but nor in  the C.S.. under high population densi~?. S~gntficant ditferences -err 

germplasm is pro\ided to the LDC cooperator. The germplasm not identified kt\veen any ofthe resistant or suwreprihle chrl-ks. 
is evaluated for resistance to the specific insect under the local The most resistant rperimental entries \\ere rated a 1 indicat- 
production system(fenilizer. tillage. plant population. etc.1. and ing damage o f  a b u t  2O0o \fan) entries \rere identitied \\ ith 
orgreenhouses. and agronomic and yield data collected ifpos- excellent resistant under lo\\ to moderate ppulation densit?. 
sible. The populations are groan in the L.S. and selected for Ho\\e\er. these entries may not he resistant under h ~ g h  or r i t d -  
adaptation. erate ppulation densih. At the IST.4 station rear \lanagua. 

Sicaragua. population densin \\as lo\\ u ~ t h  a tc5t mean C I C ? .  
Research Findings The highest grain yield lines in Sicaragua exhibited a mcder- 

ate resistance ie\cl in Texas. There \\as genenll) a pcx t ~ \ e  
Sor~hr i~n  .\l;dge Re.s;stance relationship herueen sorghum midge res~slance :n Texa and 

Sicarapua u i th  all but one entn expressing h t~hs r  mtstance 
Prima? emphasis has been directed to identifi net\ supe- in Nicaragua. Sexera1 entries \\ere identified \\ irh g o d  nldge 

rior A- or R-lines. The lines should exhibit a high le\el of resistance in TesasandSicarapa. andgncd p r n )  ield in \isa- 
sorghum midge resistance. superior agronomic traits. and high ragua. 
grain yield potential. The research focus is changing to reduce 
eflorts in hybrid development and increase etTorts in develop- Grain )ield potential ofelite hreeding lines in h) brid cim- 
ment o f  sorghum midge resistanr varieties for use in develop- hination \\as exaluated at Corpus Christi. The nlidge h)brid 
ing countr~. production. In 2002. the midge line test (74 entries lest I43 entries x three replicationsl\\ as e\aluated in a late plant- 
x three replications) \\as groan at three locations including inp ( abu t  4 \Leeks after farmer planted sorehum, date for sor- 
Corpus Christi. TX to evaluate for resistance and Alanagua. ghum in the Texas Coastal Bend. The gro\\inz season $\as 
Nicaragua for resistance and adaptation. Partial results are re- characterized h) little rain from plant~ng th r~ugh  matuit). 

Table 1. Sorghum midse damage rating and other agronomic trai ls for relc~tpd entri- in the m i d ~ t  line 1-1 .I Carpus Cbrivi TT and 
Isnagua. Sicarapua. 2002. 

M~dqe D a m w  Ratlnq* 3 a s  :3 5::; zro?eus 

Des1qnal8on Comus Cnnsls hlanezua Gram Ysec m s  C*-i! hld-wid 

-Kg u- 
(850G4300-57x2782kShl5-Chi2- 6 3 ! M : 2  G E' 
(PM127137~2882bCM3-CM2- 4 0 1 6162 '5 -. 
191CC5lSMR114-90MllkSM4Shll- 6 7 4975 9: - 

78 67 

e': 65 
K 28 -- 63 - 54 

83 6d 

ei jr 

' B  -. 
CS 

MEAN 4 1 2 3468 

t Rated on scale d 1 = &1O0a damaged kernels 2 = 11-20'- damaged kernels up lo 9 = I)l.lW% damage0 Kernels 
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Partial results are shown in Table 2. Sorghum midge popula- 
tion density at anthesis was low to moderate with a test mean of 
4.2. indicating about 40% grain loss due to sorghum niidge 
damage. The standard resistant check is ATx2755*Tx2882 and 
the standard susceptible check is ATx2752*RTx430. Grain yield 
was low. test mean of 1265 kg ha-'. due to the harsh environ- 
mental conditions at Corpus Christi. The six lowest grain yield 
entries, and 8 of the lowest 10, were susceptible hybrids. All 
produced significantly less grain than the resistant checks and 
most experimental entries. Results confirm previous observa- 
tions that with a late planting date and sorghum midge present 
at anthesis most resistant hybrids will prc~duce significantly more 
grain than susceptible hybrids. Seed size measured as gram 
weight per 100 kernels led to the conclusion that seed size of 
susceptible hybrids was generally s~nalirr than resistant hybrids 
although the differences were usually  not significant. 

There is concern that it will not be p~~ssible to develop 
sorghum midge resistant hybrids for use in the United States. 
The primary constraint to wide-spread use of currently possi- 
bly available hybrids is the lower grain yield potential (averag- 
ing 10.15%) of resistant than susceptible hybrids in a nonnal 
planting. However, for production delayed at planting two 
weeks or more resistant hybrids will out-yield susceptihly hy- 
brids without insecticide application. With increasing envi- 
ronmental concern regarding pesticide application a reduction 
in availability of insecticides to control sorghum midge could 
significantly increase interest in and potential use of  resistant 
hybrids. 

Selections to develop germplasm resistant to biotype I were 
made. T1ie pr-iriial-y resistance sources are PI550607 and 
P1550h10. Both sources are used in developing R-lines, and 
PI550610 is used in B-line development. Screening against 
the greenbug hiolypes identified genotypes that express mod- 
erate resistance. Biotype resistance is conditioned by different 
genes and a moderate level of resistance is desired. Crosses to 
introgress resistance genets) into other germplasm were made. 
New R-lines resistant to biotype E andlor I produced excellent 
hyhrids. The lines represent a range of plant types including 
tan plant, while pericarp and tan plant, red pericarp. New tan 
plant, red grain hiotype E resistant A-lines were evaluated in 
hybrid combin;ition. The hybrids expressed excellent grain yield 
potential, wide adaptation and resistance to several diseases. 
Based on perfi~rmance one A-line, 8PR1059. and two restorer 
lines. 5BRON 1.79 (resistant to biotype E) and LG35 (resistant 
to hiotype E,'IK) were selected for inclusion in the PROFIT 
hybrid program. 

Experimental germplasm has been selected for diversity 
of plant type. uide adaptation, foliar disease resistance, and 
increased grain bield potential. This germplasm will be useful 
as sources of i~nproved traits for other breeding programs, and 
selected germplasm might have potential as varieties in spe- 
cific production hystems. T h i w  entries were evaluated for grain 
yield potcntial as varieties in Managua. Nicaragua (partial re- 
sults in Table 3). Several lines exhibited excellent grain yield 

T a h l e  2. G r a i n  Yield a n d  o t h e r  ag ronomic  t r a i t s  of selecled ent r ics  in t h e  midge hybr id  test  at 
C a r p u s  Chr is t i ,  'I'X, 2002. 

l lvhr id  Class ( i rnln Yicld Midxe Dumnxet  100 k c r n c l  wciyllt Plant  Heixht Panicle Exsertton 
- k . . . l , ~ ~ ~ -  ,, . -cm- - c n -  

A X P R l O l  1 'Tx2767 2 3 x 8  2.3 I 8 2  107 0 
A O P K I  IXTx2X80 2383  2.0 I K h  92 I 
AOPRI  I X T x 2 8 X 2  1113 3.3 I X I )  X '1 2 

A 9 P R 2 1 4 3 * T x Z 8 8 0  2 2  17 2 .3  1.63 103 2 

A X P K I O I  I * M B I O X U  2 193 3.0 I (-0 131 2 
AOPKI  3'Tx2880 I842 2.3 1 .78  93 2 
AXPR1015*Tx28KO I817 2.7 1 .42  119 2 
AYPR2 147'Tx2882 1 x 0 7  2 .3  I h h  8 X  I 
A 8 P R I O l  l * 9 M L T 1 7 h  1746 4.1 I i8F 108 4 
A R P R I O I 3 ' 9 M L T I X I  1728 2.0 I 3 1  103 4 
AXPRIOI  I'VM1.TIXI 1667 2 .3  1 2 7  103 5 
AXPRIOI  l*Tx2882  1 h h 2 2.0 I 5 7  100 0 
A X P R I 0 1 1 * 9 M L T I X O  1659 3.0 I 40 105 5 
AXPRIOI  I*Tx2880 1 6 5 4  2.3 1 -3 9 1 0 2  4 
A9PRZ145 'Tx2X82 15‘48 2.3 I X O  92  2 
AUPRIOI 1 '9MLT157 I580 2.3 I (11 I 0 1  1 
ATx2755*Tn2882 R-Ck 1568 2.7 1 Kh 8 X  I 
A T n 2 7 5 5 * M R l 0 8 B  R-Ck 1469 5.3 I -,7 I I 0  3 
ATx2752*RTx430  S-Ck 1191 6.7 2 .42  93 11 

M E A N  1265 4 .2  1.71 I 0  I 2 

LSD.05 456 I . !  I 1  1 6  9.5 2 

t Rvrcd on a scale of 1 = O10"a  dd;~maged kcrnels ,  2 = I I-20"h d n m n g c d  k c n l : l h .  up to 9 == 91100'% damaged kcrnels. 



Table 3. Grain ?ieId and other qranamic  traits in line ernluntion at \Innagus. Xicamgum. 1001. 

potential. acceptable height. and outstanding foliar disease re- 
sistance. Se\eral ofthe lines were evaluated in hlhr id comhi- 
nation and evaluated against local commercial hybrids. The 
hybr ids A8PRl057'6BRON167. .AXPR105 1 *RTx430. 
AOPR1059*5BROZ159. and .AXPR105.3*RTx-130 produced 
grain j ie ld o f  6658. 6120. 5431 and 5875 kg h a 1  respecti\el! 
with good agronomic (height. essenion. panicle leneth. and 
uniformity) characteristics and acceptable foliar disease resis- 
tance, There \\.ere no significant differences hetween these 
hybrids and the local commercial hybrids CB8996. Ambar and 
CB8976. 

The sugarcane aphid (.\telan~~pl~rs sircchori) is an insect 
pest o f  sorghum throughout Southern Africa. Collaborati\e 
research is hetneen T A M  213. the Bots\vana Department o f  
.Agricultural Research (D.AR). and the South .African Grain 
Crops Research Institute. Resistance sources including 
TAM478. CF I 5  I. W\1=177. Sima (IS232501. SDSLR9-126. 
FGYQi36 ha\e been crossed to locally adapted cultivars ( in- 
clude Segeolane. \lampantse. \lacia. Town. s\'\. and 9 6 4 )  
and to elite lines from the Tesas program to develop a range o f  
populations. The sezregating populations are planted at Cor- 
pus Chrisri. Beetille and Luhhock. Texas for e\aluation and 
selection. Evaluation for sugarcane aphid resistance and adap- 
tation to local environments is done at Potchefstroom. South 
Africa or Gaborone. Bots\\ana. 

alt~tude research station o i  the .ARC-Grain Crops Inst~turc In 
Potchefstroom and one a! the subtrop1c3l. lou-~ l t l tuds st3110n 
at Burgershall Research Stallon near Ietr 1p3n1ai rcs~ i ts  
in Table 41. Aphid damape u as e\aluated \\ hen i t s  majonr; ,>I' 
entries asre in the milk stage. Se\enr? oilniw13tton uas e\.~lu- 
ated uslng a I to 5 scale. 5% here 1 = no aph~ds prcs:iit on pisits. 
2 = lisht infrsta!lon \\ i th aph~ds present on 3 it\\ lea\es nk? 
dead lea\esl. 3 = moderate infestation uirh man! aphlds preen! 
oi l \vo l o  three lea\ es I one t,r I\\ o dead lea\ zs rnz? !w prcwc..i: I .  

4 = high inttstation a ith man! aphlds on nearl! a'i ! i .a\ei~ m.m! 
dead lea\esl and i = major~t? o f  plants in plot J!~ng. Plants 

ith a ratins o f  I or 2 \rere cons~dered to be rfiixtmt. u h ~ l e  3 

rating o f 3  indicated an intermediale ]?\el of r r i l s x n x  Plants 
\\ i th a rating o f 4  or 5 aere sons~dered sossept15.e. 

Sugarcane aphid infeswtlon le\els sere slni~lar 31 hxth I,%- 
cations. Results indicated tha~ 22 and I?".. . rexect~\el !  for 
Potchefrstr~mm and Burgershall. o i lhe enrnf i  n t e  I indlcdt ng 
none to little dama3e. Ratings o f  2 ucre rec,>rded ii.r 2 -  2nd 
24"" o f  the entries nl Potcherstroon> md Bur$ei.h311. n p s -  
ti\ely. Ratlngs 17f5 \sere recorded for 5 and 15'- o:'the enrrxss 
a! Potcherstrnom and Rurgsmhall respesl\el! died 3s 3 re iu l t  

o f  aphid infestation. 

The follo\riny e~pzrimcntal entnei had no ~ p h i d r  on an! 
plants at both locatl~~ns: I S ~ ~ ~ O I ~ ~ ~ * \ \ \ I = : ~ ~ Z - L G ~ - L < ' I -  
BGI -BGI .  lEPSOS2-40 E=liS,ADC~'T:4\14~> -LG.:-BC, I -  
B G I .  (CEI5I'T.A\I41Xl-LGI-BGBI;-CCBK. I ~ O R I : >  
( T x 2 8 6 2 * 6 E O 3 6 l  l * C E l ' I  I - L G I ~ - C C B K - C C B ~ .  

Evaluation for sugarcane aphid resistance \\as done in t\\o ICE 15 1 *T.A\I42Xl-CGI-BGBK-CCBK. I \Iaa~"TA\141': I- 
trials of 100 entries each. One trial was  planted at the mid- LL9.  ICE1 ~ I * T . A \ I ~ ~ ) ~ I - L G Z - C G  I - B G  I. I ~ B R O \  i t  I 



Grr.mi,/usm Enhuncement and Con~ci.~~~!r!on 

Table 4. Mean damage ratings in the sugarcane aphid test at Potchefstroom and Rurgershall, South Africa, 2003. 

((7EO366*Tx2783)-.1G54*CEI 5 I ) -CG4-BGI  -BG I ,  
( C E 1 5 1  * T A M 4 2 8 ) - L G 2 - C G 1  - B G  I , ( 6 O B l 2 8 /  
(Tu2862*6EO36l)*CEl5 1)-LG25-CGI -BCBK-CCBK, 
(6OB 124/94CE81-31GR134B-LG56*M'M#I 77)-LC I -LG I - 
BG3, and (A964*FGYQ336)-LG4-LGZ-BG 1 -BG3. Addition- 
ally, the following checks had no aphids on any plants: PRGCI 
E#22879. PRGC/E#222878, PRGC.'fi#69414. U'M#l77, and 
WM#322. 

Greenbug Resistunce/Stuy-G!~ec,~~ Sfirdv 

Marker-assisted selection research for greenbug resistance 
and stay-green (post-flowering drought tolerance) was com- 

pleted. This is a collaborative research activity between TAM 
223, TAM 222. and the molecular biology laboratory of Dr. 
Henry Nguyi'n (formerly at Texas Tech University and currently 
at the Universil? ofMissouri). Dr. Sidi Bekaye Coulibaly (Mali) 
co~npleted 1'h.l). research to compare the efficiency ofmarker- 
assisled selec[iciti versus traditional selection methodology and 
returned to hlali in February 2003. 

Grain yield is a complex trait that is influenced by genetic 
and environ~ner~tal factors. Severe losses can be caused by 
drought. a common stress in most sorghum growing regions. 
Ninety-eight recombinant inbred line populations (RILs) of 
So!:qhum bic(l/r~r I.. Moench were derived from a cross between 



Table 4 -cont'd. \lean damage ratings in the sugarcane aphid test at Porchelstroom and Buq!enbll. Soulh .Africa. 2003. 

. . 

B35 (BTxMZ). a post-tlolvering drought resistant but pre-floa - The psrfomlance of backcrois generatlonj derrred from 
ering drought susceptible line. and Tx'000. a post-flo\\-enng the inrrt,yression ofsta! -green quanritati\e trrlit IWI !nta eI!te 
drought susceptihle hut pre-tlonering drought resistant line. lines ofsorghum e\aluated in 150 BC. [,, BC. 
T\qo hundred and seventy four restriction fragment length poly- tiom 5 de\elopsd from ellle rel&3 m,j unrrieas.j 
morphic (RFLPI markers covering the sorghum gmoine \\ere lines along \,?th 1 5  parental lines used as <..hKks. ~~~~l~~ jndl. 
used to identify the main-effect and the epistatic QTLs. cared that only one line aould tw class~fied 32 p~st - t lo~ ienng 

drought resistant as the resistant check 633. Thri prosen! nt~ght 
Highly significant (P<O.OS) differences were detected k- has escap-d post.flo\,mng drought strcjj kcdux ,,ills 

ween the parents (835 and Tx70001 and among the RlLs for ness. Srah-green QTL anal!sls did not shou an? r e i = t~~~nsh~p  
grain yield. drought susceptibility indes. grain yield loss per- ,,ith tfle phenotl.p,i the field. .xlthc,ush s,,ine prt,g. 
centage. and grain yield geometric mean. Loit drought sus- sta?-green QTLG. ,,ere conii,jerc,j as 
ceptibilin- index did not always indicate higher grain ! ield hut pst.flo,\er,ng drought b w d  c,n tic un. 
generally indicated lower grain +Id loss percentage. der field condltion., oilate season m~>isrure stress. 

The 5fAPZI.AKER QTL analjsis detected I I main-etfrct yehorjijng .~~ti,.iti~. 
QTLs for grain yield under uater stress and non-stress condi- 
tions in  Lubbock and Half\vay \\ ith many ( 7  1 on linkage groups ~~~~~h~~~ 
4 and F. Under stress conditions during 1994 in Halfway. 3 . 
main-effect QTLs collecti\el? explained 48.2"0 ofthe pheno- Panlcipavd in the 2003 Sorghum Industn Cenfermccand 
hp ic  variation in grain yield. Linkage eroup A contarned a Biennial Grain Sorghum Rewarch and Lt~lizaticn Coniertnce. 
QTL (Gi.a.2) strongly associated (?l.OO-O) with sorghum grain Ih-IX Fehmar\ 2003, ,ilhuqllerque. 
yield under one stress en~ironment. .Among the QTLs Identi- 
fied under non-stress environments. 1 QTL (Gi:L2) lmnted on Research Investigaror Evchanges 
linkage youp  F nas consistent across lcxations. 

Interacted n i th  pri\ate seed cornpan? jslenuiti and TI.\= 
T'he performance of BC. to BC, backcross generations from 

Grain Sorghum .Ass%-ial~on reprfwnuti\cr on wi.\eral wss- 
the introgressioo ofsta!.-green into greenbug resistant lines \\as 

sions as part o f  ihe Tex35 Agr~cultural E\penntenr Sra.ion 
elaluated in 217 backcross lines from 9 populationsalong \\ ith 

IT.AESi Sorghum . id \  1sop Committee. 
I 5  parental lines used as checks. Sone of the progenies or 
parental lines were as resistant as the resistant check B35. 

interacted \\ ith sorghum iarnlers and Tens G-din Sorghum 
Among all populations. only four lines uere classified as poa- 

.Association rspresenwtnes on se\eral e~caiicms as T.4ES 
flowering drought resistant. The populations generall! pro- 

PROFIT cProducu\e Rotations On Farms in  T ~ \ ~ Z I  c(xvdin3- 
duced more grain yield than the parental lines. \lost progenies 

tor. 
uere resistant to hiotlpe E greenbug but were only slightl? re- 
sistant to susceptible to bionpe I. In general. progenies or pa- 

Zamhia and %~mbah\re - 1-12 Octokr 200: i n  Zam.13 
rental lines \\ ith a combination o f  multiple QTLs \\ere rrsis- 

met \r rth \linlstr! oi.A~rl iulture. Depanmenr o i . ign iu l r i in l  
tant to moderately resistant to both greenbug biotypes E and I 

Research scientists to d~scuss natronal and reglon.il %?%hum 
Results indicated that QTL9 was more linked to resistance to 

and pearl mi l l r l  research. Etaluated 1% lnter nurwn k,rghum 
both greenbug biotyp-s than QTL2. \\ hich \\as found linked to 

research plots near Sanga. Planned increase oik7~;hum \an- 
biotype E. 

el) for c\entual distrihut~on in drought stn~hen areas oiSouth- 
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em Africa. In Zimbabwe met with Department of Research and 
Specialist Service scientist to discuss regional sorghum breed- 
ing activity at ICRlSATCenter, Matopos. Participated in meet- 
ing of the SMINET (Sorghum and Millet Improvement Net- 
work) Steering Committee at ICRlSATCenter. Matopos. 

Ethiopia - 13-25 November 2002. Participated i n  
INTSORMIL Principal Investigators Conference and pre-!post- 
conference tours in Ethiopia. Delivered presenlatio~ls on "Over- 
view of INTSORMIL Southern Africa Program" and 
"INTSORMIL and SorghumiPearl Millet Research in the United 
States". Met with INTSORMIL collaborators to plan additional 
research and to discuss the next INTSORMIL grant extension 
proposal. 

Participated in Sorghum Germplasm Committee meeting, 
20 September 2002, Colwich, KS. Evaluated grow-out of the 
insensitive sorghum collection. Interacted with private scien- 
tists on issues related to germplasm. 

Participated in 1NTSOF.MIL Technical Committee meet- 
ing 15-16 February 2003, Albuquerque. NM. 

Participated in Sorghum Germplasln Committee meeting 
16 February 2003, Albuquerque, NM. Interacted with private 
scientists and LISDA scientists and administrators on issues re- 
lated to germplasm. 

Partic~pated in INTSORMIL Technical Committee meet- 
ing 12-13 May 2003, Kansas C~ty,  M 0 .  

Partic~pated in INTSORMIL Board of D~rectors mectlng 
18- 19 May 2003, Kansas City, MO. 

Coordinated short-term training program of Mr. Leo Mpofu 
(Southern Africa region) in plant breeding 81 Texas A&M Uni- 
versity, July-August 2002. 

Coordinated travel of Dr. Neal McLaren (South Africa), 
Mr. Godwin Kaula (Zambia). and Ms. Phoebe Ditshipi to U.S., 
June 16-30, 2003. 

Germplasm and Research Infornlation Exchange 

Gr~.rrrplasrn Consenlation Use 

Germplasm was distributed to private co~npanies as re- 
quested and to the following countries. including but not lim- 
ited to: Mali, Senegal, Ghana, Nicaragua. El Salvador, South 
Africa, Botswana, Zimbabwe, and Zumbia. Entries in the All 
Disease and Insect Nursery (ADIN) were evaluated at many 
locations domestically and jntemationally. 

wf and C~mservrrlio~? 

Served on b1.S. committeeofN. Teme (Mali), and co-chair 
of Ph.D, co~nmittec fix S.B. Coulibaly (Mali) and R. Gorena 
(U.S.). Met with Dr. John Taylor during his visit to the United 
States to discuss soryhum breeding for improved quality and 
INTSORMIL Sou~hcm Africa activity, October, 2002. Coor- 
dinated short-term visit and training program of Dr. Neal 
McLarsn (South 14 f i~cs),  Mr. Godwin Kaula (Zambia), and Ms. 
Phoebe Ditshipi I Botsxana), Jone, 2003. 

Other (:olLrhonrto~:s 

Collaboration xith the following scientists was important 
in the activities 11F7:4h4 223: 

Mr. Leo Mpo(i~, Department of Research and Specialist 
Senice. Matopoi Research Station, P.O. K5137, Bulawayo, 
Zimbahwe 

Dr. R D. \hraniska, Cereal Chemistry, Dep. of Soil and 
Crop Sciences. rcxas A&M University, College Station, TX 
77843 

Dr. G.N. Odvod>, Plant Pathology. Texas Agricultural Ex- 
periment Station, TexasA&M University Agricultural Research 
and Extension Center, Route 2 Box 589, Corpus Christi, TX 
78406-9701 

Dr. John Byrd. LiSDA-ARS, Plant Science and Water Con- 
sewation Research Lab.. 1301 N.  Western Road. Stillwater, OK 
74075 

Dr. R.G. Hen~rll .  Sorghum Breeding, Hermitage Research 
Station, via Wantick, QLD 4370. Australia 

Publications and Presentations 

Abstractv 

Roscnow, D.'r.. K. Teme, C.A. Woodfin, GN. Odvody, andGC. 
Peterson. 2003. Relationship of stay-green with charcoal 
rot and lodpiiig in sorghum. Pp.475-476. I n  Proc, of Global 
2000: Sorghnn? and Pearl Millet Diseases 111. Guanajuato, 
Mexico. Scp. 23-30, 2000. lowa State Press, Ames, IA. 

Presentations 

Peterson. G.C.. R.B. Pendleton, and G.L. Teetes. 2003. PROFIT 
- Pmduct~\.: Rotations On Farms In Texas: A New Para- 
digm for Sorghum Research and Inforination Delivery. 
1'11.365-370. 117 Proc. of Global 2000: Sorghum and Pearl 
Millet Discues Ill. Guanajuato. Mexico, Sep. 23-30.2000. 
lowa Statc PI-css. Ames, 1A. 

Germplasm previously developed and released by this 
project is used by commercial seed companies in hybrid pro- 
duction. 



Refereed Journal Dissertations and Thesir 

Machado. S.. E.D. Bynum. Jr. T.L. Archer. J. Bordovsky. K. Coulibaly. S.B. 2002. E\aluatiun of backcross progenies and 
Bronson, D.M. Nesmith. D.T. Rosenou, and GC. Peterson. recombinant inbred line populations of sorghum (S.,ozhum 
2002. Spatial and temporal ~a r i ab i l iv  of sorghum grain w r  (L . )  \loenchl. Ph.D. dissenation. Texas Terh L'nl- 
yield: site-specific interactions of soil. water. pests. and dis- versity. Lubhock. TS. 
eases. J. of Precision Agriculture 3:389406. 



Crop Utilization and Marketing 

PREVIOUS PAGE BLANK .lo 3 



Crop L~I;/I:UI;,III ' I I I ~  . \h~rkr~lng 

Chemical and Physical Aspects of Food 
and Nutritional Quality of Sorghum and Millet 

Project PRF 212 
Bruce R. Hamaker 
Purdue University 

Principal Investigator 

Bruce R Hamaker. Depanment of Food Sclence Purdue Lnl\erslt). Hest Lafabette. I \  4'90- 

Collaborating Scientists 

\lr. Kaka Sale). Cereal Scientist: \loustapha \loussa. Cereal Technologist: Dr. d a m  Ahoubacar. Cereal Tecbnolqist: \Is. 
Ramatou Seydou. Chemist: Dr. lssoufou Kapran. Sotghum Breeder: ISR.AS B.P. 4'9. Siame!. Viger 
I ls .  Senayit Yetneberk. Cereal Scientist. I;\R. Nazrct Research Eation. Box J3h. Sarret. Ethiopla 
Ms. Berry Bugusu. Cereal Scientist. KARI. Katumani National Dpland Farniing Research Ctr. Box 3 ( t .  \lach.lkos. Ken!a 
Mr. Abahacar S'Doye. 1T.A. BP 2765. Route de Peres Alaristes Hann. Dakar. Senegal 
Mr. Iro Skama. L-ni\ of Xlaiduguri. Dept of Food Science 8: Technolog!. P\lB 1069. \laiduguri MHHXII. Sigsna 
Dr. r u n  Chandrashekar. Cereal Chemist. CFTRI. Depanment of  F d  Il icroh~olop.  \I!sore 5-001 3. India 
Dr. D.S. Mum. Mahyco Research Foundation. Hyderabad, India 
Dr. Gebisa Ejeta. Sorghum Breeder: Dr. La)i .Adcola. Poultn Sutritionist: \ls. Chia-Ping Huans. Cereal Chemia: \Is. 
Debra Sherman, \<icroscopist; Dr. >loustapha Benmoussa. Plant \.blecular Biologist. Purdue L n i ~ .  \ \ s t  Lafaystre. I \  
Dr. Brian Larkins. Plant I.lolecular Biologist. Uni\ of..irizona. Tucson. .AZ 
Dr. Tae Wae \ioon. F w d  Chemist. Seoul Sational Lni\ersit)l Seoul. Korea 

In our continued work on nutritional qualit) of sorghum 
grain. processing of sorghum and millet to commercializable 
processed products in \Vest Africa. and fundamental aspects of 
grain related to its use in food. perhaps our most note\vonhy 
contribution this year relates to work on starch digestion char- 
acteristics in cwked sorghum foods. Sorghum foods. ranging 
from porridges to couscous to flat breads. have a slo\\ly digest- 
ing starch propew that results in someshat lower starch di- 
gestibility as demonstrated in human and animal studies. Last 
year we reported that a prexiously identitied high protein di- 
gestibility sorghum mutant likewise has higher starch digrst- 
i b i l i t  Wild-epe sorghum cultivan with comparabl) higher 
protein digestibility also had higher starch digrstibilit). This 
finding has relevance to foods for weaned infants and others 
who consume marginal intakes ofenergy. Funher uork on the 
basis of the slou Iy digesting starch propeny of soshun1 re- 
vealed this year that sorghum proteins hehaw dramatically dlc 
ferently during the cooking process from those in other cereal 
flours tested (maize and rice) in that extensi\e \\eb-like struc- 
tures formed. We have additional e\ idence that these protein 
structures can form associations a i th  gslat~nirins starch that 
reduces access of the starch degrading enzymes to some of the 
starch; thus. creating a slouer digesting product. This finding 
opens the door for hnher  research to detemiine the factofis) 
that cause this occurrence a i th  the goal of manipulating starch 

digestion rate either up for groups nKdlng n p ~ d  and complete 
digestion or dosn  for reasons ofhealth related to ci.~h.ts\. and 
perhaps oksi ty  and cardlo\ascular d~jease. 

In other studies. work \\as reinltlated on the hlgh protein 
digestibilit? sorghum mutant u lth the objecti~e oiiunher Im- 
proting krmel texture. Llnes \rere idcnt~lied \\ith a pod da- 
gree of mdification and consistent) that hake k e n  planted in 
d i \ ene  locations for further e\aluatron on s t ab i l i~  oitrair. 
swine study was also initiated to determine digestibil~t? ard 
feed \ d u e  ofthe mutant sorehum. 

In Siger. work conlinued to\\ards commerc~alization of sor- 
ghum and millet agglomerated products ccouwou$ and other 
similar panicle size foods) and h ~ g h  qualir! flaun Funher 
optimization and market testing has k e n  done. Other collak- 
rators haxe &en added In the region to include millet xarieral 
exaluations for i d  products in nonhem Sigena an3 in Dakar. 
Senegal for etaluation ofhigh f w d  quallt! local miller bariet- 
ies. ..I trip to Dakar in Januan 2M3 uith Dr. Llo!d Rwne! 
sho\\ed a \ e p  actiie millet processing scme that can and al- 
ready is k i n g  used as a model for the region regarding cntrr- 
prencurial commercialization of processed products. The is- 
sue ofthr necess~ty ofha\ ing high qual~t? grain for prwessinp 
and the appropriate contracting and marketing channels that 
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must be developed are being actively pursued by a number of 
groups. In Burkina Faso, a collaboration u,ill begin in the up- 
coming year. 

Objectives, Production and Utilization Constraints 

Objectives 

Determine the relationships between the physical, struc- 
tural, and chemical components of grains and food and 
nutritional aspects to improve quality of sorghum and mil- 
let. 
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 develop- 
ing countly breeding programs to evaluate and improve 
the food quality characteristics of sorghum and millet grain. 
Optimize processes and improve quality of 
commercializable sorghum and millet processed foods, and 
facilitate transfer of technologies. 

Constraints 

Research on food and nutritional quality of sorghum and 
millet grains is necessary to improve grain quality characteris- 
tics and stimulate commercial processing in developing coun- 
tries. Factors affecting milling qualities. food quality, and nu- 
tritional value critically atrect other efforts to improve the crop. 
Ifthe grain isnot acceptable to consumers. then grain yield and 
other agronomic improvements to the crop are likely to be lost. 
In addition. breeding grains that have superior quality traits 
will more probably give rise to processed food products that 
can be successfully and competitively marketed. This is espe- 
cially uue for sorghum that is perceived by some to have com- 
parably poor quality characteristics to other major cereals. The 
overall goal of this project is to improve food and nutritional 
quality of sorghum and millet through a better understanding 
of the structural and chemical components ofthe grain that af- 
fect quality. This knowledge will be applied to develop useful 
methodologies for screening germplasm for end-use quality, 
develop techniques to make the grain more nutritious. and im- 
prove grain utilization through processing. 

Research Approach and Project Output 

Couscous and High Quality Flour Processing 

Couscorrs P~ucessing Unit iil Nifitv' 

As described in previous annual reporls, PRF 212 and 
INRANmiger Food Technology Laborator) set up a cereal 
processing unit at INRAN to conduct research, demonstration. 
and testing of sorghum and millet processed products. A cen- 
tral goal ofthe project has been to optimize the processing sys- 
tem and products, to generate information for entrepreneurial 

startups; and to nork with interested individuals in the private 
sector. Products produced by the unit include high quality flours 
and grits, and ;~gglomerated products including fine couscous 
(or dumhou), rncdium couscous, and the coarse particle-size 
product de~zr~z. In 1995. the core of the sorghumlmillet pro- 
cessing unit was installed at INRAN; consisting of a central 
mechanized agglomerator designed and fabricated at CIRAD, 
France by Dr. Jacques Faure. a mixer for flour wetting, a 
couscousierre (steamer), a small solar drier with through venti- 
lation powered by a solar cell (fabricated in Niamey by 
ONERSOL). and a sealer for packaging. The initial unit was 
funded tllrough the then functioning Niger InterCRSP project. 
Since that time. a much larger passive solar drying unit was 
built at I K M S  to dry approximately 200 kg couscous every 2 
days. As high quality flours are essential to make quality 
couscous. a commercial grain decorticator (dehuller) and ham- 
nier mill (Urpata Sahel. Dakar) were procured through PRF 
212 to compete the unit. This last addition has also permitting 
INRAN cereal technologists to begin work on production of 
higlr quality sorghum and millet flours and otherproducts made 
from them. Cul-rentlq: a regional project funded through IFAD 
is providing support for a local entrepreneur to start up a simi- 
lar processing l~rlit with technical support from INRAN. 

.WrrXrt Tcsfii?g ofPackuged Flour ond Couscous Products 

Following an in-home consumer test of processed sorghum 
couscous that \vas reported last year, a market test was con- 
ducted to deterltline consumer attitudes toward pricing and pack- 
age appearance. Products were made from irrigation-produced 
NAD-I hylirid sorghum grain. Couscous (450 kg) and high 
quality. decorticated flour (265 kg) were packaged in 500 g 
bags with labels and placed in three market segments - open 
market, small shops, and supermarkets. A questionnaire at the 
place of sale bas  given. The results for the packaging were 
that consumess. in general, wanted more detailed nutritional 
and preparatian information. Also. it was suggested that the 
package stiould better protect the product; indicating a need 
for thicker plastic bagging or box. Indication of product shelf- 
life was also lacking. Regarding the price, consumers found 
that 500 CF!\'500 g bag was somewhat high. Accordingly, the 
consumers suggested price between 200 and 500hag, which 
averaged 337 CFAIbag. It was suggested that larger quantities 
of couscous could be sold at discounted prices. Overall, con- 
sumers were highly enthusiastic about the products. 

Sorghuni N4D-I flour and couscous was sold at the three 
rnarket levels at 250 CFAlkg and 350 CFAISOO g, respectively. 
Products uel-e sold out in 12 days. Sixty percent of couscous 
sales were rrom the larger supermarkets. indicating that poten- 
tial buyers of couscous come from medium- to high-income 
consumers. Demand for NAD-I couscous and flour products 
continues to grow Further investigation is needed to deter- 
mine uays to reduce production costs. Currently, contracting 
with I'anr~ers in the Maradi region is being used as a source of 
high quality sorghum and rnillet grains for processing into 
couscous and flour using the INRAN Cereal Processing Unit. 



Initial Sr1rdie.7 011 So~ghlrn~ Foods Smli~ig P~rj,uer~i<,.~ 

Sorghum polridges and other foods. such as injera and rotis. 
have fundamental properties that diffrr some\\hat from like 
foods made from other cereal grains. Often sorghum pomdges 
are characterized to be comparably thick pastes (this may k 
desirable) that form rather stiff gels that. depending on ~ar ie ty  
used. often do not have good keeping qualit?.. flat hreads made 
from sorghum. such as kisra. injera. and rot1 may be of high 
qualily but tend to go stale rather quickly uhen stored. \\it are 
interested in the fundamental nature of sorghum grain c o m p -  
nents that makes sorghum grain tlour heha\e as it  does. and 
accordingly ho\v these traits can be manipulated through ge- 
netics or processing. 

Our initial hypothesis suggests that these undesirable prop- 
enies (related to staling) could be attributed to sorghum starch 
tine structure: specifically the gross inoleculararchitecture and 
length of linear chains ofthe amylopectin molecule. The first 
phase of this project is to determine and quanti6 ditTerencss in 
the rate of retrogradation among three sorghum varieties using 
isolated rice and corn starches for comparison. Compression. 
difirentisl scanning calorimetry. and dynamic oscillator\ rhe- 
ometr; tejts \%ill be performed on aged starch pels to compare 
rates of retrogadation. In addition to isolated starches. se\eral 
sorghum. corn. and rice flours \\ill k compared on a d n  
starch basis using the abo\e tests to determine the effects of 
non-starch components on retrogradation rates. Initial tests 
performed on isolated starches indicate that a maize \ariet! 
and the sorghum ~ar i e ty  Mota retrorade faster than sorghum 
\.arieties SC 183- 14 and P85 11 7 1 .  Isolated rice starch appears 
to ha\e the slo\vest rate of retroeradation of the four isolated 
starches. Starch structural studies are in progress. 

Sorghum with High Protein Digestibilip 

Studies to impro\e-main qualin. (hardness) ofthc high pro- 
tein digestibilit?. high lysine sorghum mutant \\ere reinltiated 
this project year with the hiring of a post-doctoral research as- 
sociate IT. Tesso. sorghum breeder) to work uith Dr. Ejeta and 
Hamaker. This continues work on nutritional quality impro\ e- 
men; relating specifically to the high protein digest~hilit: high 
lysinr sorghum mutant. .As described before. this lnutant geno- 
type contains protein bodies \\ ith altered morpholog) consist- 
ing of a deepl? folded stntcture that results in a high rate of 
digestion of the kafirin storage proteins. The protein hod? 
mutation apparentl! causes overexpression of certain c?~oplas- 
mic proteins that concurrently result in elstated lysine content. 
Ourmain challengeat this point is toconvena modified. though 
only slightly vitreous kernel hackpround of the recent mutant 
lines to a hard. \ itreous kernel phenoh-pe \\ irh a consistent! nf 
panicle grains and stability of trait for release. Iniponantly. i t  
was shoun in the 2001 INTSORMIL report that a \  itreous nor- 
mal-appearing kernel with mutant high digsstibilit! protein 
bodies is possible. hoaeter consistency u ithin the panicle was 

lacking and swhilib ofthis somhinaunn 1s still uncenaln Yet. 
the potential tor such a con\er\ion has k e n  den~i.nstrated In 
India. Drs. \lun) and Chandnshekar ha\e riiade progress on 
the grain quality questlon through the collabntr\  e pro~ect I tin- 
ished in 2001 I funded h? \lah!co Research Foundallon Sin~l-  
lar results sho\r improred qualit! mutant p i n  tron~ <rLl,ia 
made a i r 1 1  eltte Indian germplasm. t lo\\e\er  rtn~ilarl!. cnns!,. 
tcnc! and stahilit! are uncenatn. 

In screening o i f ,  line? produced from crosses o i  modified 
mutant lines \\ ith highl! \ itreous parents. a fe\t liner \\ere found 

i th  asll modilied kernel t!pe and sKmingl! g c i  ~ ~ ~ i ~ s ~ s t s r i c !  
within panicles. These modified endosperm t!p? ha\< &en 
pre\ iously descrihd as conratntng 3 \ itreuus I haniiendospenn 
wction orig~naung out of the Interior oithe kernci nrher than 
the typical phenol) pe \< here \ ttrrous sndospsrm I. ?'~wnd at -he 
kernel peripher) radiatine toaard the cenwr In xhe l i n e  <lit- 

sen. the \ttreous endospsrni section accounted ibr ~ppro \ i -  
matel! 5 V U n  or more of  total area and opaque endasperm :IF- 
peared encircling i t  \\ ith onl! 3 t h in  region at the Lcrnel pcnph- 
e n .  In fitnher analysis h! rransmtssi,>n electron micrkTsop!. i t  

\a as found that the kst l ~ n e  did contain the mut311t,11 a; \ isu.~l- 
ized hy the characteristic ahnormall! shaped prctetn kdic.;. 
These lines ha\e k e n  planted in dnerse l,~aiii>ni to 3;reii 
stahilit! ofthe endosperm texture. 

.A sir ins stud! \%as initiated to assss- dtgsstihil~n and feed 
\alusofthe htgh protein digestihilit! htgh i!itne $ir-rghuin mil- 
rant. 

Cooked sorshum porridges and si>nie orhsr foods are 
kno\\n to ha\e loner starch. as \\ell 3s prntstn. dtgestih~lit~ 
compared to other like cereal i d s .  I n  our pre\ lous I ~ ~ ~ r  

protein digedih~lit? in ccoked porndge \\as annhured to ioi- 
matton otdisultide cross-links during ~.occkin Other studlei 
in our labaraton conducted to detern~ine the iactcrs sauslns 
lo\\ starch digestihilit! in c~x>ksd < o r ~ h i ~ n i  sho\\r.C that the 
major non-starch tlour comvnenti. ~ncludlng prolein. ltpldi 
and dietan t ikr .  contrih~~tc to the lo\\ xtarch dtge~ttbtltt?. h u ~  
protetn. the 5ccond largcn ilour ccvnponent after jt;!rch. \\a> 
s h w n  m hate ths single largest etfsct. Acc~~rdlngl?. the hisf 
protein dtgestthilit! mutant dercrtkd a h \ s  \\3s shkn~n te gig- 
nificantl! increahe in starch dtgectihilit! 5% hen pretre.ited \\ Irk 
protease  pepsin^ h i o r e  k t n g  dlgssted ~ l t h  alphz-~m!lais 
O\crall. a sorrelatton of 0.9- uas  i7hwned hcr\rwn starch di- 
gestihtlit? and provin digcstth~lit! o i  wrghuni iult~:ars uhen 
protease treatment preceded am!lase d i g e i t ~ ~ ~ n  T h ~ s  \\a> p-- 
tentiall! \aluahle inli>miation. as htsh digr?rthil!t!  churns 
co~tld hale a ~tcsfiil impact in  asantng f~,,>di 2nd ,viizr i,%& 
\\here high a\ailab~l~t! oimacr~>nurrienti i i  cr i i i<~l $uch <or- 
ghums could find a place in  diets o i t h s  m3r:inall) ~13lnc>ur- 
ished \\ho do not meet L\-set requlrernents ior prxein and 
energ! inmke. 



Crop (;ti/~~ufion rmd :Mrr~kefirlp 

Our more recent research emphasis on the slowly digest- 
ing starch characteristic of cooked so r~hum foods has been to 
better understand this phenomenon at the mechanistic level so 
that the trait can be more effectively manipulated. While there 
is good reason to increase starch digestibility, or energy avail- 
ability, there is also a compelling reason lo decrease starch di- 
gestion rate (or lower glycemic index) for the health problem 
of diabetes, and perhaps obesity and cardiovascular disease. 

The role of protein component in /OM: .sf~rr(.h digeslibilih r?/' 

cooked sorghum porridges 

Three possible ways through which the protein in the flour 
system may contribute to low starch digestibility were investi- 
gated. They included: I )  presence of proteinacenus amylase 
inhibitors, 2) limitation of degree of starch gelatinization (ge- 
latinization increases digestibility). and 3) restriction of starch 
accessibility by hydrolysis enzymes (protein acting as a bar- 
rier). 

1.  Most conventional enzyme inhibitors are protein in nature. 
Alpha-amylase inhibitory activity has been detected in many 
cereals such as rice, maize, and sorghum. The potential 
antinutritional effects of these inhibitors on humans are of sig- 
nificant importance especially for the inhibitors that are stable 
to heat and acid. Our results showed a decrease in a-amylase 
activity of 2-25% among the sorghum cultivars and 10% in the 
maize control. No decrease in a-amylase activity was detected 
in rice, indicating the absence of inhibitors. In the buffer ex- 
tracts, the inhibitor activity ranged from 11-25% for sorghum, 
12% for malze, and none in rice. Couking substantially de- 
creased and in some cases elin~inated the inhibitory activity in 
the extracts except for the normal cultivar IS 10644, suggest- 
ing that the inhibitors were heat labile and not a signilicant 
factor in starch digestibility of cooked sorghum foods. 

2. Starch granules are found embedded within a protein ma- 
trix that contains protein bodies in the vitreous endospcrm. The 
endospem structure of thegrain thus may atl'ect degree of starch 
gelatinization with a lower degree of gelatinization in vitreous 
endosperm compared to floury. Consequently, restriction of 
starch gelatinization could reduce its digestibility. Results on 
gelatinization parameters measured using differential scanning 
calorimetry showed that the low starch digestibility observed 
in sorghum is not due tolimited starch gelatinization urto clys- 
tallinity of the native starch. 

3. Confocal laser scanning microscopy was used to elucidate 
the microstructural interactions between starch and protein that 
may cause low starch digestibility. The protein component 1ras 
labeled with 3-(4-carboxy:~enzoyl) quinolinc-2-carboxaldehyde 
(CBCQA). a dye which fluoresces only after reaction with pri- 
mary amines in proteins. 

Figure 1 shows reconstructed three dimensional images of 
the microstn~cture of raw wild-type sorghum. the high protein 
digestibility sorghum mutant, maize. and rice flour samples. 

The bright arcas correspond to the fluorescence of CBCQA 
stained proteins. By contrast, the dark areas reflect the loca- 
tion of the nun-fluorescent starch granules as determined by 
the non-confocal transmitted light images (tigmes not shown). 
Within the bright areas, particularly in the sorghum samples, 
tiny dark spheres that are presumed to be protein bodies can be 
seen. In genel-al. the two sorghum and maize flour samples 
exhihited similar microstructure in which most of the starch 
granules appcared to be surrounded and or linked by the pro- 
tein. Howcie~r the starch granules in the wild-type sorghum 
were tightly pa~.ked and characterized by polygonal shape, while 
those of maize and mutant sorghum appeared more loosely 
packed and more spherical. The wild-type sorghum also ap- 
pearcd to h3ve a higher concentration of protein bodies em- 
bedded in the protein matrix than the mutant sorghum and maize. 
In the raw rice sample, most of the starch granules appeared 
completely cn~bedded in the protein. This could be attributed 
to the fict Illat rice starch granules are smaller in size com- 
pared to maize or sorghum. 

Co~ifocal inicrographs revealed that cooking drastically 
changed the protein microstructure ofsamples (Figure 2). Sor- 
ghum proteins tbrmed two types of structures: extended web- 
like and rigid sheet-like structures (Figure 2A and 28). Maize 
proteins formed large aggregates and a few extended web-like 
structures that seemed to collapse on releasing starch (Figure 
2C). The ricc proteins also formed aggregates that seemed to 
expose or release gelatinized starch for digestion (Figure 2D). 
Reconstructed three-dimensional images of double-labeled 
cooked sorgliom porridge showed entrapment of gelatinized 
starch in the protein structures (not shown). These results indi- 
catc that encapsulation of starch within the sheet-like and web- 
like structores may cause reduced starch accessibility to diges- 
tive enzymes, hence the observed low starch digestibility ob- 
served in sorghum porridges. 

In conclusion, it was observed the alpha-amylase inhibi- 
tors present in the cereals samples are heat labile thus are not a 
major concern in cooked porridges. Sorghum protein forms 
resilient \\eh-like and sheet-like structures that encapsulate 
starch resulting in reduced accessibility of starch by enzyme. 
Maize and rice protein form aggregates and collapsed web-like 
structures that allow release ofgelatinized starch. Protein com- 
ponent does not seem to affect the degree gelatinization of starch 
granules. 

.Ctnn.h Digeclihil i~ in Raw Grain 

Sorghu~n grain typically is considered to have somewhat 
lowcr feed efficiency compared to other feed grains attributed 
mainly to a comparably lower starch digestibility. In low tan- 
nin and tannin-free cultivars, lower values have been associ- 
ated with the dense protein matrix in the grain and accordingly 
less access of digestive amylases to the starch. High protein 
digestibilit) sorghums have shown some promise in increasing 
starch digestibility levels, however, our data is not conclusive 
on this matter. Another possible approach to increase starch 
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digestibility of sorghum in animal feed is to examine starch 
granule and molecular structures and their relationship to di- 
gestibility. 

Investigation of the Shuctures of Cereal Starches Afiacked by 
Alpha-amylase 

Starch is composed oftwo major molecular species - amy- 
lose and amylopectin, the former mostly linear in shape and 
smaller in size, and the latter highly branched and very large. 
Wild-type cereals usually have starch with approximately 20- 
25% amylose by weight and the remaining amylopectin. Waxy 
grain has essentially no amylose, and heterowaxy contains % 
waxy kernels giving a lower than normal amount of amylose. 
Starches used were from wild-type sorghum, heterowaxy sor- 
ghum, maize, waxy maize, and rice. Isolated starch samples 
were digested with alpha-amylase for I, 3. and 6 hr. The rates 
of a-amylase digestion were in the order of waxy maize > 
hcterowaxy sorghum > rice > normal maize i normal sorghum 
(Figure 3). Percent digestion after six hours was 84% for waxy 
maize, 71% for heterowaxy sorghum and rice, 53% for normal 
maize, and 52% for normal sorghum. 

Our working hypothesis as to the structural basis of these 
digestibility differences is that the length of the shorter chains 
ofamylopectin determines degree ofcrystallinityofstarch gran- 
ules that in turn impacts digestion rate. Therefore, longer de- 
gree of polymerization of the short chains that is consistent 
among molecules would lead to higher crystallinity and lower 
digestion rate. Native and digested starch samples were 
debranched to linear chains with isoamylase and fractionated 
on a size-exclusion chromatography column. Except for waxy 

maize. three distinct fractions representing linear chains were 
obtained. Fraction I (Frl) contained amylose and long linear 
chains of amylopectin. Fraction 11 (FrlI) and I11 (FrIIL) repre- 
sented the intermediate and short chains of amylopectin. The 
chromatogrdpl~ic profiles showcd a shift towards shorter chains 
for FrIll in the order of waxy maize > heterowaxy sorghum > 
rice :, normal maize > normal sorghum. One hour digestion 
resulted in a significant decrease in the proportion of Frlll and 
a shift towards longer linear chains indicating that the shortest 
chains of amy lopectin are among the first structure component 
of amylopectin lo he digested. There was also a significant 
drop in the proportion of Frl in the first hour of digestion, pos- 
sibly indicating that amylose is being digested faster. Taken as 
a whole, this data suggest that sorghum has lower isolated starch 
digestibility than the other cereals tested due to amylopectin 
structure that should lead to a higher degree of crystallinity. 

Dr. tlamaker traveled to Addis Ababa, Ethiopia in Novem- 
her. 2002 to attend the INTSORMIL All-PI Conference and 
made two presentations - I) summary ofthe West Africa (East- 
em Region) program, and 2) an overviear of work done and 
potential for changing sorghum and millet nutritional quality. 
In the week prior to the conference, he attended the Ethiopian 
Agricultural Research Organization annual conference inNazret 
and presented lNTSORMlL work related to attempts to com- 
mercialize sorghum and millet products in West Africa, spe- 
cifically agglomerated products such as couscous. 

In Janua~y 2003, Dr. Hamaker traveled to Dakar, Senegal 
and met ~11th Dr. Rooney, Ababacar N'Doye, and Ouendeba 

Figure 3. Digestion rates of a-amylase treated native starches. 
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Botorou to develop a concept paper on commercialization of 
millet and sorghum products. and the supply chain manage- 
ment that is necessan to achie\ e high quality. competitive prod- 
ucts. Ouendeba Botorou organized this activit) to complement 
a previous paper de\eloped by Dr. Sanders and team on farmer 
contracts and marketing. 

In February 2003. Dr. Hamaker attended a symposium in 
Seoul. Korea at Seoul National Uni\ersity and gave a presen- 
tation on sIo\\Iy digesting starch nith coverage of our work on 
sorghum starch digestibility. 

In April 2003. a paper by Dr. Hamaker was presented if1 
absenria at the Afripro Conference in Pretoria. South Africa on 
the role of sorghum proteins in the quality of sorghum foods. 
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starch digestibility of sorshum grain for animal feed use. 
American .Association of Cereal Chemists annual meeting. 
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Summary 

In Mali. an entrepreneur successiully produced Setera1 m~lls in the 1.5. are p r d u c i n  mrckum tlt~u- for 
h'Tenemissa. a uhite tan sorghum under identity-prcsen ed ( lp)  niche markets. The operattons are small hut prtxlace ic~rg!luni 

marketing procedures, The ad in  produced i d  prod. tluur and other products thar ha\ e k e n  made rtn iki. i,>r 

ucts because it \\-as photosensitive and was not discolored b! Ceiiac-Sprue patients. 

insects and molds. Additional improved tan plant photosensi- 
tive local \arieties are in the pipeline. Special sorshums ~ i t h  h l ~ h  Is\ C I S  ofphenolr and ant1~,\1- 

dants produce ercellcnt c h ~ p s  and baked prtuluztj. The intt- 

Se\v more efficient higher yielding \,.hite tan varieties are oxidant Ie\el in broirn snqhum bran 1s hlslierrhan that oihlue- 
nearing release from the IER breeding program.  he phoro. berries. Specla1 sorghum hrans and rhc~r e\lractr hate e\:e!- 

sensitive ypes  escape significant \veathsring molding that  ad. 15" antlosidant prop-nies in arious fixxi s!rterni~ 

versely affects earlier insensiti\e white tans. These value-en- 
hanced sorghums provide improxed grain qua l~p  for IP mar- Set sral parental sorghum linei releaxd iron- I,ur piegram 

keting of sorghums. are used in ct>mmercial i d  h! hridi. Set\ con;neraai .;or- 
ghum I>! hrids with tan plant \\ h11e pencarp ~nl t>r  u ere releawd 

\7alue-enhanced ahite f w d  sorghums de\eloped in  pan h) commercial hybrid seed companies. .-\Txh3l h!hndi h ~ \ e  

by this project xiere promoted by the US.  Grains council in outslanding milline and i d  propen~es. Rsd tan h!bnd 

Japan and other countries for food prwessing. and ha\e k e n  ~ o r g h u n ~ s  ha\c e\cellent m~lline propenles conpared r o  red 

used by the Japanese food industy to market snacks and se\- purple plant sorghums. 

era1 other products. 
.Anti fungal proteins are related ro gram mold rrjtitancc in 

Extrusion of \vhole kernel and ground \\hole kernel sor- sorghunl. 411 impro\ed iaster aiw) t;?r anttittng.4 prc>ietn de- 

ghums produce e.itrudates with escellent propenies for use t ~ t i ~ i l  \\as dc\elop-d. Soyhums [hat reta~n h1g.1i.r le\els o i  

\\.hole gnin health: snack  and readl.-to-eat breakfast cereals. antifungal proteins. \\hen e\pnrcd to \r ann. hum~d en\ Iron- 

Our graduate students demonstrated prototype products called mmts and mold attack. ha\e the highest rei~stanc: to ni,>ld<. 

Bongos. inning first place in the Xational .American ,Asswia- 
lion ofcereal Chemists product de\ elopment competition. The Sear inirared tZlRl equ~pmmt \\as zal~hrated ier s m h .  
extruder is a lo\\-cost. shon-barrel friction type that protein and moisture for \rllnls kernels oisc,ryhurn The n i r -  

used by small companies in  targeted countries. i.e.. central destructi\emcth@d \\as sucsscifirll! uwd ioru ho!e gmn m . ~  !- 
America. sis oisorghutns. 
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A single kernel hardness tester was used successtiulully for- 
hardness, kernel size and kernel weight. They are efficient 
methods for evaluation of grain quality: hob! ever, the hardness 
data was not significantly correlated with T,\DD hardness ob- 
tained by abrasive principles. 

Two Ph.D and two M.S. students completed their degrees. 

Objectives, Production, and Utili~ation Constraints 

Objectives 

Develop new food products from sorghum and millet us- 
ing technology appropriate for use in less developed ar- 
eas. 
Determine physical, chemical and structural factors that 
affect the food and nutritional quality of sorghum; seek 
ways of tnoditjing its properties or improving methods of 
processing. . Develop simple, practical laboratoty methods for use in 
breeding programs to assess important grain quality char- 
acteristics. 
Determine the factors that affect resistance to grain molds 
and field deterioration in sorghum and de\ ise laboratory 
procedures to detect genotypes with resistance. 

The major constraint to development of profitable sorglium 
and millet foods remains the lack of a consistent supply ofgood 
quality grain at affordable prices. Until a source of IP good 
quality grain can be produced, sorghum and millet products 
will be of inferior quality. Systems for marketing I P  grains as 
value-added products for urban consumers arc critically im- 
portant. These systems start with the secd or evcn before the 
seed and must be profitable for all partics through to the con- 
sumer. Slowly the concept of supply chain rnanagemeni is be- 
ing adapted by National Research Leaders. 

This project relates quality to measurable characteristics 
that can be used to select sorghum and mil)ets with acceptable 
traditional and industrial utilization attributes. It defines qual- 
ity attributes and collaborates with breeders to incorporate de- 
sirable properties into new cultivars at earl) stages in the breed- 
ing and improve~nent programs. The project also seeks to lind 
more efficient ways of processing sorghums and millets into 
new foods with better acceptability that can generate income 
for farmers and entrepreneurs. 

Grain molds significantly reduce the quality of sorghum 
for food and feeds. lnformatiori on the factors that affect mold 
damage of sorghum and methods to develop mold resistant sor- 
ghums is needed. This project addresses those critical issues. 

Research Approach and Project Output 

The acquisition of good quality grain for value-added pro- 
cessing is absoli~tcly essential to produce acceptable food prod- 
ucts tiom sorghu~n and millet. That is why we have pushed 
hard fol- new improved varieties with good processing quality 
even ifgrai~l yisld is not significantly increased. In most cases, 
systems to producc the new varieties and deliver the grain to 
processors are lacking and are difficult to put in place. More 
people are heginnlng to understand the need to develop supply 
chain management schemes to secure grain for processing. 
Many small entrrpreneurs demanding improved quality grain 
appear willing tc, pay more because grain quality is critically 
imponant for tllcir continued success and expansion of mar- 
kets. 

Significunt Accomplishment 

Ap[~Iicajioi?.s of E~chnologv in Mali 

Work in h'lali continues to demonstrate the value of new 
white, tan-plant photosensiti\'e sorghum varieties in food sys- 
tems. During thi. past few years, progress to develop an effec- 
tive IP production scheme to produce sorghum of good quality 
for processing into value-added flour and meal was demon- 
strated. The General Foods Company of Mali produced con- 
sumer-acceptable cookies containing the white food sorghum. 
However. the prrce of wheat flour decreased because of a gov- 
ernment decision to subsidize it, which caused the company to 
discontinue use of sorghum. This change meant the entrepre- 
neur \vho ohtained the IP food sorghum did not have a market 
for his grain. Hi~wever. he was able to process the white food- 
sorghums into rice-like products that he sold for a profit. Thus, 
the IP concept lias been proven sound by Malian personnel. 
New value-enhanced food sorghums from the Malian sorghum 
breeding prosram will likely improve productivity and profit- 
ability. The l i e  is to secure adequate production of the tan 
plant white sorshum varieties that can he IP and delivered to 
users at a profit ibr all participants along the value chain. The 
long-term sustainability is still to be determined. 

Another positive development is that farmers growing the 
white tan sorshi~ms prcrer the porridge made from these grains. 
This is simil;~r to tjnners in Honduras and El Salvador who 
prefer tollillas made from white tan plant sorghum varieties 
instead of the native Criollos, which have purple glumes. This 
projcct has intcnrcted with the Malian program for more than 
20 years. Mi. l~opc that significantly faster progress will con- 
tinue now th;~t Llalian business people are involved. 

.h'e~v l;lti~.ker\ for Food Sorghlmv~.\ 

Seberal e\tr~rded salty snacks and mllled products based 
on IP IJ S u h ~ t e  h o d  sorghums cont~nue to be sold by Japa- 
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nese food companies. South Korea and other countries are 
interested in using white food s o ~ h u m s .  Utilization of sor- 
ghum in these highly de\eloped countries \\ill help our etTons 
to convince food companies in other countries that sorghum is 
a good food ingredient. Similar findings in 5lali. Central 
.America. Mexico and other countries of \Vest .Africa demon- 
strate that sorghum ofgood quality is necessac for \aluc-added 
products. The products are acceptable and purchased by con- 
sumers provided convenience. good taste. appearance and con- 
sistent qualih is available at conipetitive prices. In South .Af- 
rica. significant quantities of Llabella meal are consumed even 
though the price is significantly hisher than mealy meal (maize) 
because a 14% {alue-added tax is assessed to sorghum pro- 
cessed products. Botswana is an example where maize con- 
sumption is decreasing u hile sorghum consumption is increas- 
ing even though red or brou-n sorghum must be imported from 
South Africa. 

Our research on sorghum has been applied in Honduras 
and El Sahador The bariety Sureno. and othen with white tan 
plant color are used in Central .America for tortillas. rosquillos. 
and rosquetes. In El Sal\ador. sorghum flours from \\bite tan 
plant varieties are used in small bakeries to produce pan dulce. 
mutfins. bread. rosquetes. rosquillos and other \arialions of 
these products. There is siynificant interest in use of sorghum 
flour in blends and alone for baked products. There is a lack of 
milling equipment to secure flour although there appears to be 

sutficlent production of food-t?p soqhums The abil~r) to IP 
food sorghums for processlnp nittst k de\e lopd ior consis- 
tent su~cccss. The opponuntties e\lst to stinlulats use of n hite 
f d  sorshums in C'entnl .-\mensa since 3 wurce c>t g31n is 
a\ailable. but tschnolog~es that can k used to d ~ v o n 1 ~ 3 t e  sor- 
ghum and ~nill i t  into tlour or meal are requ~rcd a l r n j  uith 
production 01-a consistent suppl) o t i P  grain. 

Specialt! sorghums and thelr p r d u a s  irere anal!red for 
antioxidant pxential using three methods. o\!gm ndlcal 3h- 
sorbance capac~t!  (OR-\C I .  ? . l - a z ~ n o b t ~  I ?-sth? I- 
bsnzothiazilins-6-sulfonic 3c1d1 I-IBTSI. and : ._ ' l l~phen~I-l-  
picry1h)drazyI (DPPH). The soryhumj \\ere alsi~ anal!7ed ior 
total phenol contents (Tahle I .  Figure I .  21. The broun and 
black sorghum brans had the highest le\els oirntlox~dan: a<- 
tt\ity alonz nith the most total phenols. The careih~n lr \sls  
\\ere highest for the broun sorghurn.;. Stnce thc phenol.  re 
concentrated in the outer layen oithe sorsshum k m e l .  [he -nn  
obtained by ahrasi\cdeconication orrollern~~lltng 5% 3-4 t lnia 
the antioxidant acti\ it! ofthe \~ho lc  p n l n s ~  

The three methods for measuring s n u o \ ~ d ~ n a  \\ere com- 
pared to deternline if a less expensl\e and more ct>n\enlent 
method could be used for anal!sls ofanuo\idant a c t ~ \ ~ t ) .  The 
.ABTS and DPPf1 methods correlated h~ghl) \ \~ th  ORAC t R2 
= 0.98). Ths.ABTS method uas  ths niost su~tabls Llr sorghunis: 
it had a cost adxantage mer  OR.!C and \\3s more cons1s:ent 

Table I.  Phenol contents and antioxidant properties of sorghum and sorghum products 
measured by three methods. 

Sample OR.*(' ,ABTS' DPPH' Pheaot' 
\\-hits gnin -- 7 7 6 h 

\\hits _mln sxtrudate 26 - 
(3 

\Vhite bran 64 2s I 6 

Rcd yain I40 . Z: . 3 
Red bran 7 I 0 2.:~ -1  : 'b 

Black 1001 gain 719 <-  41 t 

Black 2001 c~tmdare 94 . - . * 
. - 

Black 2001 bran 1.M)K 750 I :* 
Bread (30°0Black 1999 bran1 92 4' 1, 
Cookie l50%Black 1999 bran) 1-1) I)i$ 5 I 3 
Hi Tannin (broun) p a n  453 10% I I \  I .; 
Hi Tannin gain e s t~da tc  286 90 -4 h 

Hi Tannin bran 2.4M) i l 2  4Qi . i . i 
Sumac lbrown) grain XhR 726 202 .. - 2 

Sumac bran 2.174 -68 -16 M 
Bread I3O0o Sumac bnn) 254 I O Y  

- 
\ 

Cookie (0'0 Sumac bran1 3:4 1311 I (6 ! .  . ., 
c\- hS .. 2 5 1 C I t  

> - 

ummal TE g D\i basis 
bmg C E  g DSI basis IFolin-Cincalrru method) 
'Based on highcs \aim rrponed h? \Ioyar a al I 1 O O j r  iron1 nmonp 79 \anctlcs. 
\lo)cr. R\: Hummer. KE: Finn. CE: Frn. B: \Vrolwad. R E .  1007. Anthoc!anm,. phcnolrri. and ant~a\~dmr iapaas !!I 
di\erse small h i t s :  laccinlum. Rltbrn and Riht..~. 1 \ p n ~ .  Fond Chsm i0:iIU-57:. 
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Fig. 1. Antioxidant (ORAC) levels in different sorghum brans compared to 
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Fig. 2. Antioxidant (ORAC) va lues  of  so rghum grain a n d  bran 
c o m p a r e d  t o  blueberries (dry bas is )  
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across samples than DPPH. Actually the total phenol contents 
of the sorghums were correlated highly with their antioxidant 
activity (R2 = 0.96 to 0.98). Thus. it is possible to predict 
antioxidant levels in sorghum by using total phenol analysis 
with confirmative tests using ABTS or the ORAC methods when 
more nutritionally relevant data is required. Trials with ani- 
mals and humans are needed. 

The bran is high in dietary fiber, phytates and natural brown 
or black pigments that impart attractive colors to baked prod- 
ucts such as cookies and multigrain breads. A healthy bread 
that contains modest levels of high tannin sorghums as a source 
of antioxidants is currently being sold by a conimercial bakery. 

suited in appearance, texture, color and specific volume (cm31 
g) similar to commercial specialty or dark rye breads. 

The HPLC analysis of procyanidins (condensed tannins) 
indicated that tannin or brown sorghums had a large number of 
oligomers that comprised the condensed tannins. The process- 
ing of tannin sorghums using extrusion significantly reduced 
the polymer s i ~ e  of the procyanidins. The increased percent- 
ages ofoligomrrs with less than 10 units may positively affect 
the hiological significance ofthe antioxidants. The type of pro- 
cessing is impi~rtant since similar changes did not occur when 
the hrans u-cre ]nixed into cookie and breads. The potential to 
produce healthy foods from sorghum is quite high. 

Ms. Crystal Rudiger completed her M.S thesis and devel- Ms. Linda Dykes, PI1.D. student, continues to characterize 
oped a bread mix containing brown or black. sorghum bran sorghum phenols and tannins using HPLC and other techniques. 
with flax seed, gluten, barley and wheat flour. The bread made Dr. J. Awika. Kenya. completed his Ph.D. degree on antioxi- 
there from has excellent flavor, texture and outstanding levels dants in sorghum and is currently aresearch associate continu- 
of dietary fiber, antioxidants, ligans and omega 3 fatty acids ing research oil sorghum and wheat quality here in our labora- 
with a natural brown color. Black sorghum bran in breads re- tory. Our laboratory is collaborating with Dr. Prior's group at 



the USDA Sutrition Lab in Little Rock .Arkansas to explore 
the relationship of processing of sorghum brans and its affect 
on health. 

It is possible to produce expanded sorghums directly from 
whole ground undecorticated white or bro\vn sorghum grains 
using low-cost friction extruders. More research \\ i l l  he done 
to demonstrate the utility of sorghums of \arious kinds in lo\\- 
cost extrusion of snacks. These smaller extruders are used in 
areas \\here infrastructure does not permit use of more costly 
sophisticated extruders and processes. Low-cost friction ex- 
truders can be used to produce an array of products. Thus. the 
abilit) to produce snacks directly from whole clean grain is a 
distinct advantage for sorghum. Extrudates of 100Do \\hole 
brown or tannin sorghums \vould have excellent nutritional prop 
enies. More Ivork is needed to document their propenies. 

The evaluation of sorghum as an ingredient in extrusion of 
snacks and breakfast foods was initiated to compare their p rop  
enies with corn and rice. This information is of interest to 
potential users of sorghum around the uorld. Rice produces 
extrudates with \\ hite. bland flavor and excellent crispness. The 
goal of these experiments is to test the extrudate propenies of 
sorghum directly against corn and rice ingredients. The white 
food sorghums have a bland flavor. light color and produce 
acceptable food products of various kinds. 

White sorghum samples prepared h) combining -I decnni- 
cation le\els in. In. 20 and 30'0) and three panicle sizes \\ere 
extruded in a Maddox single screa f r i c t i o n - t ) ~  extrude- .A 
commercial )ello\\ cornmeal and polished nce \rere extruded 
as controls. The extrusion conditions \\ ere held canstant for all 
samples. The expansion ratio. bulk densit?. color and te\:ure 
of the exlrudares \\ere signiticantl! atfscted h) b t h  prticle 
size and deconication level. .As the deconication Ie\ el i n c m d .  
the extrudates \\ere whiter. more expanded. less dense. more 
crisp and more thoroughl) cooked. The extrudat~\ made <:om 
coarse panicle size materials had the most desirable chara~ter- 
istics compared to the other panicle sizes used. Some wrghum 
products had a higher expansion ratio than horh rice and cGrn. 
and had similar hulk densit? and texture character~stics \'i~th 
increasing deconication le\el. uhiter. more expanded. stron- 
ger and crispier. hland tla\ored extrudares aere  p r d u c e d  The 
dcconication level and panicle size can hc used to \a? expan- 
sion ratio. crispiness and bulk densit?. 

Three graduate students in our lahoraton p rdu ied  "BOK- 
GOY". a \choir grain sorghum extruded snack. \\ i;ch \&on :irst 
place in the Sational American .Association ofcereal Cherists  
Product De\elopment Competition (Figure .;I. The prmlust 
was made tiom \vhole grain \\ hite food sorghum \ ia a dlon 
barrel friction t ? p  extruder follo\red h) haking the extrudxes 
and seasoning \\ ith different fla\ ors. The \\ hole p i n  pmdiicts 
are healthy \\it11 a \ e n  acceptahle texture that 1s inne r  than the 
usual extrudates made from milled rice. maize a id  sorghxnl. 
\loreo\er. the shelf life is e\cellent and thc prcdust lcvks and 
tastes great. This illustrates the functionalit? o i  sorghum ior 
use in extrusion and as a food ingredient. 

The Japanese are interested in sorghum k z u s e  it h.is a 
hland flaxor. light color. can c a m  mild flabon and seasonings 
similar to rice. has g o d  extrusion propenies similar to rice. 
and is potentially less e\pensi\e. Panicipanr in our Snack 
Foods short course from Central America are in t e~s ted  in us- 
ing sorghum hut finding a consistent suppl: of gmd qu;ltt: 
grain is a significant prohlem. 

Sorzhum flour (SF) can he substituted for IMFe uf the 
\cheat flour in a \ anct) of products that are 1 1 4  in gluten free 
diets for Celiac-Spruc patients \rho are intolerant c,iu heat and 
other cml  aeather cereals. Sorghum tlour pmjuies acc:pt- 
able baked prnducts with additi\es to substitute f,>r its lac\ of 
gluten. h n o u s  prepared mixes. flours and other products ion- 
taming sorghum ha\e k e n  introduced into spsinlt? markets 
recmtl). The Sational Sorghum Prducen  Assiviation is pr* 
moting so~zhum as a health! food ingredient and it has ethnic 
appeal to many immigrants. 

Dr. Serna-Saldivar. ITES\I. \lonterre!. SIexico. is con- 
tinuingto collaborate on sorghum research. espeiiall) a ith itu- 
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dents working on sorghum for brewing, industrial films and as 
a source of antioxidants. His group has conducted significant 
research on wet milling of sorghum and evaluated its use as 
brewing adjuncts. Dr. Sema has provided assistance to our 
project in El Salvador and Nicaragua by presenting a summaly 
of his research activities on sorghum to Central American sci- 
entists at a planning workshop in Nicaragua. 

Central American Lke qfSor.ghzrm 

Ms. Herrera working with CENT,\ in El Salvador has con- 
ducted many trials in local bakeries showing that sorghum can 
be used effectively in baking of rosquetes. sueet breads and 
many other products as well. We have a program to work with 
her to assist in sorghum flour production from the improved 
white, tan plant food sorghums that are available in Salvador. 
This work along with the breeding prograrn in El Salvador and 
Nicaragua will continue to improve sorghum quality for use in 
foods. 

The lack of commercial production of sorghum flour by 
small operators is amajor constraint to more widespread use of 
sorghum by small holders in the region. The need for IP food 
sorghum production and processing is critical. Bland flavor 
sorghum flour has an advantage over corn flour as a substitute 
for wheat flour. This affords an opportunity to utilize sorghum 
in popular food items. As we work to enhance utilization at the 
entrepreneur level, the combination of cereals and legumes to 
produce value-added foods is critically important. 

ent environments in uniform yield trials with 40 entries. This 
work was in collaboration with Dr. Tuinstra and W. Rooney, 
who conducted the evaluation trials. Red and white sorghum 
varieties groun at locations in Texas, Kansas and Nebraska 
from 1999-2001 u'ere evaluated for hardness using a SKHT 
(single kernel hardness tester), decortication properties using 
TADD (tangential abrasive dehulling device), TKW (thousand 
kernel weight). color (L, a, b), test weight, density, proximate 
composition and relative mold damage. Mean quality data for 
some of (he rnost relevant hybrids are presented in Table 2. 

Environment and hybrids significantly affected composi- 
tion, physical and processing properties. White tan sorghum 
(WT) hybrids s e r e  harder; more dense and lighter in color than 
white purplc (WP) hybrids or red hybrids (Figure 4). WP hy- 
brids were marc adversely affected by weathering and molds 
than WT hyhrids. All of the ATx635 hybrids had significantly 
improved physical properties and higher milling yields than 
the other white hybrids. This grain also has a thin pericarp that 
is particularly suited to whole grain extrusion. 

White sorghums had better milling performance than red 
hybrids. A significant correlation ( ~ 0 . 6 9 ,  n=l05) was found 
between SKHT and TADD hardness values, suggesting SKHT 
could be used to predict decortication properties. Efforts by 
breeders, agronomists and food technologists have produced 
tan white food-type sorghums with significantly improved food 
quality attributes. 

The price of rice is such that locally grown sorghums could The red tan hybrid sorghums could be grown in areas where 
compete for markets in certain snacks, ready-to-eat breakfast molds and weathering are serious problems, such as in the 
cereals and composite flours for baking. In rural non-rice pro- coastal bend of  Tsxas. in areas where the Kharif sorghu~ns are 
ducing areas, a decorticated sorghum could serve as a cost ef- grown in lndia and in many African countries where the sor- 
fective substitute or diluent for rice in many households. Suc- ghums mature during moist conditions. The problem of mold- 
cess could lead to significant economic activity. ing and staining is decreased with tan plant sorghums that have 

straw colored glumes. For example. the Kharif sorghums of 
Tan Plant Food-ype H~~br id  Perfbrmuncc and Qlralih Ti.ia1.v lndia become hlack with mold damage and sell for 50.60% 

discoi~nt. This is rapidly reducing the sorghum production in 
Attributes of sorghums that produce light colored meals, India. The red taris ]night he useful for decortication and pro- 

flour and grits with bland flavors were evaluated under differ- 

Table 2. Physical and composition attributes of selected sorghum hybrids grown over four  years a t  four 
locations in Texas, Kansas, and Nebraska. 

-~ ~ - ~~ 

Pedisree Type Hardness Decortication Grain Grit T K  Diarnster Density Protein Fat 
Index Yield (%) L Vnluc L Valuc LV (mm) (g/CC) (Oh) (5'") 

~ .kI 
ATx635*RTx436 WT 94.9 a 85.8 a 63.1 a 68.2 a 23.2 1.97 1.396 a 11.0 3.8 
ATxArg-I'RTx436 WT 9 1.5 a 82.7 ab 626ab 69.6 a 22.6 1.83 1.389 ab 10.8 3.6 
888Y WT 90.3 ah 86.4 a 59.5 c 67.8 ;~b 25.8 1.92 1.396 a 11.2 3.9 
ATx378*RTx430 RP 83.4 hc 75.9 cd 47.7 d 65.3 b 300 2.22 1376cd 11.5  3.8 
ATx623*Krx430 WP 83.0 c 74.9 cd 59.5 c 68.2 a 2Q.O 2.17 1.373 cd 10.0 3.5 
ATx63 1 *RTx436 WT 79.9 cd 79.1 bc 63.8 a 69.6 a 25.6 2.07 1.381bc 1 1 . 1  3.9 
ATx631*RTx2903 RT 74.1 dc 72.3 d 46.8 d 69.9 a 243 2.03 1.369 d 12.5 4.0 
AOKI I'RTx2741 WP 70.6 e 70.7 d 60.4 bc 68.2 n 25.9 1.97 1.368 d 9.5 3.5 
LSD (a4.05) 7.2 5.9 2.3 2.4 4.0 0.22 001 l 1.3 0.3 
Means nith same lcttcn not significantly diffment 
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Fig. 4: Decorticated Grain Yield of red and white 
sorghums adjusted to an Lvalue of 67 

(CY=3.5%) 
100 PL 
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duce better food and poult? feed than the white sorghums procedure appears to be neceswc to assess hudness. e;p- 
currently being grorvn. The Kharif hybrids sell for significantl! ciall! i f  one \rants to compare !~elds \ s. color of the dcc,>nl- 
less money than the rabbi or dr\. post rainy season sorghum cated grain. 
called maldandi. Similar problems occur in much o f  Africa 
except the Sudan. Ethiopia and others \\here sorghum matures ROIL, I!~.~IIII~~III~'I/ P~-oI~~I~I~ I.~FPI 111 ~I/IIIII~Z,:III~ tirCz:,l ~ \ / : ~ l ~ i -  
in the \en. dr) season. i11.q olSoqhltrtz 

field, .dgronomics arid Q1tnlin..4rtvihur~.~ ~ t C ~ ~ r ~ r n ~ r r c i ~ r l  ll711rr 
Ziti Food Sorg l i~~m Hybrids 

Samples of commercial sorghums exported from the Gulf 
Coast (I I )  and talue-enhanced ahite food sorghums g r o ~ n  on 
farmers' fields (21) were analyzed for composition. physical 
and milling propenies for each of three crop years. The r! hite 
food grains had higher test weight. increased true density. re- 
duced floaters and significantly higher yields of deconicated 
grain than the commercial export sorghum samples for each of 
the three years. The protein content o f  the food sorghums uas 
significantly higher than that o f  the commercial sorghum 
samples. These data \\ere used by the Lnited States Grains 
Council to pro\ ide informationon the neb\ food sorehums a\ail- 
able. Partial support for the analysis \\as pro\ ided. 

NIR equipment to analyze for protein. moisture and starch 
i n  \r-hole grains \<as calibrated. The use of S I R  to analyze for 
starch. protein and moisture is successful but continuous im- 
provements i n  the calibrations are needed. .-\large n u m k r  o f  
samples were analxzed with good repeatability. Sumerous fac- 
tors like color. cracked and broken kernels. glume content and 
degree of molding appear to affect the analytical \slues o h  
tained. 

A single kernel characterization system used for \\heat 
kernel hardness was modified slightly for sorghum hardness. 
diameter and moisture measurements. This must be confirmed 
with a larger set of samples. At this time the abrasive milling 

Drs. \\Bniska and Bejowno ha\e e\aluated the role of:\FP 
fnr several years. The results o f  the ~:-!car stud? i2fX)O-_'f1Ci_') 
\rere anal!red and summarired in a manuwnpt sobmined for 
publication entitled ".Antifiln$al proteins in comrne~c i~ l  h! k i d s  
and elite sorghums" b! F.P. Be~osano. R.D. \\antiha. and \KL. 
R~wney. The repnrt consol~datcs the tindin?. on t i e  commer- 
cia1 h!hrids and public parental linss gro\\n in College Station 
in ?000.2(BI and 2001 that \*ere selected for the stud!. Prt\ i -  
nus studies e\aluated small n u m k n  ofsorghum genonp- In  
this stod? a larger 194 lines in 2000 and 2 W l :  12 in _'llt21 and 
more d i \ene collection \!as e\aluated to detem~inr. i f  prs\ i.,uj 
findings appl! \\hen sorghums are gmu n in norma! asrt,nonli< 
practices and [>pica1 en\ ironrnents. 

The sorghum groa ing en\ ironments in ?O(Wi m d  3 i ~ 1 l  did 
not result in sulficient mold damage to correlate F P  cant-nt 

with grain mold resistance. Ho\\e\er. the sorghum grouing 
en\ ironments in 2002 resulted in signiticant mold damage. The 
en\ ironment tn 2002 caused significant fungal detenonrion of 
grain. The \ariation in inold infection among tke genot?yxs 
increased as the gains reached combine h m  est matunp C w -  
sequentl!. significant changes in AFPcontsnr frcxr ph!sioIogi- 
cal to combine hanest matunt! \rere obsened. (;ent~t!p-. 
which lost more .AFP at combine hanest matunt!. had signiti- 
cantl! greater mold damage. Thus. u s  \\ere able I,> dern<>n- 
grate that sorghums u ith hlghsr le\ els and increased retentlam 
of .AFP had signlficantl! reduced gn in  mold~ng. 

Grain mold i s  considered a complex disease. which is In- 
fluenced h!. interaction o f  qualitati\el! and qu3ntit3tirel) 17- 
herited traits. Although other canopsis tnlts are Lnili\n to co-I- 
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tribute to grain mold resistance specifically tannins, harder en- vars in injera quality. Also the addition of emulsifying agents 
dosperm, and red pericarp color, these studies have shown that appears to impror e quality and prolong shelf life of injera from 
presence of AFP is a major factor. Hence. sorghums can be sorghum. Some hard white cultivars have acceptable injera 
classified as mold resistant or susceptible based on their AFP qualit). She is nearly through with her dissertation and works 
content and retention when they are exposed to environmental as part of the Ethiopian National Sorghum Improvement Pro- 
conditions that promote mold infection. gram. 

The AFP content is reduced by increased mold pressure 
during maturation. Mold resistant sorghums retain more AFPs 
than susceptible ones when grown under conditions causing 
mold damage. Both white and red sorghums had the same re- 
sponse. Thus. it is possible to analyze for AFP content to deter- 
mine resistance only under conditions where high levels of 
molding occurs. Under this situation, the sorghum breeders can 
make selections subjectively as to relative mold resistance 
among the lines. AFP cannot be used on mature. dly grain to 
predict mold resistance. 

Work to complete the studies continues but additional stud- 
ies are required, especially those that follow AFP levels in mold 
resistant lines from one generation to the next. Once this is 
wrapped up the work will be complete. New efforts to under- 
stand the role of certain phenols in the bright red cultivars with 
resistance will be initiated applying recent new analytical tech- 
niques for their separation. 

Networking Activities 

Southern Africa 

The PI, Dr. Lloyd Rooney, made 3 trips to Africa and one 
trip to ICRISAT India to present information on management 
of the grain supply chain to improve sorghum and millet food 
products. Graduate students in the Food Science Department 
at University of Pretoria are from many African countries. Many 
participate in the Regional Master of Science program, which 
consists of joint programs between CSlR and University of 
Pretoria. Thus, INTSORMIL's interaction with the University 
of Pretoria informs many future African food industry leaders 
of the potential role of sorghum and millets as food and indus- 
trial ingredients. INTSORMII. is providing significant assis- 
tance to the region by involvement in these key programs. 

Dr. Leda Hugo, Mozambique, completed her Ph.D. with 
Dr. Taylor at the University of Pretoria on the use of malted 
and feniiented sorghum in composite breads. She is currently 
a professor at University of flduardo Mondlane University 
teaching in the food science program and conducting research 
on post harvest grain processing. Her process to ferment sor- 
ghum flour prior to baking has significant potential for com- 
mercialization. 

Ms. S. Yetneberk from Ethiopia has continued her Ph.D. 
program at University of Pretoria under Dr. John Taylor. She 
has made excellent progress to determine major factors affect- 
ing the quality of injera from sorghum cultivars grown in Ethio- 
pia. She found significant differences among sorghum culti- 

Mr. Steve Barrion, M.S. candidate, University of Pretoria, 
is working on milling of pearl millet from Namibia. Commer- 
cial milled products from a major millet variety were produced 
and analyzed fix components and physical properties. He made 
plans to ohtain several commercial varieties of pearl millets 
from Namibia for analysis, especially of the phenols. This 
pro,jecr should probide useful information relative to commer- 
cial ~nillirlg of pearl millet compared to traditional milling. 

Ms. honisua. Rulawayo, Zimbabwe, is working on aPh.D. 
in food sciencc at the University of Pretoria, involving antioxi- 
dants from sorghum. She teaches food science courses at the 
National University of Zimbabwe in Bulawayo. She is just 
starting her program with Dr. Taylor's group. She will prob- 
ably come to our laboratory to work with phenol and antioxi- 
dant analyses in 2004. 

Dr. Lloyd Rooney participated in the AFRIPRO confer- 
ence that was held in April 2003 in Pretoria to assess the cur- 
rent status of research in Africa on sorghum proteins and re- 
lated subjects. The European Economic Community has spon- 
sored work in several African and European Universities and 
Research Centers. The conference brought together a critical 
mass of Afr~can and European scientists. INTSORMIL must 
maintain and develop a continuing dialog with these scientists 
since our interests are complementary. Many of the African 
scientists participating were trained as part of our INTSORMIL 
program. They have been exercising leadership in some of 
these projects. Dr. Rooney presented information on the im- 
portance of supply chain management for securing a consistent 
supply of grain for processing into value-added products for 
urban consumers. Professor Taylor, University of Pretoria, is 
fut~ded by botli groups and facilitates interactions quite well. 
These projects are synergistic and complementary. 

Honduras, Salvador, Mexico and South America 

Rene Clari. Sorghum Breeder, El Salvador and sorghum 
breeders from Nicaragua spent time in the Cereal Quality Lab, 
TAMU. Dr. Rooney traveled to Managua, Nicaragua to de- 
velop collaborative research plans. The information obtained 
in Japan applics quite well to the situation in Salvador and else- 
where in Central America. Asmall Central American food com- 
pany has initiated use of modest amounts of sorghum in their 
extrudcd snacks as the result of participation in our snack foods 
short course. 

Dr. Rooney has long tern  cooperative projects with Dr. S. 
Sema-Saldivar, Professor and Head, Food Science, Instituto 
Tecnologico y de Estudios Superiores de Monterrey (ITESM), 
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Monterrey, Mexico. to evaluate the usefulness of new improved 
food sorghum hybrids in  \vet and dry milling and as adjuncts in  
brewing. His PhD and subsequent post doctorate experience 
in  our laboratory uas partially funded from INTSORMIL. 

We currently have three graduate students from Mexico 
partially funded on TAM 226. We are able to leverage our 
INTSORMIL funds by using additional research funds tiom 
private industry and other agencies to conduct joint research 
activities. The practical short course on snack foods pro\ides 
opportunities to conduct proprietary research projects for par- 
ticipants. These short courses generate funds that are used to 
partially support graduate students. 

Dr. Javier Bueso. Honduras. completed his Ph.D. He uas 
partially supported by INTSORMIL and uorked on sorghum 
but his dissertation was on staling o f  tortillas since his last year 
was funded by a Tom Slick Graduate Fellouship from Texas 
4 & M  University Our current level of funding did not permit 
him to work only on sorghum. 

We are actively recruiting a graduate student from El Sal- 
vador and Nicaragua to develop skilled personnel for those 
programs in Central America where food science related to crop 
improvement programs are unavailable or scarce. Travel to El  
Sal\ador and Nicaragua is scheduled for late July 2003.  

Mali and West Africa 

Dr. A. Toure. IER. Mali. and his associates have made 
progess in  utilization and breeding research to develop IP pro- 
duction and use o f  the new white tan plant photosensitive sor- 
%hum varieties for value-addedproduction. I t  is clear that many 
scientists and others understand that acquisition o f  good qual- 
ity sorghum and millet grains for processing is necessary to 
produce profitable. competitive food products for urban mar- 
kets. This is a continuous painstakingly slow process but 
progress is occurring. This same concept has been demonstrated 
in Niger and other places where poor quality grain produced 
unacceptable products that consumers wi l l  not buy. 

Dr. Rooney participated in  an intensive short-term mis- 
sion to Dakar. Senegal in  January 2003 to evaluate utilization 
o f  millet as processed foods. The progress in  Dakar is spec- 
tacular and gives a positije indication o f  \\hat can be done. 
The long term efforts o f  Institute o f  Technology Alimentaire 
(ITA) in Dakar has led to a large number of small businesses 
that process millet couscous o f  various kinds. flour, meal and 
more sophisticated products like yogurt containing 3O0.o millet 
and a snack made by extrusion puffing using locally pmduced 
materials. The products were o f  excellent quality overall: pro- 
cessors realize they need improved quality and consistency o f  
grain and are willing to pay more for it. The organization o f  
farmers to produce higher quality grain and supply chain rnan- 
agement and sharing in profits by all parties are the next steps 
toward more efficiency. T'hese developments are the results o f  
long-term efforts on the part o f  numerous international agen- 

cies that assisted IT.% and other organizations to la? the ground- 
\\ark for these entrepreneurs. The tlme i s  ripe to de~elop a sup  
ply chain to pro\ ide \due-enhanced grain for increased profits 
for all panicipants from seed producers through to the con- 
sumer ,A suppl? chain for improxed quallp grain \r i l l  make 
d e l i ~ e n  and adoption o f  neu cultlr a n  much e3;lrier and v ill 
permit processors to expand production to meet m.arhet demands 
that appear to exist. 

Se\eral papers uere presented at the annual .-\menan 
Association ofcereal Chemists Conference. \lontreal. Caneda. 
Dr. Roone! presented sorghum qualit! utilization discuss~ans 
to Texas Sorghum Producers Board \!embers and panels snd 
U.S. Grains Council sponsored trade teams. .A swial seminar 
at T.AVL \\as developed for a Japanese trade delegation 1n:er- 
ested in white sorghum for food processing. \It.  D a \ ~ d  .Asoib. 
one o f  our graduate students. won first prize for t i e  k t  paper 
at the Sational Sorghum Producers Assxiation Confercnie. 
He presented his research on extrusion o f  sorghum to prodrlce 
snacks. 

Three of our graduate students won first place for Bonso's 
at the Sational AACC Conference Prcduct De\ elopment Coni- 
petltlon 

Visitors and collaborators from Southern .Africa. .Austra- 
lia. l la l i .  Siger. Botswana. Honduras. Guatemaia. El Saha- 
dor. Korea. Japan. \enezuela. Colombia. and China \\ere p r -  
ssnted information. 

Practical Snock Foods Short Course 

Our laboratory conducts an annual short courw on prastl- 
cal snack foods production for pn\ate indust? in uh i i h  wr -  
ghum utilization i s  pan o f  the program. .*book on Snack F c d  
Processing co-edited by Dr. Roone! contains informat~on Jn 
food sorghum. Panicipants from all o\er the uor ld enrolled in  
the short courw. including se\eral from Central .America a2d 
Llexico. This short course produces a prolit. \rhich IS w d  tu 

partially support our research activities. another example o i  
leleraging o f  resources. 

Sorghum .Market Development .4ctivitin 

The C.S. Grains Council has market de\elopmeni aai \  I- 
ties to capitalize on \slue-enhanced sorghums for use in  Lalus- 
added products in Japan. Taiuan. \le\ico. Central and South 
.America. Our research activities on de\ elopment ol' foul-t?~ 
sorghums. milling properties. composite flours. tort:liaj. snacks 
and other prototype food products rrere presented a: L.S. Gra n 
Council sponsored \slue-enhanced market de\slopmsnt \to& 
shops in the Cnited States and Japan. .At the reques: <,ithe L . 5 ~  
Grains Council. \ve presented a one da! uorkshop on uhi:e 
food sorghum quality and processing propertia to se\eral lapl- 
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nese food processors in our laboratory where we discussed 
value-enhanced sorghums for food processing. 

Training, Education and Human Resource 
Development 

Monterrey Institute ofTechnology: our collaboration with 
Dr. Serna-Saldivar, Head, Food Science Dept., ITESM, 
Monterey, Mexico has led to completion of six MS.  degrees. 
These young scientists have positions in the Mexican food in- 
dustry, which transfers the technology directly to industly. 

Drs. J. Awika from Kenya and J. Bueso from Honduras 
completed Ph.D. degrees. Two M.S. thesis were completed. 
Two graduate students from Mexico and two from the U S .  
currently work on INTSORMlL related research in our labora- 
tory, with partial financial support while several others are sup- 
ported from non INTSORMIL funds. Inflation has significantly 
reduced the number of graduate students that can be supported. 

Publications and Presentations 

Journal Articles 

Awika, J.M., L. Dykes, G. Liwei, L.W. Rooney, and R.L. Prior. 
2003. Processing of sorghum (Sorghum hicolor) and sor- 
ghum products alters procyanidin oligo~ners and polymer 
distribution and content. J. 4 g  and Food Chem. (In Press) 

Bejosano, F.P., W.L. Rooney, R.R. Klcin. L.W. Rooney, and 
R.D. Waniska. 2003. Antifungal proteins in commercial 
hybridsand elite sorghums. Journal ofAgricultural and Food 
Chemistry. (In Press) 

Earp, C.F., C.M. McDonough. and L.W. Rooney. 2003. Mi- 
croscopy of pericarp development i n  the caryopsis of Sor- 
ghum bicolor (L.) Moench. J. Cereal Sci. (In Press). 

Earp, C.F., C.M. McDonough. J.M. Awika, and L.W. Rooney. 
2003. Testa development in the caryopsis of Sur.gInim bi- 
color (L . )  Moench. .I. Cereal Sci.. (In Press) 

Hugo, Leda F., Lloyd W. Rooney, andJohn R. Y. Taylor. 2003. 
Fermented sorghum as a functional ingredient in composite 
breads. Cereal Chemistry. (In Press) 

Rooney, W.L.. F.R. Miller, and L.W. Rooney. 2003. Registra- 
tion of RTx437 Sorghum Parental I.ine. Crop Science 
43:445-446. 

Bandyopadhyay. Ranajit, Christopher R. Little, Ralph D. 
Waniska, and David R. Butler 2002. Sorghum grain mold: 
through thc 1490s into the new millennium. In J.F. Leslie 
(Ed.). Sori._llum and Millet Diseases, lowa State Press. Pp. 
173-183. 

Rodriguez-Rallesteros, Oscar R., Anaclet S.B. Mansuetus, Ri- 
chard A. Frcderiksen, Gary N. Odvody, Ralph D. Waniska, 
and Darrell 7. Rosenow. 2002. Free and bound phenolic 
acids in mature sorghum caryopses as affected by inocula- 
tion with Fii.\ro.iurn fhapsinlim. In J.F. Leslie (Ed.) Sor- 
ghum and Millet Diseases, lowa State Press. Pp. 269-272. 

\Van~ska. R.D. and Lloyd W. Rooney. 2002. Sorghum grain 
quality for incrcased utilization. In J.F. Leslie (Ed.) Sor- 
ghum and hlillet Diseases, lowa State Press. Pp. 327-335. 

Waniska. Ralph D., R.T. Venkatesha, A. Chandrashekar, S. 
Krishnaveni. F.P. Bejosano, Jeoung Jeoung-Mee, Jayaraj 
Jayaraman, Suhbaratnam Muthukrishnan, and George H. 
Liang. 2001. Antifungal proteins and other mechanisms in 
the control of sorghum stalk rot and grain mold. In J.F. Leslie 
(Ed.) Sorghum and Millet Diseases, lowa State Press. Pp. 
287-297. 

Acosta. Da\.id. 2003. Extrudates made from a food-type white 
sorghum. Pp. 114-127.. In J.A. Dahlberg, R. ~ochenower,  
R. Klein. B Roonev, S. Bean. B. Pendleton, J. Stack, and B. 
hlaunder (I:ds.) Proc. 23rd Biennial Grain Sorghum Re- 
search and i.ltilization Conference. Feb. 16-1 8,2003.Albu- 
querque, New Mexico, U.S. 

Rooney. L.W. 2003. Overview: sorghum and millet food re- 
search f,iiiurcs and successes. 9 Pp. In P.S. Belton and 
J.R.N. Taylor (Eds.). Proceedings of the AFRIPRO Work- 
shop on the Proteins of Sorghum and Millets: Enhancing 
hutritional and Functional Properties for Africa. April 2-4, 
2003. I'reloria, South Africa. 

Roone): L.W. 2002. Constraints to utilization of sorghum1 
millet in balue-added foods. In INTSORMIL Project In- 
vestigators Conference, November 18-20, 2002. Addis 
Abaha. ttliiopia. 

Rooney, L.W. and F. Herrera. 2002. Central American utiliza- 
tion of sor$lium for food. In INTSORMIL Project Investi- 
*tors Cotlference. November 18-20, 2002. Addis Ababa, 
Ethiopia. 

Rooney. L.\Z1. 2002. White food sorghum utilization proper- 
ties and ad~antages for extrusion. US Grain Council Japa- 
nesc Tradc Team, September 19-21, College Station, Texas, 

~ - 

Sema Saldivar, S.O. and M. Mero-V~llanueva. 2003. Effect of U.S. 

cell wall degrading enzymes on starch recovery and steep- 
ing requirements of sorghum and maize. Cereal Chem. Dissertations and Theses 

80(2):148-153. 
Awika. Joscpl~. 2003. Antioxidantpropeniesofsorghum. Ph.D. 

Books, Book Chapters and Pr0ceeding.s dissertation. Texas ABM University, College Station, Texas. 
Bueso. Jabier. 2003. Stalinrr of corn tortillas. Ph.D disserta- - 

Rooney, L.W. and S.O. Sema-Saldivar. 2003. Sorghum. In B. lion. T e \ a  .4&M University, College Station. Texas. 

Caballero, LC Trugo, and PM Finglas (Eds.). Encyclope- Maranphal. Nitit. 2003. Direct expanded snacks from sor- 

dia of Food Sciences and Nutrition, P e d . ,  Volume 8, Aca- ghum. V.S. thesis. Texas ABM University, College Sta- 

demic Press, London. Pp 5370-5375. tion. Texa\. 



Rudiger.Crl;stal. 2003. The formulation ofa nutnceutical bread 
mix using sorghum. barle): and flaxseed. M.S. thesis. Texas 
A&l l  Cnitenin.  College Station. Texas. 

C.S. GrainsCouncil. 2002. 2001-2002 blue-Enhanced grains 
quality report. US Grains Council. IVashington. D.C. http: 
a \v \v .vegra ins .o rg  d o c u m e n t s  ?OO2\eg_repor t  

veg_repon.htm. 142 pp. 
Roone): L.W. 2002. Food and nutritional qualin of sorghum 

and millet. Project TAM-226 INTSORLfIL Annual Repon 
2002. University of Yebraska. Y.E. 4. 88-95, 

Rooney. Lloyd W. and C. XlcDonough. 1001. PROFIT ,An- 
nual Repon: Near infrared analysis for marketing of sor- 
ghum. hrtp: socghum.tamu.edu repon-database tiles rep17 
PROFITfinal! enionL\VR.html. 

Rooney. W.L.. Dennis Pietsch. and Lloyd U'. Rooney. 2001 
PROFIT Annual R e p o ~ :  The evaluation of high yielding. 
weathering resistant. tan-plant sorghum hybrids under Texas 
production en\ironments.  h t t ~ :  sorzhum.tamu.edu 
reoon-database,files re034 2 0 0 1 t ~ h t r e ~ o n . ~ d f  

JVaniska. Ralph D.. William L. Koone?. Roben R. Klein. Lloyd 
U'. Rooney. and Feliciano P Bejosano. 2001. PROFIT.An- 
nual Repon: Mold and toxin-free grain through host plant 
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Abstracts 

Acosta. D.. &I. Barron, XI. Riaz. R. \\hniska. and L. Roone?. 
2003. Deconication level and particle size etYrct on direct- 
e.xpanded uhite sorghum extmdates. In J. A. Dahlberg. R. 
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J .  Stack. and B. Maunder (eds.1 Proc. 23rd Biennial Grain 
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2003. Antioxidant properties ofsorghum measured b! three 
methods. In J. A. Dahlberg. R. Kochenouer. R. Klein. B. 
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Central America 
(El Salvador, Nicaragua) 

Stephen C. Mason 
University of Nebraska 

Coordinators 

Ing. Rene Clara \'alencia, Plant Breeder. CENT.4. Apdo Postal 885. San Sahador. El Salvador [Central .Amen:a Regwnal 
Host Coordinator] 

Ing. Rafael Obando Solis. Agronomist. CSlA NTA. .4pdo. 1247. Managua. Sicaragua [S~caragua Countr) Coordinator] 
lng. Mario Enesto Parada Jaco. Entomologist. CESTA, .Apdo. Postal 885. San Sal\ador. El Sahador [El Sakador Courtn 

Coordinator] 
Dr. Stephen C. Mason. 229 Keim Hall. Dept. of.Agronomy, Lniversit) of Sebraska. Lincoln. S E  [Central America Re_gion31 

Coordinator] 

Collaborating Scientists 

Mr. Francisco Vargas. Agronomist, ANPROSOR, Nicaraguan Grain S o ~ h u m  Producers .Association. Slanagua Sicaragua 
blr. Sergio Pichardo Guido. Plant Pathologist, USA. Managua. Sicaragua 
Ms. Yanet Guitierez Gaitin. Plant Pathologist. LXA. Slanagua. Sicaragua 
Ms. Martha Zamora. Entomologist. USA. Llanagua. Sicaraqua 
Ing. Reina Flor G u m a n  de Serrano. Plant Pathologist. CEST.4. San .4ndrb. El Salvador 
Ing. Carlos Amando Bo ja  Melara. Plant Pathologist. CEST.4. San Andris. El Salvador 
Ing. Carmen Gutierrez D.. Entomologist. ISTA. Managua. Sicaragua 
Ing. Hector Deras F.. Plant Breeder. CENTA. San .4ndrPs, El Salvador 
Ing. Salvador Zeledon. Plant Breeder. CEST.4. San .Andres. El Sahador 
lng. Jose Wilfredo CastaZeda. Agronomist, CENT.4. San ;\ndris, El Salvador 
Ing. Mas Hernandez. Agronomist. CESTA. San Andres. El Salvador 
Ing. Quirino Argueta Portillo. .A_monomist. CEST.4. San Andres. El Salvador 
Ing. Orlando Tellez Obregon. Soil & U t e r  Scientist. Posoltega. 1ST.A. Sicaragua 
Mr. Leonardo Garcia Centeno, .Agronomist. L3.4. Managua. Sicaragua 
Ing. Fidelia Herrara de Paz. Food Scientist. CESTA. San .Andres, El Salvador 
Dr. Henry Pitre. Dept. of Entomology and Plant Pathology. \lississippi State Lni~ersit?. \fississippi State. \IS 
Dr. Lloyd Rooney. Cereal Quality Laboratov. Dept. of Soil & Crop Sc~ences. Texas A 8: \ f  Lni\ cnlty. College Station. T S  
Dr. Gary Peterson. Texas A & M Lniversih 4gricultural Research and Extension Center. Rt. 3 Box 219. Luhhxk. T S  
Dr. Larry Claflin. Dept, of Plant Patholog): Kansas State Uni\ersit). \lanhanan. KS 
Dr. W.L. Roone!: Dept. of Soil and Crop Sciences. Texas .4 & M Uni\crsiG. College Station. T S  
Dr. Darrell T. Rosenou. Texas A &  %f Uni\ersity ;\gricultural Research and Extension Center. Rt. 3 Box 219. Lubbock. TZ  
Dr. John Sanden. Dept. of Agricultural Economics. Purdue Cni\ersit?. \\?st Lafayeoe. IS 
Dr. Sergio 0 .  Serna-Saldivar, lnstituto Tecnologico y de Estudios Superiores. \lonterre?. Slexico 

Collaborative Program 

fision Statement 

The following \ision statement was developed during the sector and scientists from L-S. land -grant uni\ersities to in- 
past year. "INTSORVIL collaboration \r-ill support national crease productivit?; profitabllin. economic groath, ionsena- 
research programs' efforts to develop dynamic. competent in- tion of natural resources. and food securit) for produ:ers. pro- 
stitutional research programs which contribute to producti\ ~n: cessors and consumers of sorghum". 
economic gro\\rh, natural resource consenation and irnpro\ ed 
diets for grain sorghum producers, processors and consumers. Institutions 
Scientists in the regionaill ~vorkas regional. multi-institutional. 
multi-disciplinary teams collaborating with extension senices. .Active ISTSOR\iIL collaboration in Central .America IS 

NGOs. international research centers. PCCVC.4. the pritate occurring primarily among the follo\\ing institution;: Centn, 
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Nacional deTechnologia de Agropecuaria y Forestal (CENTA), 
El Salvador: lnstituto Nicaragijense de Tecnologia Agropecuaria 
(INTA), Nicaragua; Universidad Nacional Agraria (UNA), 
Managua, Nicaragua; Kansas Stale Unive~sir): Mississippi State 
University, Texas A&M University; and the University of Ne- 
braska. In addition, INTSORMIL has a current MOU with the 
Universidad Nacional Aut6noma de Nicaragua (UNAN). Leon, 
Nicaragua, and maintains ties with the Escuela Agricola 
Panamericana (EAP), Honduras based upon past collaboration. 
During early 2003 contacts were initiated by the Direcci6n de 
Ciencia y Tecnologia Agropecuaria (IIICTA) in Honduras, and 
it is hoped to sign a Memorandum of  Understanding and ini- 
tiate collaborative research with DICTA late in 2003. 

Organization and Management 

In 1999, INTSORMIL shified program emphasis in Cen- 
tral America to El Salvador and Nicaragua. Scientists from col- 
laborating institutions met and developed a research plan 
for the 2000 -2001 years with collaborative projects in plant 
breeding, utilization, plant protection (entomology and plant 
pathology), and agronomy. On February 27-28,2002 scientists 
met to present two-year research results and develop priorities 
for collaborative research for 2002-2006. In Oct 2002. the re- 
search directors of collaborating institutions met to develop a 
regional nair~ing plan for sorghum research programs. 

Financial Inputs 

Primary financial support for the program is from the 
INTSORMIL Central America Regional Program budgel. which 
was $105,000 during the past ycar.The four collaborative re- 
search projects (plant breeding, utilization. plant protection, 
and agronomy) were budgeted at $8.000 to $21.000 each based 
upon output in 2001-2002 and activities proposed for 2002 - 
2003, with the balance maintained at the INTSORMIL Man- 
agement Entity to cover regional expenses. These regional ex- 
penses included expenses associated with the Central America 
Research Directors meeting, equipment purchases and admin- 
istrative travel. 

Collaboration 

INTSORMIL's Central America program has collabora- 
tion with many non-governmental organizations mainly in vali- 
dation of new sorghum varieties on-farm. and formal collabo- 
ration with national extension services, and it has served as a 
catalyst for Central American grain sorghum research and tech- 
nology transfer. Collaborative relationships have been estab- 
lished with anumber ofuniversities in El Salvador and Nicara- 
gua, and undergraduate students often complete thesis research 
on INTSORMIL-supported experiments. In addition, Rene 
Clari Valencia coordinated the regional grain sorghum yield 
trials conducted by the PCCMCA, and provided technical as- 
sistance for seed production to the private seed company 
Productoras de Semillas in Guatemala. h strong collaborative 
relationship has been developed hetueen INTSORMIL's re- 

gional sorghum research program and ANPROSOR, the Nica- 
raguan grain surghum producers association, which has assisted 
in identifying research priorities and has collaborated with a 
number ofresearch studies since 2002. Regional scientists have 
fonnal collabor:~tion with the CIRAD-CIAT project on partici- 
patory plant hrreding for sorghum (and upland rice)_ and 
ICRISAT provides germplasm for breeding use as requested. 

Sorghum Production/Utilization Constraints 

Grain sorghum is the third most important crop in Central 
America (El Szllvador, Guatemala, Honduras, and Nicaragua) 
after maize and beans. The area devoted to grain sorgliu~il in 
2000 was 252,544 ha-' with an average grain yield of 1.5 Mg 
h a  (FAO, 200i). During the last decade sorghum grain yield 
in Central America increased due to improved technology (in- 
cluding impnr\ ed cultivars and hybrids. herbicides, insecticides, 
planting date. ~ninimum tillage. seed treatments and fertilizer) 
available to producers. 

Small-scale Central American farmers are burdened with 
lour producti\ ily and limited land resources. lntercropping pro- 
vides a mearis to increase total productivity per unit land area 
and reduce the risk of dependence on one crop. The dominant 
cropping system is maize intercropped with maicillos criollos 
(called millbn in Nicaragua). These tropical grain sorghums 
are three to fbur lneters tall, drought tolerant, and photoperiod 
sensitive. The grain is used as human food and a feed grain for 
livestock, and the stover is used for livestock forage. Although 
maicillos criollos produce low yields, they are planted on ap- 
proximately 6:0/0 of the grain sorghum area in Central America. 

The limited grain yield response of traditional maicillo 
criollo varieties to management practices is a primaty constraint 
to increased production. Soil and water conservation, improved 
production practices and soil fertility management, and in- 
creased genetic potential of both maicillos criollos and other 
sorghum uaricties is essential to obtain economical yield in- 
creases. To date. increased grain sorghum production, yield and 
alra are due primarily to utilization of improved cultivars (hy- 
brids and varieties) other than maicillos criollos. 

Alter~iative uses for sorghum grain need to he developed 
to encourage sustainable economic growth in semi-arid areas 
in Central .America. White-grain, tan-plant colored grain sor- 
ghum cultivars are well adapted to Central American human 
h o d  and livestock feed systems. Innovative processing sys- 
tems. like extrusion and flaking, are needed to increase starch 
digestibil i~ and maximize net energy intake for livestock feed. 
A lack of milling equipment for production of grain sorghum 
flour limits adoption ofthe use of grain sorghum flour for baked 
producis llulnan consumption needs to be promoted, especially 
in tortilla products, extruded snacks and flour substitution 
through use of superior grain-quality sorghum cultivars. Use of 
grain sorghum cultivars for forage, or dual use for both grain 
and forage are important to small producers. 



Research Accomplishments and Planning future opponunities. The CEST.4 Board oiDimiors sugsested 
that ISTSOR\fIL increase contacts \\ ith snack ihd conlpa- 

Sorghum Research Reporring and Planning nies and with the \ l in istv of Economics micr+znterpriw sf- 
U'orkshop fons. and that hoard memkrs uould assist $6 irh efX>ns to ob 

lain L'S.AID Mission funds to increase d e - m  tulucation and 

The workshop was held on Februaq 17 - 28. 2002 and degree etTons. 

attended by thirty-sii participants sponsored by INTSORMIL. 
five sponsored by IVTA. and several administrators from 1ST.A. Plant Breeding 
L'SA and ANPROSOR. TNTSORMIL helped suppon a spe- 
cial issue of the scientific journal Lo Ca1er.o \hl 3 ( F e b r u a ~  Re.~ear~h \Ii,rhodr 
2003) which included published articles based upon l l of the 
reports. and tu-o other reports \\.ere published in La  Ca1cr.a \:bl The plant breeding programs in hoth El Salx adorand Sica- 
2. ragua are stri\ ing to identifi adapted grain w r g h m  lines \i ith 

Programa Cooperative Centroamericano para el gDOda~onomicandutilizationcharactenstics iorbe\elopn:ent 

Mejoramiento de Cultivos y Animales (PCC\iCA) [Coopera- either as photoperiod-sensiti\e 1 for rela? intercropping s?stcms 
ti\e Central American Program for Crop and .animal improve- \vith sorghum planted into the existing maize crop) or insensi- 

ment] Annual Meeting tive \arieties for grain production or dual use as gram and %>r- 
age. Photoperiod-insensiti\e lines ma! also sene as parents 

Regional coordinators and 6 collaborating scientists par- for hybrids. During 2002-1003. the Sicaraguan program rm,k 
ricipated in this annual meeting April 28 - May 2. 2003. Thir- regional leadership for the hybrid de\elopment prsgram. \\lii le 
teen out o f  15 oral papers on grain sorghum Here presented by El Salvador took regional leadership for the photcpsri~d xnsi-  

INTSOILM~L collaborators. and the meeting a forum t i \e \ariety program. Once potentiall) superior lines are id;.n- 
for broadening contacts with programs in other countries and tified. then preliminan yield trials are conducted i o l l o ~ e d  b! 
with the private sector. In  addition. i t  \\-as useful for regional OD-farm \.entication trials and ultimate releasr. The bmrd~ng 

planning o f  the 2003 growing season research and technology Programs are constantl! evaluating neu sources cfgernplajm 
transfer plans. identified in the region. from ISTSOR\IIL breeding prosrams 

in the United States. and from ICRISIT Each !ex. grain sor- 

Research Directors Meeting ghum hybrid tests ha\ e k e n  conducted in three to seten coun- 
tries in Central America. Collahorati\e ties ha\ r  k e n  m;de 

i\regional researchdirectorsmeeting heldoct. 3,2002 \\ ith Dr. Gille Trouche. CfRAD-CI.AT pro~ect. sr i:k f<x-us 01 a 

in Managua. Nicaragua with the goal to prioritize depee edu- participator? sorghum breeding program in Slcar3;ua 

cation and short-tern training needs of sorghum research pro- 
grams in Central America. Degree training priorities \\ere in Resrrlrc 

the areas o f  food science and plant breeding. In addition. plant 
pathology was a high priority in Nicaragua and entomology in Regional PCC\iC.4 trials \\ere conducted ior i m r  sorghum 

~1 salvador guch  has been made to identi& potential hybrids from Christiniani Bukard. Selloarca and Pmxmill.ls. 

candidates for -eraduate study, and one has a p h ~ ,  prrr a common check h! brid and a local check h: brid at 6 Iwatrcns 

gram in plant pathology at ~ i ~ ~ i ~ ~ i ~ ~ i  state, ln a stu- in El Sakador. Guatemala and Sicaragua. So  h! hrid difTer- 

dent for a p h . ~ .  program in entomology at \{ississippi state ences in grain !ield. plant height or da!s to flo\\ering \\ere 

wi l l  start English language training in August 1003 with a goal found. 

ofenrollment in  a Ph.D. program in Jan. 7002. 
Plant breeding programs in El  Sahador and Sicaraeua ant 

~h~ research directors determined a shon.term training evaluating photoperiod sensiti\s sorghum \ansties (maic i l l~s  

priorirv list ofexperimental design. statistical data analysis and cnollos and millon) for rela! intercropping s!stems \i ith maize. 

scientific communication as the highest and the and in some cases. \\ith d n  kans. In El Sahador the \arieties 

~ ~ i \ , ~ ~ i d ~ d  ~ ~ ~ i ~ ~ ~ l  (UNA, in xicaragua is 85-SCP-YO5 and ES-790 produced yields approxi-r.atel) 2 5 ' *  

such a course in late 2003. other shon-tem mining iden- higher than the mean in hoth 2001 and 20n2 I Table 1 I and ha:e 

tified were plant breedins, and utilization of  sorghum for for. heen sho\\n to high nitrogen use et3icimcies ~iss pwjei t  
age. CENT.4 has agreed to prepare training in these t\,.o areas report CSL 213). The? ha\e k n  xlei ted for on-iarm \ a l r d~ -  

for 1003 and 1W. tion testing in  2OO3. Future research \\ill emphasize transfer .rF 
the varieties 85-SCP-805. 86-EO-226 and €5,--90 to hillside 

Meeting with CESTA Board of Directors farmers in rela! intercropping s!stems a ith maize. and e\aIu- 
ate the ne\r potential \arieties ElSlE 119. ElSlF I 'S and PRI-  

At the request o f  CENTA. the Regional Coordinators met EIME I I 2  on-farn in relay intercropping\\irh mave. In  Sic.1- 

with the CENTA Board of Directors on April 28. Presentations ragua. selection for improved photopsriod-wnsitt\c \anericz 

on NTSORMIL programs \vorldu-ide and in  Central America started in 1998. In  2001. t\\o e\aluation tnals \\ere conducted 

were made, by discussion of present acti\ities and at high-yield and lo\\-yield locations in the Las Sego\~as re- 
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H o ~ t  Country Progran! Enhanren~ent 

Tahle 1. Yield of best photoperiod-insensitive and photoperiod-sensitive grain sorghum varieties, 
and check varieties tested in El Salvador, 2001 and 2002. 

Photoperiod-lnscns~livc Pliotoperiod-Scnsitive 
Variety ?I101 2002 .~rl i t \ -  2001) 2002 V.  '. 

.................................. ,' h;, .....-----...-------..--------------- - 

Soberano (Check) 5X6ab 5.41a tllME 119 514ab  4.09a 
ICSV LM-89513 5.72ab 5.21a 85-SC:P-805 5.90a 4 0 6 a  
LCSV LM-  90520 586ab  5.18.9 ES-790 5.85a 4.03ab 
ICSV LM- 90538 7.86a 5.13ab I'RE-EIME 173 3.62abc 
ICSR-939 5.69ab 4.9Yab 86-EO-226 4.80abc 360abc  
RCV (Check) 563ab  4.84ab PRI!-EIMli I I ?  4.29abc 342abc  
ICSV LM-89537 5.67ab 4.82ab PRE-EIME l h 9  3.42 bc 3.37abc 
ICSV LM-93076 569ab  4.79ab PRE-FIMI I63 3.32abc 
ICSV LM-93077 625ab  4.73ab PRE-EIME 182 3.28abc 
ICSV LM-93075 5.53ab 4.47ab PRE-EIME 180 3.10 c 3.26abc 
ICSV LM-92512 5.71ah 441ah EIMF 113 3.03abc 
ICSV LM-89544 6.3 l ab 4.40 b Local Check 5.36a 2.73 bc 
Mean 5.27 4.86 4.32 3.00 
C.V. ( % I  20.8 7.3 17.1 18.6 
' ~ a c k  ofvalues in 2001 indicate that this variety is a new selection from ihu nursery. and was not included in the 
evaluation in 2001 

- - 

gion with 13 or 17 photoperiod sensitive varieties. The variet- Texas A & M University has been evaluated. At present, the 
ies PREEIME 119 and PREEIME 11 7 with yields greater than variety INTfl-CNIA is being released for high-yield environ- 
3100 kg ha~l  in one trial and PREEIME 21 7 with yields greater ments, and the varieties INTA-Trinidad and INTA-Ligera for 
than 5000 kg ha-' inanother appearto be mostpromising. Based low rainfall zones. Recently the white grain varieties Macia 
upon previous years' results, the varieties ES-790, 86-EO-226 (locally called 'Africans'), CENTA-RCV (El Salvador) and 
and EIME 113 are in validation trials on-farm in 2003. In both (TXP)-12, and the red grain varieties (SR17)-10-2-2-2, (SR- 
countries, there is a population-based i~nprorernent effon to 16)- 10-1 -I -3 and (SR-6)-1-5-1-1 have been selected for on- 
utilize the broad base of photoperiod-sensitive germplasm farm validation trials. 
present in Central America. 

Forage hybrid research using inbred lines from ICRISAT 
Evaluations ofphotoperiod-insensitive varieties continues and Texas A bi. M University continued with both yield and 

in both countries. In El Salvador, none of the best potential quality evaluation ofhybrids (Table2). The lower-forage- yield- 
varieties produced a superior yield in 2001 or 2002 compared ing lines tended to have higher forage quality, but the best hy- 
to the best local check variety (Table 1). Therefore, future ef- hrids listed in'rable 2 were selected based upon yield and qual- 
forts will bring in new genetic material with greater potential to ir). These hybrids u~ill be tested on-farm to obtain animal re- 
increase grain yield. In addition, more emphasis will be given sponse data. and the inbred lines will be increased in prepara- 
to kernel size and weight, kernels per panicle, and tolerance to tion for release in 2004 or 2005. 
foliar diseases. In Nicaragua, several evaluation trials for white 
and red grain were conducted to select lines for potential re- SureZo u as developed with INTSORMIL collaboration 
lease as varieties. Also, a nursery ofAfrican lines forwarded by in Honduras. In El Salvador, SureZo has been named CENTA 

Tahle 2. Yield and quality of best forage sorghum hybrids tested in El Salvador in 2002. 

Yicld Total Net Encrgy Acid 1)etcrgent Neutral Detergent Protein 
Hybrid (Grecn Weight)' Digestible (Lactation) Fibcl. (j2DF) Fiber (NDF) in NDF 

hutrients 
T:ha c,, 

/D McalVkg % "A 
ICSA 275 * TX-2784 195.5 59.3 1.29 62.0 37.0 5.1 
ICSA 613 * TX-2784 193.8 59.1 1.29 65.4 37.3 5.2 
ICSA 541 * TX-2784 1x12 58.9 1.28 63.3 37.5 4.4 
ICSA 264 *TX-2784 190.3 55.4 1.16 64.5 42.0 3.9 
LCSA 264 * TX-2785 176.3 60.0 1.32 hi). l 36.1 4.8 
ICSA 606 * TX-2784 176.7 59.3 1.29 64.0 37.0 4.5 
HF-895 (Check) 150.3 55.7 1.30 60.2 41.6 5.3 
'Dry weight was approximately 23% of the green wcight. 
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Table 3. S u m m a n  of validation trials for CEST.4 S-3 (Suretio) for silage 
production at the milk to early dough growth stage in El Salvador. 
mean of 19 trials in 2002. 

l'icld 
t-anet) Days to Plant Green D? Liptd C'~rhoh>dra~es Pmtcln 

Cuttine Heiehi Blornass Jlartcr 
ern T ha ..... ""  

S-3 and was validated against the best available sorshurn xari- 
for silage production. Validation tests indicated that CENT.4 

S-3 has 109.0 greater ~ i e l d  and bener nutritional value than 
CEST.4 S-2 (Table 3). Cattle producers are asking for seed of 
CENT.4 S-3. and private industp has initiated production of 
25 metric tons ofseed to plant I100 ha of this sorghum \ariety 
in 2001. 

In Nicaragua. research on developing grain sorghum hy- 
brids was initiated. Sorshum hybrids originating from CEST.4 
(El Sal\ador) andTexas.48: >I Cni\ersity \\ere evaluated. The 
inbredlines used to produce these hybrids a ill bee\ aluated. and 
seed rvill be increased in 2003. In addition. male-sterile lines 
were e\aluated for yield. adaptation and potential for use in 
producing hybrids. The CEST.4 hybrids ICS.46 13*99C.425 19. 
lCSA613.86-EO-361. and ICSA613*96CD635 \\ere the best. 
producing yields 017.0 to 7.6 T ha grain yield. \\ hile the Texas 
hybrids A8PR1057*6BROS167. .48PR1011 *TS430.  
t\OPR59*5BRONl59. and AOPR1053*TX430 produced ac- 
ceptableyieldsbeh\een 5.9and6.5T ha. The inbred lines ICS.4- 
613.86-EO-36l.99CA2519.96CD635.99C.A2519..8PR105~. 
ARPRIOSI. .40PR59. AOPR1053. 6BROSl67. 5BROSI I 9  
and Tx430are beinge\aluated in 2003. The male-sterile inbred 
lines ICS-275. ICS-333. ICS-361. ICS-541 and TX-629 \\ere 
selected as being well adapted to Nicaraguan gro\vins condi- 
tions. and seed is being increased in 2003. 

Entomologv and Plant Pathologv Research 

Farmer surveys and e~aluation of the ,411 Disease and In- 
sect Kursey (.4DI\i) aere  used in El Sal\ador and Nicangua 
in 2000 and 2001 to identifi the pests more commonl) occur- 
ring in grain sorghum tields to help guide hture research. X1.S. 
thesis research on soqhum midge n a s  conducted in Nicaragua 
and published in fiopicri1.-lgrictrl~itrr. Lo C<l/r~ru and in an ex- 
tension bulletin. Alternate methods for control ofsorghum m ~ d s e  
and ieaf-footed bugs on sorghum panicles \\as conducted in 
2002. In El Salvador. studies \\-ere conducted on econoniic 
thresholds of fall arm)wxm infestation during the whorl stage. 
timing ofspraying for control ofsorghum midge. and the .ADIS 
and producer fields aere  evaluated for the most commonly 
occurring insects. Plant pathologists used fungicide applica- 
tions in their research to determine economic yield losses from 

fungal diseases. Two meetings organized b) LU.4. IS-. 
CIR.4D-CI.4T and ASPROSOR \\ere held in ~ I J \  ?ih'lI u ith 
70 iarrnen from the Pacitic Reglon ofSicangua to learn abi,ut 
the main sorghum prnducuon constralnts tn \ica>gua. 

Producer suney j  and e\aluarion nf ADIN in 21~3>I-2trl.: 
found that most prevaleni diseases \\ere a n t h n ~ n c s  and g=! 
spot (<i,vcor~n>rcr~ in Slcaragua. and nlit (PI,' I zrr.,; rpcclei rn 
El Sal\ador. and the most pre\alent insect p t s  uerc id1 3r- 
m?xorm ~S/~o<lc~/?~l,rr~r'~ species) and midge in h t h  c~wntrie3. 
The pink scavenger caterpillar \\as obsened 11, rnfest jnyhtrm 
panicles in 2002. Insecticide treatments \\ere iourd to hc more 
etTectt\e than barrter crops inr m~dge control tn w s h u m .  u tile 
biological treatments produced inconilusi\ e result> \r hish mcnt 
funher study. lnfestatlon t r i t h  fall arm!unrnt irori fi to S(Po 
during the \rhorl groath Stage had no et1;.st 011 ~7r;hurn )ield 
in both 2001 and 2 0 0 2 .  indicating that coyhum p l~n t s  can re- 
cupcrate from earl! season damage. Timing oi ink~t ic ide  jpn! - 
ins tKn\een LO and 50'0 flo\\ering and no rnxctlade applrca- 
tion produced similar !ield indicating that natunl infe \a t i~~n 
\\as not at an economlc threshold. 

E\aluation of:\DIN studies in Nicaragua ccc t innd  :In- 
thracnose and gray spnt to k the ma-lor d1sea.w in Ni<3~gti3. 
and ditTerences among soyhum l~ner  on su~ceptihilit) tc) t hcx  
t\\o diseases \aried. The line5 BTS-I-X. V6GCPO. BI4: 2nd 
LG-35 a e r e  \ e r )  sujceptihle \ \ h ~ l e  R9I I.;. 9XPRltti-. 
90EON313 and 91BE-414 had less than i O a o  iniejtauon. In 
El Salvador. application ofthe fungicide C>cosin ~ n d  elemen- 
tal sulfur during \egetati\e gro\\th had no et?-ecr on reduci.tg 
incidence of fungal pathogens. 4pplicatlon dunng gnin  till 
reduced incidence of G l ~ ~ r ~ ~ ~ t ~ r - ~ ~ ~ ~ s p o r c ~ .  C~~llr.~orri~.htr/n~~i~rr. 
l ~ ~ ~ l r ~ i i ~ i r l i o r ~ r w i ~ r , ~ r  and Pi~r.c~,~iu.  hut had no etTett on p i n  
yield. Six sorghum iarieties uere e\aluated for so~ceptihilit~ 
to rust u hich showed large dilt>rences. \ \ i t h  'punla de lanza' 
and 'sapn. iphotoperind sensitl\e \anetres~ ha\tnr Ies3 th.in 
1 5 ° ~  incidence and the soyhuin line SSB943 ha\ in: o \er  - 5 ' ?  
incidence 

In Nicara_m~a. farmer meetings identitic4 ielt n d c  f ~ r  vain- 
ing in integrated pest management ofgrain sorghum. esFlall! 
with diseases. and asronornic managtment. In addition. fen I- 
izer management (panicularl! nres and applicat!on ttmlng~. 
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weed control and additional utilization options beyond being a 
poultry feed. They indicated a need for a simple grain sorghum 
production manual. Many of the farmers otTerred their farms to 
be used for research studies. 

Grain Utilization (Quality) Research 

The Central America program has historically concentrated 
on improving the grain yield and processing characteristics of 
sorghum for use in tortillas and related products with research 
conducted at the Escuela Agricola Panamericana in Honduras. 
In recent years the research has broadened to include grain sor- 
ghum flour substitution in yeas1 and sweet breads in El Salva- 
dor. This research has included market surveys. and research 
on specific grain qualityifood utilization issues by CENTA, with 
undergraduate students from the Escuela Agricola 
Panamericana, or graduate students at Texas A & M University 
or  the Instituto Tecnologico y de Estudios Superiores, 
bfonterrey, Mexico. In 2002, CENTA established collabora- 
tion with the Universidad Jose Matias Delgado in El Salvador, 
and conducted research on decertification of sorghum grain, 
development of new sweet bread recipes, and determination of 
shelf life of sweet breads made with whole sorghum grain. 

Research Results 

Research in El Salvador during the past 20 years has de- 
veloped the technology for incorporating sorghum flour from 
white, food-grade sorghum cultivars for use in French and sweet 
bread for urban areas. The research also developed use of 100% 
sorghum flour for sweet bread, cold drinks (horchatas, 
refrescos); hot drinks (atoles); and popped sorghum (alboroto). 
Five tests were conducted with rice millers to decorticate sor- 
ghum grain, all being unsuccessful. Several new sweet bread 
recipes were developed all using 20 to 2596 whole sorghum 
grain flour. Twelve products were evaluated for shelf life, with 
pastelito de leche and pastelito de piZa being 7 days; queiquito, 
guaracha and pegadito being 25 days: seniita alta. pelona, 
canasta, gusano and picuda being 30 days: and se~nita pacha, 
novia and pichardine being 35 days. 

Agronomy Research 

Re,search Methods 

Agronomic research was conducted in 2000-2002 to evalu- 
ate nitrogen use efficiency of grain sorghum photoperiod-sen- 
sitive and -insensitive genotypes and to determine optimal ni- 
trogen fertilizer rate recommendations. Four to six grain sor- 
ghum varieties were grown at sites in El Salvador and in Nica- 
ragua with four nitrogen fertilizer rates. Flowering date, plant 
height, grain and stover yield. and grain and stover nitrogen 
concentration data were collected. Fertilizer use efficiency and 
utilization nitrogen use efficiencies were calculated from these 

data. Nitrogen rate by plant population studies were conducted 
with broorncorr~ at six locations in Nicaragua. 

Re~enrch Rt>.~r~irs /See Project UNL-213 Reportfor More De- 
tuiled Infoi~~worion) 

In Central America, nitrogen application increased sorghum 
grain yields quadratically for both photoperiod-sensitive and - 
insensitive varieties. Little difference in nitrogen use efficiency 
(NUE) was found among the photoperiod-insensitive varieties 
tested. indicaiirig that broader screening of germplasm in Cen- 
tral America sorghum breeding programs will be needed to iden- 
tify and develop high nitrogen use efficient photoperiod-insen- 
sitive sorghum varieties. Nitrogen application of 90 to 115 kg 
ha-' was necessary to optimize grain yields. In El Salvador, the 
photoperiod-sensitive varieties SCP-805 and ES-790 for relay 
intercropping u ith maize were found to he high yielding and to 
have high NlUE and % N FertilizerRecovery. Grain yields were 
optimized with 1 7  kg ha-' N application. Validation trials are 
underway on-l'arm in collaboration with non-governmental 
agencies to prolnote the use of the variety 85-SCP-805 with 
Inoderate application of nitrogen fertilizer. 

Broomcorn yields were not influenced by changes in plant 
population, but were influenced by nitrogen rate which varied 
across locations. On average, broomcorn yield increased lin- 
early to nitrogen application with a 16% increase in yield for 
each 30 kg h a '  nitrogen applied. 

Mutual Research Benefits 

Many constraints to sorghum production are similar be- 
tween Central 4merica and the U. S. including drought, dis- 
eases. and insects. U.S.-based scientists can provide germplasm 
that could at least partially alleviate the effects of some of these 
constraints. The maicillos criollos are a unique type of grain 
sorghum and call potentially contribute useful food quality traits 
to US .  gemlplasm. Several maillos criollos lines are presently 
in the Texas A 8: M University IUSDA-ARS Sorghum Conver- 
sion Program. Germplasm exchange will contribute to devel- 
opment of no\el genetic combinations with multiple stress re- 
sistance, wide adaptation, and improved food quality. 
INTSORMIL's collaborative research in entomology and plant 
pathology research includes pests that affect grain sorghum both 
in Central Amcrica and in the U.S., such as sorghum midge, 
fall armyworm, gray spot and ergot. Economic development of 
Central rncr ican countries will increase food security in the 
region. and potentially increase U.S. exports to the region. 

Institution B~~ilding 

Eyuipmrnt und Other Support 

INTSORRIIL has provided pass-through funding and sup- 
plies for pathology laboratories in El Salvador and Nicaragua. 
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Three chlorophyll meters a-ere purchased to facilitate agronom) 
research on N fertilizer management and nitrogen use efliciency. 

F a i n i ~ ~ g  and Edrrcarion 

Mr. lavier Bueso (Honduras). Assistant Professor. Escuela 
Agricola Panamericano (Honduras) . completed a Ph.D degree 
in Food Science at Texas A&\f Unibersit). and Rafael \laten 
(Honduras) is pursuinga Ph.D. in plant breeding at Texas.4&\1 
University Johnson Zeledon (IUicamgua) is pursuing a Ph.D. 
degree in entomology at Mississippi State L'ni\srsity. and Segio 
Pichardo Guido has just started a PhD. program in plant pa- 
thology at llississippi State L'niversit.. Candidates for 
IKTSORMIL-supported graduate degree programs in the 
United States are beine chosen to meet regional priorities, and 
assistance with English language study is being provided. Shon- 
term training on experimental design. data analysis and scien- 
tific communication is planned for 2003-200-1. Jesus Sarro 
(Mexico). Sergio Picahrdo Guido and Yanet Gutierrez (Sica- 
ragua) anended the Fuscarium l+!orkshop sponsored by Kansas 
State Universit\ in June 2003. Manha Perez Valdivia. klarion 
Suarez. L'icente Reyes and Xugusto Romero received B.S. de- 
grees at LXA in Nicaragua with thesis research conducted on 
TNTSORMIL collaborati\e agronomy experiments. 

INTSOR\lIL support has contributed to increased collabo- 
ration among CEST.4. ISTA and UKA during the past four 
years. In El Salvador, increased collaboration with the non- 
governmental organizations ESBESA. ESBES.A-Raniirez 
Consultores. M.4G .AYES. FUSPROCOOP. PROD.AP 
(Proyecto de Desarrollo Rural en la Reg~on Paracentral). and 
FUNDESYRAlf (Fundacion Para E Desarrollo Socio- 
Economico y Restauracion Ambiental) primarily uith ~al ida-  
tion testing of sorghum Larieties to be released. .A collaborative 
relationship has also been established ~r i th  the L'niversidad JosC 
Matias Delgado. In Nicaragua. increased collabomtion with the 
CIRAD-CI.4T Watershed Project at San Dionisio has been 
strengthened. especially collaboration with Dr. Gilles Trouche. 
sorghum breeder. .Also collaboration nith the uni\ersities of 
Ca~npesina (UUICASf), Centroamericana 1CS.4 I and Catolica 

del Tropico Seco de Esteli (LC.ATSE I. and \r irh the non-go\- 
ernmental organizations -\DR.\-Ocotal. CiRIT4S-\lata$alpa 
andC-iRE-Esteli haxe been de\elopsd. Sar~onal p r o g m s  ha\e 
strong linkages to prlvate seed companies. and ;Ire de\elop~ng 
closer ties with feed and food utilization companies. Pmicu- 
larly note\\onhy is pro\ iding tcchn~cal assistarce to the seed 
compan! Producton de Smiilla In Guatemala Close \\ork~ng 
ties u i th  the s o c i a c i o n  Sal\adoreZa de Pnniiacadores 
I .~SP.ASI  in El Sal\adorcontinues. Impro\ed netaorklng nith 
ISTSOR\IIL un~\ersi t les and lnst~ruto Tecr11Iog1co :. de 
Estudios Superiores. Slonterre!. \Ie\lco is desired threugh 
graduate education and collahorati \e research effc~rts. 
ISTSOR\IIL is actl\ely \\orking to promote strengthed col- 
laborati\e linkages. 

ISTSOR>lIL sponsored the Central .America Rexarct Di- 
rectors mcetlng 3 October. 2002 in \lanagua. Sicaragua *.\ith 
representation from IST.4. US.4. CEST.4 and I\TSOR\IIL. 

Sine scientists and two research directors anended the 
ISTSOR\lIL Principal In\estigators C0nferen:e in -\lld~s 
.Abaha. Ethiopia in S o \ e m k r  2002. Se\eml research plannins 
meetings uere held \rlth L.S. and Central 4merian xien:iits 
during the meeting. 

Reglonal coordinators and 6 collaborating scientists 31- 

tended the PCCSIC.4 meeting .April 2- - \la! I. 2003 in L3 
Ceiha. Honduras. Thineen sorghum research p r r s  a s r e  pre- 
sented by ISTSOR\IIL collahoraton. 

Dr. Larry CIallin \ isited ISTSORSIIL jsieniljts condt~ct- 
ing collahonti\ e research in El Sal\ ador and S i c a a u a  in Dry.. 
2002. 

Regional coordinator Rene Clara \~s!ted Slcaragua se\sral 
times to coordinate activities and assist \\ith t h ~  IST.4 pant 
breedin? program. He also \!sited Prod~~ciom dr Semilla- In 
Guatemala to pro\ ids assistance on soshum ,ztJ production 

Dr. Stephen Slason. Regional Cmrdlnator. made trips to El 
Sal\ador and Sicara_goa in Septemkr-Octoh-r 1Yt2 and ti. El 
Sahador and Honduras .April-\la!. 2003. 



Host Corrrrr~?. Pnlgrunr Errl~~rncenrur~r 

Horn of Africa 
(Ethiopia, Eritrea, Kenya, Uganda) 

Gebisa Ejeta 
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Gebisa Ejeta. Regional Coordinator. Purdue L-niversity. Depanment of.Agronom!. \*st Lafa)ette. I S  1-90- 
Katy Ihrahim,.AdministntiveAssistant. International Pro-mms in Agriculture. Purdue Lni\ersit!. \Vest Laia!e:te. IS .+-'XI' 
Zenbaba Gutema. Ethiopia Count? Coordinator. E.ARO. PO Box 2 0 3 .  .Addis Ahaba. Ethiopia 
C. K. Kamau. Kenya Countn Coordinator. Katumani Sational Dnland Farming Research Ctr. Bos 310. \lachakos. Kcn!a 
Semere .4mlesom. Eritrea Countn Coordinator. Di\ ision o fAg  Research 8. E\t Sen ices. Box I f U 1 R .  .\srnar~. Entrea 
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Collaborative Program 

INTSORClIL Horn ofAfrica is an initiati\e to regionalize 
our collaborative research elTons in Eastern Africa. Before the 
stan of the current regional effon. IXTSORMIL had a produc- 
tive collaborati\e program with the Agricultural Research Cor- 
poration (ARC) in Sudan. This collaboration has resulted in an 
array of technical developments that have impacted sor_phum 
agriculture in Sudan. Sudanese scientists have been trained in 
INTSORkfIL institutions. LS. scientists hate trabeled exten- 
sively in Sudan and norked alongside their Sudanese counter- 
parts. Joint workshops and conferences Here organized and 
attended. Results ofjoint research efforts have been published 
and distributed widely. Extensive ra\i and improved germplasm 
ha\e been identified. assembled. and catalogued for the henetit 
o f  U.S. and Sudanese agriculture. 

Under the Horn of Africa initiative. Memoranda o f  Lnder- 
standing i\fOL-) have been signed n i th  YARS in Ethiopia. 
Eritrea. Ken>a. Tanzania and L'eanda. W t h  these ?rlOUs. 
INTSORMIL now has collaborative relationships with tive 
countries in  the Horn ofAfrica region. A I\\-o-tier program has 
been under development in the Horn o f  Africa. \Gth each na- 
tional program. u e  have initiated a traditional collahorarive 
prosram between a NARS scientist and a L.S. principal 
investigator(s) on a topic o f  common concern and interest \! ith 
at least one disciplinary project identified in each counm. .A 
scope o f  work is jointly de\eloped and submitted for re\ ien 
and approval by theS.ARS country coordinator. S.ARS research 
director and the Horn o f  Africa program coordinator hefore 
becoming pan of the INTSOR\lIL Host Countn aorkplan. 
Each workplan has its own funding Funds are fowarded di- 
rectly from Purdue University. and are then disbursed in-coun- 
try to each collaborating scientist to c a m  out the research 
project. With limited funds available to the INTSORStlL Horn 
o f  Africa program. it has not been possible to initiate a full 
range o f  collaborative projects u i th  each o f  the S.ARS in  the 
region. Instead. the intent has k e n  to establish a full comple- 
ment o f  collaborative partnerships with the Institute o f  .Agri- 
cultural Research in Ethiopia and to use this program as a huh 

from \vh~ch to nenvork \\ ith the other member i~runtnes o i  :he 
Horn. .A line item for netuorking has k n  built intt, the budget 
o f  the ISTSORSIIL Horn o f  .Africa propnm l o  iatal?ze ex- 
change o f  infomiation and ideas among member S.ARS 2nd 
ISTSORSIIL sc~entists. .A major initiati\e that has k e n  under 
consideration i s  the identification ofma!or regional ionstraiits 
upon \\ hich cons~derable research ma) ha\e k t )  undertaken 
by one or inore of the S.ARS in the region. There has txm 
ereat interest among scientists in the region to identif! scch 
research projects and undertake reeional e\ aluaticn and \enti- 
cation \\ith the hope ofgenerating technologisth~t could haie 
regional application. \Ve continue to hale di3lorue on the iza- 
sihility ofimplementing such a regional initiati\e. Onse3gn-d 
upon. collaborative research projecu among SARS in the re- 
sion ail! he deteloped. in consultat~on ~ i t h  appmpr1;:tr 
INTSOR\lIL scientists. on a priorit? researih agenda o i  re- 
gional importance. Inputs from concerned scientists in the re- 
gion \dl he sohcited in  dc\ eloplng the research agenda = \\ $11 
as in relining the research protocol on a timel! bas!s. Cc~ll3h- 
r a t i ~e  scientists \\ill he encouraged to m e t  r q u l ~ r l !  iprrier- 
abl! once a year) to exchange ideas and to shaqxn tile i k u i  k>f 
the regional research agenda. 

.Annual field lahoraton touring \\orishops \\!;I k orga- 
nized alternatel! at a site in one of the host iouamsj  in the 
regon. Participation in the tour u~ l l  hz based on interest and 
the topic o f  the aorkshop for that !ear Thew t o m  $6 111 prr- 
\ ids ISTSORSIIL Pls opponunitles for interaction airh \e? 
many scientists in the region. Scientists from the region \\ ll 
also ha\e opponunit! to pick up ux fu l  germplas-r. rrjearch 
techniques. or pttmtiall! transferable techno1ogih that the! 
ma! come across during these toun. 

Opponunities for collahration u i th  othsr ~~g~n17.1tions 
such as AS.AREC.4. ICRIS.AT East f n i a .  \ \ d d  \is~,>n 1nts:- 
national. Sasaka\\a Global 1000. and the IP\I CRSP h3\e been 
good and there are initiati\es under de\clopmenr p i th  each 1>f 
these organizations. Discussions ha\e also k n  ondsn+3! to 
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determine possibilities of buy-ins from USAID Missions in the 
various countries in the Horn o f  Africa. A major agreement 
was developed between INTSORMIL. USAlD/REDSO/East, 
and the Inter-Governmental Agency Sor Development (IGAD) 
with funds allocated through the Greater Horn of Africa Pro- 
gram. Through this initiative INTSORMIL spearheaded a study 
on availability and use of technologies that alleviate problems 
associated with dryland agriculture. This comprehensive study 
is expected to provide direction h r  future agricultural research 
and transfer of technologies for drought prone environments of 
the Horn ofAfrica. 

Research Disciplines and Col l abora to r s  

Ethiopia 

Agronomy - Kidane Georgis, EARO; Charles ortmand 
Martha Mammo, INTSORMIL 

Striga Management - Fasil Redda, EARO. MOA: Gebisa 
Ejeta, INTSORMIL 

Entomology - Tsedeke Abate, EARO; Henry Pitre, 
INTSORMIL 

Agricultural Economics - Yeshi Chiche, EARO; John 
Sanders, INTSORMIL 

Sorghum Utilization - Senait Yetneberk. EARO; Bruce 
Hamaker and Gebisa Ejeta, INTSORMIL. 

Research Errension - Aberra Deressa, EARO; Gebisa Ejeta, 
INTSORMIL 

Pathology - Girma Tegegne, JAR; Larry Claflin, 
INTSORMIL 

Kenya 

Sorghum Breeding - C. K .  Kamau. KARI; Gebisa Ejeta, 
INTSORMIL 

Food Qualitj, - Betty Bugusu. KARI; Bruce Hamaker, 
INTSORMIL 

Striga - C. Mburu, KARI; Gebisa Ejcta. INTSORMIL 

Uganda 

Sorghum and Millet Pathology - Pcter Esele, NARO; 
Gebisa Ejeta, INTSORMIL 

Sorghum Agronomy - Joseph Oryokot. NARO; Charles 
Wortmann, INTSORMIL 

Eritrea 

Sor~l7urn Br-eeding - Tesfamichael Abraha. DARHRD; 
Gebisa Ejeta, INTSORMIL. 

Miller Breeding - Neguse Abraha, DARHRD 
Enrurnology - Asmelash Woldai, DARHRD; Henry Pitre, 

INTSORMIL 
Striga Management - Goitom Ghobezai, DARHRD; 

Gebisa Ejeta, INTSORMIL 

SorghumIMillet  Cons t ra in t s  Researched 

Sorghum ahid millet are important crops in all of the coun- 
tries in the 1111rn of Africa, (Table I) ranking first or second in 
cultivated area among the major cereal crops of the region. 
Sudan and E:tliiopia are the indisputable centers of origin for 
sorghum and are major centers of genetic diversity for both 
crops. I n  addition, a wealth of improved sorghum and millet 
germplasm has been made available in both of these countries 
as a result of association with INTSORMIL and ICRISAT. 
(:ollahorativc research between 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 
ofAfrica region, "the major sorghum and ~~~illetproduction and 
utilization con~traints (Table 2) are generally common to all 
countries. 

These constraints include lack of improved germplasm, 
drought. Strig~i. insects and diseases (anthracnose, leaf blight, 
grain molds. smuts, ergot in sorghum, blast. downy mildew, 
and ergot in pearl millet). Other problems in the region include 
lack of adoption of new production and utilization technolo- 
gies by kmiers. soiliwater management techniques, as well as 
the infrastmcti~re and technology for production and market- 
ing of seeds arid other essential inputs. 

Agronomic research on soil and water conservation tech- 
niques has no! heen extensively evaluated in any of the coun- 
tries in the region. Lack of moisture and soil nutrients and 
poor hushand~y are primary constraints of sorghum and millet 

Table I. Sorehum and Millet Production 

Sorghum Mllle, 
" C  1,r;i Ylcld Productlo" Area Ylcld Production 

111111 re h a '  ~ u o o ~ t  ioaahd k p h a  lnoomti 
8.. ,,,. 

I'ritrru 681 842 5 1 I S  540 8 
i . th lopl r  iuo 1 x 6  IOOO 280 IOUO 2x11 
Kniyn I20  74: YO X i  6x2 58 
Sudan 4681 785 1150 I92 221 
1::uoda 2 5  1498 382 407 1602 652 .. . . . . .. . .. . .. . . . . . . . . .. . . . . . . . . .. . . .. . . . . . . . ... . .. . .. . . . . .. . ... . .. . . . ... . .. . . .. . .. ... ....... . .. . .. . . . . . . . ... . .. . ... ... . .. . .. . .. . .. . . .. . .. . .. . .. . . .. . 

Table 2. Production Constraints of Sorghum and Millet 
,\cross Eastern Africa Countries 
.- 
. - Erltria Efhioplv Kenya Sudan Ueanda 

Vuncfal I)eiclll"llli'ni X X X X 



production. Breeding efforts currently in use to incorporate 
drought tolerance traits to genotypes uith high yield potential 
are limited by lack of a field screening procedure and lack of 
knowledge of sources of appropriate germplasm \vith useful 
traits. The lack of absolute definition of good food quality 
parameters and good screening methods for food qualit) to some 
extent also limit the utilization of high yielding sorghum and 
millet varieties. Very linle research has also gone in develop- 
ing germplasm with resistance to the major insect pests and 
diseaxs. Srrigo, a major parasitic weed of sorghum and millet. 
constitutes a major constraint to the production of these crops. 
There is very linle sorzhum and millet germplasm w t h  resis- 
tance to Srriga and the mechanisms that render resistance to 
Srriga are not well understood. Knowledge about inheritance 
of many of these traits is also lacking. In m a q  ofthese areas. 
the cropbush fallow system ofproduction has traditionall? been 
used to provide enough nutrients and possibly some moisture 
for a period of crop years (5-10 years fallo\v 2 4  )ears crop- 
ping). In some areas, other crops are often grown in an inter- 
cropping system with millet and sorghum to maximize produc- 
tion. Over the last 2-3 decades. rainfall in the Horn of Africa 
region has declined. thus reducing the soil recoxen rate during 
fallo\v. Fallow periods ha\e also decreased due to higher hu- 
man and animal pressure on plant cover. resulting in further 
reduction ofsorghum and millet yields in the region. Research 
on all ofthese aspects is needed to improve sorghum and millet 
production and utilization in the Horn of .4frica. 

Research Progress 

Ethiopia 

Sorghum (Sor~hum bicolur-) is the third most important 
cereal crop in Ethiopia both in its production and area coxer- 

age following tetfand maize. It is g o a n  in 12 ofthe IS major 
ago-ecological zones of the count? that are surrentl! recos- 
nized. Especiall? it is a \ e v  important crop In the lo\\la;ld and 
and semi-and areas of the countp u here d ro~gh t  has h e n  re- 
current and thus crop failures are common. .4h11t one r~illion 
hectares are devoted to soqhum production each ?ear a d  I 2  
million tons are produced. The natlonal a\era$e )ield is 1.: 
tons per hectare. H o ~ e \ e r .  research results lndlcatr th.11 3-6 
tons per hectare can be produced based on the grou ins en\ I-  

ronment. The major reasons for the lo\\ nat1~7nal aterage 11eld 
is attributed to drought. Srrtpu. soil fenil~t? dzcllnc birds. d ~ r -  
eases and insect ~ s t s .  To lackle at least some of t h s x  con- 
straints ISTSOR\IIL CRSP collahorati\e resear~.h \\as imti- 
ated six years ago and significant ad\ances haie k e n   made^ 
Highlightsofthe research acti\ i t~es  of the 2 0 0 2  2 l W j  cropping 
season are gnen here. 

During ZOO2 2002 cropping season three ongoing research 
activities \ls-B-\ is h) brid sorghum \ anet? de\elopmenr. 3 ~ 1 x 0  
resistant sorghum \ ariet? de\elopment and long c! cle m y h u m  
v a r i e ~  de\elopment \%ere undertaken. In addition. nsu inl- 
laborart\e research in areas of agronom!. p3rt1iu.arl) soil 2nd 
\Taler consenation and extension o i  integntzd S!r~gd control 
technolo_pies \%ere initiated. 

Two sets of hybrid trials adxanced from the p x \  lous szi- 
son and one initial sorghum h?bnd tnal s e r e  testid for )le'd 
and other desirable characterisucs at \lslkassa. K o b  ard 
Ilieso. The tnal conducted at \lieso uas not sucses>tid due to 
an extended d n  spell that occurred afier plant in^.. The a i -  

Table 3. Mean grain jield (tlha), da?s to 50% flowering and plant height 
(cm) of 16 hybrids included in ZOO1 Elite Sorghum H? brid Trial 
(ESHT) at \Ielkassa (11s) and Kobbo (KR)  

ldcnrificanon Gram > ~ r l d  p ha / Da\* to tlouenng Pianl hzlfh, ~ r n  
I S  H I I , KR \!can \IS KH \Iran 

lCSh lI \ ICSR - I4 . 5 8  . 6.: h i  I X l i  -5 :-4 .-. 1 .  3-6 

1CS.A - Zl r ICSR - 50 I S  6' 6 n 'I -q -5  I I 161 
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Host C~~urttr). P~"ogvum Enhancement 

va~lced sorghum hybrid trial (ASHT) comprised 25 hybrids and B lines were selecied for our subsequent hybrid crossing pro- 
a standard check. From the data summarized for Melkassa and gram during the ofilseason. To undertake further testing the R- 
Kobo 21 of the tested hybrids y~elded over the check variety lines from Purdue ilniversity for the selected hybrids are needed. 
and the yield range obtained across location ranged from 3.1- 
5.6 tons per hectare. Sixteen genotypes including one standard Moreover two hybrids were identified for on-farm verifi- 
check were included in the second set of experiments, of the cation from the h>brids that have been evaluated in multi-loca- 
elite sorghum hybrid trial (ESHT), The results indicate that all lion testing for a number of years. These hybrids have excel- 
the hybrids performed significantly better than the check vari- lent agrono~nic potential for production under dlyland condi- 
ety. Across the two testing sites, the mean yield performance of tions in Ethiopia. Cnrrently the hybrids are being evaluated for 
the hyhrids ranged fro111 3.4 - 6. I tons per hectare (Tahle 3). In seed production ~mder the natural pollination. 
addition 291 hybrids were introduced tiom Purdue University 
for evaluation under Melkassa conditions (Table 3). From these Striga Re.ri~ian1 Sorfihunz Variety Development 

introduced materials 14 hybrids (6 from Experimental hybrid- 
1 , s  from experimental hybrid-2, and 3 from elite sorghum hy- Evaluation and selection of Strigu cross segregants: out of 
brid) were found to be agronomically promising. Again 4 A &  1530 total population/families/lines we evaluated 668 were 

Table 4. Mean Grain yield (tiha), days to 50% flowering, plant height (cm) and mean Striga count of 12 varieties 
included in Strigu Resistant Sorghum National Variety Trial (SHSNVT) at Zema (ZM), Abergele (AB), 
Sirinka (SR) and Shiraro (SH) in 2001 crop season. 

Gnin yxeld 1 U s e  lo flowerin&! 1 S t e l  count - 
ldentltication ZM AB SR 1 Sll Uean I ZM I AB 1 SR / Sli 1 M I S K  I S H  ~ M ~ ~ ~ I z M T ~ R  Isn I ~ e a n  
~ 1 ~ 3 6 1 2 1  1 2  2.1 2.2  3 1) 1.1 19 68 65 70 14i 138 142.4 92 y I 34 
Tlfray Coll. 
(Rcdl 
(148 n t-35- 
1)-4 r CS 
3541 derhe 
5-4-2-1 x 
SR%-39 
1148 x E - 3 5 ~  
11-4 x CS 
354 1 denve 
5-4-2-1 x 
SRN-39 
M-36121 x 
Ttgray Coll 
(148 n E--35- 
I)-4aCS 
3541 dcrive 
5-4-2-1 x 1'- 
940? 
I l 4 R X  t-35- 
I)-42 CS 
3541 derive 
5-4-2-1 x P- 
9401 
(148 x E-35- 
11.4 x CS 
3541 dciivc 
51-2-1 x P- 
YLOI 
P-9403 
(Abshiri 
Local Check 
P-9401 
(Gubyc) 
(I48 r F-35- 
1)-4 x CS 
3541 dcrivc 
5-4-2-1 x P- 
9408 
(148 r E-35- 
1 ) ~ 4  a CS 
3541 derive 
5-4-2~ 1 x 
SRN-39 
Mean 
LSD 
CV% 
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crosses for Striga resistance. Two hundred sevenr) sevm o f  variation in  the plot. But this !ear the Slr;ea count uas gerer- 
rhrm were advanced for the nest evaluation. ally l ou  for unknoun reasons. 

Evaluation of Striga resistant varieties: T\venr)one Srriga 
resistant varieties locally crossedandadvanced from lines origi- 
nally introduced from Purdue Cnivenir) were o~an ized  in two 
sets o f  experiments (one national and one prenational tar ieh 
trials) and evaluated for Srriga hennonrica resistance at Sheraro. 
Abergele. Zema and Sirinka. In  the national variety trial a total 
o f  I 2  entries with local and standard checks Liere tested across 
four locations and a yield range o f  1.3 to 1. I tons per hectare 
(Table 4) recorded out of which five entries outyielded the stan- 
dard and local checks. The preliminary varier) trial consisted 
o f  I 2  entries and a standard and a local check (Table 5 ) .  Lower 
grain yield were recorded at Zema (Gojam) due to poor agro- 
nomic management. This resulted in lower mean yield over 
the testing locations. Iforeover. the louer Siriga count ob- 
served in the local check may be explained due to infestation 

The objecti\es o f  this activie \\ere pre\ lous!! dexntwd. 
In this group hvo sets o f  long matunng drought tolerant wr-  
ghum cultivars \\ere conducted for the lou land rnotmre s-ed 
areas of the countn in the 0 0  cropping xaso i  The tnal 
conducted at Slieso \\as not successful due to an extended in 

spell that occurred afier plant~ng. The prelimtnan \anen tnal 
consisting of2 I cultivan \\ ith y~eld range o f 2 6  to 5.- tons per 
hectare (Table 6)  and out o f  uh ich t u o  o f  t k . ~  su l t~ ta rs  
overyielded the check. In  a similar trend n \ o  cult:\ars k-owd 
higher grain yield o\er the check among 24 culti\ars of the 
national vane5 trial. The yield range ofthe national \anst? 
trial extended from 1.9 to 5.3 tons per hectare a1 \Islk&sa $Table 
7).  %tost ofthe cultivan in both sets of expenmenti grs\r tallzr 

Table 5. .\.lean grain yield (&a-I), days to SO0k flowering and plant height (cm) of 1.1 varieties iacluded i n  S n i p  

I Grain !wid I Da\j ro tlouennt. Plant hrishr j izr~  C*:: 
ldent~fication / SH / Z\( j SR / .AB 1 \Iran 1 St1 Z \ I  ! SR A \lean ' SII L\I ' SR 4 8  t S l i  L \ l  '.Y \If= 
i F a m # d a \ S R \  18 6 19 6 1; 61 S? \4  hS 4 153 1 1 "  4, I!? : 

3q,Fl?9h9'  
PR-289 . I S R X ~ ~ Y P  I- 1 16 S 11 I- 8.3 h i  - 1  I I I 4  11.; 1x9 !?k . 
YT.lCIi.:l F14 
V6 9-  PR - 2'9 
i S R \ 3 9 x P  16 6 18 - 1: i -"I N "O 116 1.:) i : 1 : -  : i 4 
9540611 F i  J 
9h 9- PR - 254 
I S R S 1 9 , P  I 5  9 I ?  I t  49 '4 -- h l  hi l ? h  I?: I :  r' ;:i - .  1 
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96 9' PR - 2-9 
I S R \ ~ ~ Y P  IS  8 I 4  6 11 I I  -I -8 h I  6- 1.3 119 I l l ?  llil ! !  ; c 
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3 9 1 F  1-1969- 
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P-9401 I 3 to -1 P i'i X I  SU 6% - 1  I 1': 111' 06 ! : I  3 ;. A 
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Host Counrry Program Enhunrcmmt 

The newly initiated research projects gave additional pro- 
Table 6. Mean grain yield (tlha) days to flowering motion for INTSORMILIEARO collaboration. 

and plant height (em) of 21 varieties 
included in long cycle sorghum preliminary Eritrea 
variew trial (LCSPVT) a t  Melkassa 
in the 2001 growing season Sorghurii 

incry ldmt~ticullon Crrln Da)\to 5ilql Plasl hcrght 
- .~. The general objectives of the sorghum improvement pro- 

.- ' "-;*l-ea are as follows: 

4 Acc # 69265 -I 4.1 1112 365 
Aic.1212641~1 3 4  q7 335  To enhance and develop more adaptive, disease, and pest 
ACC. 3 211367 3 3 I 09 3 ij resistant, impro\,ed sorghum varieties, populations and hy- 

X 4 c c  * 213361 5 9 I05 323 
Y Arc.L200189 - I 5 1 I07 310 hrids suitable for the farmers' community 
10 ACC. P 206189.1 4.9 108 363 - To identih and use a range of landrace germplasm for de- 
12 cc.L213370 1.5 81, 213 
13 4 c c  P 212644-2 2 7 VX 105 veloping new varieties derived from crosses. 
14 ~cmoyc 3 7  Y X  2x1 To develop capacity to produce, distribute and maintain 
IS B O ~ U O ~ ~  4 0  i 04 178 
16 Shanmuyera 3.8 I 12 135 breederlhundation seed of open pollinated varieties, hy- 
18 L n b r e d c c .  r 34'48 2.6 97 293 

3x5 
brids. and hybrid parents. 

19 \\;agrctred 4.9 117 
20 wagrre \\rhse 2.9 107 368 . To develop human capacity by training sorghum scientists 
21 L O C ~ I  check 4.9 IO? 245 and technicians in-countty (on the job) and abroad. 

Mean 3.9 103 327 
LSD I O O S I  1.6 5 50 
~1'96 20 7 The two activities reported here include: 

than the checks. They produced higher stover yields with qual- a) Crop evaluation in 2002 season at the research loca- 
ity seed that is preferred by most small-scale farmers 

tions in Colui, Shambuko and Hagaz 
b ) seedproduction at Goluj and Shambuko 

,Vew CoNaborative Reseurch .Actititie~ Initiated During 2002 

AgronomyISoil and Water Conservation T a b l e  7. M e a n  G r a i n  yield (tlha), d a y s  t o  
50% flowering and p lan t  height 

The objectives of this research activity are: (cm) of 24 variet ies inc luded i n  
long cycle s o r g h u m  nat ional  var ie ty  . To assess the utility and effectiveness of tie-ridge and rou~  t r i a l  (IXSNVT) at Melkassa  i n  t h e  

planting implements with farmers on their farms and un- 2001 c r o p p i n g  season 
der farmers' management: - Compare tillage alternatives for yields under farmers' con- . ? n l ~  Grain Days to Plant 

ditions; * ldcntification yield 50% height 
fluwenng 

Determine the importance and the interaction of fertilizers I ~ l l l i t ~ c  3.2 96 279 

with water management and z Allrhinga .4di 3.1 97 279 

Determine the role of sowing date (late maturing variety 3 hhdcllota 2.3 100 354 
4 Abol ln 3.1 99 330 

sown in April and early maturing variety sown in June) on I i)i.fi~lire (red) 1.9 107 340 

the above three objectives. 6 H!lnash 3.2 81 179 

The activities were pla~lned for Miesso, Wolenchiti and 7 Deg;illte yellowish 3.1 106 361 
x t rs -0738 2.8 117 379 

Mekelle. As there has been exceptionally late onset of v rrs 3502 2.9 99 288 

rains, trials designed especially firr long maturing culti- 1 0  11 911 i IS0601  BK 4241 2.5 91 238 
2.8 105 340 

vars col~ld not be established. However. at Wolenchiti the 12 L T S  789 3.4 105 314 

trial was established using short maturing varieties under a I; ( l o r o ~ ~ ~ o  x I 2.9 92 256 

small rains regime. 14 Ma-ahahette Cull. # 9 3.9 109 260 
I5 [rlcmi~abctreColl. # I 0  5.3 109 288 
I 6  hlclalrahette Col l .  W 1.9 93 301 

Summary and Conclusions 17 hleriihabetle Coll. # I 1  2.3 92 223 
18 \Icrabctlr Coll .  8 1.9 88 303 
I 9  \hay Gorje Cnll. # 3.3 105 314 . Promising hybrids have been identified for on-farm evalu- Zn . ~ h i i ,  Ciorle toll. ii 2.6 102 296 - ~ 

A&" 

ations 21 WOIIO C'II. # I 2.9 100 3 14 
22 l\'ollo Tenglle # I . Some long maturing sorghum varieties for dryland areas 23 ,,,\'oldia Coil ii I 

3.9 109 260 
5.0 107 310 

of Ethiopia were identified For on farm verification 14 i.ocal Check 4.0 103 230 . Some promising Striga resistant varieties were selected to \lean 3.1 100 298 
I.S1) (0.05) 1.4 4 33 

give more options to farmers c v U$ 32 3 8 



The sorghum research program was conducted for only 
the second time in Goluj. In the year ZOO1 all the trials and 
seed multiplication a-ere highly affected by Slri,qa and shatter 
cane. consequently yield and yield components \\-ere belolv the 
expected range. Rainfall of the year 2001 \\as good enough for 
the completion of the grouing season for sorghum. However. 
the year 2002 \\as different with very low rainfall and thus all 
seed multiplication and hials suffered frorn moisture stress. The 
majority of the cultivars involved in the trial and seed multipli- 
cation failed to head. 

At Hagaz research station (the main station for pearl millet 
program). though there was moisture stress. some promising 
varieties of sorghum \\-ere able to head and gave reasonable 
yields. 

The seed multiplication at Shambuko research station \\as 
also much better than the Goluj station resulting in higher a\er- 
age yield of sorghum of breeder and foundation seeds. The 
amount of rainfall obtained at Shambuko Station u a s  better 
than Goluj Research Station. 

In general. 2001 and 2002 gave the sorghum researchers a 
good opportunity to give more emphasis to sorghum varieties 
that can tolerate moisture stress and S t r i p  infestations in the 
county. specially in Gash-Barka region. 

Crop E~~alriario~r in 2002 Season or rhr Resrarch Locoriort.~ in 
Golui and H a g c  

Ten improved sorghum varieties with known drought and 
heat tolerance \yere introduced from SADC I C R I S T  SMlP in 
Bula\vayo in 2001 for adaptive testing at Hagaz. .A local check 
variety was added. The trial was planted in a randomized com- 
plete block design with three replications. each plot with four 
rows of four meters length and spaced 0.75cm apart. The re- 
sults of this trial are presented in Table 8 given bel~\\-. 

The ZOO2 season. with its severe drought (\\-orst in 10 
years). provided an excellent selection opponunih for the best 
heat and drought tolerant entries. Out of the I I test entries. 6 

Table 8. Mean Performance of sorghum for heat + 
drought, Hagaz 2002 

r IS i ' l  6 -  u 4 4) 
h i C  -O!~IA t h:n 1!;0 1. 2 %  
- i a t ~ r i :  ruo 41- 5 I . . < ~ 

Its\ ")lW 'or, ,:-.~: i i, . . . . 
I5 I(% l o  0 ! h )  i v : . . ~ c 

I" 1S9h!' i 0 
I I a n l , - 5 ~ ~  i 6 0  9~: - ; - : i 

Grand \Ira" 564 12-2 - 4  
LSD . . . . !hl .' 

were selected for iunher e\aluation. Thus the 6 'ariene are 
agronomicall! suprrior and \\ ith reawnable ! ~eld  dunng such 
drought seasonl \iristies Toan and IS X9S pa\e t ie  h ~ ~ h e s t  
yield. IESV 99069 \\as also agronom~sall? supcnor cr\~th ~ 1 . 1 -  

tivel? good yreld. though not as high a !ielder IS S W  1'2 
days) and IS 106 (50 days) \\ere among the earllet \a r ie t i~s  
tested. With these results the folloaing actlon plar u a s  put -n 
place: 

- Increase seed oithe 6 selections in the o f t t - x a a  at Hagzz - Repeat the trial in 2003 a ith the 6 selected inrrcdust~ors 
and 1 local checks i\Vedi-suw and Embulhull to sontinn 
performance. 
Put the 6 selections with I local in On Farm Tnal 1.X 

farmers) in 2003. for farmers' in\ol\ement in the selectton 
process and their \erification. 
Cross the 6 selections a i t h  \Vedi-Susa. Emhulbul ralread) 
initiated in the breeding n u r s r n )  and other a\ailahl.- 
landraces in .Anseba and Sonh Red Sea Z o n e  to d e \ e I o ~  
new productive. heat drought tolerant landrase-dented 
varieties. 

Thim-four landraces. all collected frorn the lo\\ land of 
Eritrea. \\ere planted during the 1002 cropp~np xajon at Golu!, 
a ne\v Srrr~u-free site. The folio\\ ing 10 \ansties shcued k t -  

ter perfom~ance: Hugunay. \\edi-aker shon. \\kdi-3Ler tall 
(late). Bazenay (loose head. !ello\\ seed). Hahmt  t i %  hits tu in 
seed chimro uith black plumes and earl? I. Chimm~\ello\\  t\\Ir 
seed). Korkora (similar to \\edi-aker tall. bold r a m  r\ ~ t h  \\ h ~ t c  
chalky seed\. Grun keih (tall compact u ~ t h  small head ~ n d  lare,. 
Estii (looks like ivedi-aker tall \\ith \\bite chalk? swdr anc 
Sandashima (similar ai th Bazena! typ: and !ello\\ wed). The 
ten selected landraces \vould be used in cmsslng h l ~ k  t r i tk  

released and pre-released \ arieties. to generate nett further 
landrace dcrited lines and \arict~es for drought cond;tion and 
preferred by farmen. 

In 2001. iniountr) seed production b! the D.-\RHRDonl) 
succeeded in pure grain rather than seed due to s\tens:\e dm>-  
age b )  Srri,~a and contamination b> shattercane. at (iolu!. In 
2002. greater success \%as recorded in natlonal e f fo l j  to prch 
duce their own seed: 

Breeder Foundallon wed mult~plicat~on at Goluj 
Gedam el Hamam 
Planted In 0 16 hectare . The field \\as \ e c  pure stand but fa~led to head due to 
sex ere drought 

PP 290 (Shamhuko) 
Planted in  about 0 4 hectare 
Late planred atier the tnals 
\+'ell spaced and s\cellent management 



Hosr Colrnf~v Program Enhanccnrr!nt 

. Only 40 kilo grams of pure seed obtained due to severe 
drought 

P 9401, P9405, P9406 and P9407 (Purdue Striga resistant va- 
rieties) 

Each planted in about 0.5 hectare . Well managed, fertilizers both DAP and Urea applied at 
the right time and a tied-ridger was used to conserve mois- 
ture. However, due to the severe moisture stress, all en- 
tries faced terminal drought stress, when the crop started 
to flower and failed to set seed. However, varieties P 
9401and P9405 were most adapted to drought condition 
in addition to their Striga tolerance and they were able to 
harvest half a quintal of each variety. 

Foundation seed production at Shambuko 
One released variety (ICSV 2IOIBushka) and two pre-re- 
leased varieties (Gedam Hamam and Macia) from the na- 
tional sorghum improvement program were planted at 
Shambuko Research station. A Fanner's field day was con- 
ducted before the varieties were harvested. Farmers pre- 
ferredMaciafor its bold seed and Bushka for its high yield. 
Both varieties were well accepted for their white color seed. 

Sorghum varieties in the foundation seed fields were: 

Gedam Hamam . Excellent management planted on 3.0 hectare 
Highly affected by drought 
About 8.4 quintal of foundation and 2.1 quintal of breeder 
seed were produced. 

Macia 
Fairly good field though drought affected; planted on 
about 2.7 hectare 
A total 9.1 quintal of foundation seed were produced. 

ICSV 2 10IBushkd - a good well-managed field, planted in about 5.6 hectare 
about 27.3 quintals of pure foundation was obtained. 

Pearl Millet Breeding 

Pearl millet (Pennistum glaucum) has protogynous nature 
of flowering and is grown mainly for grain in the tropical and 
sub-tropical areas ofAfrica and in the Indian sub-continent. It 
is an indispensable food for millions inhabiting the semi-arid 
and arid tropics and is more important in the diet of the poor 
(Harinarayana, 1987). 

Pearl millet is the second largest food crop in Eritrea. grown 
mainly by small farmers in the low- lands and mid-lands. Lan- 
draces currently grown by the farmers contain the traits that 
farmers have selected for over centuries, and thus represent a 
very valuable resource for the hreeding program. However, 

because of the cross-pollinated nature of the crop, such desir- 
able traits may not exist in a high frequency in landrace popu- 
lations and may be accompanied by various undesirable traits, 
such as susceptibility to downy mildew. 

Pearl millet downy mildew, caused by the fungus. 
Sc l r ro . sp~~~ '~~  ,~~~on?inico/a,  is one of the major production con- 
straints in pearl millet in most ofthe semi-arid tropics (Singh et 
al.. 1993). i?o\rrny mildew is widely distributed in Eritrea and 
occurs in epidemic form on farmer landraces. making it the 
major millet disease in Eritrea. Surveys conducted in 1999 and 
2000 showed high levels of downy mildew incidence ranging 
from 30% io as high as 70% in farmers' fields. 

The Eritl-can pearl millet breeding program which started 
its research and breeding activities in early 2000, seeks to pro- 
duce adapted. disease resistant pearl millet varieties, accept- 
able to fanners. that will help to increase and stabilize millet 
productivity in Eritrea. In this effort, local landraces and exotic 
cultisars mere tested for their disease resistance and yield ca- 
pabilities. Crosses were made between the exotic and local 
landraces to increase disease resistance and productivity of the 
landraces. Thus. twenty five population crosses were made and 
evaluated involving five landraces and five introduced materi- 
als at Hagar in the rainy season of 2000. Out of these, four 
population crosses were identified and further random mating 
carried out. 

In the rainy season of 2002, the third random mated bulks 
of these four population crosses were tested on-farm with the 
farmer's local cultivar as control for their adaptability, disease 
resistance.) ield potential and to assess the farmers' perception 
of the positive and negative aspects of the new crosses. 

The on-hrm trials were conducted at 15 sites in Zoba 
Anseba ( 5  in subZoba Hagaz, 4 in sub-zoba Hamelmalo, 3 in 
sub-rob:! Kercn and 2 in sub-Zoba Elabered) and 10 sites in 
Gash Bark;] ( 2  sites in each of Mogollo, Gogne, Barentu, 
Shambiko 2nd Agordat sub-robas). Plot size was 50 meters 
square (5m u 1 Om) and the plots were laid side by side. Exten- 
sion persorlnel from the Ministry of Agriculture from these 
sub-zohas \\ere entrusted with the responsibility of identifying 
hrmers and conducting the trials. 

Hagaz Research site is located at an altitudeof 850 m.a.s.1. 
with minimum and maximum temperatures of about 12 c and 
42 c respectively. The average rainfall ranges from 300 - 400 
mm'annum. The site has a typical arid and semi-arid climatic 
conditions which is conducive for pearl millet research work. 
During the growing period (July 1- September 10, 2002), a 
total oI'25lmm in 23 rainy days were recorded and the mini- 
mum and maximum temperature was 10 and 42 c (applied to 
all trials). Two hand weeding and cultivation were also done. 
Analysis of variance was computed using Gen-stat 5 soft ware 
in all the trials. 
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Reseurch Objectives programme are indicated helo\\: 

Identify the best Eritrean landraces for reselection and for ICS1.A 891 I l x Tosho 
use as parents in the breeding program ICS1.4 95233 \ Tosho - Produce reselected venionsofthree landraces. with hipher I C \ l t  9'331 x Tosho 
yield potential. better do\\-ny I C S I  91122 \ Tosho 
milden resistance and better uniformiy. lCSI.4 971 l l x Tosho - Identify a set of adapted introduced baneties for use as 1CSf.A 891 I I x Jlehred 
parents in the breeding program ICS1.A 9533.1 \ Slebred 
Select crosses for making experimental varieties beginning IC\I.A 9-33? x Slebred 
in 2001 IC\IA 91223 x \lehred 
E\aluate best top-cross hybrids. impro\ed landraces. se- l C l l 9 7 l  l l x Alebred 
lected exotic varieties. neu  population crosses. net\ r- 
penmental varieties Hanesting of I0 crossed pantcles \rere done and bulk seed 
E\ aluate best experimental varieties as on-station and on- was made. The I0 topcross h! hnds \\ ere de\elopsd and l e a d  
farm trials for their performance in the ra~n!season nfthe ~ n t e  !ear Seat  
.Assure adequate stocks of breeder seed of ICLI\' 21 I and ranging from 2-3kg uas  produced. 
one ne\v promising \arien (Tokroray I ICH\' 22 1 I 

Fi\e of the A-lines ranging from 1-5 were crc,sed \r ith 
Six selected landraces \\ere collected from fanners' fields Tosho and Mebred. Synchronization of flo\\ering tretr\szn the 

in 2001 and 1 landraces from 1999. They \\ere soan on i m  x .A-lines and the landraces \\as good. From this a<ti\it?. I( ,  
0.75m x 8 rows after basal application ofD.\P at a rate of 100 top-ross h? hrids \rere dereloped. T h e  top-ross h! bnds art 
kg ha:. Thinning and transplanting \\ere done after 2 \\eeks halfvariet)and halfh! hrid. so i t  1s not pure h! hnd. Hc~auseo i  
and \\as top-dressed using urea 3 \reeks after planting at a rate this character. the! ha\ e the potential to mast diseiljg like dnsn! 
of 100kg ha'. The crop \\as irrigated e \ e n  1-5 days till matu- mildeu. Sloreo~er. the! are expected to he more productl\e 
rit) and the total irrigation was 15. .At heading time. selting than local landraces in most cases. 
bags were put and pollination by hand was done within the 
landraces (half-sibhingl. The materials used are indicated Table To de\ elop nets population crosses. I \ \@ landmcs u i T a h o  
9 belou. and \lebred 14m x 0.75111 \ 20 rous each1 and 4 exoris \ m e t -  

ies \\ere soun on Jm \ O.'5m x 5 rous each after basal appli- 
The pollinated panicles \\ere hanested and threshed after cation of D4Pat a rate of 100 kg h a '  Thinn~ng and t~nspiant -  

dry~ng. Seed of 0.5 - 15kg \\as obtained from each landraces. iny were done after 2 \treks and \\as mp-drsssrd usan2 urea 3 
By half-sibbing acti\ it?. the original seed of the 8 landraces xveeks after planting at a rate of 100kg ha '. The crop ,\as tm- 
was produced.These materials\\eree\aluated in replicated fonn gated even  4-5 days 1111 matunty and the total irngxaon uas  
in the rainy season of the same year. 15. .At heading time. selling hags uere put and pollin~tion h! 

hand was done hetween the landraces and the exotic matenals. 
To develop top-cross hybrids of pearl millet. t a o  landraces The exotic matcrlals used in the crossing pro-mam are indac;tvd 

of Tosho and Mebred ( i m  x 0.75111 x 20 rows each) and 5 .A- hrlou: 
lines (sterile lines from ICRIS.4T) ne re  s o a n  on in1 x 
075m x 5 ro\vs each after basal application of  D.AP at a rate of I.AC ISC TCP I 
100 kg haZ. Thinning and transplanting were done after 2 weeks \IC SRC 
and was top-dressed using urea 3 \\-eeks after planting at a rate SCD.45 POP I 
of 100kg ha-'. The crop \\as irrigated e \ e n  1-5 da)s till matu- SOS .AT C8X 
rity and the total irrigation a a s  15. .At heading time. selting 
bass were put and pollination by hand \\as done bet\\esn the 'After controlled polllnarion \\as accornpl~shed . the fol- 
landraces and the .A-lines. The .A-lines used in the crossing lo\\ ing population crosses \\ere debeloped 

Table 9. Landraces used for seed 
increase. on-season, 2002. 

Tosho Y 1.AC ISC TCP I 
Tosho x 1IC SRC 
Tosho S C D 4 S  POP 1 
Tosho x SOS .AT CXX 
Slehred x 1 . K  ISC TCP I 
Slehred x SIC SRC. 
Slehred x SCDr\S POP I 
\lebred x SOS .AT CCXR 



The two improved landraces were used as females and the 
4 exotic varieties were used as male parents. The pollination Table 10. Result of Preliminary Trial New 

approach to collect for example bulk pollen from the male par- I>andraces, Rainy Season, 2002. 
-. ents and dusted on the female parents. This activity resulted in , , , Flo*cr Plant c i iu in) ld  Agro Remark 

the developing 8 new population crosses. These population N'> "q ,'1°6) ht ,cm, Q,%a rcorc 
-. Rank 

crosses are expected to have better panicles, resistance to downy .,,,,,, 52 2 2 1 3  15.1 5 ... 
55 Z?O0 14.4 5 *.. mildew and adaptation than the parents. These will be evalu- 2 1 ~ ' ~ ~ ~ ~ ~ ~ '  

3 lcsgclcn 54 220 7 13.3 b 
ated in the rainy season of 2002 in replicated fonn. 1 htoyu~lil ? 46 182.3 12.8 6 

I hlcg.lrcl> 55 221.7 9 5 6 
6 tllrkul. 54 2 2 6 7  125  5 

Preliminary Evaluation of New Lundr~rces 7 K,~r~t,ch:rk~ 44 2130 195.7 17.2 1 3 5  6 5 7 
..' 

<irun<l h'czo 52 
LS l l  2 3 15.8 9.9 0.61 

Experimental materials used were 6 with I variety as stan- Sc 0.7 7.3 3 7 0.24 
CV ".I! 1 4  4 2 27.1 I I 

dard check. The experimental design used was RCBD with 3 F 1 ,  -.a ... ,Js US 

replications. They were planted with spacing of 4m x 0.75m x 
4 rows. Observations were recorded on the central 2 rows of each plots ibl-the following characters: days to 75% flowering, 
each plots for the following characters: days to 75% flowering. plant lheipht. plant count, head count, panicle count, panicle 
plant height, plant count, head count, panicle count, panicle yield, panicle size, seed weight and grain yield, 
yield, panicle size, I00 seed weight and grain yield. 

To maintain soil fertility, IOOkg ha-' DAP before planting 
To maintain soil fertility, 100kg ha-' DAP before planting and 100 kg lha-' of urea were applied 3 weeks after planting. 

and 100 kg ha-2 of urea were applied 3 weeks after planting. Thinning and transplanting were done 2 weeks after planting. 
Thinning and transplanting were done 2 weeks after planting. It was culti\atcd once and hand-weeded twice. The materials 
It was cultivated once and hand %ceded twice. The materials used are listed below: 
used are listed below: 

Ashera 
Libana 
Jengeren 
Mogollo 2 
Megareh 
Hirkuk 
Kona 

The analysis of variance (Table 10) for days to 75% flow- 
ering and plant height showed highly significant difference ( P  
c 0.001) indicating that plants reach 75'Xr flowering date at 
different times and they also difter in plant heights. However. 
there was no significant difference for grain yield ( P  = 0.401) 
and agronomic score (P = 0.009) between the landraces. 

Comparisons between the 7 landraces were made. When 
days to 75% flowering is considered, the earliest variety was 
Kona (check) and the latest were Libana and Megareh. The 
landrace Mogollo 2 was also similar to Kona with respect to 

Zlebrrd 
T05ho 
Zlbed~ 
Tok~oray 
Hultug Keren 
Kona (check) 

The analysis ofvariance (Table 1 ))showed significant dif- 
ference for all traits indicating that there was genetic influence 
for the respected trait. 

Colnparisons between the 7 genotypes were made. When 
days to 75':;, tlowering is considered, the earliest varieties were 
Kona (check) and Tosho, and the latest was Bultug Keren. 
Mehred \ \as the tallest and Kona was the shortest which is in- 
versely related with the trait days to 75% flowering date. When 
the grain yield was considered, Kona (2 1.6 qtiha), Tosho (2 1.2 
qtiha) and Llehred (I 7.4 qtiha) attained more or less the same 
grain yield'ha. Therefore, the 3 landraces could be considered - 

earliness. When the grain yield, is considered, landraces Ashera 
and Libana performed well and attained more than the grand Table 1 I. Result of Preliminary Yield Trial of Improved 
mean. This will be confirmed in the rainy season of 2003. Landraces, Rainy Season,ZOOZ. 

rnt. i illr> \aria F I O S C ~  l ' lunt l i~  (irdlnvld Agrilrcorc Rcmsrk 
Preliminaq~ Evaluation f?fImprovecf Land,.aces I\O ow 17I",nl ( C ~ I  QC"~;, Rank 

I ~ l e h n ~ l  5; 227.7 li 4 6 .. 
Tii~n,, I8  21011 21 2 I e.. 

To identify productive landraces which will he used in fu- 3 i i.;d 54 ? 1 6 ,  I 6 
4 T I? 1'12.3 101 7 ture breeding programs. T iialli,,lhulrn 51 ~ I I X  i 5 I 

6 Kt!~,rcl>crkl U 1771 I 1 6  6 *.. 
The experimental materials used were 5 with 1 variety as (,,in, i l c i n  5 1  ?IIS.S I b 

I.SO 3.5 11.8 7 7  I1 9 standard check. The experimental design used was RCBD with ir. 11 7 6 3  I 0 4 

3 replications. They were planted with spacing of 4m x 0 . 7 5 1 ~  
I , )  i.,'",. 

x 4 rows. Observations were recorded on the central 2 rows of 

144 



Host Coutirt?. Pmcranr Enhr~~rcerrrerrr 

as potential genotypes. This trial will he repeated in the rainy 
season of 2003 for confirmation. 

i ih ,anred Keld Trials on Esofic Pearl \lillet ibrieries 

The experimental laneties used were 27 - 4 (checks) which 
were selected from the previous experiment. The experimental 
design used \\as RCBD with 3 replications. Spacing was 4m x 
0.75m x 4 rows. At the time of planting basal application of 
DAP at a rate of 100 kg ha' was applied and after 2 weeks 
thinning and transplantins uere done. Top-dressing at a rate of 
IOOkg  ha^: urea was given 3 weeks after planting. 

Obsewations were taken on the central t u o  rou s for days 
to 75% flowering. plant height. plant count. head count. head 
yield. ear length and grain yield. The materials used in this 
trial are listed belo\\: 

lC.MP 95490 
ICMP 97754 
ICMP 98 107 
EERC CO 
IAC ISC TCP 4 
IAC ISC TCP 6 
Sudan pop 11 
EC 89 CO x SAC 88 CO 
EC 89 CO x GB 8735 
EC 89 CO x ICMV 903 1 1 
EC 89 CO x mIRIARI comp 
I l C  89 CO a AIMP 92901 
M C 8 9 C O s R C B  IC912 
AlMP 92901 s SDVV 96063 
RCB 1C 912 x GB 8735 
RCB IC s IChlV 903 11 
SDMV 96051 x 1NI.ARI Comp 
SDMV 96063 s SDHV 95017 
SDMV 96063 s GB 8735 
SDML' 96063 x GUERIARI-I 
SDMV 96063 x ICMV 903 l l 
SDMV 95017 s GUERIARI-I 
SDMV 95017 x ICMV 903 1 I 
GB 8735 x GUERIARI-I 
GB 8735 x ICMV 903 1 I 
GB 8735 x INIARI Comp 
GUERINIARI-I x ICL1V 903 I I 
Tokroray var. 
Bkeren var 
Tosho var 
B mebred var 

In the analysis ofvariancefTable 12) fordays to 75'0 flow- 
ering day (P < 0.00l) and grain yield ( P  < 0.001). genot>pes 
showed highly significant difference between them indicating 
that genetic variation have intluenced the maturity date and _main 
yield. .Moreover. there was significant difference behveen geno- 
types for the trait plant height ( P  = 0.044). 

The variety EERC CO was the earlist to tlo\\cr. Hou- 
e\er. it uas  the shonest in plant heisht that resulted in less hi* 
mass and the least in agronomic performance. Thii \anel! can 
he used as source of earl! gens in the iuture breeding 
progrdmme. Bultug Keren \\as the latest to matureand the l e ~ s t  
in grain !ield. This landrace selected by farmen :n the !'ar 
1999 but i t  was not performing \\ell as compared to ott,er 
landraces kcause  it was late maturing. 

When the trait grain yield u as considered. rhe cross EC IS 
CO s RCB IC 912 attained the highest grain ! ield : \m@n~ t i e  
landraces used as local checks. Tosho and Bultug \Itbred uere 
not inferior than exotic \arietics uirh resprvt to their gram! ield 
and agronomic performance. 

The cxotic varieties listed from I - -  (elcept EERC COI 
did not shou any significant ditTerence among them. T h ~ e  
varieties were supposed to shou beuer performance. This cou!d 
he due to soil factor hecause the soil aas \ e n  depleted ard 
was easil! aRected by the current drousht condrtlon. T h ~ s  ex- 
perimenr \ \ i l l  he repeated in the coming rain! seasm 

In the pre\ious t u o  years' trials. the population cross 
Tokroray \ Kona \\as selected as most promising jwpulation. 
I t  was planned to produce foundation seed of this \ar:et!. Tu.1 
ha uere sown. the selected hanesting p r w e s  \\3s done anJ 
about 500 kg of foundation seed \\as produced. 

Shamhiko 

In Shamhiko Research Station. the xariet) Kona IIC\I\ '  
221 was sown on 3 ha for foundation seed muluplication. .Ar 
the end of  the season. a b u t  $00 kg o i  foundatlor seed \\a 
produced. 

In Golij Research Statron. the p?pulation Tekrora! \ Kona 
\\-as soun on 3 ha for foundation seed production In spite oi 
the bad the season. about l .hDO kg of foundation 4 \\as pri% 
duced. In addition to this. .:N paniclei \rere selected and har- 
vested for breeder seed multiplication. 

Zoha :trrseho rHomelnndn otl'i H<r,pcc %uh-:oh~~, 

In collaboration \\ith Zoha .Anseha. cenitied seed prrdui- 
tion of Kona \ariet? was undenaken in SubZobas tiagaz and 
Hamelmalo. Farmers n ere gi\ en contracts to produce cenrtied 
seed and the! \\ere obliged to sell the seed to the \Irnistp of 
griculture at market prrce plus 3?0 premium pnce TIie total 
hectarage 15 as about -0 ha and the a\ erase ! ield \\as I5Wl kg 
h a '  in Sub-Zoha Hagaz and SO0 kg ha in Suh-Zol.3 
Hamelmalo. 



Table 12. Result of Advanced Yield Trial Exotic Pearl Millet 
Varieties, Rainy Season, 2002. 

i n t q  l:louer Plant <;r:i#~,?Id Agro Remark 
Ent. Nm~e Day (75%) ht tcmi Ol hi Scoic 
NO Rank 
I ICMP 95490 50 1750  l ( ' 5  6 
2 ICMP 9 7 7 4  48 176.0 '1.5 6 
3 ICMP 98107 47 lh5.7 120 6 * a  

4 EERC CO 41 148.7 U J  7 
5 IAC 1SC TCP 4 49 I 6 7 0  1115 6 
6 I A ~   IS^ r c p 6  50 1850 l!l4 6 

EC 84 ~d x hfC 88 CO 
EC 89 C O X  GR 8135 
EC 89 CV r ICMV 90311 
EC 89 CV x IUiRlARl comD 
1:C 88 CO x 41hlP 92901 
EC X f i  CO x RCR JC 912 
AIMP 92901 x SDMV 96063 
RCB 1C 912 x GB 8735 
RCBIC9l2nlCblV9031I  
SDhlV 961151 x ISIARI comp 
SDMV 9hDh.q x SIlhlV 95017 
SDMV 41,063 x GB 8735 
q n t d v  9606; x C ~ ~ J E R I A R I - I  

SDblV 95017 x GUERIARI-I 
SD\IV95017x ICMV 90311 
CM 8735 x GUFRI,\RI-I 
GB 8735 \ ICMV 9031 1 
GB ,3735 r lNlAKl Comp 
GUERISI,\RI-I r lCMV90311 
Tokmray Var 
B Kcre" \ 'ui 
Toshu r a i  
B'Mehicii Var 
Grand hlcrn 
LSD 
s c  
CV (So) 
F. Proh (?",;I 

Table 13. On-farm Trial Results (qtiha), Rainy Season, 2002. 
ZOBA SUB~ZORA SITE VARIETIES 

VAR I VAR.2 V4R.3 VAR.4 VAR 5 REMARK 
Ansebv Keren hlcgareh 0 0 !I 0 0 no data 

Ona 11.1 1 1 5  17.1 13.7 13 6 
Haahsln 30.1 32.7 32.4 24 2 9 6  

Hvhcm rils 0 0 0 (I O no data 
Eiubcred Omei 4 8  9.5 5 6  5 

Kodi 7 3  2.5  i 7 6.4 3.4 
Hemclrnnlo tlalnellnalo 15.6 15.4 I?.: 16.9 1 2 6  

Cnglza 2.7 I . ?  21 I 2.3 
Lihvna 8.7 5.9 1x7 11.6 5 8  
Beyan 20.6 21.4 22 ? 18.6 16.3 

llagaz ,\ihcra 26.2 18.7 27i7 19.2 16.4 
Gliin 4 3 9 1 . -  3.9 4.1 
Badoh 23 6 22.8 25 7 13 I4 
Auanjeli 2.6 2 4. I S  1.8 
Ad>-Fekay 0 0 I 0 0 no data 

Gush.Barka Aknrdnt tngcrne I 0 0 0 0 0 no data 
tngcmr  2 0 U 11 0 0 nu data 

Mogollo Mogollo I 0 0 11 0 0 no data 
Muyollu2 9.8 4 8 5 ,  1.5 0.6 

Bsicnlu Koila 11.2 15.7 1 7 3  7.3 21.4 
Sorona 5.2 1.5 10 7 4.7 6 

Goan) D.iavr 29.8 20 4 19.3 12.1 I 1  
& ~ 

Ekunem J0.9 42.5 1 2  1 43.9 33.8 
Sliamh~ku Asemclna 14.5 I 6 3  21: 20.6 19.1 

Blnhhns 1.3 I I .  0.8 0.9 
MEAN 14.6 13.7 I .  12.3 11.9 

The highest  yield was attained b y  variery 3 a n d  followed by vuriet) I. I he local check attained the  l o  
wes t  yield. In Zuba  Anseba. 3 trials (from l j  trials) and in Zoba  G;hh W ~ r k a  3 trials (from 1 0  trials) 
failed d u e  to uneven rainfi l l  distribution. 



Table 14. New Varieties Demonstration Results in Zoba Debub. 2002 
Rainy Season. 

On-Far111 Trial 

Zoha Sub-zoba Scrc 

Dcbub -\dl-quala Endagcrg15hl 

EndagsigishZ 
Trorena Kulie knak 

LIE.4U 

The on-farm trials were conducted at I sttes in Zoba 
Anseba ( 5  in sub-znba Hagaz, 4 in sub-zoba Hamelmalo. 3 in 
sub-zoba Keren and 2 in sub-Zoba Elaberedl and 10 sites in 
Gash Barka ( 2  sites in each of ilo_eollo. Gogne. Barentu. 
Shambiko and Agordat sub-zobas). iloreover. on-farm dem- 
onstration was also conducted in Zoba Debub (2  in Sub-Zoba 
d i q u a l a  and 1 in Sub-Zoba Tsorona). 

VARIETIFS 1qth31 

4 R . l  4 \ \ R ?  V.4R-i  \ 4 R  i \ \ R  6 R F \ I 4 R K  

2 - 1.4 i S . -. - . . 
3 .  :'J 

I6 ' 12.4 16.: 12 J 21 i I  - 
4.1 Z - < . , . .  h .  2 "  . . 

- 8  i 6 ? 611 1112  i 3  
-.  

To test the new varieties in different ago-ecological zones. 
To demonstrate ne\v pearl millet sarieties in Zoba Debeb. 

The experimental materials for Zoba Anseba and Gash 
Barka were 4 - 1 local check and for Zoba Debub \\ere 6.  Plot 
sire was 50 meters square (5m x IOm) and the plots \\ere laid 
side by side. Extension personnel from the i l inistn of.4gri- 
culture from these sub-zobas \Yere entrusted uith the responsi- 
bility of identifying farmers and conducting the trials. General 
obsewation on disease prevalence and maturity date was taken 
visually and grain yield was estimated. 

Due ro unescn rainfall distrthution. some crop i~i lure  \\:is 
obsen ed (Table I3 ). Though \ anep I \\as szsond in n t n )  leld. 
i t  has best agronomic prrformance spxificall! f~>r rn.rtunt? dxs .  
This is an important trait that can hclp the plant ~5c3pedmuchr. 
During field day. t'am~ers proposed this \anel? as the tvjt and 
acceptable one \ \ ~ t h  respect to its cnenll agrenomii psrio-- 
mance. The research team and some exrenslon \\o:kers also 
agree to this proposal. 

.As indicated in the abn\e Table 14. \anel? i (Konal 3:- 

tained the highest yield and \arlet? 2 \\a, the least Kana \ a r -  
e? \\astheearliest to matureand swapsd the pre\ailingdrcw$h:. 
The d r o u ~ h t  observed atyected most crops. Ho\\eter. pearl 
mtlla tolerated the drought and artalned reasonable Zntn wid. 

During the tield da! held in farm Endagergts 2. h;OZ.\ 
\\as selected as the best of the 6 \ariertss. Therefore. 11 has 
k e n  agreed to introduce this \anst> fnr the iominc ram! sea- 
son. 2003. 

The highest yield \\as attained by tar ien  3 and folloued 
by varieh I. The local check attained the lo\rest yield. In Zoba 
Anseba. 3 trials (from l j  trials) and in Zoba Gash Barka 3 
trials (from 10 trials) failed due to une\en rainfall distribution. 
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Sor~hum Breeding: Development of improved sorghum 
varieties and hybrids for Southem Africa 

Through a Memorandum of Agreement with SADCi 
ICRISATISMIP the regional program is i'ully integrated with 
regionally planned sorghum and pearl millet research. This 
allows INTSORMIL funds to be disbursed to 14 collaborating 
NARS scientists in 5 countries. The scientists represent 9 re- 
search agencies. The SMINET regional coordinator at the 
ICRISATSMlPCenterat Matopos,Zimbabwe is also involved. 
Activities in each project are planned annually in conjunction 
with NARS collaborators and the Work Plans are reviewed at 
the SMlP Technololgy Transfer Program (SMINET) Steering 
Committee Meeting to ensure they continue to fit in the profile 
of work needed for development of sorghum and pearl millet 
production in the region. 

Collaboration with Other Organizations 

Research on pearl millet and sorghum breeding is orga- 
nized with NARS scientists in collaboration with SMINET at 
Matopos, Zimbabwe to ensure complementarity with existing 
regional sorghum and pearl millet programs. I'earl millet breed- 
ing is conducted with the Ministry of Agriculture, Water and 
Rural Development, Tsumeb, Namibia: the Ministry of Agri- 
culture, Botswana; and the Ministry of Agriculture, Kaoma 
Research Station, Kaoma. Zambia. Plant pathology research 
is with the Agriculture Research Corporation (ARC) Summer 
Grain Crops Institute, Potchefstroom. South Afi.ica (SA); Crops 
and Soil Research, Mt. Makulu Research Station, Chilanga, 
Zambia; Department of Agricultural Research, Gaborone, 
Botswana. and the Medical Research Council. Tygerberg. SA. 
Grain quality research is located in South Africa with the Uni- 
versity of Pretoria and the ARC. The CSlR has strong interac- 
tions with the private sector in the region which will assist in 
transfer of information to help private entrcpreneurs. Ento- 
mology research is with the ARC Summer Grains Crop Insti- 
tute, Potchefstroom, SA and the Botswana College of Agricul- 
ture, Gaborone, Botswana. Sorghum breeding is conducted 
with the Golden Valley Research Trust. Zambia, and the 
Botswana Department of Agricultural Research. Activity in 
Zimbabwe with the Department of Research and Special Ser- 
vices and the Plant Protection Research l~istit~lte is restricted to 
evaluation is nurseries sent to the country. 

The Planning Process 

Research projects in breeding, pathology, entomology, and 
food quality are based on on-going linkages. The future pro- 
gram will be shaped by priorities decided by SADCINARS 
(SADC = Southern Africa Development Community) and the 
availability of matching INTSORMIL scientists and funds. 
INTSORMIL activity will continue to be developed as part of 
SMINET to ensure full integration with other regional sorghum 
and pearl millet research and development proJects. Phase IV 
(initiated October, 1999) of the SMlP program to ICRISATi 
Matopos focuses entirely on technology transfer. Since 

ICRISAT has no core funded scientists in the SADC region. 
INTSORhllLs participation in regional crops research is re- 
garded as csscritial by SMINET and collaborating countries. 
With the fill-trlel end of SMlP activities in December 2003 
INTSORMII. will need to prox'ide additional leadership to re- 
gional sorghu~n and pearl millet research and technology trans- 
fer. INTSORMIL. will collaborate with any ICRISAT regional 
activity as appropriate and mutually beneficial, and will con- 
tinue to de\clup linkages with other agencies and organiza- 
tions to strerigthen regional research and technology transfer. 

Sorghum and Pearl Millet Constraints Researched 

Production and Utilization Constraints 

Sorghum arid pearl millet are major food crops in the SADC 
region. and sorghum is used to make opaque beer. Sorghum is 
the ~naJor cercal in Botswana and parts ofZambia, Mozambique, 
Malawi. :~nd Tanzania, while pearl millet is the major cereal in 
Namibia and pins ofTanzania, Mozambique, Zambia, and Zim- 
babwe. Many constraints associated with low resource agri- 
cultilre are present including low grain yield potential, infertile 
soils, variable ~noisture availability. numerous insect pests and 
diseases. and poor market structures. Genetic improvement and 
better disease or insect management can economically address 
some cc~nstlnints by increasing grain yield potential and stress 
resistance. and by improving grain quality to meet end-use re- 
quirements. Ilo\vever. market channels need to be improved 
sincc surghom varieties with the required quality to meet com- 
lnercial consumcr requirements frequently have inconsistent 
production. Availability of a consistent supply of improved 
quality sorghurn and pearl millet for processing into value added 
urban products is a maJor problem limiting utilization. Food 
companies will use but cannot consistently acquire sufficient 
quantities ol' high quality sorghums for processing. A strong 
need exists ihr developinga system of identity preservation for 
production. ~narketing, and processing. 

New varicties and hybrids with increased grain yield po- 
tential, improved cnvironmental adaptation, increased resistance 
to abiotic (drought tolerance) or biotic (disease and insect) 
stress. improvcd end-use traits. and other desirable traits are in 
development by national programs. Exotic sorghums and pearl 
millets are co~~tinually introduced into the SADC region as 
sources oi'nceded traits. Identification of regionally adapted 
sorghum or pcarl lnillet cultivars or hybrids with stable grain 
yield and rnllltiple stress resistance will assist the NARS teams 
in de~teloping hnes. varieties, and hybrids forthe diverse envi- 
ronments and production systems in each country and in simi- 
lar SADC environments. 

Convtraintv Addressed by Project Objectives 

Perrri ;2,iilIc,t Breeding: Develop topcross grain and forage 
hybrids adapled to low rainfill regimes in Southern Africa suit- 
able for coliitnercialization and stimulating industrial develop- 
ment. test prutotypc cultivars in commercial and industrial ven- 



tures. delelop appropriate populations for sustaining the pro- g n m  are identified. Disease pathogen 3nd inxc t  pc.it dismbu- 
gram. Important traits are !ield. early maturit?. and grain size, tion can hs established as \\ell as ~dent i l icat i~~n ~ 7 f  resisunie 

soiirccs. Regional research IS c<mducred under x i r - fed  condi- 
Porholos.: Ident i6 adapted. agronomically desirable tions \\ ith little i f  any supplemenml irrigation. Thus m p n i r g  

sources of resistance to major foliar pathogens and charcoal ofresults in frequentl! contingent on timel! and sutti:ient n in -  
rot. including drought tolerance and resistance to sugarcane fall lo produce the en\irnnmcnl necessap inr e\aliiati~,n ~ r d  
aphid ahere feasible. Determine vulnerah~lity in recentl! re- conclusions hased on the data collected. 
leased sorghums and the need for better sources o f  resista,ice. 
Determine m) cotoxin production capabilities ofnea Fr~ra,-,r,ni Research reponed i\ di\ idcd in1~7 ihe c~~rnponcnr resear~h 
species. and the presence of Fi~rnrilrnr mycotoxins in grain- projects. \\here tests or titirseries ha\e ken e\ aluatcd in xpt- 

molded grain. rate location data i s  discussed h? Incx-atinn and lisred in cc,ni- 
mon table. 

Food Qrralin.: Determine the physical. chemical and pro- 
cessing properties o f  local and impro\ed sorghum and millets. Petrrl \/I//PI B~PC~'/III~ 
Impro\e the qual in of food products by modification ofpro- 
cesses to reduce or eliminate anti-nutritional components. Sum- In  Zambia. research cuntinued on the de\eI~,prnent <>fh!- 
marireexisting information on quality and utilization and trans- hrids. bachcrossiiig and collalulnti\e resling o i p ~ p u l a t ~ o n  h)- 
fer the information on utilization qualit! to potential users. hrids. .Actl\ itles included testing replicated mals. prcdiloctic3n 

and etaluation of h! brids. lbrmation ofthe i ~ ~ u n l l  bachirosxs 
Etironiolos.: Reduce yield losses by identif?ing. e\aluat- of.44. and maintenance o i A -  and B-lines. Research ua5 <or- 

ing. and incorporating sugarcane aphid resistance into soyhum ducted at the Longe T.AS In  the h! hnd de\eInprnenr progxin 
xarieties and hybrids adapted to Southern .African agriculroral one hundred sixt! eight I 1641 expsrimcntal ~ a r l  mi11;t h!bnds 
s)steiils. .Assess the response of sorghum \ansties and segre- foniled in 2001 froin exorlc seed parents I.\ . .A1. A .  c:tl~pla.- 
gating populations to other insect pests as appropriate. De- mic male steriles. inhred and mainminer lines. and o w n  pdi - 
velop integrated pest management strategies for sorghum in- nated varieties)\\ ith nine Zambia genot?Fs asp~~'Ilinat+rs \\ere 
sect pests i n  Southern ,Africa. e\aluated. The li! hrids e\hihited a suhstanual range ibr g n i n  

>ield 1Ol9Z.i - I .SO-5 kg h a  I and a i t l i i i i  the lest pr~*luced 33 

Sory/ittni B~uefirrig: De\elop high grain yield sorghum \a- o\erall mean a niean o f  n.9536 k? ha One hundred st \  h! - 
rieties and h)hridsnith improxed quality traits for food. forage hrids produced more en in  !ieId than their s~~rrfip.>rding p ~ l -  
and feed and adaptation to drought prone areas in Zamhia and linator parents. Increased height and su~ceplihlllr: 10 ergi't 
Botswana. Enhance disease and pest resistance \\ ith impro\ed (C I<r~ . tc~~ / . i ,c tU \ r l~~rr , i~~  L o \  I \+as ohsen ed in .<,me I]! bnds 1-1 

germplasm or elite lines. Assist with seed production and dis- the backcrnssing program fcm- f i \ e  BC3's bacLcr,ases mad- 
tribution systems at a communih Ie\el. in 2001 aere e\aluated a ith their corresp,nding rtzorrent pal- 

entb Thin!-fi\e hackcrosses \rere superior in --in !isid I., 
Researcli Progress their corresponding recurrent parmts. The rc-ults a~ntrast u h;i 

compared \r ith resolts from the secnnd h3cLcross u hen onl! 3 

The Southern ,Africa regional research program composed feu hybrids tshihitcd heteros~s. 
of the five projects previousl? listed is directed to a goal of 
developing the technology for increased production and use o f  In Sarnih~a. research continued for three malor ab!e<ti\r: 
sorghum and pearl millet. Component projects conduct research de\ elopment of t t~pcross h! hnds b! breedtng A4 wL.it<,wr \el- 
which i s  specific to the project goals but has implicatiolls to siuns of the k s t  lamihian \arlcries for use \\irh the xleeteJ 
research in other disciplines. Projects interact in de\elt>pment .A4 seed parenls. de\elnpment and tesiiiig oiprot~>t)-e h!bndi 
o f  nen technolo~y and the interaction is increasing as addi- using S \ I I P A l  seed parents. and identltica~ion ,lithe k 5 I  \4Fl 
tional opportunities and funding kcomes a\ailahle. Collaho- male htcrilc seed parents. Re5earch in the :lmi_'-i? grew in; 
ration currently exists het\veen breeding and plant protectton season \\as hindered h! the drnughl inndlt ions P-c\ious re- 
(pathology and entornolog!) and hetween food qualit! and search has resulted in the de\elopment ofearl! matunns \m-  
breeding. Sea collaboration encompassing all projects to e\- sties \\ liich increased the national gn in  ield a\ crag; i r~m :in) 
amine the potential for\\~hits seed. tan plant h!hrids aas estah- kz  ha to 40iI kg ha . \\lde-spread adoplion of li!hnds should 
lished during this year. Results w i l l  he reponed in the ncxt contribute ti) higher !iclds. Introductions. prirn3ril! iron1 
Annual Repon. S.ADC ICRIS;\TS\fIPand the Lni\crsit! of\ebra<La. .>n- i i c ~ ~ l  

in the hybrid breeding profnm uqine the \fan3 I;ahcr:r\, C,~iii- 
Tests and nurseries from the L.S. are distributed each !ear posite I \!KC1 to pr~duce A4 and R4 seed p.rents. Tke A4 and 

to collaborating programs tests and norseries based on request. R4 genes hase k e n  ~ncnrporatsd into \!KC and .re used A. 
Multi-location evaluation of identical test and nurseries estab- sources from \\ hlch to transfer useful genes. Dunng :he l l % t l  
lishes the base-linedata for performance rrspnseof intrQ,ducsd 0.3 pro\\ in: seasnn 40 crnsbes ncrc made to prc+.i:c h!bnd< 
germplasm throughout the region. Xe\v useflll germplasm suit- for elaluation in the ?Ocli 01 croppins seas,>n. Reiedrch I,, 
able for direct use or use as parental lines in a breeding pro. identif! a prolific F l  female parent continued \eu h!bncI 



Table 1. Evaluation of the 2002 All Disease and Insect Nursery (ADIN) for disease reaction and selected traits at Mt. Makulu (Zambia), 
Panmure and Henderson (Zimbabwe). and Cedara (South Africa). 2002-21103. 

MI Makuld P,inrnure llundeiron Cudara 
Dx, I>?"< -~,.. -. . - 

Leaf to 50'!: to SOa% Leaf Ludging Leaf Gram 
Designation Zonaret spuli ,\nrlaacnoset Anrhracnoset antller>s Dcrlrab111v: anlhesis Blightt % Hllyhtt Maldt Desirabiliiy: 

(87EO366~90EO328)-HF6-EDI- 1.0 2 D 

87x378 1.0 1.0 1.5 I 7 1 7 < 76 I 5  0 0 3.5 2.5 
87x2923 1.11 I.! 1.0 I 7 2  .. 7 5  0 3 3.5 2 
B8PRl051 1.11 1 0  I i l  I 71 0 0 I 3 
Tx2783 1.0 2 ;  1.0 1 i9  0 3 2 3.5 
SC630-I IE(I1) I 0 2 . i  I 0 I 5  70 81 I 8.6 0 I 2 

1 . 0  1.0 1.5 '0 I 
1.0 1.0 I h9 1 i 

1 0  I I .5 78 ? 

I l l  1.0 1.5 76 

1 ( 1  1.5 I h9 1.5 72 

genetics along with improved management practices is critical 
to increasing yield. 

In Botswana, local land-races have poor yield (ahout 200 
kg ha-') and late maturity. Aregional pearl-millet variety yield 
trial consisting of thirty-six varieties was conducted at 
Francistown (Northeast Botswana) and Matsaudi (Northwest 
Botswana). The trial at Matsaudi failed due to destruction by 
elephants. At Francistown rainfall was significantly below nor- 
mal, very erratic, and very late. Grain yield ranged from 39 kg 
ha-'to 963 kg ha-'. The farmers local check averaged 195 kg 
ha-'. The top three varieties - SDMV-89007 (963 kg ha~l), PMV- 
2 (679 kg ha-'), and PMV-3 (h6Okg  ha^') - have been previously 
released in Botswana and Zinlbabwe. Results of the study in- 

dicate there is a need to develop early maturity drought toler- 
ant varidies and to gradually introduce hybrids in order to im- 
prove grain yields. 

Research on diseases affecting sorghum and pearl millet is 
conducted thloughout Southern Africa. The pathology program 
has aclive research programs in Zambia, Botswana, and South 
Africa. Nurseries are available to a collaborator in Zimbabwe. 
Field pathol~~gy research is supported by Texas A&M Univer- 
sity through planting standard replicated nurseries or tests such 
as the ADlN (All Disease and Insect Nursery), GWT (Grain 
Weatheriny Test). and the ARGN (Anthracnose Resistance 
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Table 1. (Continued) Evaluation of the 2002 1\11 Disease md losect Sursen (.ADIS) for disease reaction and selected train at \It. 
Makulu (Zambia). Panmure md Henderson (Zimbabwe), and Cedara (South l r ica) .  2002-2003. 

95BRONISI 1.0 2.0 1 0  I -b I 5 -4 I 5 (1 
. . '., 

SRX?9 1.0 1 0  . . I . . , > -. 
I ,<  ) 

1.0 3.0 1 0  I '0 BTxb41 4 ;  1 

99G\\'O92 1.0 1.0 1.0 I 
-. 

I ' ., . -. . . <  , < . ~ . . 
9bGCPOBl60 1.0 2.0 I 0  I - 1  / t  

BTx2928 8931 1 I 0  4 0  1.0 n i  1 

RTs29IV R.9602 1.0 1 0  1 0  I.' '0 -. - < . . 1 
. . . . 

I -6 $4 T.45(423 1 0  2 0  1.0 I L ;  

9(1E0\37 1.0 1 0  1 0  1 5  3 I !hl : 

\1aI,,or $4.- 1 0  1.0 10 I -1 ' 4  ,I :; 

BPPRIO59 1.0 1 0  1.0 I -0 1 5  0 1 

BIPRIWI 2.0 1.0 1.0 I -9 1 i \ ?  

RTt19I I  1.0 1 0  I 0  I S- I 1 . 5  i i 
RTbZUI6 1 0  1 3  . . I $4 - .  I,: . . , . - < 

BTkh3l I 0  1 0  I 0  I W . ; ~ ' I' . . 
4 . . 

t Rated on aicale of I =no d~iearr p r m t  re 5 = plancdcath~ 
: R a r d  on a aa le  of I =moll dhvablr lo i = least dmrabic. 

Germplasm Nursery). The replicated tests are usually planted 
at more than one location and data compiled to study germplasm 
environmental response and pathogen distribution. Fusatium 
research is conducted South Africa Medical Research Council 
and collaborates u.ith Kansas State Uni\ersity. 

The A D N  was planted at Mt. Makulu (Zambia). Cedara 
and Potchefstroom (South Africa). and Panmure and Henderson 
izimbabwe). The nursery was also planted at Sehele (Botswana) 
but failed due to drought. Reaction was recorded for anthra- 
cnose (caused by Collerorrichirn~ srrblinelorrm) at Mt. Xlakulu 
and Panmure, leaf spot (Cerrospora)  and zonate 
(Gloeocercospora) at MI. Makulu, leaf blight (E.rsrm/iilrmr 
turciclmr) at Henderson. Zimbabwe and Cedara. South Africa, 
and grain mold (Frrsarizrnr and Cr~ t~v la r i a )  at Cedara. In South 
Africa. dry and hot conditions throughout the local sorghum 
production areas and at trial sites caused disease severities to 
not be sufficiently high for reliable evaluation of germplasm. 
particularly for resistance to ergot. Ergot evaluation in new 
cultivar releases and the National Cultivar Trial is essential to 
ensure that no cold sensitixe genogpes and hence cultivars that 
may become predisposed to cold induced sterility. are released 
into the commercial market. The current poor season of evalu- 
ation therefore has significant repercussions for the local seed 
industq and the release of new commercial hybrids. 

Results of the ADIS dixase evaluat~ons are s h o w  in Tablc 
I .  At Henderson disease development \\a slob\ earl! in the 
growing season with leaf blight the major disease problem. 
Diseases appearing in lo\\ incidence were ladder s p ~ t  isauwd 
by Cercospora/itsinlorrrl~irrrl. do\$n! milde\\ i s ~ u j e d  h) 
Peronosclervspora s o q l ~ r  I and ergot I saujed b! <-!.I! iceylr 
afiicana). Three disease ratings (at 60. W canthesiii. and Ill5 
(soA dough) atler plant~ngl \\ere recorded .At Panmure the 
onset of disease u-as lare and the rate of dei elopment \\as slo\% 
Only nvo ratings were recorded at '4 (anthesis1 and 9s ~ w t ?  
dough) days after planting. Unlike pre\ lous >ears. anthrainose 
\\as the major disease iolloued b! leaf blight although d i m e  
levels uere lo\\. In the D I X .  49 of 60 entnes appeared to 
tolerant to anthracnox. Ho\ve\er. this ma! he due to the lo:% 
lerel ofanthracnose present. Onl? three lines: QSCIII S-~ratcd 
at 3). Tx2911 (1.5). and 96GCPOBl-2 (3.51exhihitr.d s u x e p  
tibilit?. Eight lines were rated an a\rrage of 2 .  There \\as 
gccd correspondence between anthracno% ratings rtionied rt 
MI. \lakulu and Panmure. Leafblight scornat  Panmure ue-c 
low uith most lines 152 of 601 expressing no or \er) little dl<- 
ease uith a rating of I to 1.5. Six lines scored a nting of 2 
Fifteen lines expressed good tolerance to both leaf blight arid 
anthracnose. in the .ADIS 15 lines were identified \\I& tolcr- 
ance to leaf blight. At \It. \lakulu. major path~yens presenr 
were those that cause anthracnose. zonate and leaispots. Leai 
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T a b l e  2. Evaluat ion o f  t h e  2002 Anthracnose  Resistance G e r m p l a s m  N u r s e r y  
(ARGN) of Disease React ion a n d  o t h e r  selection t r a i t s  at  Mansa ,  Z a m b i a  
a n d  Henderson,  Zimbabwe,  2003-2003. 

Mans8 Henderson 
Days to 50% 

Desienafion Zonate* Anthracnuset Soow Slrinet Dcioahiiitv: Anthesisb Leaf RLih r t  
86EON 361 1.5 2.0 3.0 2 

TAM 428 1.5 4.0 2 . 5  3.5 
BTn37R 3 0 1.0 1.5 4.5 73 1.5 
IS I2637C!SC146 1.5 1.0 2.5 2.5 74 I 
SC326-h 2.5 1.0 2.0 2.5 75 I 
ISZ50XC~SC414 3.0 1 .0 1.0 3 . 5  

Macia 2.0 3 5 2.0 1.0 
i- Rated on a scalc of I = n n  damtge to 5 = plant death. 
: Ratcd on a scale o l  l = most rle\irablc to 5  = lciist dcsirable. 
j Ddys fro111 plantin8 to \,'hen panicle.; arc in 50"0 bl<am.  

spot was the most damaging disease and more prevalent that 
either anthracnose or zonate. In South Africa, 19 remained 
free of leafblight (Exserohilum turcicum) while 34 entries had 
ratings of less than 1 on a 1-5 scale. Eleven entries. of which 
six were brownlred seeded, had grain mold ratings of less than 
1. 

The AnthracnoseResistance Germplasm Nursery (ARGN) 
was planted at Mansa, Zambia and Henderson, Zimbabwe 
(Table 2). Mansa generally has a high level of disease caused 

by anthracnose and incidence of the disease was higher when 
compared to other seasons. Significant differences between 
entries were identified with the lines 90C356,99CC362, SRN 
39. RX5 1 1  ,HTx638 and SC326-6 exhibiting good resistance to 
anthracnose. Disease caused by sooty stripe (caused by 
Ramuli.~ppor~ s o r ~ h i )  and zonate (caused by G/oeocercospo~~u 
sor-~.hi) werc ohserved at a higher level of severity than anthra- 
cnose. The agronomic desirability rating indicate poor adapta- 
tion of most lines to the location conditions. Additionally, most 
materials ~na~ured  very early and were affected by grain molds 
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Table 3. Evaluation of the 2002 Southern African Breeding Z u r s e n  (SAB3)  for disease resirtanm 
and adaptation at Cedara, South Africa and for sugarcane aphid resistance at 
Potchefstroom, South Africa, 2002-2003. 

CE15 1-262-41 4Z.4 I . '  :.<I I) I) 

TASl428 27.0 4 0 2 0 0.0 

(Slucra*TA\~428)-l~L33CA33BEI-CC%.i 62.3 4 .5  2.0  0 0 
(\lucia?A\l428)-LLL 2 - 6 ~ 2  4 0  2 I 1  0 0 J 0 

(CEI5I*SIP53I)-LD42 
R C \  (El Sal\ador \.ancr)l 

I . '  
2 0 
1 .0  
~n 
1 5 

due to the rains. Xt Henderson. 23 lines \,,ere identified \\ith entries respcctivel) had ratings of less than I on a 1-5 wale. 
tolerance to leaf blight \\ith a rating of I or 1.5. \lost entries \\ere hiyhly succeptihle 1n molds and onl! 2 

had ratings less than I. Roo] rot a a s  also sc\ere uith the init- 
The Southern Africa Breeding Nurser)- (SABS)  was dence of root lodsin!g exceeding '0 in some enni*.. -\I- 

planted at Cedara and Potchefstroom for general disease screen- though NS~. anthracnose and ergot occurred on some entries 
ing and adaptation to local conditions (Table 3 1. Three entries disease seventies \\ere not sutticient f ir  conclusi\ c e\ 3loaIiom. 
remained free of leaf blight (E.t~sr,ohilfmtr~ tt,,rictrffr~. \\ hile I7 
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Table 3 (continued). Evaluation of the 2002 Southern African Breeding Nursery (SABN) for 
disease resistance and adaptation at Cedara, South Africa and for 
sugarcane aphid resistance at Potchefstroom, South Africa, 2002-2003. 

(Macia*TAM428)-LL14 
(Sureno*CEISl)-BE25-BE3 
(TAM428*SVl)-HD40 
(9OE0328*CE151)-LA49 
(CE151"MP531)-LD71 

((TAM428*SV I)*CE151)-LA3 
CE75 1-262-A1 
((TAM428*SV7)*CEI 51 )-LA2 
RCV (El Salvador Variely) 
(90E0328*CE151)-LD6 

INTA F5 108 (TorI'Pin.1) (Nicaragua) 
(Macia*TAM428)-LL7 
(90E0328*CE151)-LA36 
(CEl51*Macia)-LD14 
(9OEO328*CEl51)-BD39 

Pinolero I (Nicaragua Variety) 

( 8 7 ~ 0 3 5 8 * ~ ~ ~ 4 2 8 ) - H F ~  
Macia 

(CE151 *Macia)-BE22 29.2 2.0 0.5 3.0 
t Rated on ascale of 1 =. no grain mold present to 5 = 100°/6 of grain infccted with grain mold. 
f Rated on a scale of I = no diseasc present to 5 = plant death. 
$ Rated on a scale of 1 =most desirable to 5 =least desirable. 
11 Ratcd on a scale of 1 =; no aphids present on plants, 2 = light infestation with aphids present on a few leaves (no dead leaves), 3 
= moderate infestation with many ;lphids present on mo to three leavcs (onc or two dead leavcs may be present), 4 =high 
infesrahon with many aphids on nearly all leal-es (many dead leavcs) and 5 =   majority of plants in plot dying. 

In South Africa, 55 entries from the ADIN, SABN and At the University of the Free State, student collaboration 

Sugarcane Aphid Test were selected during 2001.02 for fur- continued with studies on grain molds. Grain from trials planted 

ther evaluation and possible inclusion in local sorghum nurser- at Cedara. Bethlehem and Potchefstroom were evaluated for 
ies and use in developing agriculture production systems. Thir- frequency of grain mold pathogens, germination, milling and 

teen entries were retained after the current season for sources malt qualily and toxins. Alrernariaulrernata was the most com- 

ofresistance to leaf blight, grain mold, anthracnose as well as mon isolate and was isolated from 74 % of grains. This was 

adapted white grain types. To these, 10 from the2002-03ADIN followed by Fusarium spp. Curvularia spp. and Phoma 

and 7 from the SABN will he added for further local evalua- sorghina. Identification of isolates is still in progress as well 

tion. as a study to determine the population diversity ofprimary spe- 
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cies. The relationship between grain mold rating and Abrasive 
Hardness Index was quantified and indicated a sharp decline in  
mil l ing quality with increased grain mold severity rating 
(r=0.91'*). Similarly. reduced germination induced by grain 
mold pathogens reduced diastatic power of malt. Fumonisin. 
atlotoxin. DON. moniliformin and zearalone analyses uere 
negative indicating that these toxins did not occur at significant 
levels in the field. Studies are, however, continuing on isolates 
of individual organisms to determine the health hazard poten- 
tial o f  grain-borne fungi and the weather conditions required to 
induce toxin production at significant le\els. Embryo blight 
caused by grain pathogens was quantified and germination re- 
ductions o f  up to 72 % were recorded. Resistance to ga i n  and 
embrjo infection was related to phenol content o f  the tissues 
including glume proanthocyanidins. seed flatanols. 
apigeninidins and or luteolinidins. Glume proanthocyanidins 
were significantly correlated with grain ergosterol content. 
which was used as an indicator or grain colonization (r--0.83'. 
and r=-0.87** in  the greenhouse and field respectively) 

In  the 2002 Annual Repon, Fusurilrm and mycotoxin analy- 
ses o f  sorghum and millet samples from Mal i  were reported. 
Further studies \\ere undertaken on Frrsari~mtn isolates from 
sorghum sample 16 that contained the highest levels of  
fumonisins (I015 npg)  but no moniliformin and pearl m i l l a  
sample 4 that contained fumonisins (70 ng'g) as well as the 
highest level o f  moniliformin (524 ngg)  found in the Xlali 
samples. The Ffrsarirml isolates were identified morphologi- 
cally or placed in morphological groups and analysed chemi- 
cally by HPLC for fumonisins FB,. FB, and FB,. The 27 
Ftrsurium strains from Pearl Mi l let  sample 4 lsolated at 
PROMEC were separated into three morphological qoups as 
follows: 

F and<razi-like: 7 strains 
F n~gamai-like: 8 strains 
F pserrdorisgar~lai-like: 12 strains 

Five strains from each group were analysed for fumonisins. 
A l l  15 Fusarirmf isolates from Pearl Millet sample 4 that con- 
tained fumonisins FB,, FB, and FB: produced FB,. The F 
and9.a-i-like isolates produced the hlghest levels o f  FBI. 4 5 
produced FB. and 3i5 produced FB;. The F nvgarnai-like and 
Fpre r rd~n~~amai - l i ke  isolates produced much lower letels o f  
FB, only 2-5 F n~garnai-like isolates produced FB. and none 
produced FB,. Cultures ofthe I 5  strains have been hen1 to Dr. 
Leslie for molecular charaterization. H e  received 54 Ff'rrs<n.irmt 
strains that were isolated from Sorghum Sample 16 from Dr. 
Leslie and identified them as follou-s: 

F andisxi-like (Long chains. swollen cells in  carna- 
tion leaves): 3 1 

Fifteen o f  these strains 110 F dndtl'cr-like and 5 F rnga~rrur- 
like) here selected to be anal!szd for fumonisins 31 PROlrlEC 
and for molecular characterization hy Dr. Leslie. 

Graduate students in the Food Science Depaxment at Cni- 
versity o f  Pretona are from man? African countries. \Ian? 
participate in the Regional \laster o f  Science pr<>gam. uli ich 
consists o f  joint programs between CSlR and in i \e rs ip  oi 
Pretoria. Thus. ISTSORlrIIL's interaction \\ ith ths Cni\erslt> 
o f  Pretoria informs many future African food indust? leaders 
o f  the potential role of sorghum and millets as ZoLd and indus- 
trial ingredients. ISTSORlrIIL i s  proLid~ng sigfiilieant ass~s- 
lance to the region by in\ol\ement in these ke!pro-mms. 

Dr Lloyd Roone! panicipated in the -\FRIPRO confrr- 
ence that \\as held in .April 2003 in Pretona to =ess the cur- 
rent status o f  research in  .Africa on soyhum proteins and re- 
lated subjects. The European Economic Commur,ir? has rpon- 
sored work in several African and European Cn:\cnitiss and 
Research Centers. The conference brought togelher a cnt:cal 
mass o f  African and European scientisls. IXTSOR\IIL r u s t  
maintain and develop a continuing dialog \\ ith thee scientists 
since our interests are  complement^. \fan! o f  the .Afn~.an 
scientists participating \\ere mined as panofour IXTSOR\IIL 
program. They have been exercising leadership in ionie @i 
these projects. Dr. Roone? presented informar~c.n on the ini- 
ponance of supply chain management for secunng 3 consist:nl 
supply o f  grain for processing into \slue-added products for 
urban consumers. Professor Ta! lor. CniPersin c i  Premna. is 
funded b! both groups and facilitates inlrracr~ons quite \\sll. 
These projects are synergistic and complement an^ 

lnjera is an Ethiopian flat bread made from cereals. n i th  
tef preferred for the best qualip injera. Ho\re\sr. k a u s e  
sorghum is less espensixe in Eth~opia. there is r e a t  interest in 
impro~  ing the quallty of soyhum for ~njera. .A standardrzed 
laboraton method to produce and e\aluatr the charaiterist;is 
o f  injera uas developed by \Is. S. Yetneberk. a Ph.D. studcnt 
xvorking with Prof. Taylor at the L-ni\ersir? 0fPrerona. Sc! - 
era1 experiments were conducted to determine the factors that 
att'ect injera qualit? from tef and soyhum. To determine the 
effect o f  culti\ar. injera uas prepared from 12 Ethiopian mr-  
ghum culrivars o f  vaning kernel charactenstiis: one cu l t i~ar  
o f  white tef o f  good injera qualit? uas used as a reference. 
lnjera qualit? was eialuated using a trained pane: and objec- 
tive measurements o f  texture. color and other properties \\ere 
made. The dsscripti\e senson analysisoffnsh injera \\as ara- 
Iyzed using principal component anal!sis IPC.AI In addition. 
the keeping quality o f  Injera during storage \r as measured w r h  
a texture anal~zer using a three-point bending methcd. 

F n?.gamai-like (Short chains. chlamydospores in  The sorghum cultivan \aried in  injera makin? pmpm~:i 
aerial mycelium): I I and keeping qualities during storage. A good injzra remains 

sol3 and rollable during storage up to 3 days. For [lie I 2  \ anct. 
Others: I 2  ies significant ditfrrences \\ere found. In  genernl the sottsr 



texture grains gave the best injera. However. some harder white 
varietics gave excellent quality injera which is of significance 
since most sorghums for injera are soft. Hard endosperm types 
were eliminated fiom sorghum improvement programs but these 
findings suggest that harder types may be usehl for injera. Both 
variety and environment affect the properties of the sorghum 
for use in injera as expected. Some ofthe sorghums with purple 
plant color produced injera with greater color when they ma- 
tured under higher humidity which caused additional pigmen- 
tation from the black or purple glumes. Another part of the 
dissertation deals with therelation between composition ofthe 
sorghum flour and injera quality and acceptability. Once this is 
developed a good approach to selection for injera quality can 
be developed. 

The incorporation of emulsifiers into the batter used to 
make sorghum injera improved its texture and gave more uni- 
form size and distribution of the "fish eyes" on the surface of 
the injera which is critically important. This suggests that small 
amounts of monoglycerides could significantly improve injera 
made from blends of sorghum and other cereals. In practice. 
injera is often made from blends of sorghum, wheat, maize. tef 
and other flours. For example, farmers grow red sorghums and 
will blend them with other flours to make injera. Only in un- 
usual circumstances do they use 100% red sorghum flour in 
injera. 

Studies on the effect of conditioning and varieties on the 
roller milling efficiency and yields will be conducted to deter- 
mine flour yields and quality. These small industrial roller mills 
developed and manufactured in South Africa could be useful in 
other parts of the world as well. They have good capacity and 
appear durable and efficient. Plans are to obtain one for the 
University of Pretoria to enable production of quantities of sor- 
ghum and millet flour of consistent quality for use in food prod- 
uct development and process modifications. 

Entomology 

Sugarcane aphid screenings of sorghum were done in two 
trials of 100 entries each. Trials were planted in South Africa 
at the mid-altitude research station of the ARC-Grain Crops 
Institute in Potchefstroom and at the sub-tropical, low-altitude 
station at Burgershall Research Station. near Hazyview, and at 
the Botswana College o f  Agriculture. Gaborone (Table 4). 
Aphid damage was evaluated when the majority of the hybrids 
were in the milk stage. Severity of infestation!damage was 
evaluated using a 1 to 5 scale, where 1 = no aphids present on 
plants, 2 = light infestation with aphids present on a few leaves 
(no dead leaves), 3 = moderate infestation with many aphids 
present on two to three leaves (one or two dead leaves may be 
present), 4 = high infestation with many aphids on nearly all 
leaves (many dead leaves) and 5 = majority of plants in plot 
dying. Plants with a rating of 1 or 2 were considered to be re- 
sistant, while a rating of 3 indicated an intermediate level of 
resistance. Plants with a rating of 4 and 5 were considered sus- 
ceptible. 

Sugarcane aphid infestation levels at the Burgershall sta- 
tion were similar to those at Potchefstroom. Results from both 
trials indicated that 22 and 15 %,respectively for Potchefstroom 
and Burgershall of the entries rated 1 on a scale of 1 to 4, indi- 
cating no to \cry light damage. Ratings of 2 were scored for 27 
and 24 '% of the entries at Potchefstroom and Burgershall re- 
spectively. Resistant breeding material was therefore identified 
from the field trials. Sugarcane aphid infestation levels at 
Burgershall were similar to that of Potchefstroom. This con- 
firms that an earlier planting date at the former locality results 
in higher infestation levels, as was suggested in the 2001-02 
report. Five and I5 % of the entries at Potchefstroom and 
Burgershall. respectively died as a result of aphid infestation. 

Infestation le\els at both sites were high, judging by the num- 
ber of enlries of which plants were rated 5 (dead or dying be- 
cause of aphid keding). Results indicated that 29 % of the en- 
tries rated bclorrr 2 (indicating none to light damage). The fol- 
lowing entries had no aphids on any of the plants at both 
Burgershall and I'otchefstroom: 

(Segaolanc *WM#322)-LG2-LG2-BGI-LGI 
(EPSON 40/E#15-SADC*TAM428)-LG3-BGI-BGI 
(CEI 5 1 *T4M428)-LGI-BGBK-CCBK 
( 6 0 8  128/1Tx2862* 6E0361)*CE151)-LG19-CCBK- 

CCHK 
PRGC'E#??X79 
PR(iC,'E+22287X 
(CEI 5 1 *TAM428)-CG1 -BGBK-CCBK 
(Macia*TI2M428)-LL9 
PRGC!';#694 14 
WM#177 
(CE 15 1 *TAM428)-LG2-CGI-BGI 
(6ARON I hl,'((7E0366*Tx2783)-HG54*CEI 51)-CG4- 

BGl-RCil 
(CE15 1 *TAM428)-LG2-CGI-BGI 
(608128i(Tx2862* 6E0361)*CE151)-LG25-CGI- 

BGBK-CCBK 
(hOB1 2494CEXI-3IGR134B-LG56-*WM#l77)-LGl- 

LC; 1-BCi3 
WM#i22 
(AY64*F(iYQ336)LG4-LG2-BGI-BG3 

Resistance to sugarcane aphid atas evaluated during the 
seedling stage under artificial aphid infestation in a glasshouse 
trial. A single row of each of 100 entries was planted in con- 
tainers (0.5 in x 0.3 m x 0.1 m). Inter-row spacing in the con- 
tainers was (1 cm, with 2 cm between seedlings. There were 15 
seedlings per row and these were infested with aphids ten days 
after emergence (two-leaf stage, plants approximately 10 cm 
tall). Leaves of'infested plants in the field were brought to the 
greenhouse and the aphids brushed onto the rows of seedlings. 
Approximately 250 aphids of different instars were brushed 
onto each roM (approximately 16 aphids per seedling). How- 
ever, the aphid infestation did not establish on plants. After 
three attempts at infesting seedlings with aphids collected from 
the field. the trial was terminated. 



Table 4. Mean sugarcane aphid damage rating in the 2002 Sugarcane Aphid Test. Potchefstroom 
and Burgershall, South Africa and Gaborone. Botswana. 2002-2003. 

Suuih .Ainia Bd:.\%sn 

Suyrrwnr 5cm 
PEDIGREE Sls3ni Pulch ih in~m Bumenhall 4ph!Jt  1 3 ~ ~ c n :  TLTPL:~: 

ICE 151 *T,4hl428i€G-BGBK-CCBK I i l 5 I :  . . - . : !I ;.- 
lhBROS161 17t03hh~TC7R?I~EPS0\1-11) E=l i S U)Ci-Lti-1-CCil-BCi 
I-LC? 2 s _ I )  - . ~ < 1 5  4: +.- . 
I C E I L I ' B D \ I - ~ ~ ~ I - L D I ~ - H E I  -1 1 4 5 4 I1 b . . i 5,,  1 

IEPSOXZ-40 E=IZ S.~DC*T.L\IJ~~I-CG~-BGBK-CCBK - .  - i  I 0 . : . 0 I ?  : 8 ~ 8  b, . 
(hOBIZ1: l T ~ 2 R h 2 * h E O ~ h I I . C ' E I ~ I  1bLti2I-CGI-BGHK-CCBK 7 :  . ~ 1.0 1 I 1 5  2 "  p : r ~  

( IHRO\I3I  I X O C ~ ~ ~ I ~ ~ ~ R I O Y - ~ O \ ~ ~ ~ O ~ ~ S I ~ S L W : ~ ~ - L ( ~  2 h - i  3 I 1  I s . ~ . ::A . . . . . 
lhOHS12-1 94CEP1-3 CvRl ~~B-LGZ~-~\\~I=I~~I-LG~-~.~;I -BCi-BriHK I i 1 5  1 '  I \ 4 \ ill t i  

IhHROVlhl ~ ~ E ~ : ~ ~ ~ T ~ ' ~ ~ ~ ~ C E I I . ~ I - L C ~ - C C ~ - B C ; ~ - B G H K  : (1 1 5  2 5 I  \ 5 1 %  - u ,  

llhBROS116 18~BHShOh-l4~CiR10~-90\1-1~11'CE 151 I-LG2-CCTI-BC2-B 
GBK . . > > : 0 .. : 2 0 2. I., . I  

. . 
ICEI I I~16HROSI  19 I h E 0 3 6 1 * G R l O ~ d c r ~ C E l 5 l  l+CC;~-BCI-BC2 1 11 :.I1 4 I ,  :I! 4. , : ~: 

IhHRO\l hi I'E03h6*T~2~831-llG54-*CE 151 KC;.;-BG?-BC 2 s 1 0 - .  - z -. . . : \ i; ~. ~ : 

1SDSL89326'60BII4 GR13JE)-LGI-CCBK-CCHK 2 ;  1 ,I . - % . . - - . 1. c,, - 
I \ ~ ~ - ~ * F G I Q ~ . ; ~ & L G ~ - L G ~ - B G I  -RGI I Z I '  I ( /  . . - . ., ; 

; X I  .- ~ 

(hBROS1?6 5BROSlI.4 18-BHXhOh-I4'GRI1I7-90\1Jhl~EPSOS24II E= 
I4 S4DCI-LGS-CGI-BGI I X 1 5  1.11 . . . - A !  iill 

1Tr4?O'S1rna IS2iZiOI-LGi-CC HK-CCBK 2 s : I! ? 5 . . - . i ~r n: : 



Host Countty Program Enhanceinenf 

Table 4 (continued). Mean sugarcane aphid damage rating in the 2002 Sugarcane Aphid Test, 
Potchefstroom and Burgershall, South Africa and Gaborone, Botswana, 
2002-2003. 

Si,uth Africa Botswana 

Sugarcane Stem 
PEDIGREE Mcant  Potcilefstroom H~reershall Anhid? Borers? Termite5 

(EPSON2-401E#151SADC'((BRON 154~X7BH8606-I'GR107-Y0M46)*EP 
SON2-40/E#I5/SADC))-CC5-LGl-HGI 2.3 2 0 2.5 2.5 5.0 20.0 

( 6 0 8  128.'fTx2862*6F0361)*CE 151 I-LGIO-CCiI -LGBK-LC2 2.3 2.0 2.5 2.5 5.0 67.6 

FGYQ336 1 5  1 .5  1.5 2.5 5.0 43.1 

(Segeolane*FGYQ336)-LG3-CGI-HGIILCi2 5.0 5.0 5.0 2.5 5.0 67.8 
(Toun*EPSDN2-40/EKI5/SADC)-C G3-BGHK-CCBK 4.8 4.5 5.0 2.5 5.0 7 9 1  

(6BRONI h1/(7E0366*Tn2783I-H~i54-*EPSONZ-40~E# IS!SADC)-L.GI-H 
G2-HG2 2.5 3 0 2.0 2.5 5.0 38.1 

PRGCW69414 1.0 1 .0 I .0 2.5 5.0 50.0 

GR128-92MI2 2.8 2.0 3.5 2.5 5.0 40.3 

(CEI 5l*TAM428)-LG15-LGI-BGI -BCiBK 2.3 2 1) 2.5 2.5 5.0 75.0 

(60B128/(Tn2862*6E0361)*C'C'E151)-IG?7-Uil BtiHK-CCHK 2.8 2.0 3.5 2.5 4.8 64.3 

Kuyuma 
PRGCE#222878 

((6BRON126/(87BH8606-14*GRI07-Y0M46~)*CEI 5L)-LG7~LGI-BGZ-R 
GBK 3.5 3.0 4.0 2.5 5.0 50.0 

(Macra'TAM428)-LL2 

(SV I * S ~ ~ ~ / ~ S ~ ~ ~ ~ ~ ) - L G I ~ - C G I - H G ? - B C I B K  

Whilff177 1.3 1.5 1.0 2.5 5.0 52.8 

PK(iCE#222879 1.0 1.0 1.0 2.5 4.0 23.1 

(Segolane*WM#322)-CGI-BGBK-WHK 3.3 3.0 3.5 2.5 4.8 50.0 

(MRI l2B-92M2*TnZ880)~Shf3-SMI-hrlL5ZZCMBK 4.0 4.0 4.0 2.5 4.5 50.0 

(6BRON126/(87BH8606-14*GR107-90M46)*EPSON2-40 Eit15iSADC)~L 
G3-CGl-BGBK-CCBK 2.3 2.5 2.0 2.8 2.8 40.0 

(CE15I*TAM428)-LG?O-I.GI-LG2-CGZ 2.3 2.0 2.5 2.8 4.0 47.9 

(EPSON2-40IEPI 5-SADC1TAM42X 1-CCi -HGI -BGZ 2.0 2.5 1.5 2.8 3.8 50.0 

Maria 4.8 4.5 5.0 3.0 5.0 2 9 1  

(60B128/C1x2862*6EO361)*CE.I5 1)~LCilY-CCBK~CCBK 1.3 1.0 1.5 3.0 4.0 71.6 

(hOH124/(GRI 34B-LCi56)*Wk14I 77)-LG7~CCa-BGBI(~CCHK 2.0 1.5 2.5 3.0 3.8 28.1 

(SBRONl31/((80C2241*GR10~-90M3O)-il(j4h)"WMII177)-LG1-HGRK- 
CCBK I X 1.0 2.5 3.0 5.0 45.0 

(6BROKI61/(7E0366*Tx2783~"Cl:1 FI)-L(:i5-CF2-HCiIHG2 I 8  1.5 2.0 3.0 4.8 25.4 

YMP32Z -~ ~ ~- ~- ~~ ~~ - - ~.~ ~ ~ - -  -~ ~ 

1.8 2.0- - 15 -~ - 3.0 -~ 5 3  2 . 5 -  

160 



Table 4 (continued). Mean sugarcane aphid damage rating in the ZOO2 Sugarcane .Aphid Test  
Potchefstroom and Burgershall, South Africa and Gaborone. Botswana, 
2002-2003. 

Saulh i n c a  B<-tinaqa 

Suearcane ~ I C T  

PEDIGREE \lean+ Polchcirtnx~m Burnenhall Aphid* Bore%: i~rmtrcl 

SDSL89426 2 8 2 0 .. , i :. ' i ,  i:, . . 

IEPSOSZ-IO E=lS SADC'60BSIZ494CEX I-? GRI?4BLm6-I-LG I-CG 
; ( . .. : . . . : . ' . . I-BGI-BGBK ~. 

(BROS161 I ~ E O ~ ~ ~ . T X ~ : ~ ; I ' E P S O S ~ - I O  E=I 5 SUtCl-LG5-CC2-BG I - 
BGBK 2 # ? I )  . - < ~ : F i i i  ~ . .  c ,  < 

~ ~ ~ 4 2 8  3 n ~: i - .  'i : , 2 G  a,, ri 

1608128 I(Tx?86?~6E036l)-LGZOITE151 I-CG5-BCBK-CCBK 4.3 4.0 4 '  : %  :i. 5 - ?  

I\lacia?.~&l4281-HDl- 4.0 4.11 J (I I i : g i  - .  ,. - 

\IE4S 2 X ? 6 1 0 

LSD05 11 9 1 0  I > 
C\' 26 7 2 5 . 4  26 4 

+Rated on a s a l t  of 1 = n o  aphids present on plants. 2 = I&I ln inwt~un ~ t l h  a p h h  ~LIFOI on a in* led\- ~ w d c a d  i;a>n>. 1 - mde;a!e 
cnfewarion w t h  man) aph~ds present on l uo  lo lhrec k a s a  lunr or l uu  drsd k a r s  may he pmcnil. 4 = hreh mfcsu:ien n;ih m r !  a??::, ,%n 
"earl! all lw\er (many dead l ea \a l  and C = majon? ofplanti in plot d:m$ 
: Rated on a scale o i  I = no damage lo 5 = all plan[$ m plot &ad 
? Percent oiplanlr in plot lnfeaed uirh rermlra. 

In Botswana. 13 ofthe 100 sorghum lines had relative dam- The effect o f  stem borer anack on the 100 wrshum lirzs 
age less than 2.0. Additionally 12 of the 100 lines had lo\\ evaluated at the Bots\rana colleee of,.\@culture. ~h~ prop,r. 
sugarcane aphid infested plants (less than 25% infested) \vhile tion soyhum ,, jth dead hearts ,ansd from I?,, to 
17 \rere more than 70% infested. The sovhum lines \\ ith less 8 5 . 7 0 ~ .  sine lines ,,ere identified ,, ,[h damaze less [ban 4.0 
than 250'0 infested plants should be evaluated funher to con- (rated on a 1 .i scale,. ~h~~~ lines & e,aluatd filr- 

firm their resistance against the sugarcane aphid while the which [her to determine their is\ el to gem h,xr 
had more than 70% infested plants \vould not be suitable for 
use because they are highly susceptible to the sugarcane aphid. 



Host Counrq~ Program E~thancemrt~r 

The lines were also evaluated for effect of termites. Apart 
from attack by the sugarcane aphid and stcm borers, many of 
the 100 sorghum lines evaluated at the Botswana College of 
Agriculture during the 2002-2003 cropping season were also 
seriously damaged by termites. Termites were found to attack 
vigorously growing as well as wilting sorghum plants. The in- 
cidence of infested plants ranged from 0% attacked plants to 
92.9%. Seventeen lines had damage less than 25.0%, and seven 
lines were greater that 70.0%. Based on resistance to termite 
attack, the 17 least susceptible sorghum lines would be the most 
promising for use under the Bots\+ana conditions while the seven 
highly susceptible lines would not be suitable for use. The prom- 
ising lines should be evaluated further during the 2003-04 crop- 
ping season to contirn their tolerance to ternlite attack. 

The South African Breeding Nursery was evaluated at 
Potchefstroom for damage caused by sugarcane aphid (Table 
3). Thirty percent of the entries in this trial was rated resistant 
while 28 % was highly susceptible (rated 4 and higher). The 
following entries rated lower than 2, indicating zero to slight 
presence of aphids and damage symptoms: 

CEI 51-262-A1 
TAM428 
(90E0328*CE151)-BD39 
(CE 15 1 *Macia)-LD3 
(87€0366*TAM428)-MF2 
(90EO328*CE151 )-LDI 1 -BD4 
(CE151 *Macia)-BE21 
(CE151*MP531)-LD42 
Pinolero I (Nicaragua Variety) 
(TAM 428*SVI)-HD40 
(Macia*TAM428)-LL7 
(Macia*TAM428)-LL9 
(Macia*TAM428)-LL14 

Sorghum Breeding 

Collaborative sorghum breeding activities are conducted 
in Zambia, Botswana, and Zimbabwe. Activities in Zimbabwe 
are restricted to evaluating introduced germplasm. Drought in 
Botswana and Zimbabwe restricted gathering of reliable data. 

In Zambia, the overall goal of the breeding program is to 
develop alternative cereal crops for areas that are marginal in 
the production of maize and therefore deficit in food. The in- 
creased production and use of sorghum is expected to provide 
household food security and increased income for subsistence 
farming sector. In 2002-03 season the collaborative work with 
INTSORMIL involved the exchange of germplasm and trials 
in breeding. The SABN, Drought Line Test (DLT) and some 
R-lines were evaluated at Golden Valley and Lusitu. One of 
the main objectives of the program is to generate genetic vari- 
ability through collections, introductions and hybridization. A 
total of eight trials were evaluated at the Golden Valley Agri- 
cultural Research Tntst, Mansa and Lusitu. The emphasis of 
the program has now shifted to target not only small-scale farm- 
ers but also commercial end users. The development of sor- 

ghum varieties suitable for food, brewing, feed and forage is 
now a major emphasis. It is important to evaluate promising 
lines for grain >.ield and other agronomic traits and maintain 
and increase seed of released varieties. Field days were orga- 
nized at the Golden Valley Agricultural Research Trust and Mt. 
Makulu Research Station where small scale farmers and par- 
ticipants from the industry participated. Farmers were offered 
a chance to see some of the promising improved varieties and 
products. lntcrcst was generated with the kind of products that 
can be made k u m  sorghum and millet. Lack of availability of 
improved seed continues to be a major challenge and hindrance 
utilization of technology generated by the program. 

The 2002-03 season was affected by lack of rainfall at the 
beginning ofthe season although the rains were more normal 
later in the season. However, most pans Zambia received little 
rain and the distribution was poor. Trials on forage, brewing, 
feed and food were evaluated at the Golden ValleyAgricultural 
Research Trust. The trials had excellent stands and most trials 
had high mean yields and low CV%. In the Sorghum Advanced 
Variety trial significant differences were observed among the 
entries for all the traits. The entries were exceptionally tall and 
the trial mean grain yield was 6200 kg  ha^'. A number of new 
varieties performed well. Variety [Framida x SDS 38431 16-2- 
2 had a i n a n  grain yield of 7500 kg  ha^'. Other varieties that 
had high mean yields are ZSV-15 (6900 kg  ha^'), SDS 3047 
(6800 kg  ha^'). [ICSV 112 x WSV387120-3-4 (6900 kg hti'), 
and [Framida s SDS3845lF6-5 (6600 kg  ha^'). The checks 
Kuyu~na and Si~na had lower mean yields than the trial mean. 
Variety [Fra~nida x SDS3843116-2-2 will be pre-released in 
October 2003. The White Sorghum Hybrid Trial contained 16 
entries and had a trail mead of 6300 kg  ha^'. Significant differ- 
ences were observed among entries. Hybrid MMSH-1391 had 
a high mean yield of 7250 kg ha-'. Other promising hybrids are 
MMSH-I401 1701 1 kg ha-'), MMSH-1382 (7169 kg ha-') and 
MMSH-707 (6856 kg  ha^'). The Brown Sorghum Hybrid Trial 
had a trial mean of 6471 kg ha-I. Hybrid MMSH-625 had a 
lneali grain yicld of 7900 kg  ha^' followed by MMSH-1356 
(7800 kg h a ' ) ,  MMSH-1031 (7900 kg ha-') MMSH-1365 (6500 
kg ha-'). Hybrids MMSH-625 and 1356 will bepre-released in 
October 2003. 

Visual selections were made in test crosses, introductions, 
F2 populations. F3. F4, F5, and F6 progenies. Seed ofreleased 
varieties was tnaintained and increased. The material evalu- 
ated included 30 pairs of A & B lines; 145 lines for seed in- 
creases: 90 experimental crosses and 36 test crosses. Addi- 
tional seed of LSV-I5 (1.5 tons), Sima (2 tons) and Kuyuma 
(1.3 tons) werc increased in isolation fields. Selected materi- 
als will he e\,aluated further next season. 

Issues of seed production and distribution have continued 
to be a lndjor hindrance to increased production of sorghum. 
Seed of releascd varieties cannot be produced by seed compa- 
nies citing low demand. Agroup representing commercial farn- 
ers in the southern province visited the program in February 
2003 to discuss the Zambian sorghum seed situation. The farm- 



ers indicated n-illingness to embark on seed production them- 
sel\zes given the necessay suppon. NGO's such as P.A\I- 
SHAPES have embarked on seed multiplication acti\ities at 
the village level. The approach used i s  to idenrik one or two 
prominent fanners in the village that uill produce seed for sale 
in  the village itself Extension oficers monitor the seed grow- 
ers. Because of the drought experienced in most pans o f  the 
countr). in 2001-02 season ver). little seed \\as available for 
farmers the past season. This situation is likely to carry over in 
the next season because o f  the partial drought experienced in 
the sorghum producing areas. With the support o f  INTSOR\IIL 
seed o f  the released variety Kuyuma. a as produced on about 6 
hectares in  Sanga. Although the seed crop was atfected by 
drought. I 5  tons has k e n  produced and has already k e n  bought 
by farmers. I t  is hoped that the program can participate in  this 
actkity in  the coming season. 

In  Botsaana. sixty-ti\e advanced sorghum lines from 
INTSORMIL \\ere e\aluared at Sebele. Included in the trial 
were 36 pre- and post-flowering drought tolerant lines from 
LSA and around the aorld. eight lines den\ ed from Segaolane. 
and some o f  the best breeding lines from the USA. Zambia. 
and South Africa. The trial suffered from insutficient moisture 
at germination and or emergence resulting in generally poor 
stand establishment. Seasonal rainfall was belox normal and 
poorly distributed and this funher compounded the experiment. 
Data \\as recorded for days to flowering for some o f  the m- 
tries. The trial \<ill be repeated during 2003-0-1. 

Productivity and utilization o f  both sorghum and pearl 
millet u ill ultimately he improved both in SADC countries and 
the USA through joint research. Reciprocal germplasm tloa- is 
mutually beneficial. Basic research from the LS.4 can onen he 
adapted for use in  developing countries where grain !ield 
tential. adaptation. stress resistance. and grain qualit? need to 
be increased. ti. S. pathologists and enrolnologists can kcome 
familiar with diseases and insects not yet present in the US.4. 
or find ne\v resistance sources to existing pests. For example. 
research in South .Africa on sources o f  ergot resistance. under- 
standing environmental conditions conduciie to disease spread. 
and methods o f  research are o f  viral interest to L.S. scientists. 
Nutritional components o f  food quality researched in collabo- 
rati\ e projects have relevance to grain values for livestock feed. 

Through a pre\ lous regional L ~ S A I D  program 
ISTSOR\lIL pro\ ided long-term ~ralninp to a la?? numherof 
S.ADC sorghum and pearl millet sc~entists. Currentl! at i c ~ r  
one repional scientist is selected each !ear for a shon-term train- 
ing assignment with a L.S. principal in\sstigator. 

\ I r  Leo \lpofu. sorghum hrssdcr. panicip3te.f in a s h ~ n -  
term training program in Jul!-Augusr 2(wl_'u ith D-. Bill Rtwne>~ 
IT.%\! 220CI and Dr. Gar! Peterson I T A \ ~  2 2 3 1  

\ I s  Rachel Zguluhe-\lsikita ~Zamhia~cornp:etsJ her \ IS .  
degree in .Agronom) at the Lni\ersit! oiSehnsi.r in Dcwrn- 
her. ' 002 .  

\Is. S. Yetnsherk from Ethiopia has cont~nlted her Pt1.D 
program at the Lni\ersity of Pretona under Dr. John Ta) lor. 
Her research is to determine major factors aalfsiting the qu;lit? 
o f  injera irom sorghum culti\ars r o u n  in  E~hio?:a.   ant^\-.pa- 
tion date is in the fall o f  2 0 0 3  She \r i l l  return in  the Ethiopian 
Sational Sorghum Program. 

\ I r  Ste\e Barrion. J1.S. candidate. Lni\ersi& ofPreti>na. 
is \vorking on milling oipzarl m~l let  from Vamihid. Comner- 
cia1 milled prducts tiom a major m~l let  \anst? \\ere p r d ~ c e d  
and analyzed ior compnnents and ph!slcal proprniei. P.ans 
\rere made to obtain sr\cral commercial \aneriei ,\ipearl .iiiI- 
lets irom Samihia for anal!sis. espsaall! oi lhe phenols This 
project should pro\ide useful inionnation relati\e c~~mrnsr- 
cia1 milling of prarl n i i l ln  compared to lnditional mi i l~ng. 

\ts. Somsua R. Dlamini. Lecturer. Zational Lnirersil! o i  
Zinihabae. Buhaa)@.Zirnhahue. 1s kginnlng s o n  en3 PP? D. 
in food science at the Ln i \  enit) o f  Pret,>na a ith Dr Ta:. Ic~r 
Her research \\ill study antioxidants from soqhum. The trtlc 
o f  her dissertation prqecr is: E tfiet o i  \ anet! and prwasing 
on the antioxidant propsnles of.Afncan sorghum haawd i d s .  

This research nil1 pro\ ide ux fu l  inik>rn~at~en ,In the rvle o i  
sorghum phenols in health i d s .  Samples are k i n g  .xql.rred 
with research k i n g  done niainl! at the i n ] \ .  13iPretona. 

\Is. P h w k  Ditshipi. plan1 pathologist fi<vn Roisuana. pre- 
pared to begin Ph.D. research at the Lni\ersit! o i  Free Slav. 
South .Airica uirh Dr. Zeal \IcLaren. 

Institution Building \Is. Phoek Ditshipi. \Ir. Gnduin Kaula ~Zambial. m d  
Dr. Seal \IcLaren \isited the Te\as \&\ I  Cnl\ersit? sorghum 

Ey~~iprnenr ond St~pplies breeding program at Corpus Christi and pani~ipared ir the 
Fusarium LVorkshop at Kansas State Lni\ersir> in June. 2CM2. 

One Hewlen Packard iP.AQ Pocket PC was delivered to 
the Zimbab\\e sorghum breeding program. th,. ,~ <'CIII~III?LI~~L~ L'.S. Sc~evirr\r i is~r,  

The process to order and deliver pollinating bags to sor- John Leslie \isired South .Africa in Scpremkr-Cktoher 
ghum or pearl millet breeding programs in  Zambia and Namibia 2002 discuss current and plan future collah>rat:t e research. 
was initiated. 



Ho.rt Cozmtry Program Enhuncemenf 

Gary Peterson visited Zambia and Zimbabwe in Octoher, 
2002. In Zambia, met with Ministry of Agriculture, Depart- 
ment of Agricultural Research scientists to discuss activity in 
sorghum breeding and plant pathology. Traveled to Nanga to 
evaluate the Zambian sorghum breeding program winter nurs- 
ery and discuss plans for a winter nursery seed increase to pro- 
vide high quality planting seed for Zambian farmers. In Zim- 
babwe, participate in the SMINET Steering Committee Meet- 
lng. 

Regional collaborators participated in the INTSORMIL 
Principal Investigators Conference in Addis Abaha, Ethiopia 
in November. 2002. Participants included: Botswana - S. Chite, 
P. Ditshipi, and M. Mogorosi; Namibia - S.A. Ipinge. South 
Africa - W. Marasas, N. McLaren, J. Taylor, and J. van den 
Berg; Zambia - M. Chisi, G. Kaula, and F. Muuka; Zimbabwe - 
L. Mpofu, E. Mtisi, and M. Mgonja (SMINET). Other regional 
participants to the conference included Dr. L .  Hugo 
(Mozambique). 

Dr. Wally Marasas was an instructor at the Fusarium Work- 
shop at Kansas State University in June, 2003. 

Dr. Medson Chisi visited regional research programs in 
Botswana, Namibia, and South Africa to review research ac- 
tivities in April, 2003. 

Dr. Lloyd Rooney participated in the AFRlPRO confer- 
ence that was held in April 2003 in Pretoria to assess the cur- 
rent status of research in Africa on sorghum proteins and re- 
lated subjects. 

Germplasm Exchange 

Several hundred sorghum lines and cultivars were provided 
to evaluate for reaction to various diseases. adaptation, drought 
response, and sugarcane aphid resistance in the SADC region 
in the 2001 -2002 growing season (collaborative with TAM 222, 
TAM 223, and TAM 220C). 

Networking 

An efficient sorghum and  nill let research and technology 
transfer network exists in the SADC region conducted by the 
SMIP program and INTSORMIL's SADC collaborative re- 
search program is completely integrated on a regional basis. 
The Zimbabwe unrest and political situation has imposed sig- 
nificant restrictions and a reduction of acti\.ity in Zimbabwe. 
Interaction with the University ofpretoria, Council for Science 
& Industrial Research, South Africa i n  sorghum and pearl mil- 
let utilization research efficiently utilizes scarce resources and 
personnel. Graduate students in the Food Science Department 
at the University of Pretoria are from many other African coun- 
tries. Many of them are participating in the Regional Master of 
Science program which consists of joint programs between 
CSIR and University of Pretoria. INTSORMIL is initiating a 

plant pathology training program with the University of Free 
State. South .Ati-ica. The regional program has the goal ofpro- 
viding education for African scientists on African crops that 
are of iniportance in the region. Sorghum and millets are a key 
components of these food systems. Thus, interactions with this 
program infornis many future African food industry leaders on 
the potential role of sorghum and millets as food and industrial 
ingredients. INTSORMIL can provide assistance to the region 
by involvement in these programs where possible. Through 
allocation of resources INTSORMIL has started encouraging 
regional scientists to collaborate across countries. 

Program Accomplishments 

INTSORMIL is fully integrated into the SADC and SMIP 
sorghum and pearl millet regional research and technology trans- 
fer activities, IUTSORMIL regional work plans are annually 
reviewed by the SMINET Steering Committee. 

Factors influencing the incidence and control of sorghum 
ergot are now hetter understood, leading to better control the 
disease, especially in hybrid production fields. Fungicides for 
control of ergot have been evaluated and significant interac- 
tions between fungicide and application time identified. 

Neu sorghum and pearl millet varieties and hybrids are 
ready for release or i n  final testing prior to release. A large 
number of sorghum germplasms have been characterized for 
resistance to m;kjor diseases and sugarcane aphid. Multi-loca- 
tion testing ofsets ofsuch lines provides strategic ecogeographic 
infortnation o n  distrihution and severity of diseases. 

Collaborat~,rs at the Department of Food Science, Univer- 
sity of Pretoria presented the following short-courses to im- 
prove the food technology skills of professionals in the sor- 
ghum and millet food industry in Southern Africa. 1)Course in 
sorghum malting technology has been presented to six groups 
of I2 people obcr the past 8 years. 2)Short course in opaque 
(sorghum) becr hrewing has been presented annually to a total 
of some 150 people from throughout southem Africa over the 
past 6 years. ?)Under the sponsorship of the FA0 and the 
Namibian golernment a pearl millet processing technology 
training facility has been designed and is the process of being 
constructed in no~lliem Namibia. 

Research into improving sorghum processing technologies 
is being carried out for the sorghum food industry in South 
Africa through its industry body, the Sorghum Forum. With 
the support ofthe USAID RAPID Program, sorghum grainend- 
use quality standards and methods have been developed to fa- 
cilitate grain trade in southern Africa. Technical assistance has 
been rendered to the Botswana Bureau of Standards to imple- 
ment sorghum grain standards incorporating these concepts and 
methods. and to Tanzanian businesses in the setting up of a 
sorghum industry forum. 



Hosr Count,? Pmgrom Enlt~mremnt~nr 

The Department of Food Science. UniversiQ of Pretoria search into these grains. Currentl) 4 masters and 6 dwtcw3i 
and CSlR BioChemtek in South ,Africa are the oflicial S.4DC students from X .African counlncs are k i n g  Trained sorghum 
(Southern African Development Communih) center for post- and millet food science and technolog?. ISTSOR\IIL c o l i a x ~  
graduate training in Food Science and Technology. Because of ration \\ ith the Dep. of Fond Science pro\ ~ d e s  add~t~onal nu- 
the economic importance of sorghum and millets to the Re- tuallx heneticial tnining and research opp?nunitir.i. 
gion. a high percentage of post-graduate training involves re- 
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Collaborative Program 

The ISTSOL\llL program in the eastern region of West 
Africa includes a long-standing collaborati\e researcheffon in 
Niger. and more recent and smaller programs in Burkina Faso 
and Nigeria. All are multidisciplinary efforts that focus on sor- 
ghum and millet improvement in the region. houever Niger 
has the only full range of research acti\.ities spanning various 
production agriculture disciplines. utilization. and economics. 
Programs in Burkina Faso and Nigeria are positioned \\ith 
breeding agronomy and utilization projects to address market- 
driven issues. ICRISAT has been an institutional collaborator 
in the region. as uell as the regional millet and sorghum net- 
\vorks of ROCEFRE\II and ROCARS. The regional nenvorks. 
ho\ve~er. are undergoins fundamental chanees and. in this past 
year. ROCEFREMI has ceased to function. and although 
ROCARS has continued. it functions at a minimal level. There 
are currently discussions amongst regional donors and CORAF. 
the regional coordinating entih for agricultural research. re- 
garding the future of the net\vorks. INTSORLIIL sees the net- 
works as lira1 panner(s) in realizing a coordinated effoon to- 
wards regional sorghum and millet research and engagement. 
At the programmatic level. ISTSOR\fIL research plans are 
de\eloped behveen host country Pl's and US ISTSORI\IIL 
coliaborators. A first regional meeting was held in Niamey in 
March 3000 with the aim of sharing research results and 
strategiring to meet the needs of the region. In this last year. 
investigators met at the All-PI Conference in .Addis .4baha in 
No\,emher 2002. A regional meeting. hrinping together Pl's 
from Eastern and Western regions programs in West .Africa is 
planned for April 200-1. 

List of Disciplines and PI Collaborators 

.\i;llet: IXR.4Z. S ~ g e r  - J. Gonda: 1- .S  - J. \ViIson 

Lake Chad Research Institute. Sieeria - 1. Anganaai 

Sustainable Plant Protection Sptems 

Ellromo/u@: ISR-AS. Siger - H. Kadi liadi: L-S.- B. 
Pendleton 

Plretr Por l r~ log :  I R A  S i r  - 4 .  Kollo ton Isate to 
Texas -\&\I L-ni\ersit? hRSI 

1SER.A. Burkina Faso - Hamidou Traore 

Susrainabte Crop Production $stems 

.4pmrrutt1~: 1SR.AS. Siger - S.  S~nf i .  S. \lamane: L-.S. - 
5. \lason 

INER.4. Burkina Faso - J.B. Taonda: L S  - S. \lason 

 economic^: ISR.AS. S ~ g e r  - T. .Ahdoula!c: L . S ~  - 

i. Sanders 

Liiliztion and .ifarketing 

C~~ruolPmir~.~ . r i r t~ :  1SR.AS. Siger - K. Sale!. \ I  \lou$%x 
C.S. - B. Hamaker 

Uni\enity of \laidugun. Sigena - I .  Skama: PC - B. 
Hamaker 

Genetic Enhancement - Sorghum and .WiIlet 1RS.AT. Burkina Faso - B. Bougouma 

Sur~lrtmr: ISRAS. Xiger - I .  Kapran: U.S. - \I. Tuinstra. IT-!. Senegal - :\. S'Do>e 
U.S. - G. Ejeta 

Portlln.: ISRAK. Siger - S.  18%: C.S. - J .  1bncw-L 
IAR. Nigeria - P Marley: C.S.- D. Rosenow 

.\Iorker;t~~: 1SR.AS. Siger - .A. Tahirou 
ISERA. Burkina Faso - A.  Neya: C.S. - D. Roseno\\ 

~ R N I O U S  PAGE BLANK 



SorghumAWiIIet Constraints Researched 

Sorghum and pearl millet are staple food crops ofNiger, 
Burkina Faso, and northern Nigeria. In Niger, sorghum acre- 
age increased from less than half a million hectares in 1961 to 
more than two million hectares in 2000. Grain yield declined 
from 0.6 t ha-' to 0.2 t h u ~ '  during the same period. Sorghum 
and millet production in the eastern Sahelian region of West 
Africa is severely limited by biotic and abiotic stresses includ- 
ing drought, poor soils, insect pests (especially midge and 
headbugs). and diseases including long smut and Slrigu. In the 
1998 strategic plan for sorghum and millet prepared by the 
Institut National de Recherches Agronotniques du Niger 
(INRAN), emphasis was placed on technology transfer, devel- 
opment of varieties with better yield stability. and plant protec- 
tion. Improved utilization of these cereals. such as through 
commercial processing to products or animal feed use, is also 
key to expanding demand and markets lo generate income at 
the farmer and entrepreneurial levels. 

INTSORMIL's support for sorghum and millet improve- 
ment has been significant in terms ofhuman resource enhance- 
ment and vision for technologies that can be transferred and 
adopted by farmers and other end-users. For example, sor- 
ghum and millet breeders and food technologists work together 
to demonstrate feasibility of the use of improved seeds to in- 
crease food production, diversify uses for local consumers, and 
stimulate entrepreneurial processing businesses. New projects 
in breeding and poultry nutrition aim to encourage poultry pro- 
ducers to use sorghum and millet for feed. 

Hamidou Traore, INERAIBurkina Faso, completed a one 
year study fclloa,ship on Sfrigo at Purdue University with Drs. 
Gebisa Cjeta and Dale Hess, and returned to Burkina Faso as 
an lUERA scientist. 

Dr. Abdourahmane Kollo, INRANINiger, joined aregional 
research project in Chad on desertitication as the pathologist, 
and is on leme from INRAN. 

Dr. lssoufou Kapran, INRANIINTSORMIL host country 
coordinator made one trip to the U.S. during FY200212003, 
and attended n Rockefeller Foundation sponsored meeting in 
Uganda u,ith Gebisa Ejeta . 

Research Progress 

Niger 

Sorghum Breeding and Seed Production 
I. Kapran, INRAN, G Ejeta, Purdue University; M. 

Tuinstra. Kansas State University 

To identify highly productive and well-adapted, open-pol- 
linated varieties and hybrids to be increased for commercial 
production 

Hybrid Pmgranl 

Insti tution Building In addition to breeding for open pollinated varieties, a 
strong focus is placed on hybrid breeding. Hybrids synthe- 

Expendable supplies for field and office uses were pur- sized at INRAN or coming from Purdue go through nurseries 
chased for the programs, as well as laptop computers and soft- and the best will reach advanced testing. In the preliminary 
ware for some project areas. The major input for the 2002- hybrid trial. a yield average of about 2 tons per ha was ob- 
2003 year was the support, through regional and ME budgets, tained, which was also the yield of checks NAD-I and Mota 
of regional scientists to attend the All-PI conference in Addis Maradi (MM). The best 3 hybrids yielded, however, over 3 
Ababa in November. Fifteen PI'S from Niger, Burkina Faso, tons per ha each. The best hybrid was P9526AxST9007-5-3-1 
and Nigeria attended the meeting. which yielded around 3.6 tons per ha while being early matur- 

ing. It is a cross between two tan plant parents belonging to the 
Tahirou Abdoulaye, INRANfNiger. continued post-doctoral same maturity group, which will ease seed production and pro- 

studies with John Sanders at Purdue University on the poten- vide impro\ed grain quality for food uses. Such early hybrids 
tial and acceptance of using biotechnology approaches towards have the potential for adaptation over a wide area in Niger. 
improving sorghum and millets in W. Africa, and further devel- 
oping a millet and sorghum marketing project in tlie region. In the 7002 advanced trial which is in its second year, the 
These two activities involved travel to Niger, Burkina Faso, best hybrid was 223xMR732 (Table 1). Its yield average was 
Senegal, and Mali. 3.8 tons wliile NAD-I yielded 3 tons and MM yielded 1.4 ton 

per ha. tfqbrid 223AxMR732 is an excellent hybrid both for 
Nouri Maman, 1NRANINiger. obtained his Ph.D. in grain qualily and yield. Preliminary demonstration trials in the 

agronomy from University of Nebraska under the supervision area of Konni were attractive to farmers. We are currently 
of Dr. Steve Mason, and returned to Niger as an INRAN scien- working on best agronomic practices for seed production of 
tist. this hybrid because the two parental lines do not flower simul- 

taneously. 
Pale Siehou, lNERAlBurkin;~ Faso, graduated with his M.S. 

in Agronomy from University ofNebraska with Steve Mason, 
and returned to Burkina Faso to work as a scientist in INERA. 
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Table 1. Advanced sorghum hybrid yield trial. Kollo 2002. 

2236 2 ?jab MId - I d  1A:lluf i ... .>.ci > 

8 BHFX : lOab L W c  - ,  5 a ... .-..g ,:.. .. 
9 WIOiB I Mlkd  @%.d h d r  !-,;.. .. ,-.... . 

Seed Production Findi~rg.t 

NTSORMIL has achieved the support to initiate and launch a 
seed unit at N R A S .  Based on similarity ofconstraints for all 
major crops of Niger. the seed unit is focusing its efforts to 
produce foundation seeds for millet. sorghum. c o q e a s .  sound- 
nuts. and maize. However. the only hybrids are with sorghum. 
A total of 31 varieties were used and nearly 40 tons of seed 
hake been obtained. This is a value of about CFA 40 million 
(approx. 575.000). The seed unit invested I?, million in direct 
labor costs. but even afler estimating other costs it appears that 
seed production is feasible and profitable under the conditions 
of Niger. The area of commercial seed production deserves 
emphasis ifresearch effons are to be realized in farmer's fields. 

Sorghum/.\lillet Qualih and Ltilization 
K. Sale?. 51. Moussa, 

11. Oumarou (deceased). I. Kapran. I\iRA\; 
B. Hamaker and A. Ahoubacar. Purdue Lni\enin 

Flour and couscous quality \\as r \  aluatcd in h! hnd rr31n 
go\vn horh in breeding stallon and farmer's fields. Flour color 
\aried from yelloss(imga~sd_mins) to red-p~nk 1ra1nf311 g a l i s ,  
in both locations. Yield ofdeconicated _mlns s a n d  from 
(rainfall1 to 80°h (irrigated grains) as de~ermlncd h! arnc,tln[ 
rernosed to obtain a \+ hlte flour. 

Flours were obtained and couscous process& for the wc- 
ond phase of a market study to test high qual~t? sorghum pro- 
cessed products produced b! the JSR.AS unit in the marlct- 
place. The first phase of the study tested couscous ~cceprabil- 
ity at the household le\el. as \sell as pricing data \r% r e p x t ~ d  
before. .About 600 kg of couscous and 300  kg ci  tlour \r 1s 

distributed in nine sela-ted gores. .A shon 4ussuonnairr n J s  
administered by sales agenls to consumrn s\ ho purchased p d -  
ucts in same sales stores Information related lo pnce. rate 
sale. and packagng qualit? \\as collected from bu! e n  Table 2 

In Memoriam 
M. Oumarou and A. hlariama 

To initiate processing and commercialization of value- 
added sorghum and millet products with particular emphasis 
on ulilization of locally and regionally fabricated i d  process- 
ing equipments 

Specffic Objectives 

To optimize sorghum couscous and associated products. 
To complete the 1" and 2"1 phase of the marketing study in 
order to learn about the acceptability and the market po- 
tential ofthe processed NADI couscous. 
To optimize the processing equipment 
To transfer of the technology to beneficiaries 

Table 2. Yield of couscous and associated 
products (marketing stud!). 



Table 3. Microbiological analysis of NADl sorghum co~~scous  and flour 
(marketing study). 

Parameters ~icrvnnincd 
Couscous salnples Aerobic bactcrias E. C.oli Moulds- 

rnesophile yeas ti^ 
2000 

Couscous (Pi  1 8310' .~h'cnt 70 
Couscous (PL) 77.10' Zhrent 0 
Couscous (P?)  30 10' h i e n t  10 
Couscous (PJ1 23.10' ,\I>scnt 30 
Couscous lP5) 29.10' ~ \ b c c n t  0 

-,,". 
2"" l 

~ ~ u r c o u s  (irrigated grains NAD-I ) Y . 1 O 4  ~ 6 s c n t  Absent 
~ ~ u s c o u s  (rainfall grains NAI)-I) h.l.lO1 A i~se~ i t  - Ahrent 

"""7 
A""& -. 

Flour Losss 29.10' .\bbcnt Absent 
Flour NAMARO 92.10' Alnsellt Absent 
Couscous LOSSA 57.10' Absent Absent 
Couseous NAM4RO 204.10' hlmmt Absent 
Cooked Couscous Lossa 138.10' Absent Absent 
Cooked Couscous Narnaro 74.10' Al,senf Absent 
Who-FA0 range <Ill6 s10 110' 

gives the yield of couscous obtained after processing NADl sumer reaction to a new proposed price of 350 CFN500g of 
hybrid sorghum grains for this study. Yield varied from 74- the couscous and 250 CFNl  kg of the flour. In 2003, a third 
91 %for couscous ranging in particle size from 1-2 mm and I I - market test was conducted on 150 kg of couscous and 100 kg 
18% for the associated products with panicle size greater than of  flour to satis* demand for repurchase of the products by 

2 mm. buyers. Price in this last study was fixed at 500 CFAl500 g in 
the supermarket and product quickly sold with repurchase sug- 

Table 3 shows that values for microbiological counts on E. gesting chat the high end market segment will pay somewhat 
coli, aerobic bacteria mesophile, yeast, and molds for sorghum higher prices. 
couscous processed for the market test were well within WHO- 
FA0 acceptable ranges. Wurkshops:Pi~omotional Exhibitions/Sales 

In 2001, 450 kg of couscous bras packed in 500 g pack- Couscous and flour processing was exhibited at: 
ages and placed in three market segments: open markets, cen- 
tral markets, and sales stores in town. Consumers reactions to . INRAN!ICRISAT annual workshop, September 2002 
price, packaging and rate of sale were monitored. . National .\gricultural Trade Fare, N'Konni, Niger, March 

2003 
According to consumer's responses. the informalive and 

protective functions of the package should bc improved to pre- 
vent breakage and damage. Also, they requested that informa- 
tion be added about the nutritive value and the shelf- life ofthe 
product. 

Price responsiveness: consumer suggested priceipackag- 
ing type range from: 

200 -500 F CFAwith an average cost of 347 Fl500 g; 
300 - 900 F CFA with an average cost of 53 1 F/ 1 kg, 
1,500 -2,750 CFAwith an average cost of 1,852 CFAJ 
5 kg. while the price of 500 g of couscous was fixed at 
500 F CFA during the study. 

Sales realized in the supermarket represented about 60% 
of the total sales, indicating that the majority of buyers 
will be consumers with comparably high income. 

Worker's Day. May 2003 

. A team o f  private processors was trained to process sor- 
ghum and millet products at the pilot unit in the cereal lab 
at INR4'4 April 2 to May 2,2002. 

Entomology 
H.  K a d i  Kadi and L. Kapran, INRAN; 

R. P e n d l e t o n ,  West Texas A&M University 

Sorghum Midge 

To determine the sorghum lines or  varieties that are resis- 
tant to sorghum midge under field conditions 

In 2002, a second market test was conducted on 165 kg of 
couscous and 265 kg of sorghum flour in order to confirm con- 



Figure 1. Head cage technique to study resistance to sorghum midge. 

Spec$c 0b;rcth.e.i Basedon the results. sorghum lines W SSD F3-I 3. W SSD 
FY-21.99 SSD F9-3.:. 99 SSD F9-35 and ICS\. -45 uere id-n- 

To determine the periods o f  maximum midge density on titied as resistant to midge. These lines had the :o\\est I IIL 
each sorghum lines or ~arieties tested 20°01 grain loss e\en though some ofthese hn- h ~ d  high dam- - To identif? sorghum lines with stable resistance against aged spikelets. Based on three )ears ofisreming. \\e c3n ccv- 
sorghum midge tin that the lines 99 SSD F9-21. 99 SSD F9-33. W SSD 1'0- 

To develop and release promising varieties to farmen 35 and IC'SV -45 are resistant to s o ~ h u m  midce. 

To de\elop nen sorghum lines that hale higher perfor- 

mance The process ofde\eloping ne\\ i c r ~ h u n l  llnei reils- 
tant to midge staned in 2ooO ~ s o ~ h u r n  bredlng and entorn.>l- 

The s o ~ h u m  midge is most encountered insect pest in Xiger ogy). Crosses o f  tao resistant \ arietler I ICS\  -45 and IC'.\- 

on sorghum causing damage to the flowering panicles. The 8XO.12) w r e  made with 4 local and inipr~,\ed taneties I\!OT.-\ 

midge i s  found in all the areas of sandy or clay soils where the \I.AR-\Dl. X1R '32. .AT1 623 and IRAT YUI. The m051 pro!ii- 

sorghum crop and its related species are grown. The sorghum ising populations sill hs zdianced to F4 generation d u n n ~  i l e  
2W2-03 cropping season. midge is most damaging to late maturing xarieties ~ i t h  a long 

vegetari~e phase. Such Xarieties suRer non-formation ofup to 
more than half their seeds. \lillet Head \liner 

Field experiments uere conducted at Jlaradi locared in  0h;"cn 

the East-Central pan o f  Siger (15' 26' Nonh and 8'33' East). 
The mean annual rainfall in that location is between 400 and To assess the ahondance and causes of monalit? o f  millet 

head miner ~ l l c~ / r oc~h~~ i l r r ~  ~ r l h i p i ~ r r ~ - r r ~ l l ~ ~  dc Joannill tinder field 500 mm. 4 head-cage technique uas used to screen sorghum 
conditions so that natural snenlirs-host intenctioni can hc. ur-  lines for resistance to sorghum midge under field conditions. 

Caging sorghum midge \\ ith sorghum panicles is an imponant derstord 

method for avoiding escape. and permits screening for midge 
resistance under uniform insect pressure. The head-cage tech- Spec~fir oh.iecti\ei ail1 h- to: I I \ e n 6  methcdolo~? f i r  

nique \\,as developed and standardized at ICRIS;\T (Fig. I I. sampling and manipulat~ng millet head miner p>pulatlon; and 

Cages consist of a c>lindrical wire frame made o f  1.5-mm di- millet head miner natunl enemlrs on millet. and 2 1  sonduzt 

ameter galvanized iron %vire. The loop attached to the top nne cage e\clusion srudiezon natunl e n e m l ~ ~  .itracktng n;illet head 
miner on millet. rests around the tip of panicle. and the extensions o f  the \en,- 

cal bars at the lo\\er ring are tied around the prduncle \r ith a 
piece of GI aire. or electric wiring clips. These pre\ent the These studies are In the in~t ial  phase Data anal! s is  a 111 <LYU> 

cage from slipping when disturbed by wind or other external on estimates of parameters (stage-spscitic sun i \  oni!p. repre- 

factors. ducti\e and death rates. erc.1. .Attention uill h: f ~ x u ~ d  on life 
stages \\ ith significantl) louer sun i\ onhip and on factom In3tu- 
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ral enemies) that cause this low rate. Sample variances will be objective of the study was to determine seed yield potential at 
calculated for all data obtained on millet head miner. This will different density and nitrogen levels in the production of these 
permit better development of the sampling ~nethodology and two hybrids. Split plot design was used with hybrid parent 
understand damage levels of millet head miner. lines as main plot and density, and nitrogen level combinations 

as subplols. Treatments for density were 15,625: 20,833, 
Agronomic Studies for Producing Hybrid Sorghum Seed 3 1,250, and 62.500 plantsiha, while N rates were 0, 50, 100, 

S. Sirifi, 1. Kapran, INRAN; and 150 kg ha1 o t  urea. Each trial was composed of three 
S. Mason, University of Nebraska, Lincoln replic;~tions. 

Pearl Millet Microdose Studv 

During the 2001 and 2002 cropping seasons. a study on 
microdosing of pearl millet was conducted on-station and on- 
farm. Sites were the Kalapate station and in some surrounding 
villages; a region characterized by average rainfall of 400-500 
mm and poor sandy soil. Planting occurred in June and the 
usual field work - weeding, thinning. and harvest - was done 
one time each season. Crops were harvested in Septe~ilher 2001 
and October 2002 at physiological maturity. Central rows ruere 
only harvested for stover and grain weight measurements. Av- 
erage rainfall for the two seasons was 577.3 mm in 25 days and 
609.0 in 32 days in 2001 and 2002. respectively. The rainy 
season lasted four months in 2001 and six months in 2002. 
Production of grain was influenced by diseases. pest, and soil 
conditions. 

Results of an across year analysis showed good interac- 
tion between treatment and year for grain and stover yield in 
the on-station trial and for grain yield only in the on-farm trial. 
In the former, highest grain yield (1340.6 kg ha-') was obtained 
with microdose treatment of + 20 unitsiha P t 30 unitslha N 
treatment 2002 season (T7*Season 2). while, in on-farm trials, 
the greatest grain yield was 869.3 kg hti1 for microdose treat- 
ment o f+  20 units/haP (T3) in 2002. In general, grain produc- 
tion was better in 2002 than in 2001 for all treatments and sea- 
son interactions. Nitrogen (N) and phosphorus (P) contents 
were determined for stover produced in the 2001 experiment. 
Stover N and P concentration and uptake were vety low and 
were not different among treatments for the on-farm and on- 
station trials. N concentrations varied from 0.50'% for T4 
(microdose + 40 unitslha P) and T5 (microdose + 30 unitslha 
N) to 0.75% for TI (check) in the on-station experiment. P 
concentration in the same experiment varied from 0.137% for 
TI (check) to 0.29% for T7 (microdose + 20 unitslha + 30 
unitsiha K). In the on-farm experiment, stover K and P con- 
centrations were about the same levels as those obtained in the 
on-station study (0.50 to 0.60% for h and 0.15 to 0.3 15'4, for 
Ph 

Hybrid Sorghum Seed Production 

Experiments were conducted at the Lossa research station 
during 2001 and 2002 cropping seasons on density and Sertili- 
ration effect in production of hyhrid sorghum seed. Four N 
(urea) levels under four planting densities were used in seed 
production of two hybrid sorghums - NADl and FI 223. The 

Analysis ofvariance was performed only on data from the 2001 
season trials. Seed production failed in the 2002 season for 
NADI and F1 223 trials because of early flowering of the fe- 
male line compared to that of the male parent. Late planting, 
drought, pest dixeases, and insufficiency of supplemental irri- 
gation were also factors which contributed to the failure of the 
crop. Results of thr  2001 trial showed significant interactions 
behueen densit).and N rates for grain and stover yield ofNAD1 
and for grain yield only for F1 223. For NAD1, maximum 
seed yield (452.1 kg ha-') was obtained with density level of 
31,250 plantsfha and nitrogen rate of 200 kg hti' of urea. For 
the hybrid sorghum FI 223. on the other hand, the greatest seed 
yield was produced with density level of 31,250 plantsiha and 
N rate of 200 kg  ha^' of urea. The treatment combination of 
31,250 plants/lia density + 200 kg  ha^' urea N level seemed to 
be the best combination for sorghum hybrid seed production in 
the Lossa station 2001 trial. Sorghum hybrid seed production 
in this experiment was still low, but can be further increased 
greatly by improving growing conditions such as period of plant- 
ing, availability of soil moisture by accurate supplemental irri- 
gation, and crop protection against pests and diseases. 

Nigeria 

Pearl MiNrt Breedirzg 

Multilocational Evaluation of Pearl Millet 
Male-Sterile Based Hybrids 

1.1. Angarawai, W. B. Ndahi, Z.GS. Turaki 
and I. E. Ezeaku, LCRl 

Pearl millet is a staple cereal for over 40% of the Northern 
Nigerian populace especially in areas with 300 - 700 mm an- 
nual rainfall. This zone is also characterized by high pressure 
on land fir infrastructural development competing with agri- 
cultural land. Thus the quest for high yield, early maturing and 
good food qu;ility millet varieties that give high return per mini- 
mum input per unit area cannot be over-emphasized. Results 
from prc\ious variety evaluation indicated that agronomic prac- 
tices can hut only help in expressing cultivars' genetic poten- 
tial. Thus. the hybrid development project was conceived to 
exploit the heterotic potential, which forms the objective of 
this trial. 

During the 2002 season, eight hybrids from 2001 season 
selections along with 2 checks were retained and evaluated in 
RCBD with 3 replications to confirm the previous results across 
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five states in millet growing zones ofxigeria. Results o f  com- 
bined analysis indicated hvo hybrids. LClC hlH99-10 and LClC 
MH99 - 75,  to perform better u i th  yield advantage o f  a b u t  
20% higher than farmer's local \arieties. Yield potential ranged 
from 2.3 - 5.0 t ha.' in favour of the hybrids. These hybrids 
based on their 2001 performance were ad\anced to on-farm 
trials in  2002 season. Results From farmer's trial revealed that 
LCICMH99- 10 has a good dehulling quality. better 'fura' pro- 
cessing. and i s  moderately resistant to do\\.ny milde\\. 

Repon for its offrcial registration and release to farmers in 
Uonhern Nigeria i s  currently being prepared for submission to 
National Genetic Resource and Bintechnology Centre Moor 
Plantation. Ibadan. Nigeria for the ?OW meeting. 

Evaluation of Top-cross Pearl Millet Hybrids 
1.1. Angarawai, U'. Hanna and \\: B. Ndabi 

and sensory attributes. There were \ariatlons in 1000 kernel 
weight 18.9- 1096g). IOOOkernel \olumet5.5 - 9  X5ml):den- 
sit) (1.05 - 1.63 g ml). and germination percentage 185.5 - 
97.0'0). .Also proximate composition \aried considerahl! u rth 
the exception o f  cmds fibre. Protein ranged from 10.6 - l?.S 
'o.fat4.l - h.Xoo.ash 1.3- I . X o o . a n d c m d e f i b r ~ ~ . t ~ - 2 . 4 C e .  
Prolein. fat and ash contents o f  all the h!brids ran& ulthln 
the normal ialues repnned for pearl millet and In ccbm- 
parison u i th  the farmer's local. Preliminap stud:- on the as- 
ceptahilit? o f  these hlhrids for the prspanrion n f iunun  z;Bi. 
ogi. and couscous showed that all the hyhnd l rne can h- uzrd 
to produce acceptable products. These h?bnds can hs consid- 
ered as good materials for food prwessing. Ho\re\er. iunher 
studies \\ill still be required as the h! bnds are to be ad\an~ed 
for on-farm trials in  the farmers. fields rn the ioming season. 

During 2002 season. 23 top-cross hybrid lines. selection Tuuo isathick porridge which is prepared h r n  nce. malie. 
from 2001 season. were obtained from TiRon Exwrimental Sta- sorghum. or millet depending on taste. cost oi-gain. ~wgraplrr- 
tlon Georgia. C.S. and evaluated at two locations - Maiduguri cat location and a\ailabilit? o f p i n .  Tuuo 1s common staple 
andGashua inNigeria. Theobjective\bas to identifi theiradapt- food item for about 57 mi l l~on people 11, ing in Sonhem Sigc- 
ability. stability and resistance to donny rnildeu and Srrigo. ria. Tux\ on tsari i s  a \ariation of normal tuuo prepared spcci 5 -  
grain yield. and food quality characteristics. Similar results call) from pearl miller. D u r l n ~  11s preparation ihe grain i s  
u i th  respect to yield compared to 2001 etaluation were ob- dehulled. steeped in acid uater prepared from Irme juice or 
served in which hybrid lines with SOSAT-C88 as female parent tamarind fruit pulp extract or kadal (steep uater from pre\ lous 
gave higher grain yields (2 - 3 t  ha^') with less than 5?b  downy fermmtationl for 2 to 3 days. sundried and mound into nocr 
milde\\ infestation. As a good general combiner for grain yield. The process offermentation remo\es the colorpd plgment. Ttre 
conversion o f  SOSAT-C8R into male-sterile lines with .A4 c y  flour i s  cooked into a thick gmel before sm l n g ~  
toplasm reached an advanced stage (BC41. 

During deconication and production oft- Ccur from 4 
Millet Utilization different pearl millet culti\ars tEr Bomo. GB Y:i. SOS.AT - 

I. Nkama, S. Modu, M. Badau. A. Jato, Universit). of C88. and 7angol. we obsensd that prutcln conten: decreaxd 
Maiduguri; 1. Angarawai, C. Uga, LCRI; on average by 2J06 (10.1 I to -.h.3°0~. fat b! 34.3°1 (5.10 to 

B. Hamaker. Purdue Universie 4. l"~landash b) 70.6°.t I.IRtoO.%"ol. There \\as nosignrtl- 
cant difference in the amount of protein m.o\ ered among the 1 

PIf~sical. Cliemical. Rheological. .\'i~frifionol. andSt.n~or?..-4s- cultivan. but recoxen in fat and ash \\ere slgnificantl? d~t>>r- 
pecr.7 o f  S o ~ l i u m  and .UiIIer ent among the culti\ars. i n  \ i tre ca&>h!drate dlgest~bilin ~i 

the nativegrain was low 123.4°al. On pnrrssing. thl i  increased 
The major sorghum and millet production and utilization to 71 5 ' 0  (average). The in \ itro proteln digetibilrr? also In- 

constraints in  Nigeria include. lack o f  improved varieties and creased on average from 47.V. in  the natixe gram 1%) Sl Sh'+ In 
lack of adoption o f  new production and utilization technolo- the tsan tlour. Ph?iic acid content o f  the pearl miller sample. 
gies for farmers and processors. An important use o f  sorghum decreased by '2'0 (axerage) in the !sari tloun. th~s  resulted In 
and millet for food in Nigeria is in the preparation o f  tuuo. the increase in mineral availabilit) in  all sampin b? ZtVe i o r  
kunu. ogi. ndaleyi. masa. sinasin. and daku\va. Grain and flour calcium. 17'0 for copper and iOOo t'or phosphoms. 
properties that contribute to the production o f  acceptable food 
products need to be defined. .4lso improvement o f  traditional A l l  sari flour samples 16% o\ \\ t had sim~lar het paste \IS- 

food products and revolutionary change of sorghum and millet cosit? (mean) 35.X10 cenripotses~. The peak \ I j in i l t? for all 
to new shelf stable foods and industrial products is needed to sampl~\\assimilar.although tsari flour imm Z;lngomillet gate 
encourage increased production of grain. Sorghum has faired slightly lo\\er peak \ i s c o s i ~  (BL-1. Tsan tlour samplzs had a 
bener than millet in  Kigeria because additional industrial uses fairly high set back talus which lndlcatrs that theculti\ an would 
are nou available in  areas of beer brewing. malt drinks. bis- gixs a good stilTpomdge of the t!ps that i s  normall! consumed 
cuits. and animal feeds. with fingers. Sensory evaluatron studies rehealed s ign~t i imt  

differences in color. flaxor. taste. texture and o\erall accept- 
Eleven multi-location pearl millet hybrid lines and one ability ofthetsari tlour samples from the fourcult~\k%. Tuiton 

farmer's local grown by Lake Chad Research Institute (LCRI). tsan From Zango la popular local millet grown in Sonh \\+st 
Malduguri,Nigeria were evaluated for their physical. chemical Uigerial and SOS.4T- CXX Iimpro\ed culti\ar released in IW 
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by LCRI) received the highest scores. No sample was rated 
below average in all the attributes considered. The lowest aver- 
age score was 6.6 on a nine point hedonic scale. Studies in the 
Department of Food Science and Technology Laboratory indi- 
cate that the tsari flour can also be used in the preparation of 
weaning foods, biscuits, couscous. dakuwa (snack food from 
millet - gronndnut flour blend) and fura. 

Di.~serrafion and Theses 

SherifModu (2003). Production, physicochemical and sensory 
characteristics of ogi from different pearl millet cuitivars 
(pennisetnm glaucum). PhD Thesis University ofmaiduguri 
(completed). 

Cecilia 0. Ajalla (2003). Production, physicochemical and sen- 
sory characteristics of tuwon tsari (fermented thick porridge) 
from different pearl millet rarieties. M.Sc. thesis. Univer- 
sity of Maiduguri (completed). 

David I Gbenyi (2003). Studies on the physicochemical, nntri- 
tional and sensory properties of dakuua from malted cereal 
- legume blends. M.Sc. thesis. University of Maiduguri. 
(completed). 

Mamudu Badau a Ph.D. student at Tafawa Balewa University, 
Bauchi, Nigeriaisat the final stages ofliis study on themalt- 
ing characteristics of pearl millet culrivars and their food 
application. 

Sorghum Trials 
P. Marley, D.A.Aba, J.A.Y. Shehayan, 

L. Bamaiyi, IAR; D. Rosenow, Texas A&M University 

In the International Sorghum Anthracnose VirulenceNurs- 
ely trial, nine lines including B T X  398, IS 854, SC 283. IS 
12467 R.TX 434, SC 326-6 (IS 3758). IS 18760. SC 414-12E 
(IS 2508) and IS 6959 were found to he resistant (average dis- 
ease score of 1-3). Two of these lines, SC 326-6 (IS 3758) and 
SC 414-l2E (IS 2508) have currently been selected alongside 
our materials (SK5912, KSV 8, NRL 3 and Yar'ruruka) for 
genetic mapping. Of 28 lines that could he evaluated, 9 lines 
were resistant to foliar anthracnose. All 28 lines were resistant 
to covered, loose, long, head smut and grain mould. Other 
foliar diseases especially grey leafspot and leafblight werenot 
observed. Insect infestation could not he assessed due to low 
insect pressure. Nineteen of the lines were resistant to foliar 
anthracnose while three lines were susceptible. 

Results oftheSfriga control nursery showed that lines 97- 
SB-F5-DT-63, 97- SB-F5-DT-64, MALISOR 92-1, SRN 39 
and SAMSORG 41 (ICSV i l l )  supported low Striga infesta- 
tion and also showed low number of stands infested with Striga. 
This indicates that the lines are resistant to S. hermonthira. 
Lines CELlDT 45 and SAMSORG 14 (KSV 8) had high Striga 

infestation, but SAMSORG 14 gave the highest grain yield. 
This clearly either indicates resistance or  a high level of toler- 
ance. 

In the Advanced Medium Maturing trial, days to flower- 
ing ranged fiom 72.5 for entry 8(97-SB-FSDT-38) to 85 for 
entry 26 (SURENO 99L-1048). This shows low variation for 
that character (CV 5.55%). Plant height ranged from 95cm for 
entr). 3 (97-SH-FSDT-149) to 272.5cm for entry 13 (97-SB- 
F5DT-97). Therc seems to be a wider variation in this trait 
(CV 42.41%) 1han in the previous one. Grain weight ranged 
fiom 266.7 kg lia~' for most of the entries to 1866.7 kg ha-' for 
entries 21 and 75 (Samsorg 14 and ICSV 905). These are local 
varieties. Only entries 22,23 and 24 (KL-2, makaho Da Wayo 
and Fardr Dana) gave yields above 1000 kg ha~ ' .  All the exotic 
materials performed below 700 kg ha-'. There are still some 
promising materials if tested for another year to confirm their 
performance. 

In the Advanced Late Maturing trial, days to 50% flower- 
ing ranged from 5 1 for entry l(97-FA-FST-7 1-2) to 85 for en- 
try 16 (Samsorg 17). There was low variation within these 
traits (CV 29.62%). Plant height ranged from 122.5 cm for 
entry 5(97-SB-FST-154). The entries seemed to differ much in 
height (CV. 36.46%). For grain yield, they ranged from 333.3 
kg ha-' for entries 5 and 7 (97-SB-F5DT-154 and 98-FA-FST- 
41) to 1133 kp ha-' for entry lh(Samsorg 17). Entry 16 is later 
than all other entries and gave the best yield. Entries 1, 8, 9, 
10, 1 I and 12 hold some promise in terms of yields. 

It is expected that most of these trials will be established in 
the 2002 cropping season. Further, this collaborative program 
has started research and extension activities in the area of sor- 
ghum utilization. This involves the development of sorghum 
based feud products and an improved charcoal-based oven for 
use in baking sorghum based products. This improved oven 
was developed in 2001 under the program and is currently un- 
der tesLing. This will be extended to rural women for enhance- 
ment of their income. 

Burkina Faso 
Mechanized Zai and Microdose Research 

J.B. Taonda, INERA; 
S. hlason, University of Nebraska, Lincoln 

The traditional zai system composed of planting pearl mil- 
let seed in a small hole with a small amount of manure increases 
water infiltriltion on some soils and results in increased vield. , , 

but reyuircs considerable land labor. Scientists at INERA have 
developed a mechanized zai using animal traction. The objec- 
tive of this study was to determine the effectiveness of the 
mechanized mi to the traditional zai and a flat-planted control 
across six dlff'erent soil types in Burkina Faso. The study was 
conducted on farms in three villages with each farm considered 
a replicalion. The soil types present on the farms was sandy, 
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sandy loam. sandy clay. clay. gravelly clay and gra\el .  
Microdose studies showed notable improvement in millet yield. 

Networks in \Vest Africa for millet (ROCEFRElII) and 
sorghum (ROC.4RS) are currently in a state of transition with 
the former n o a  not functioning and the latter scaled do\\ n .  
ISTSORMIL supponed representatives to attend a joint net- 
work planning meeting. and continues to suppon a renewal of 

the regional netaorks. Set\iorking aith the \lillet- 
Sorghum lnitiatiie coord~nalcd h! Global 2000 iniol\ Ing con- 
tracting bet\\ een farmen and pm-sswrs. and ima \\ anantage 
contracting conducted h! 0. Bo[ourou and J. Sanders. \\'*>rid 
\'is~on suppons seed acti\ities in  the \ landi region of Siser 

Pannerj in the Slger soyhum h!hrid seed production ef- 
ion ~nclude the 1F.AD ISR.AU technolog! mnsicr prc>ject. the 
IF.4D T i l l a k n  project. and the \VISROCK-OSFAR\t projst. 



West Africa - Western Region 
(Mali, Ghana, Senegal) 

Darrell T. Rosenow 
Texas A&M University 

Regional Coordinators 

Dr. Aboubacar Toure, Sorghum Breeder. Regional Coordinator. IER. Sotuha Research Station. B.P. '62. BamaAo. Sfall 
Dr. Darrell T. Rosenow Sorghum Breeder. L'.S Regional Coordinator. Texas .\&\I Cni\ersit>. Texas 4 s  E\pertmcnt 
Station. Route 3. Box 219. Lubbock. TX 
Dr. Ndiaga CissC Sorghum Breeder. Co-Count5 Coordinator. lSRh CSR-i. Bambey. Senegal 
Dr. Demba Farba Ml'Baye. Pathologist. Co-Counm Coordinator. I S R C R Z .  Kolda. Senegal 
Dr. Samuel Saaka Buah. .4gronomy. Co- count^ Coordinator. SARI. Ma Station. Ghana 
Dr. lbrahim D K. Atokple. Sorghum Breeder. Co-Countn Coordinator. SARI. Tamale. Ghana 

Collaborating Scientists 

Dr. Minamba Bagayoko, Agronomist. IER. Niono Center. Segou 
Ms. Fatim Cisse. Cereal Scientist. IER. Soruba Station. Bamako. Xlali 
Dr. Niamoye Yaro Iliarisso. Entomologist. IER. Sotuba Station. Bamako. \tali 
Dr. Mamadou Doumbia, Soil Scientist. IER. Sotuba Station. Bamako. Xlali 
Dr. Yocouba Doumbia. Entomologist. IER.. Sotuba Station. Bamako. \.fali 
Dr. Mamourou Dioune. Pathologist. IER. Sotuba Station. Bamako. Mali 
Dr. Mountaga Kayentao. Strigcr (Heed Science). Sotuba Station. Bamako. \(all 
Mr. Ilamadou S'Diaye. Entomologist. IER. Cinzana Station. Ssgou. Ilali 
blr. Moussa Sanogo. ltillet Breeder. IER. Cinzana Station. Segou. llali 
Mr. Abdoul Wahab Toure. .Agronomist. [ER. Sotuba Station. Bamako. Xlali 
Dr. Samba Traore. Agronomist. IER. Cinzana Station. Segou. 'la11 
Mr. Amadou Fofana. 5tillet Breeder. 1SR.A CRZ. Kolda. Senegal 
Mr. Mamadou Balde. Entomologist. ISR\ CNR4. Bambey. Senegal 
Mr. Djibnl Badiane. Entomologist. ISRA CRZ, Kolda. Senegal 
Mr. Moctar Wade. Weed Scientist (Striga). ISR.4 CSR.4. Bambey. Senegal 
Dr. Steven K. Sutsugah. Patholoeist. SARI. Tamale. Ghana 
Dr. Paul B. Tanzubil. Entomologist. S.4RI. Xlanga Station. Ghana 
Mr. Luke 5.  Abatania. Economist. SARI. \%'a Station. Ghana 
.Mr. D a ~ i d  A. Afribeh. Millet Breeder. S.4RI. Ilanga Station. Ghana 
Dr. Gebisa Ejeta. Sorghum Breeder'Striga. Purdue L-nitersit?. Hst Lafayette. IS 4-90: 
Dr. John Leslie. Pathologist, Kansas State Cni\ersity. Manhattan. KS 6h5M 
Dr. Clint Magill. PathologistLlolecular Genetics. Texas .4&Il Uni\ersity. College Station --X.l.: 
Dr. Stephen Mason. Agronomist, L'nivenity of Sehraska. Lincoln. S E  68583-091 i 
Dr. Bonnie Pendleton. Entomologist. West Texas .-\&\I L'nivenity. Canyon. TX -9016 
Dr. G a q  Peterson. Sorghum Breeder. Texas .&M Cniversiry; Lubbock. T S  -9.103 
Dr. Lloyd Rooney. Cereal Scientist. Texas .\&\I L'nivenit?~. College Station. T S  7 8 4 3  
Dr. John Sanders. Economist. Purdue L'ni\ersit). West Lafayenre. IS -1790- 
Dr. Jeffrey \Vilsor~. Millet Breeder. Pathologist. L'SD.4-.\RS. L'niversit? of Georgia. Titfon. G.4 

Collaborati\.e Program 

TheinitialINTSOR1*lILcollaborati\eprograminthisarea p l a n n , n g .  communication. and coordlnaI lon ~~~h 
u a s  established in Mali which has a large multidisciplinan re- I ~ T S O R ~ I L  collat,orarors tra,e~ to \tali appr+,pnate to 
search propam. The program centers around ilalian scientists O b S e ~ e  tie[d re\ ievr progress and futurr 
and each Malian scientist developsresearch plans cooperatively ,,ti\ \, lth \ f a l i a n  sctenr,sts. ~ ~ ~ ~ ~ , ~ ~ ~ l l ! ,  IER r;lentlsti 
with a U.S. counterpan which pro\ides for effective research also tra\cl to the ~5 for re, cLvrd,. 
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nation. The planned project activities then become part of the Financial Inplrt 
annual Amendment to the MOAbetween INTSORMIL and IER. 

The USAID hlission has in the past provided significant 
The program includes all aspects of sorghumlmillet im- financial suppon to IER research program through the SPARC 

provement with major emphasis on breeding or germplasm en- Project which endcd in June 1997. In addition to the R4alian 
hancement, utilization and quality, nutrient use efficiency. soil Go~emment.  the Syngenta Foundation and World Bank sup- 
management, insect pests, disease control strategies. and Sf?iga port the IER reseal-ch program. 
control 

A new thrust to the program previously centered in Mali 
began in 2000-2001 with the initiation of collaborative 
INTSORMlL research in Ghana and Senegal. A MOU be- 
tween INTSORMIL and ISRA (Institute of Agricultural Re- 
search) in Senegal was signed in early 2001. An existing MOU 
with SARI (Savanna Agricultural Research Inslitute) in Ghana 
which involvedagronomic research between Dr. S.S. Buah and 
Dr. J.W. Maranville was utilized to include the new collabora- 
tive efforts in Ghana. In 2002 a new MOU was signed between 
INTSORMlL and ITA(lns1itut de Technologic Alinientaire) in 
Dakar, Senegal which deals with commercialization of grain in 
Senegal. 

Collaborative research was initiated in the 2001 crop sea- 
son in both countries in breeding, pathology, entomology, and 
Striga, and also in agronomy in Ghana. continuing some of the 
research initiated in collaboration with Dr. Maranville. Breed- 
ing, disease, insect, drought, and Striga trials were developed 
collaboratively with Malian and U.S. INTSORMJL scientists 
and grown in Ghana and Senegal as well as in Mali. Some of 
these were also offered to scientists in Niger. Burkina Faso, 
and Nigeria. and scientists there requested seed of specific nurs- 
eries according to their interests and needs. Also, an elite sor- 
ghum germplasm nursely from uorldu'ide sources was sent to 
Ghana and Senegal to broaden the genetic base of their breed- 
ing program. The mechanism for developing collaborative re- 
search plans is evolving as new INTSORh41L Pls initiate their 
programs, and PIS are able to interact and/or travel to these 
new countries. The PI Conference in kitlriopia in November. 
2002 served as the initial broad based planning conference for 

SorghumiMillet Constraints Researched 

Plant Production Corzstraints 

Grain yield level and stability in sorghum and millet pro- 
duction is of major importance in all the countries. Drought is 
a serious constraint to production over much of the area. Dis- 
eases, insect infestations and Sfriga significantly affect both 
sorghum and millet production. Head bugs and associated grain 
molds adwxsely affect sorghum yield and grain quality of sor- 
ghum. Anthracnose isa vet). severe sorghum disease in the more 
humid areas and long smut is severe in the drier regions. Sooty 
stripe can be a si.\ere leaf disease problem. Strigu is a major 
constraint for both sorghum and miller. Downey mildew is a 
serious prohlc~u on pearl millet. 

Land Prodrrction Constraints 

1.ow soil fertilitycombined with the low yield andunstable 
yields of local cultivars affect sorghum and millet production. 
Major soil I-elated constraints to production are phosphorus and 
nitrogen deficiency, and water stress. 

Teclrnologicol and Socioeconomic Constraints 

There is a lack of farm credit policy which would encour- 
age adoption ofimproved sorghum and millet new cultivars. In 
addition. the prices of these two cereals are low and unstable. 
Ne\v shelf-stable foods. industrial sorghum and millet based 
products, and enhanced use for animal feed are needed to en- 
t.norm<ri- nrnri$lrlinn .--. "-- y.-u. . -  

collaborative research efforts among Mali. Ghana, and Senegal 
as well as with the Eastern Region (Niger. Nigeria. and Burkina Research .Wethods 
Faso) scientists. 

Other Collaboration 

Collaboration involving germplasm uschange. workshops. 
monitoring tours, and specific research projects continued with 
the regional networks ROCARS (WACSRN). and 
ROCAFREMI as well as with ICRISAT at Samanko outside 
Bamako, Mali. Unfortunately, ROCARFEMI ceased opera- 
tion prior to the 2002 crop season, and ROCARS funding fix 
the 2002 crop season was ended, effectively ceasing operation. 
There also was cooperation with NGOs such as World Vision, 
Winrock, AMEDD, FDS, and GRADCCOM in evaluation of 
potential new cultivars as well as with the Soil Management 
CRSP and the SYNGENTA Foundation. 

The coll:lborative program in the Western Region of West 
Africa emphasis research in breeding (germplasm enhance- 
ment), entonlology, pathology, agronomy (soil, water, fertility 
relationships). weed science (Striga), cereal technology (qual- 
ity and utiliration). marketing, and technology transfer. An ef- 
Ibrt to develop new food products from sorghum and millet is 
emphasized in Mali along with new cultivars with improved 
food quality 11-aits. Major breeding activities involve the use of 
new genetic materials to develop cultivars to increase or stabi- 
lire 4 ields ofgrain with enhanced food quality traits. Research 
methods ;~ppropriate for each of these are used in this research 
program. 



Research Resul*. Finkolo and Kita u ith 18 and h i  panicle, selected. r e s p s t ~ r  el!. 
at Kita and Flnkolo. In the earl! F,'s a e  selected I5 lines at 

Details of some of the research in the area are  resented in Rima and 1 S at Cinrana. The medium F; prosenxi usrec\3lu- 
inditidual PI project repons in this publication. This Rqional ared and ire selected 4.; lines 12s at Sc,tuba and 12 31 

.Annual Repon will emphasize research done by IER In Slali. Kolomhadal. .A total of 19 lines \\ere selected for F ;  proscniss 
SARI in Ghana. and ISR4 in Senegal. at Finkolo and Kita. The F; selections rn<,\e to the o t t~ - i~as i~n  

l@r seed increase fbr sn ip  into Group I , ield tri.ils the iolit>\~- 
Sor~l~i r r r~  Breeding Ing !ear. 

The sorghum breeding program in IER in Sfali is a large k-ield trials of  in~pro\cd \anelies in  3iw12 \\ere dir ~derl 
and dixene program. The program utilizes extensi\e crossing into three matunt? groups. Earl!. \Iedium. and L3te \\ ith threc 
and intercrossing among elite introductions. impro\ed non- groups [GI. GII. GI111 aitllln sash matunt: conmpndlng to 
guinea and guinea derived breed~ng lines. and elite local culti- the ?ears in tests ( I  - first !ear. I1 - second :E.ar. Ill - third !ear, 
\ars. It utilizes genetically di\~ersegenplasm from around the Eialuation \ \as  for rnaturit:. >ield. agrontlniic dc.;nbilir!. and 
world resulting in much genetic di\enity in the breeding pro- f w d  quality. 
gram. Extensive use is made of pre\ iously developed ICRIS.%T 
lines and elite lines from the U S .  Emphasis in the program .4~hrs1c t~~ lE~1r l i~  Iirneii h r d i  
centers on developing tan-plant true guinea culti\-ars. and on 
improving the head bug grain mold resistance of high yielding \\;. e\aluated our thrce adtanced elite earl! i wet! crc>uy 
tan-plant non-guinea breeding lines and guinea by non-guinea trials (GI. GI1 and Gllll at t uo  lcxat~t~ns. B c n i ~  and Cin~.ina 
inrergrades. Essentially I OO?b ofthe breedinp rtfon is directed i n  GI lfirst year e~aluationr \r ith 46 entnes at C~nrana and at 
toward \\-hite-seeded. tan-plant genoepes. Breeding for the dr\ Bema there ere significant dittzrenczs a m o n  enm- i<>r gxin 
northern areas also involves crosses \pith local Dums and good yield. plant hsipht and !lo\& ?ring date .%I Bema the highc~r ! ield- 
yielding Bicolorderivati\es from the area andearly Caudatum lny \rtriet~<s \\ere 01-CZ-F'P-14.4 and 01-BE-F'P-lSh u.ith 
deri~atixes from Senegal. 1000kg ha ,  while the !ield oflncalchcck\\ai. 155; kg ha .\t 

Cinrana the \ar1et!Ol-CZ-FiP-2U and the 1 ~ ~ 3 1  h ~ d  the s n i e  
s t a n d a r d  system ofmoving progenies along at the differ- lield. In GI1 ( t u o  !ear e\aluannn I at Cinzana 2nd Bema u i:h 

en1 locations is in placeand understood by the rechnicians. .After 26entncstherc were no significant dirkrenies an:~?n$ line. i,~r 
the F. progenies are separated into early. medium. and late the three kariables studied. 
maruring groups and then selected and adhanced at appropri- 
ate sites. Early materials areselected at the loser rainfall. mors After three yean oie\aluauon. o i  lx enrnes 31 tno  Iwa- 
nonhem sites of Bema and Cinzana. \\bile medium maturity tions (GIII). four lines 99-BE-FSP-66 11246 Lg ha I. W-BE- 
materials are grown at Sotuha, Kolombada. and Cinzana. Late FiP-6' \\ ~ t h  2046 kg ha . 99-BE-FSP-6.1 i l 1 K I l  \; ha ! %id 
maturing progenies are elaluated mainly in the more southern. 99-BE-FSP-95 12nOh kg h a  I 56 cre retained ic>r Snin ! izld 3nd 
highrainfallsitesofFarako(Sikasso).Finkolo. and Kita. k-ield grain qualit! and \ \ i l l  he in on-fami tszts in 1IYI.: 1T3bIe 1 I .  

trials of ad~anced breeding lines also are divided into these Thc line. 49-BE-FSP-128-1. performed uell 3nd \%.IS selzctcd 
three general maturity groups and corresponding sites. h! 31 out of  .34 farmers. I t  also appeared to hale wmc tolzr- 

ance to Srigcr as \sell as excellent rejlitancs lo the head bi.p 
Se\v breeding crosses are made annuall! to assure the (EIII?.YII,III\ I.  

gradual improxement of net\ breeding materials through re- 
combination of the best materials. In the 2002 rainy season. 60 . ~ L ~ . I J I I C ~ J  . ~ l ~ ~ i l l ~ i t ~ ~  i iruen fir'rh 
ne\v crosses \Yere made at Sotuba. and the F 's grown during 
the 2002-03 off-season nurser) to get F. seeds. In GI ar Sotuha. the \anel> nl -SB-F5-DT-19& ranked tint 

\vith 1028 kgha ibllo\\ed h! nl-SB-F5-DT-?II i36u-l L: ha : 
Fromthe multilocation evaluation of IOY F. families in the 01 -SB-FS-DT-23-1 t.7518 kg ha I: O I  -SB-Fi-DT-2il3 1333:  

2002 rainy season. 191 single-plant selections \\ere made at kg h a  I: 01-SB-FS-DT-243 131-X kg ha I \\ith a p i n  ?ield oi 
Samanko. 254 at Cinzana and I I? at Finkolo. These selections 3 0 0  kg h a  for the local check. :it Kolombada the at craze 
\rill he advanced by the pedigree method. \Ve e\aluated 7 7 8  yield 1x69 kg ha I \\as iotxer than 31 Sotoha nith thc hishry- 
F: progenies mostly deri\ed from tan guinea culti\ars. The F j  ?ielding \anel?. OI-SB-F5-DT-11.I prdui ing 19': Lg hz 
f~niilies \Yere grown at Samanko. Cinzana. Finkolo and Bema compared to VS- kg ha f@r the Imal check 
and we selected. 203 single heads at Sotuba. X9 at Cinzana and 
85 at Bcma. The F, and Fz generations were e\aluated accord- In GI1 at Sotuha. aniong the 26 \anet~es  [tired. the hlphest 
ing to the rnaturit) group. The early and medium F, progenies !ielding \ariet! 00-SB-F5-DT- I X 53) e -122,q kg h; againlt 
were evaluated at Kolombada. Bemaand Cinrana. \\eselected >SX.? kg ha for the local. !\ 1111 a tcst mean ! ield :hb- kg 
139 panicles at Bema. 64 panicles at Kolombada and 14' hil . .%I Kolomhada. there \+as no significant diiYcren:c anil,ng 
panicles at Cinzans. The late F, progenies \\-ere c\aluated at entries for grain yield. 



tlost Countr,: Program Etrhnizcemeni 

Table 1. Mean performance data on selected improved breeding varieties from sorghum yield 
trials, Mali, 2000-2002. 

Days to Plant Grain 
50"/u hcight virtrl 

Designatior~ Pediyrec 
Early GllI - (3 years - 2 locations) 
9Y-RE-F5P-66' (89-SK-F4-53-?*Nay% Whltc) 
99-BE-F5P-128-1 (N'Tenimissa'Seguetanfl)  
99-BE-F5P-67" (ICSV I07X*X9-CZ-CS-FS-21 AF) 
99-BE-F5P-95* (E3h-I *(N'l'mimissa) 
99-BE-FiP-69' (ISCV1078*89-CZ-CS-F5-21AF) 
CSM-63E (check) Impn,ved 1 ocal 
Local (check) 
(Test Mean) 

,.-,- 
flowering (m) (kplha') 

Medium GI11 - (3 years - 2 locations) 
99-SB-F5DT-170-2' (N'Teni,ssa*CSM388) 
95-SB-F5DT-170- 1 * (N'Tenimissa'CSM388) 
99-SB-F5DT-198* (N'Tenirnibsa'Scgurntana CZ) 
CSM 388 (check) Improved Local 
Local (check) 
(Tea Mean) 86 3.2 1999 
'Entries to be advanced to on-(arm tnah In 2003. 

After three years of evaluation (GI][) at two locations, three local check for two years. The results showed the 97-SB-F5DT- 
varieties, 99-SB-F5DT-170-l,99-SB-F5DT-170-2, and99-SB- 150 as the highest yielding variety with more than 1400 kg 
FSDT-198 were selected for on-farm testing (Table I) .  These ha- against 1 100 kg ha-' for the local. In Table 2, the fanner's 
lines also gave the highest decortication yield. the hardest grain. desirahilily ratings are presented. 
and the best ti5 stability. 

For the latc maturity on-farm trial, 6 farmers were selected 
Advanced Lute Vurirfy Pial r  at Kitaand Finkolo toevaluate4varieties. The analysis showed 

significant difrerence among entries for grain yield at 
In GI with 40 entries at Finkolo and at Kita there were no Ouel&ssehougou. The analysis showed significant difference 

significant difference among entries for grain yield. The aver- among entries f'or grain yield at Kita. Two (97-KI-F5-22 and 
age yield at Finkolo was 2187 kg  ha^'. 96-CZ-F4P-9Ll) and the local check ranked first with more 

than1 700 kg ha.'. 
On-Farm Trials 

Seed ~bfulultipiirrition 
Six farr~~ers were selected in each oftwo locations. Cinzana 

and Sirakorola, where fifteen early maturing new varieties were Listed below are some improved cultivars and new breed- 
compared to the local check of'the farmer. Each plot consisted ing lines for uhich seed was increased by the Mali IER sor- 
of 500 m2: rows were 0.75 m apart and 5 m long. Varieties were ghum brerditig program in 2002. 
evaluated for maturity, yield. agronomic desirability, and food 
quality. The analysis sliowed sigr~ificant differences among Varict lch Localities Area (ha)  Quantity (kg )  

entries for grain yield. Two lines 98-CZ-F5P-84 and 98-CZ- CSM-h3 1: BCma 112 500 - 
F5P-31-1 showed higher grain yield than the local. while the 
line 98-CZ-F5P-74-1 had the same grain yield as the local check. 

For medium maturity varieties, 6 farmers at 
Oueless~bougou and Bancoumant evaluated 9 varieties com- 
pared to the local check. The analysis showed significant dif- 
ference among entries for grain yield at Ouilessebougou. The 
variety 98-SB-FSDT-82 and the local check ranked first with 
more than1400 kg  ha^' followed by 98-SB-F5DT-52 0 2 2 0  kg 
hz ' )  and 98-SB-F5DT-19-3 (1130 kg h a ) .  98-SB-F5DT-52 
was appreciated by fanners for its forage and grain qualities. 

In another on-farm test of medium maturity barieties. 6 
farmers at Ouelessebougou and Hancoumana compared to the 

Bema 

Kalombada 
Kolombada 
Kolombada 
Tamala and 
Ouilessebougou 
Tanlala and 
Ouilessebougou 
Kafara 
Kita 
Kita 
Kcbila 
Kebila 
Kebila 



backcrossing. Sc\enl  ne\\ \lalian guinea and guinea caudsttim 
Table 2. Farmer's appreciation of medium marunt! intergrades were e\aluated for their ieniht? reaction. B gene 

on-farm varieties!. status. and hetrrosis potential in \fall. :MI?. and Pueno Rico 
(\\inter '01-'031. .Also e\aluated a s r e  35 scleaed Slal~ar in- 

Plan YiclJ Gnin T i  Cou*.au> Purnder digmous culti\ars representing the dl\ersit? in the \tali <or- 
\anm \mi \!a;d"n awiccuaon piin q u d m  ~3!!11 i j~3I: ts 
q-.<u.r;nT.-l.l : ' ghum Collection and -70 selected mostl\ Gu~nea  Caudaruni ""..". . .  . ., - 
9--SB-FIDT-I;O I I I I I I esottcs from Southern Sudan for their potential use in h! ~ n d  
T~rmmnvichaki 1 : : .- breeding in the Guinea type sochum zone of \ \ . s t  . \insa S e  
- 1 s~cdlzni. :: tug -4.3 gmd. 1: neraoc i piw: Table 4 in the Annual Repon of TA\I 222 in th.5 publica:iL>n 

for detailed data. \lost \lalian culti\ a n  rr err rest~3ren except 

Senegal for a few Guinea types. especlall) \largariwfemni t\pc\. Es- 
sentiall) all the Guinea-Caudatum den\ati \e c ~ l r i \ a n  from 

A backcross program to introduce earlier maturit) into the Southern Sudan \rere stron: restorers and u ere dominant B I 

varieties CEIjl-262. CE196-7-2-1. CE 145-66. and CEIXO. and BB?. The dominant BI sene \\as a h m t  in m<%t Duma .md 
3 3  for use in the drought prone nonhem zone. Three sources Duma-Bicolor Llalian lines. and some o i  t h w  lines shovied 
of earliness in introductions from Russia \yere used. The follr prolnising heteros~s. There appeared to k rather i.cwd difl'zr- 

local varieties were also used in crosses with lines from the ences in h>brid \isor among line:. especiall! 3'. e ~ p ~ ~ i e 3  in 

2001 ohsenation nurseries. Some of the lines selected from \tali. 
the germplasm nursen are: Ajabsido. \1P53 I. Malisor 8-1-7. 
M92- I .  S34. ICSV400. ICSV401. Sureno. Dorado. \'G 153. Se\eral elite \lali breeding lines introduced illto the 1 . 5 .  
and ICSV1089BF. From a guinea derivati\e population se. shoited g o d  B-line reaction. and aere  hacLcrosred h r  stenl- 

lected by ICRlSAT for shon stature. 95 families at  S I .  ~ 2 .  ~ 3 .  ization in Pueno Rtco. The! are agronomicall! g ~ d .  \\hire- 

and S5 \\ ere gron-n for observation at Barnbe!. From seeded. tan-plantculti\ars ~ i t h  recessi\e b l .  Theirdesignat:on 

ISTSOR\fIL collabonti\e drought nurse? of 35 entries. se- andpedigreesare: 99CZ-Fi-I3 I (S'Tenimissa'Se~netanaCL~: 

\ere stress was favorable for drought reaction and I4 lines ,\ere 9 9 E .A D T = 3 6 9 8 S B - F 5 D T - I ' I t \I $ -1 - 

selected for future evaluation and use. Yield trials in 2002 at -*Tiemarting)*Tiemarfing~: 99 EADTr52 9\SB-FiDT-i: 
Bainbe? and Sinthiou were all lost due to severe nioisture stress 1S'Tcnimis.;a*CS\l.78X1: and WSB-F5DT-169 

and poor stands. The trails at Bambey \\ere with 25 lines (N'Tmimissa*CS\I3XS1. 

selected from the 2001 INTSORMIL collahorati\e obsena- 
tion nurseries. At Sinthiou in theeast. 13 Malian breeding lines .'f;fl<" B ~ ~ ' ~ ' ~ ~ ~ ~ J . L ?  

were included in the trial. 
\la11 

Ghana 
.At Cinzana. seed mul t ip l ica t~on o i  t n t  tarlet! 

A nation-\vide sorghum germplasm collection was em- .Ankountess'SoSat \\as carned out. This \anst! u.s wlectcd 

barked upon (October-December. 2002) as a ofduplica. from the 7001 African land n c e  h?hrid tnal distributed irwn 

tions and lack of passpon data for the sorghum accessions col- the .IRS nilllet hreeding program at Tition. G.A. The \ariet) 

lection by lCRlSAT in 1997. So far 187 accessions have been sho\\ed tolennce to do\\n! nilldeu. high >ield p?t,li.nrial. and 

collected from the 4 districts of each of the L-pper \\+st. c p p r  slight earliness compared to the local check. The \anel? h ~ s  

East. and Nonhem regions. All accessions \ \ i l l  undergo a m -  been etaluated by farmers at 2 -  locations in the Segou. San. 

morphological evaluationduing the2003 season, to kcomple- Toniinian. and Koro areas. Other act]\ ~tles included the p n ~  

mented by molecular markers to help assess the true genetic duction of the BC? oiCi\arex.A49lni and Tromkd1rR4. ard 

diversity present as well as determination of their nutritional the olf season h?hrid prnductlon ofCi\arr\.A49105* 

and functional properties. TrombedieR4. 

Some of the best Striga resistant lines from the 2001 .At S'Tarla. the lint cycle of r econibina t ion oithe lndiara 

INTSORMIL West Ahcan  Striga Trial are being utilized Of. impro\ed population uas  done. Hanested plar.15 \\err w.- 

the breeding prognni. The drought tolerance trials sti(Tefered lected fordo\vn! niilde\r tolmnse. panicle companes j .  grain 

from shoot fly anack at theseedling stage follo\\ed by midge at hardness. number of fsnile tillers. and s ~ m ~ l a r  matiirit) to the 

flouering making drought e\aluations impossible. local day length sensiti\e \ a r~ r t ? .  Also. ssed mulupiisatii~n ,,i 
the varieties Sanioha and Saniotsli \\as sarned out ~ r d c r  ~rol;- 

Hi.b~.idSorghrrn~ - .lia/i tion. producing 150 kg and I40 Ls. n-spstl\el!. 

The coperative IER ICRISAT hybrid research funded by Senegal 

the Rockefeller Foundation continued with the e\aluation of 
breeding lines and local culti\ars for restorer ( B  Rl reaction. In the Advanced l'icld Trial at Bamk!. S r!nthetic, 

the presenceofthe B I  gene, andsterilization of ~ . l i ~ ~ ~  throueh and 2 checks were e\alured. hut \ e n  I O U  and erntic rainiall 



- 

Table 3. Performances of the inter-population millet hybrids trial at Bamhey, Senegal, 2002. 

I 000 
Days Mildew Plant Panicle Number grain Grain 

to incidence hcigtit length panicles1 weight yield 
Entrees Cyclc flowning O h  (cml (cm) plant @ (kglha)  
WA 12 Ex-Bornu x Uganda I 50 cd I .6 199abc 2 4 . 8 ~  120ab 8.9 1836 
WA 2 1 Ex-Bomu x SoSat CX8 I 52 abc I .h 1'13 nbc 27.7 be 92 bc 9.2 1915 
WA 22 Mansori x SoSat CX8 I 52 abc 2.4 208 ah 30.1 bc 80 c 9.7 1412 
WA 23 SoSat CX8 x Ankoutess I 53 ah 0.8 191 bc 25 c 8 1 c  9.3 1719 
WA 25 SoSat CX8 x GR-PI I 53 ab 0.8 2lO;lb 35 b 72 c 8.9 1559 
WA 26 Ugandi x SoSat CX8 I 48 d 0.8 2 10 ;ah 28.4 bc 92 bc 6.9 1759 
WA 27 Ex- Bornu x Ugandi 2 49 d 0 1x2 c 25.1 c 130 a 10.2 I620 
WA 28 Ex-Bornu x Manvlri - 7 50 cd 0.8 180 r 27.3 bc 103 abc 8.5 1182 
WA 29 ExBorno x Ugandi 3 49 d 0.8 183, 26.9bc 117ab 9.2 1475 
WA 30 Ex -Bomu x Mansori 3 51 bcd 0.8 I86 c 26.9 bc l14ab 8.5 1305 
WA 3 1 En-Bomu x Ugandi OP 48 d 0.8 1'12 ahc 27.3 bc 120 ab 9.7 1694 
WA 32 Ea-Bomu x Manvlri 0 P 50 cd I 6  191 bc 26.8 bc I12ab 9.5 1596 
urA 33 SoSat CX8 n Gwagwa I 53 a 2.3 213 ;1 30.8 bc 80 c 9.7 1958 
Souna 3 (check) 52 abc 7.1 200 ;abc 45.4 a 71 c 6.5 1573 
Means 5 1 1.6 195 29.1 99 8.9 1615 
Significance HS S 1iS HS NS NS 
S E  0.66 7.98 1.84 7.46 0.77 180 
C.VI%l 2.6 8.2 12.7 15.1 17.2 22.3 

Table 4. Performance of selected sorghum varieties in Strigu infested field at SARI, Ghana, 
in 2001 and 2002 cropping seasons. 

Strigu So-ixo Vti-i,yo Paniclc Grain 
Days C O L I ~ I  count count weight weight 

to Flcight 28days 42 days at harvest (kr:ha8) (kglha') 
Variety flower (cmJ 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 

CMDT-38 86 171 0.00 - I R 8 46 1534 1531 568 1014 
CMDT-39 88 203 1.00 - 2 I I 9 179 1187 1823 

SEGIIETANA 84 192 0.00 - 3 25 9 54 1084 1093 
CMDT-45 85 207 2.00 - 7 57 Z2 163 I455 1911 

97-SB-F5DT-63 X7 1x7 0.00 - 5 I 28 7 1768 816 
97-SB-F5DT-54 86 209 0.00 - I I 6 40 3284 1484 
N'TENMISSA 87 223 2.00 - 12 20 1S 86 1494 1272 
97-SB-F5DT-65 83 193 0.00 - 0 27 3 60 I673 1413 
MALISOR-92- I 76 159 0.00 - 4 32 13 42 1214 922 
MALISOR-84-1 76 165 0.00 - 0 34 66 1333 1461 
CE-151-202-AI 87 142 0.00 - 0 35 0 58 -* 460 

SRN 39 78 146 0.00 - 1 4 30 1218 1320 
SAMSORG41 77 149 0.00 - 1 15 IS 1 7  * 1069 
SAMSORG 14 89 167 1.00 - 10 8 45 225 2120 1613 

KP33-2 89 102 0.00 - 7 l J * 
IS 7777 89 177 1.00 - 7 39 1459 - 

Grand Mean 84 175 0.31 - 3.48 20 17.0 79 1602 1206 

CV(%) 2.0 2.0 21.0 - 51.8 60.7 26.4 I07 73.2 47.1 
LSD(0.05) 3 6 1.10 - 3.00 43 7.491 141 664 955 

* Thesc did not produce any hnnestablc heads and wvn: not included in tllc analysis of those parameters. 

resulted in poor stands. Grain yield varied between 178 and in the Inter-Population HybridTriaL 14 entries wereevaluated 

1631 kg  ha^', the best performers being ISM19404, ISM19501, (Table 3). Grain yield varied from 1182 to 1958 kg ha-' 

and ISM19506. with 1631, 1600, and 1409 kg ha.$ respectively but were no1 significantly different. 

compared  t o  the check, I B M V  8402  with 1080  k g  ha- ' .  
ISM19404 had a good overall aglanomic rating this season, Two 11ew synthetics,  ISM19301 and ISM19305, were 

with moderate panicle length and good exsertion. planted in on-farm sites near Bambey. but were abandoned due 
to poor plan1 stand. 



At Kolda. seedof the ne\' introduced earl? tariery GBR7j5 
was increased. This \ariety matures in 65-70 days in the d v  
northern zone. The seed n i l 1  be used to disseminate the \ari- 
ety. 

At Sotuba 45 early. 37 medium. and 38 late maturing breed- 
ing lines selected from the IER hreeding program Lvere evalu- 
ated for Stripa in 2002. Infestation. ho\\e\er. \\as lo\\ \\ ith no 
significant differences among entries in all trials. .At Cinzana. 
unusuall? high Striga infestations occurred in the .Ad\anced 
Yield Trials and se\eral new elite breeding lints sho\red pond 
tolerance compared to the local checks. inlcudinp the ne\v IER 
cultivar. UBssa (97-SB-F5DT-63). 

Other Strign trials at Cinzana shoued excellent infesta- 
tions and good differential amonp entries. hoivever. no data is 
available for this report. Some ofthe trials \\ere fiom Purdue 
Unit ersity. 

Senegal 

4 screen house test was conducted \\ ith lines irom the \ k s t  
African regional Strigo trial distributed in 2001. Pot infesta- 
tion \\as made \sith Strixa seeds collected from sorghum fields 
in 2000. The number ofSfrrxn plants emerged \\as zero (0)  on 
ChlDT-39. Seguetena. 97-SB-FSDT-63 (\Vassa). 97-SB-F5DT- 
65. "ralisor 92-1. CE-151-267. SRS-39. Samsorg 41: i t  \\as 
one ( I  I on C41DT-38. CLlDT-15, 97-SB-F5DT-6-1. Samsorg 
14andKP33-2. t\vo(2)onS'Tenimissa. \lalisorR4-1.1s 7777:  
and 3 on the check F2-20. The lo\v Strigo plant emergence did 
not permit conclusi\e differentiation among test entries hut did 
indicate that differences among entries likely exist. The same 
lines \\ere included in tield tests. but because ofpoor germina- 
tion due to drought. the trial a-as abandoned. 

Similarly. I I advanced millet synthetics \\ere screened 
against Srriga herrnonrliica. in a screen house. The 511-;~a seeds 
\\ere hanesred from millet fields near Bamhey in 2002. The 
mean number of emerged S~r iga  plants was 1.9 and the most 
infested uere ISLll 8203 with 4 plants emerged folloncd by 
Souna 3. ISMI 94W. ISM1 950-1 with 3 SI,-I,~J plants emerged. 
GAhl 8203 and IShII 9301 remained free of the parastte. 
Screening tests against S~r iga  on sorghum and miller need be 
conducted o\er se\,eral locationsand yean for an accurate e\ 3lu- 
ation and for evidence ofthe possible presence ofditGrent races. 

Ghana 

Remnant seed of the 2001 \\+st African Sti-iga trial was 
planted at the same site in 2002. Table 4 sho\vs data for the I\\ o 
years. The 16 varieties sho\\ed varied but high level ofStrigcr 
resistance tolerance. Generally. the Sfripu infcstations were 
much liigher in 2002 than 2001. The late m a t u r i ~  of line. CF- 

15 1-201-.A 1 resulted in sexere rntdge tnieitarims in I X ~ I  and 
the lo\vest yield I>? kg ha in 2002 In spite ,,itis hi& rn i j -  
lance to S t r f ~ o .  The llne U'-SB-F!DT-N hhl\e\er. combined 
high \ ields (range of 1.0-2.3 t ha  I u ith lo\\ ie\ el Ct~rp,; lnie5- 
tation. Other lines that exhihlted conrlsrent high 1st el ofi,-,xLr 
resistance with appreclahlc ! leldi m er the tuo  ye3n rni uded 
CMDT-38. 9--SB-F5DT-63 i\\assai. SIALISOR 03-1. SRS 
39 and S-\\lSORG 41. SRS -39 a a s  much sarl:er than th: rest 
of the lines and consequently sulTered much bird d a n i ~ g e ~  
S-\>lSORG I4 appeared to he the most susc.spt:hle of 3.1 ths 
lines e\aluated. Considering othcr 1~111s 11ke grain qualrt! m d  
plant height the farmers had expressed their interzjt in the cut- 
ti\ars. C\IDT-3X and C\IDT-?9 The 5o~;hurn hrredlng pr~\- 
gram \ r i l l  also utili7.e some of these reiislance lines 3s 5~3tirce 
materials. 

For anthracnose. .: !ears of screening indizated that six 
Malian breeding lines screened u ~ t h  inrwulati<>n at Sottiba 
sho\\ed zood resistance to the dise3ss Thew s:\  uere: $3- 

SB-F5DT-51: 99-SB-FSDT-l kX: 99-SB-F?DT-3Mi. IN]-KO- 
F5DT-80: 98-F.4-E.ART-IOI: and F2-'F. .Addi11,~1311> .; :n- 
tries from Texas . U \ l  ISTSOR5IIL .ADIS I ~ A I I  Diwase >.nd 
insect Surser\I and from the Texas .A&\$ ISTiOR\IIL G\ i  T 
(Grain \\'eathering Tea)  also \\ere \ er? rr-sistanr to althmcnois. 
These included SC326-6. 92BD19S2.4. and BTxI-* from the 
ADIS and SC2'9-I4F. (\falisor $ 4 - - * \ G l i ? i  191-S. a d  
I\-G l53*(T.4\142X*SBIII )-27)-BE2 irom the G\\ i 

Thrce !ran results indicate that cut ?red ,mot I $r~~;,nvit.r,r 
n ~ x l r r )  incidence can be reduced dramaticall! b). trsatng j i r -  
ghu~n seeds \\ ith 20 g of  (Diro - Sguo - Si re  I p-sbder p r  kg 
of seed. wiih a grain yield increase o f W o .  Thli plant ps t i .  
cide can he used to replace .Apron S u r j  in  the iuture. 

Ghana 

To idenrif!\- sources of gable broad-jptmiit  re~iitance t ~ ?  

sorghum diseases for use In the hreeding prcyram. :\\I, t n ~ l i  
\\ere e\aluatcd in 2002. the \\:ASDO\ I \\>>t \inca-, Sor~hum 
Disease Ohserration Sursen I. put together in 11311 h? IER. 
and the Texas \ & \ I  I\TSOR\IIL .ADIS Diizase and agr~x- 
nomis data on rhe \\:4SDOX is preiented in T3bIe 5. 

Four enrrles tS.ASfSORG I .  S\RI.ASO-101. 
0L.EDZOLRE and FOCL.ATIEB.A~\\ere inixied b! $re> lea< 
spit with mean score of 4 0. Sorghum entn S.-\RIA<O-02 and 
Kadaga \\ere attacked b! hactenal leaf stnpe iBrrrLIio!;h.r;,r 
a ~ ~ i r ~ ~ ~ ~ o ~ ~ i r r i ~  I a quarantine pathogen a ith mean ,cores o i 4 i i  
and 5.n. respccti\el!~. 

The !ield p@tential of the genotyps screened In t ie  2tXt2 
.ADIS u a s  higher and nnged up to . n 1 1  L.; ha The Geld 
disease reaction of the yenotypes a a i  htgher in incidence ~ n d  



!fo.rt C o u n t ~  Program Enhnnren~r~nf 

Table 4. Performance of selected sorghum varieties in Striga infested field at SARI, Ghana, 
in 2001 and 2002 cropping seasons. 

Strign Strifia Slriq~ Panicle Grain 

Days count count count weight weight 

to Heiglit 28days 42 days at liarvest (kgiha') (kglha') 

Variety flower (cm) ZOO1 2002 2001 2002 2001 2002 2001 2002 2001 2002 
CMDT-38 86 171 0.00 - I 8 8 16 1534 1531 568 1014 

CMDT-39 88 203 1.00 - 2 1 1  9 179 1187 1823 578 1138 

SEGUETANA 84 192 0.00 - 3 25 9 54 1084 1093 472 444 
CMDT-45 85 207 2.00 - 7 57 32 163 1455 1911 711 1156 

97-SB-F5DT-63 87 187 0.00 - 5 I 28 7 1768 816 895 429 
97-SB-F5DT-64 86 209 0.00 - 1 I 6 40 3284 1484 2232 1013 
N'TENIMISSA 87 223 1.00 - 12 20 38 86 1494 1212 474 714 
97-SB-F5DT-65 83 193 0.00 - 0 27 3 60 1673 1413 690 653 
MALISOR-92-1 76 159 0.00 - 4 32 13 42 1214 922 1011 642 
MALISOR-84-1 76 165 0.00 - 0 34 2 66 1333 1461 627 1016 
CE-151-202-A1 87 142 0.00 - 0 -35 0 58 -* 460 -*  253 

SW 39 78 146 0.00 - I 4 3 30 1218 1320 362 569 
SAMSORG41 77 149 0.00 - 1 15 18 47 -* 1069 -* 704 
SAMSORG 14 89 167 1.00 - 10 8 45 225 2120 1613 733 742 

KP33-2 89 102 0.00 - 7 I I -* .* 
IS 7777 89 177 1.00 - 7 39 1459 - 341 - 

Grand Mean 84 175 0.31 - 3.48 20 17.0 79 1602 1206 707 692 
CV(%) 2.0 2.0 21.0 - 51.8 60.7 26.4 107 73.2 47.1 56.5 52.1 

LSD(0.05) 3 6 1.10 - 3.00 43 4 141 664 955 673.8 605 
* These did not oroduce any harvestable heads and were not included i n  the analysis of those parameters. 

~ ~ - 

severity. A score of 5.0 was recorded for zonate leafspot on 
entry R91H8. Grey leaf spot was rather prevalent with eleven 
entries wit11 high scores of 4.0-7.0. Eight entries did not show 
any sign of shoot fly infestation. XBPRIOI3, 96GCPOB143, 
8BPRl019, 87E0109, Tx2917iR9120, Tx436, and BTx 631, 
while five others had less than 10% incidence, 96CA5986. 
00CA4654, B8PR1059, R9603, and R9618. The seven top 
yielding entries were 98CDI87 (20 13 kglha), 9hCA5986 [ 1653 
kg ha-'), SC326-6 (1627 kg hti'), CiR108-90M24 (1427 kg ha- 
'), 95BRON151 (1400 kg  ha^'), Malisor 84-7 (1346 kg ha-'), 
and 888943 (1333 kg lha.'). Five entries were selected for fur- 
ther evaluation based on their overall agronomic traits and dis- 
easelpest tolerance or resistance (8XBE 2668.96GCPOB 124, 
94CW 5045, 89307 and Tx2783). 

At the Cinzana Station, the sorghum breeding lines in the 
Advanced Early Maturity Variety Trials (GI, GII, and G[II) were 
evaluated for resistance or tolerance to the major insect pests, 
green aphid, sorghum midge. and head bug ( E u ~ v s ~ ~ l ~ i . ~ ) .  Aphid 

and midge po~~ulations were low, with no significant difference 
among lines. However, head bug pressure was high with sig- 
nificant difle~mces among entries for head bug damage. Head 
bug da~nafc  ratings were made on 5 panicles per plot at matu- 
rib, and danlaee to the grain scored on a 1-9 scale where I + 
<I096 damage lo 9 = > 80% damage. There were excellent 
differences aniong entries for head hug damage with lines in 
each test showing excellent resistance with data on those plus 
other selected entries presented in Table 6. 

At Sotuha, thrce large preliminary head bug screening nurs- 
erles (93. I l l ,  and 121 entries) and three advanced screening 
nurseries were evaluated for head bugs (E~rr~~xfal~is)  and grain 
mold. Dp conditions during and after grain maturity resulted 
in very little grain mold damage, except to a few entries with 
severe head bug damage. Natural head bug infestation was 
high and excellmt for screening. At heading, 2 panicles were 
protected with cages and 2 by selfing bags. At the milk stage, 5 
unprotected panicles were sampled to determine head bug in- 
festation level. At harvest, visual ratings were made on head 
bug and grain Inold damage to thegrain, and a 200 seed weight 
taken on threshed grain to determine grain weight loss due to 
head bug damage. In the first preliminary trial, 5 entries plus 



Table 6. Performance of selected entries for 
head bug damage and other traits 
from the Advanced Early l la tur io  
Variety Yield Trials (GI, GII, and 
GIII), Cinzana, Mali, 2002. 

Table 7. Head bug and grain mold e\nlustioo ofselected 
entries from the l int  preliminan Entornolog? 
nunen.  Sotuba. \Iali. ZOO?. 

Day- Plan! Head hug 
ro hctyhl damaec 

ksimatlon flol\cr lml rsr~nr 
Earl? GI 
0 I -CZ-FiP-5 I 2 I 
01-CZ-F5PJh X7 2 1 I 
Ill-CZ-FLP-50 83 3.7 

01 -CZ-FSP-I23 ' 1.9 I 
97-SB~FiDTd3 l \ \arra l  79 3.4 I 
CSh163E 7 .  , 2.8 I 
>Taliror 9 2 ~ 1  -. 1 9  6 
Local chak 'h 3.2 I 

Gram 
yeld 

033 
99' 

744 
1168 
1225 
15s- 
120h 
14-1 

Local Check 2.6 I 810 

CSM63E 'I 2.3 I 1100 
\\asra 79 1 1  I 14-33 
Local Check 73 2.5 1 1414 
- Ral~n_e scale: I = c I ( P o  damage to 9 = > SOU0 hmagc .  

the check. Malisor 84-7. showed a high level of head bug and 
grain mold resistance. Data on the 5 resistant lines and other 
selected susceptible lines for comparison purposes is presented 
in Table 7. The selfing bags and cages worked equally \\ell in 
protecting grain from head bug damage. Grain mold damage 
was minimal overall. but highest in entries with high head bug 
damage. Seed weight was severely reduced in head bug sus- 
ceptible lines, but was similar or reduced only slightly for un- 
protected and protected on resistant entries. Head bug num- 
bers (adults and lana)  varied considerably among entries. and 
=,ere generally higher on susceptible lines hut not aluays. There 
was no head bug damage on any protected panicles. 

In the second preliminan. nurser?: 17 entries plus Xfalisor 
84-7 shoed excellent head bug resistance with ratings of 1.5 or 
less: 00-CZ-F5P-23: 00-CZ-F5P-34: 00-BE-F5P-163: 00-BE- 
F5P-171; 00-BE-FSP-95; 00-KO-F5DT-108: OO-KO-FSDT- 
149; 00-KO-F5DT-301: 00-SBsF4DT435: 00-SB-F5DT-247: 
00-SB-F5DT-5: 00-SB-F5DT-366: 00-KI-F5T-89: 00-KI-F5T- 
20; 00-KI-F5T-17: 00-KI-F5T-32-I: and 00-KI-F5T-543. In 
the third preliminary nursery, 8 lines showed head bug resis- 
tance with ratings of 1.2 or less: 01-CZ-FjP-74 01-CZ-F5P- 

76: 01-SB-FSDT45: 01 -SB-FSDT-46: Ill-SB-FIDT-2: I :  0 ' -  
FI-FST-35: 01-KI-FST-38: and 01-Kl-F.'--80. 

In the three ad~anced screening nursensi a1 Sc~utu .  9. IS. 
and 21 hreed~nr lines \\ere r\aluated fer head buz and _enln 

Table 8. Head bug resistant brepdiag tines from the three 
sdvsnred screening n u n e r i ~  using natunl and 
artincia1 infestation. Sotubn. \lati. 2002.  

\8,..,*i ?nlcl!r:;,.l .-.-'.* .-.<.,rtu 
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mold damage using natural infestation and artificial infestation 
under cages and compared to protected panicles. Several IER 
breeding lines showed excellent head bug resistance uith rat- 
ings of less than 2.0 (Table 8). Natural infestation consistently 
resulted in more severe head bug damage even though the adult 
and larva numbers were not consistently higher. Adults were 
generally higher in infested. hut lanjae were higher under natu- 
ral. Resistance expressed through low head bug damage rat- 
ings on the grain, plus maintenance of grain \rrcigllt compared 
to protected, and slightly less grain mold. 

Anotherentomology trial of midge resistant lines from the 
USA was planted at Samanko and evaluated for midge, head 
bug, and grain mold. Three entries, 01 1.193 15.00L1133 I .  and 
01662330  showed little midge damages or grain mold, but 
were damaged by the head bug. Only one entry 00LI13 16, 
showed good tolerance to the midge, head hugs, and grain mold. 

A trial to test the efficacy of local plant extracts for head 
hug control was conducted at Samanko in 2002. Treatments 
included neem tree leaves juice, Cu1ntn1p~1.s pi-ecein leaves 
juice, and the control with varieties Malisor 92-1, same toler- 
ance, and S34. very susceptible to head bugs. Although the 
two leaf extract treatments reduced the head bugs somewhat. 
there was not significant differences among treatments. How- 
ever. the Calotropusjuice seemed to be more effective on head 
hugs than the neem tree juice. 

Table 10. Physical-chemical characteristics of  grain 
from lines in the advanced yield trial of 
medium maturity group (GLII), 2002. 

Food Techrrolo&~, 

Senegal Characterization of Sorghum Breeding Lines 

The effect of chemicals and botanicals application on the 
control of sorghum head bugs was tested in Nioro station in the 
central zone. A synthetic insecticide (Dimethoate) and Neem 
(Azudirucfhrr iiidica) extract were applied on the variety CE 
145-66. Four species ofhead hugs \\-ere observed; (Creonriude.~ 
pa1lid1r.s. Dydercus volerii. Diploris floweri. and Nezaru 
vinrdula). Significant differences were observed between treat- 
ments for insect populations, panicle weight and grain per 
panicle with Neem being effective. but not quite as effective as 
Dimethoate (Tahle 9). 

insecticide control of the insect cornplex at Sinthiou indi- 
cated a yield loss of 35% due to insect pcsts in this eastern 
station. 

Tahle 9. The effect of head hug control on 
sorghum performance, Nioro, 
Senegal, 2002. 

Improved breeding lines were analyzed for food quality 
traits. Most ofthe lines were resistant to grain molds and head 
hug damage. In the medium maturity grain yield trial (third 
year cvalu;~tion GIII) most showed vitreous grain (range be- 
tween I and 1.23). The variety 99-SB-F5DT-196 and the local 
check showed the flouriest grain. The decortication yield of 
lines was good with a minimum of 75% and a maximum of 88 
?' and an average of 8 5 % ~  All the lines studied showed a good 
tA consistency and acceptable tA color. The physical-chemical 
characteristics of lines in the yield trial of medium maturity 
group Glll are presented in Table 10. 

Di,ersification of Sorghum End-Use Products 

New products 

Snacks. biscuits and cakes 100% sorghum 
Sorbis fortified with dates 
Sorbis fortified with coco 
Sorbis i'ortified with peanut 

Treatment Numhcr of hcdd I'aniclc Grain 
bugspaniclc weight a.eigh!!panicle (g) Sorhis fortified with almonds 

(g) Sorb i~  with butter 

Unsprayed 13.3 a 35.1 a 236 a Cake fortified with dates 

Neem 5.3 a 41.7ab 32.7 h Cake li~rtified with chocolate 

Dimethoate 4.0 b 57.8 h 42.5 c Cakc tilrtified with banana 

CV 42.1% 11.6?;:, 8.2 Cake li~rtified with butter 



Non-alcoholic drinks: 

Sorghum s)mp 
Sorghum Malta 
In se\eral villages. many \\-omen were trained h o a  to make 

Sorghum Malta 

Acid Soil (Sorghum) - Mali 

A screening experiment was designed to identi& tolerant 
or susceptible sorghum genoepes to acid soils. Several sor- 
ghum exotic genotypes. emerging or promising breeding lines. 
local cultivars. and improted varieties a-ere tested for toler- 
ance to acid soil condition in Mali at the Cinzana Station in 
2002. Each entrq was planted in a single row Planting \\as 
performed on the 1 Ith of July in ro\vs 75 cm apan and within 
rows. in hills 50 cm apart with three replications planted. The 
screening rvas conducted on plot F9 of the toposequence of the 
Cinzana station with no fertilizer applied. Concentrations of P. 
Al. and Mn were determined in the shoots ofeach genotype for 
the purpose of understanding mechanisms oftolerance. Selected 
properties of plot F9 are given below: 

Selected propenies of a Sandy. mixed. hypenhermic 
Plinthic Paleustalfprofile ofthe Cinzana station (Plot F9). 

Parameter Top-soil Sub-soil 

Depth (cm) 
Clay (%) 
Sand (9.0) 
pH (H20)  
Organic C (%) 
ECEC [cmol(-) kg-I] 
Al (46): 
Bray- l P (mg kg- I )  
FCC soil classification 

0-20 
5.0 

84.9 
5.1 
0.21 
0.9 1 
37.0 
4.2 
SLdeh 

20-60 
9.8 
78.6 
4.9 
0.16 
0.90 
42.0 
5.0 
SLdeh 

: Al saturation in % of ECEC 

The results showed local genotypes selected from acid. 
sandy soils of N i g r  (El Mota and Bagoha) brought to physi- 
ological maturity at least 71% of germinatedplanting hills(Table 
I I ). Despite variations in their performance from one year to 
another. these genotypes (including Babadia Fara) have main- 
tained good performance for the last I0 years (Doumbia st at.. 
19981. Their mechanism of tolerance seems to be related to 
accumulating acceptable P concentrations (about 1 .0  g P kg) 
and normal lerels of both A1 and >1 ( I  I4 to 187 mg kg). 

Improved and exotic genotypes included in this study have 
different abilities to withstand acid soil conditions through ac- 
cumulation of low or high concentrations of one or more of the 

Table I I .  Sekcted properties of the sorghum 
genotxpes tested in acid soil a r e a  
Cinzana station. \lali. 2002. 
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follo\ring elemmts: \ln. P. Si. and .-\I. Thew g e n m p ?  hwught 
to grain production 39 1092" o oftheir planting htlls (Table I I I .  

The released genotype. S'Temmissa. perthrmed abeut h2"e 
better than the susceptible check. Slahsor 84-5 I 1 Jn+ s>n i\311. 

S'Tenimissa and similar genot>pes accunlulars not ~ n l ?  lo\\ 
lerels of P  just helorr the deficient le\el of < 2 g P 'KsI. bur 
also lo\\ Ie\cls of hoth .AI and \In 1300 to .: 1 - mg kg)  under 
acid soil condit ionsllo~ P. but h1gh.41 and Sln concertntionsl. 

Exotic gmotypss such as IS 3553. IS 6902. anc IS 85'- 
confirmed their kno\\n propenies in acid soils ~Courle) st 31.. 

1991). They shorved some tolerance 139 to 92"i t u n ~ \ a l l  
through accumulations of lou or igh concentrationr o f P  .\I  or 
Sln. 

In conclusion. El \lola. Bagoha. and GadiahaCZ hare 
shou-n. oreryears. strong abilities to u~thstand acid wtl <end\- 
lions. .At least ' 2 O o  ofthe planting hillsofthew gmotvay uere 
hanested this year for --In. The!accumulate acceptable con- 
centratlons of P labour 2 g P kg). but 105% contents o i  h x h  .A1 
and Sln 1>.200 mskgl .  

Sorghum genonpes emerging imm ths Slali breeding pro. 
grams have sho\m some tolerance to acid condition, Thsse 
gsnotypss brought to grain production U to -6*.> oithelr plant- 
ing hills. These genoq-pes accumulate not onl? lo\\ Is\ elr n i p  
(just below the deficient letel o f .  2 g P Kg). but a lw  1c.u 
levels of both .A1 and \In 1200 to 31- r n g k g ~  under az.d %,I\ 

conditions. 



Table 12. Influence of Micro-dose fertilizer treatments on 
millet and sorghum growth and yields on hea~y 
soil at Cinzana in 2002. 

Popalaaon humhcr Ydn~cli Grain Siiuu 
a, hawrit o i  rielbl weight urlpht 

Trralmcnts (ha, paorcle (kg h;c I Ikghs i  lkyha'~ 

\fillet 
Control (So fenllizeri 44167 !?>hi hi9 389 1632 
~$icrodah.e(? gofD?P poqual 49306 ?hi?? 729 414 lR7i 

lilicrodme - 20 kdhs P 55139 !40?$ I l i 3  115 2674 

Mlcrodmc -40 P g h a  P 45972 25150 6611 382 17.;6 
Zlicrodmc - .?0 Pgha ' N 17778 !!I38 604 368 2153 
Mlcrodme + 60 kg ha ' h l I i28  25604 681 382 1875 
~ \ l i ~ ~ ~ d ~ ~  + 20 @ha' P - 30lig~ha' N iUi(lb 3721: I077 597 2917 
hliciodeei40lghn P160kgha811; 08473 5lYli 1118 i l ?  3334 

P'F 0.29 Oih! OhX1 0.852 0 (132 
ied 974112 1117.2 4072 266.1 188.2 
C\'% 21.7 I 69.2 788 31.2 

Sorghum 
Control (Yo feniltzer) 38889 20111 4 1  453 1250 
\I#crodme !Z guiDAP'poquai 51444 2958: 570 344 2014 
hlicrodme - 20 k g h a  P 41x06 2'134 47: 240 l4<i3 
Mlerodme - 40 kg ha ' P 10139 53SYLl 1306 196 2465 
Microdcso 7 30 kg ha ' h 58195 40111 I l l8  701 2813 
Llieiodmc + 60 k<ha7 S 525llU 3CICI00 '15 563 2361 
%l~crodsr - 2Okeha' P +  J O l r ~ h a  N 13611 601-6 1:41 1064 2741 

CV"'o ?ti8 I l l  53.9 593 11.2 

Table 13. Grain yield data of millet in the 
micro dose tests at KounL., 
Kamba and Kolodougoukoro. 

Grain yield (kp ha')  
O: yield 

Soil  Micro 01 
Vclla~e!Colluboriltorr typc  do \e  Conrrol control 

Kuune 
Abdoulayr  TraoiC Sandy  l i l q  944 IR2 
Ballasaourn Diana Sandy 1294 9 2 5  1 4 0  

Losl" 
Oumar Diana y 1550  1 6 6 9  93 
hfoustapha Coulibvly Sandy  1x63  1 2 2 5  1 5 2  

K a m b a  
Al i  B i n k t  Sdcko Sandy  1250  6 2 5  2 0 0  
Mamoutou S a c k o  S a n d y  7 5 0  375  2 0 0  
Binkegnine Sacko Sandy 1x75  1625  1 1 5  
Kobe Kaba Salld) 1 5 0 0  1875 133 
Moussa C i s 6  S a n d y  8 7 5  6 2 5  140 

Kolodouguukoio 
Bakayc  Coulihaly Sandy XI3 5 2 5  IS? 
Ali C o u l ~ b a i y  Sandy  1225  625 196 

Mali - Cinzana 

On-Station Trials 

Micro-dose fertilizer treatment effects on millet and sor- 
ghum growth and yields were investigated at Cinzana research 
station in 2001 and 2002. The 2001 results indicated that mi- 

cro dose application may significantly increase crop yield, but 
soil typc and rainfill conditions can severely limit crop response 
(Table I?). On light soil, micro-dose and recommended fenil- 
izer treatment significantly increased millet plant population 
and panicle numbers, panicle weight, grain weight and stover 
weight at harbest. However on heavy soil, no significant differ- 
ences were ohserved between treatments for both millet and 
sorghurn. In 2002, millet and sorghum were grown only on the 
heavier loamy soil at the Cinzana research station. Similar to 
2001, rainfill distribution in 2002 at Cinzana research station 
was erratic. 

As in 200 I .  micro-dose treatment effects on millet growth 
and yields on heavy soil were not significantly different from 
the control h r  all parameters except the total straw weight. Ad- 
dition o f N  or P alone did not significantly affect yields. How- 
ever, combination of N and P fertilizers increased total plant 
biomass yield. 

For stir:hum, in contrast to the 2001 results, sorghum 
growth and bield were significantly affected by fertility treat- 
ments. Although differences were not perceptible with panicle 
and grain yiclds, total plant biomass was increased by almost 
40% with ~nicro dose treatment alone. The results were charac- 
terized, h o ~  ever, by large variability with CVs ranging from 
30 to jW6. 

The present results confirmed those of2001, where millet 
responded better to fertility treatments on light soil than on heavy 
soil. As in 2001, plants on heavy soil suffered from moisture 
stress. which occurred when millet plants were at flowering 
stage. This severely affected plants with fertility treatments and 
decreased their yields compared to those of control plots. Sor- 
ghum on heavy soil had better growth compared to millet. Plant 
height (data not shown) and stover yield tended to increase both 
with recommended and micro dose fertilizer applications. The 
results of these experiments indicated that micro dose applica- 
tion may significantly increase crop yield, but soil type and 
rainlhll conditions can severely limit crop response. 

On-Frrnit Trials 

On-firm experiments with millet were conducted in three 
villages srnond Segou. The objective was to determine the per- 
formance of micro dose fertilizer treatment compared to 
famer's practice. Two treatments were studied: TI = farmer's 
practice: 7 2  = 4 T  ha^' manure + micro dose (2g per seeding 
hole). 

The experiment sites were characterized by low organic 
matter content, low pH and low nutrient status. At the planting 
time. sumc difficulties related to plant germination were ob- 
sewed. For both grain yield and straw yield, crop response to 
micro dose treatments also depended on soil type. On heavy 
soil. no response was observed while on sandy soil. the percent 
yield increase due to micro dose varied from 40% to 82% a 



KounP. from 15Ub to 100°o at Kamba and from 55 to 9ho0 at 
Kolodougoukoro (Table 13). 

Mall - Sorghum 

To study the effect of planting date. plant population. and 
the interactions on two tan-plant sorghum varieties (97-SB-DT- 
153 and Malisor 92-1 ). three plantins dates. seven plant popu- 
lations with \arying r o u  width and hil l  sparings. and three ier- 
tilizrr le\els(Kebilaonly) were naluated at Sotubaand Kehila. 
At Sotuba. for both grain and biomass yield. the earliest plant- 
in: date (June 20) was the &st. uh i l r  at Kebila. the middle 
plantine date (July 5) was superior for both grain yield and 
biomass. There \\as no signiticant interactions ofplanting date 
x population or \% ith cultivar. However. significant dityerences 
due to plant population were obsensd at both Sotuba and 
Kebila \\ ith the highest plant populatio (0.75 m x 0.25 m. x i th  
53.000 hills ha. and 2 plants per hil l) giving the highest yield. 
At Kebila. the highest fenilizer rate (92-92-01 gave higher yields 
than (41-46-0) or (0-0-01. but there aas no interaction \\ith 
planting date or plant population. The conclusion from the 
2002 results indicated a need to increase plant population up to 
100.000 plants per ha to realize the yield potential o f  these t\r o 
cultivars. 

Ghana - Sorghum 

The major objective of this long-term experiment at the 
Wa Station \\as to determine if fenilizer Phosphorus (P) rates 
(0. 30.60 and 90 kg P ha) applied to one crop (direct for cur- 
rent crop and residual for succeeding crop) or to both crops 
(cumulative) \rould enhance soil Pavailabilityenough to main- 
tain both sorghum and cowpea yields when gro\rn in  rotation. 

Sorghum yield response to frequency of P application \\as 
not significant in 2000. but in 2001 and 7002. kesh (direct and 

cumulati\elapplication o f  Pto sorghum prcxluced signif ismtl~ 
greater kernel numher and grain !~elds than its appl~cati~w to 
prc\ ious coupea crop. Grain hields \r lth i r n h  P applica:lons 
\\ere significantl! increased h! an a\cnge o f  2.:'> 1505 kg 
ha : )  in 2003 tTahle 141. O\er the ) ran.  added ienliner P 
consistentl increased kerns1 n u r n k n  and y n i t  pr~ducrlon In 
a linear manner .Addltionall!. grain \ield \\as ofien more sor- 
related \rith seed n u m k r  than seed \\etzht. Gn tn  !ield \\.IS 

linearl! related to P ntes 11' = 1911X.U - I: 3-P. R-  =G..:Xt 
\\hen a\eragrd across frequent! o i P  applicatior in 3x12 Sor- 
ghum jields \\ere not increased signtti~antl? k!ond the 3 )  kg 
P ha le\el in 2 W l  and 0 0 3 .  Frequens! ~ r i  P application did 
not inlluence coupea yield and > ~ c l d  compxenis in  2Ot%> 
through 2002. 

In another agronom! trial at the \\a Sution [he etYect 
of pre\ ious-crop (sorghum. groundnut. co\rpa. zitd st>! bean, 
on grain sorshurn gror\<h and responx to four \ fenilirer cites 
(0.40. 80 and 120 kg ha I uas studied The e\p-nmmt v3s  

initiated in 2NO and rotation ett'scts uere detern!lned in 2iW1 
and 2002. During both !ears. the stfscts oipre\ tclcs crops ;tnd 
the rates of nitrogen applred to the sorghum did not InteraLt 
siynificantl!. In 2002. apan from smer  prcductio~. agon~,tnic 
and ph!stological traits of sorshurn measurrd or .-slculatec in 
this experiment \\ere not influenced h! the preiious crops. 
Ho\rc\er. on a\erage. soyhunt iollou ing yroundnut tended to 
ha\ r  the greatest grain ) ields i l l 5 l kg ha I 3nd rumenc~ll! 
the most kernels. follo\\ed hy so~hu rn  ibllo\r i n  r o \ \ p a  ( 135.1 
kghal  or soykan (1-21 kf ha I. uhile the leas Sraln !ir.ld 
and fe\\est kernels \\-ere recorded after a prc\ tous crop o i w ~ r -  
ghum ( 1627 kg ha I. Similar results sere ,>brained in  21%,l 
The resuln suppon the need ior enhancing biologic31 nitrogen 
fixation of grain legumcs to furnish some ofthe Z requirernerts 
of  non-lesumes in rotation cropping s!items. 

In a thirdagronomy trial ar \Va. the sfTets oitenilizer u s  
and crop residue management on soil organic m3trltr c c ~ ~ t e ~ t .  
extractable nutrient concentration and pmduction ofmaize and 
sorghum in the sa\anna zone uere studied. 

Resulrs indicate rhar crop rrrsidue return rate did nc)r lntlu- 
ence parameters measured or calculated for s ~ h o r n  in lO0I 
and 2002. \!'hen a\eraged across residue return r3m. ieni:. 
ized sovhutn flo\rered 4 days earller than did unien:llred sor- 
ghum. Hox\e\er. added fenilizer lncreaxd plant he:ght. seed 
numkr. sto\ er and ultimate grain ! ields. 4 ! ield ac\antage c i  
113'0('32 kg ha ' ) \ \as obtained from fenllizzd sorghum ~ h e . 1  
compared with unienilized plants a\eraged o\cr crop rnidu: 
rates. The results obtained for the tuo  seasns m e a l  that fer- 
tilizer application regardless o f  crop residue can increasz sor- 
ghum grain ! ields on a sa\anna soil lou in plant a\ ~ i l ab le  nu- 
trients. 

Economtc .Anal)sis Ghana .\gronom! 

t..ononil; anal! x..; sugglt.;~ that uhsn a n r p a  I. ;nwn ir 
r,~i3tiuit i14tn \orghuin. P icnil!/~.r ihoulci tw ~ppl tcd J reirl! I,, 



Host Country Program Enhunc mrrrr~ 

sorghum at the rate of 90 kg Plha (the maximum net benefit is 
obtained with the rate and frequency of application). For four 
cropping seasons the results indicate that when cowpea is grown 
in rotation with sorghum, it is better to apply P fertilizer to the 
sorghum crop and allow courpea to benefit from the residual P 
effect. 

Partial budget analysis indicates that when no nitrogen fer- 
tilizer is applied cowpea is the best preceding crop to sorghum. 
Sorghum as a preceding crop exhibited consistent increases in 
net return with increase in nitrogen fertilizer application. In all 
uses sorghum benefits from legumes as preceding crops in the 
rotation. The highest net return was obtained using groundnut 
as a preceding crop with 80 kg lia~'. 

When the effect of residue return and fertilizer use were 
considered, results showed that a 100% residue return rate com- 
bined with 2.5 bags each of 15-1 5-1 5 and sulphate of ammonia 
was the best option. When no fertilizer was used the highest net 
retum came from a 50% crop residue return rate. 

The IER developed and released white-seeded, tan-plant 
Guinea type cultivar, N'Tenimissa, was use in identity preserved 
(IP) marketing and in value-added products and com~nercial 
utilization. In building upon the initial success in 2001 of a 
local entrepreneur in grain trading from the Bamako area of 
Mali, Mr. Diawara, he arranged in 2002 with assistance of Dr. 
Jupiter Ndjeunga (ICRISAT) and h4r. A. Diallo (IER) fora much 
larger increase of N'Tenimissa grain. In 200 I .  1 1 tons of grain 
were available for the entrepreneur to sell andlor process. The 
goal in 2002 was 200 tons of grain. Four villages were in- 
volved, 2 in the Bamako area and 2 in the Sikasso area in South- 
em Mali, Kafara, Safebougoula. Garalo. and Yanfoliye. It in- 
volved 110 farmers and about 200 ha. Fanners in these vil- 
lages contracted with the grain trader. More than 220 tons were 
harvested with an average grain yield of?,000 kg ha-'. Unfor- 
tunately, because of financial and other prohlems involving the 
grain trader and his company. the contracts were not fulfilled. 
Understandably, the farmers were "very unhappy" over this situ- 
ation. However, part of this production was sold to the grain 
trader and in local markets for an increased priceof 10-20 FCFA 
per kg compared to the local market price. The short and long 
term impact ofthis unfortunate situation is unkown at this time, 
and its efyect on 2003 plans is unclear 

In 2001, Mr. Diawara was successl'ul thru contracting with 
farmers in receiving 1 1  tons of N'Teuimissa grain. When the 
demand for the flour from CAM declined due to the removal 
on tariffs on wheat, causing wheat prices to fall, the entrepre- 
neur was successful in utilizing alternate markets. He sold about 
one ton as 1 kg bags of sorghum flour called Sorgho Phar for 
500 CFA in local markets and the demand was excellent. He 
sold 7 tons as whole grain in markets around Bamako. and the 
grain sold for a good price premium. The demand for this good 

quality N'Teni~nissa whole grain was excellent according to 
the grain trader, even maybe better than for the 1 kg bags of 
flour. This illustrates the important point that enhanced quality 
grain is recogni~ed and can be used to develop new IP market- 
ing of sorghum grain and stimulate the involvement of local 
entrepreneurs in developing and marketing new urban food 
products in addition to being a marketable product itself in Mali. 
Also, most fiirn~crs have a preference for the grain for their 
own use due to its white color and clean grain. 

Institution Building 

The sorghum and millet programs received, through 
INTSORMII. collaboration, a computer, and various field and 
laboratory research equipment and breeding supplies. 

Many Mallan scientists trained at INTSORMIL institutions 
are senior staff making important contributions in sorghum 
and millet research within the LER including: 

Dr. Aboubacar Toure (Texas A&M) - Currently Sorghum 
Breeder. Mall Na t~ona l  Coord~nator for sorghum, Mali 
INTSORMIL Coord~nator, and on INTSORMIL Technical 
Committee. 

Dr Mamourou D~ourte (Texas A&M and Kansas State) - Cur- 
rently Head Sorghum Pathologist. 

Dr. Samba Traore (Nebraska) - Currently Agronomist and Mali 
National Coordinator for Millet. 

Dr. NiamoyeYaro Diarisso (TexasA&M) - Currently sorghum 
entomolog~~t. and head ofthe Vegetable Station in IER. 

Dr. Mamadoit Doumbia (Texas A&M) - Currently Director of 
Soil Laboratoy and soil scientist with IER. 

Mr. Abdoul LV. Toure (Nebraska) - Currently sorghum agrono- 
mist. 

Mr. Sidi Bekayc Coulibaly (Nebraska and Texas TechITexas 
A&M) - Preiiously sorghum physiology/agronomy and sor- 
ghum breeding and INTSORMIL Coordinator. Currently sor- 
ghurn/rnillet hi-ceder, Cinzana. 

Students currently in training include NiabaTeme who suc- 
cessfully completed his B.S. and M.S. at Texas Tech Univer- 
sity and is currently a P1i.D. student at Texas Tech University. 
Karim Tronre, fonner IER millet and sorghum breeder is now a 
Ph.D. studelit at Texas A&M University. Mr. Tiecoura Traore 
has initiated a M.S. program in sorghum entomology at West 
Texas A&M University. 

Bocar Sidibe, Abocar Toure, KissimaTraore, SibPne Dena, 
and Moussa Sanogo received short term training in the USA 
provided hy INTSORMIL in breeding and plant pathology. 



Host Countr?. Prr~~r'rnr E~rhsiirmerrr 

Dr. Aboubacar Tour t  Malian sorghum breeder. is a mem- 
ber of the streering committee of the Nest and Central Africa 
Sorghum Research Nenvork. LVC.ASRS (ROC.ARSI. 

U.S. scientists tra\eling to the region included: Dr. Bonnie 
Pendleton (.Mali - October. 2002). Dr. Jeffrey \Klson (Ilali- 
October. 2002). Dr. John Sanders (Mali and Senegal - Octokr. 
20021. Dr. Darrell Roseno\v(\fali - Sovemher. 20021. Dr Lloyd 
Rooney and Bruce Hamaker ( Senegal - Januan. 2003 ). 

Several host countr). scientists trawled to Ethiopia in So- 
vember. 2002. and panicipated in the INTSORlllL P.I. Con- 
ference where they interacted extensively \vith C.S. and olher 
host count5 scientists and planned future collaborative acti\i- 
ties. Scientists travelingto the P.I. Conference in Addis,Ababa. 
Ethiopia included Aboubacar Toure. Siamoye Diarisso. 
Mamadou Doumbia. Irfamourou Dioute. Ylamadou N'Diaye. 
Abdoul Demba M'Baye. Mamdou Balde. and ;\hahacar S'Doye 
(ITA). from Senegal: and Sakka Buah. Ibrahim .Atokple: Ste\e 
Nutsugah. and Paul Tanzubil from Ghana. 

D r  Aboubacar Toure also attended a R.F. sponsored Con- 
ference on Biorechnology. Breeding. and Seed Systems ior.Af- 
rican Crops. Sovember 2001. Entebbe. Uganda. IER scien- 
tists also attended a \r-orkshop on l t e m a t i \ e  and protein-en- 
riched ~ r g h u m  and millet food products. Pretoria. South .A11 
rica. 

Mr. Steven Nutsugah. Pathologist. Ghana participated in 
the Fusarium Workshop. Kansas State Unirersity. Ilanhattan. 
Kansas. June 2003. 

Networking 

An efficient sorghum and millet research and technology 
transfer nerxvork has existed though the West .4frican regional 
sorghum and millet net\vorks. LVC.4SRN (ROCARSI and 
ROCAFREIII. The ISTSOR&lIL IER collaborati\e program 
is integrated on a regional basis. Technologies de\eloped in 
Mali are transferable to most countries in West .Africa panicu- 
larly in the areas where head bugs. drought. and grain mold 
which are common. Exchange of elite germplasm with useful 
traits is ongoing among breeders in the region. The emerging 
interaction with NGOs. the Universitj of hlali (IPR dr  
Katibougou). farm organizations. and extension in conducring 
on-farm research and tests is a positive one that efticientl) utl- 
lizes scarce resources and personnel. The program is using this 
approach to evaluate new impro\ed breedingcultivan and other 
technologies in the \\est Africa Region. Effons are undentay 
to reinforce coordination of research pro-gams and actit ities 
with other countries in [Vest Africa. Collaborative ISTSOR\IIL 
research was initiated in Ghana and Senegal in the 2001 sea- 
son. and efforts have been taken to tie some of this in uith 
researchers and programs in Burkina Faso. Sigeria. and Niger. 

The program has also interacted with ICRISAT. 
TROPSOILS. SOVARTIS. etc. There has been a long histon 

ofcollabnratim with ICRISAT in \lali especiall) in breeding. 
entomolog?. and n-ced science. The pmgram h s  aswrrbled. 
planted. increased and characterized the \fall Sorghum Col- 
lection in collabration 16 ith CSDA-ARS. 1CRIS.AT. ORSTOLI. 
CIR.AD. and seed is in storage in \la11 and hastwcn mtrwiuced 
into the U.S. and gro\rn out under quarantine The xrtd in- 
crease and characterization uere completed ir :M>I and the 
complete set of data on the o\er 40 gram. glbn~e. and plant 
characters uas compiled and sent to the CSD.X .ARS for entn 
in theGRlS s?stem. Theds\elopmenr o fa  u o r \ : n  gmup for 
acti\e use is ongoin?. Afier the seed is prcxessed. c*rnl>lete 
s n s  uill be sent. as appropriate. to ICRISAT. ORSTO\I. and 
Ilali. 

Sea Ghana and Senegal Collaboration 

Plans to inltiate ISTSOR\IlL collahrati \s  research i n  

Ghana and Senezal began in S o \ e r n k r  ICXY). :r~th arrange- 
ments to brine two sc~entists each from Ghana ~ D r s  S. B ~ a h .  
agronomist and 1. .Atokple. sorghum breeder1 and Senegal 
{Sdiaga Cisse. sorghum breeder and Dzmba \I'Ba!e. pathilt% 
gist) to Bamako to meet \\ith Darrcll Rosznou. .Ah>uha~ar 
Toure. and other ke! \lalian IER scicnt~sa. Dr. Hush alretd! 
had pre\ iousl? initiated a collahorat~\e program :r agrclnom! 
\t ith Dr. Ilaran\ille. The discussions \\ere all fruitit~l and p s t -  
ti\e uith three init~al areas of collahntlon arn~lng Ilalinn. 
Chana.andSenegal scienristsaqc~ud u p n :  I I Soghum B m d -  
ing with the establishment o i a  germplasm e\chanye pregmm 
cenlering on a \Vest .African Regional Brcsding S u ~ p  w \\ hich 
all breeders tvould contrihute nett hreeding germplrtim or cul- 
ti\ars annually, and uould k asxmhlcd and distnhutcd h? Lh. 
Tour; in Ilali: 2 )  Sorghum Patholoyz centered iniliall! t>n 3 

H s t  .African Disease Sursep to uhich all pathol+gists and 
hreedrn ~ o u l d  contribute en~ries annuall! and uould k a;- 
semhled and distributed h! \I. Diounr in Ilali: and .: I 3vr.z.1 
research \\ ~ t h  initiall? a Str~,qn nurse? o i  knou n or suspected 
Srrigtr resislant local cultit ars and selected l i n e  irorr 1% Gehir3 
Ejeta e\aluated at se\eral sites. The lines \\ i l l  be assr.mbled in 
Mali and distributed b! -\car Troare. Also Dr Ejeu \\ill loo, 
at some of the sources for t?pzs of resistance in\ol\ed. In ad- 
dition. ISTSOR\IIL scicnusts in the C.S \rill pro\ide br&- 
ing germplasm for midge resistance. drouzht resislnnse. grain 
mold resistance. other disease reststance. and elite wlurczs of  
\vorld\\ ids germplasm for the neu hrr~ding programs in Ghan;~ 
and Senegal. Requests \\ere made h! scientists in Ghana anc 
Senegal for the future de\rlopment of collah?raric~o in n1111et 
breeding. entornolog?  head bugs and midge I. cereal ta-hnol- 
og! and utilization. and agronom? Dr. Buah has connnud hm 
collabnrati\e acti\ities in Ghana based on prs\ioud> dc\el- 
oped aork plans uith \laran\ ille. 

Research Accomplishments - Summan- 

The most significant impact ofIZTSORIIIL hiv k n  rhe 
strengthening of the IER both through staff tralning and R- 

search capacity building. Interdisciplinan and cn,penti\e re- 
search in sorghum and miller u hich are In place at the IER are 



mainly due to INTSORMILfIER collaborations. The 
multidisciplinary approach to solving technical problems have 
been promoted by the INTSORMIL, and is functioning well in 
Mali. 

Breeding 

From on-farm trials, the Guinea-type cultivar 97-SR-F5- 
DT-63 (N'Tenimissa*Tiemarfing) has been selected, seed saved, 
and grown by local farmers and has been released and named 
"Wassa" which mean 'satisfaction' in Ramhara. Farmers like it 
over N'Tenimissa because of its whiter, higher quality grain. 

Two other new breeding lines. true Guinea cultivars 
(N'Tenimissa*Tiemarfing) were widely tested and given the 
names Zarra and Keninkedie, and will be increased for use in 
value-added products. All three of these new cultivars have 
superior grain quality and less stem breakage then N'Tenimissa. 

Eight local photosensitive sorghum cultivars have been im- 
proved through mass selection and are grown by farmers on a 
significant area in Mali (CShZ 388, CSM 219E, CSM 63E, 
Foulatiiba, Seguetana CZ, CMDT 45 , ('MOT 39). 

The white-seeded. tan-plant Guinea type breeding culti- 
var, N'tenimissa. was released. It's yield is equal to or slightly 
superior to local checks. It has good farmer acceptance regard- 
ing yield and food use. Flour froni N'tenimissa is currently 
being marketed cornlnercially (20%N3tenimissa and 80% wheat 
flour) in a cookie called DeliKen by the private company, GAM, 
in Bamako. 

A local entrepreneur in Mali successfully produced . in 
2001, over 1 I tons of grain of the white. tan plant guinea culti- 
var. N'Tenimissa, under identity preserbed (1P marketing pro- 
cedures. This grain trader also developed a new market by 
packaging and selling one kilo bags of tlour (Sorgho Phar) in 
Bamako markets. with ademand so strong he was having trouble 
keeping the product on the shelf in 2002. his contracted pro- 
duction for 200 tons was derailed duet linancial and other prob- 
lems in his company unrelated to the Y'Tenimissa effort 

Varieties of millet selected for the tallest cxpression ofthe 
D2 dwarfing complex (I .7 to 1.9 m) have given good perfor- 
mance in milletllegume intercropping stitdies. 

Testing in Texas and Mali has demonstrated that the drought 
response in Mali is similar to the drought response in West 
Texas. increasing the probability of success in breeding for 
enhanced drought tolerance. 

The Mali Sorghum Collectior~ of indigenous cultivars from 
Mali was successfully grown in 1997. was characlsrized and 
seed increased and distributed. A small working collection has 
been identified. There was greater diversity in the collection 

than anticipated. kpproximately one-third of the Collection 
was grown in St. Croix in spring 2000 with seed increased and 
characterization completed. The remaining two-thirds was 
grown in a St. C'roix quarantine growout in winter. 2000-01, 
and seed increased and characterization completed. A tenta- 
tive working collection was identified. 

The adverse effect of head bugs on the grain food quality 
of ilitroduced sc~rghuni across West Africa was first recognized 
and docunientecl in Mali. 

The IN-TSOKMIL collaborative sorghum entomology re- 
search program in Mali has discovered the best source of ge- 
netic resistance to head hug (Eurysh.lu.; marginatus) in anon- 
Guinea type sorghum, a major constraint to the quality of grain 
sorghum in Mali. in an IER Malian developed cultivar. Malisor 
84-7. 

An eas): clficicnt technique for screening for head bug re- 
sistance using bagged vs. non-bagged heads has been devel- 
oped and is used cooperatively by the breeders and the ento- 
mologists. 

Ohser\,atioiis indicate that head bug infestations in on-farm 
trials is ~nucli lou.cr than in Station Nurseries. This means that 
sorghum with somewhat lower levels of head bug resistance 
may well ur(lrk at the farm level. even though they may show 
significant dalnzlge under certain Station infestations. 

Sorzh~~m selfing bags work equally well with cages in head 
hug evaloations and are much more cost and labor eficient. 

Natural ~nfestation appears superior to infested cages for 
head bug screening. 

Grain yield increase of 20% can be obtained by treating 
millet cued v, it11 Apron plus. 

Protection kom head bugs will be a requirement for evalu- 
ation of gra~n ~nold resistance. 

Long smut (Z~lvpo,sporium e h r e n h e ~ i i )  is severe in the 
drier rc:!inns o f  Mali. Anthracnose (Collectostrichum 
grumini<.o!rr) is a very serious sorghum disease in Mali. 

Studies h e r e  conducted on covered kernel smut 
(.Ypk~icc.!i,/in~r.ri sor-fihi) by using traditional fungicides and the 
results slioived that "Con" (Canavulia ensilqformis) used in 
seed treatment had the same effects as Apron Plus SODS and 
Oftanol. 



Agronomy Grain Qualiiy and L iilixtion 

Micro-dose fenilizer application increases the grain and 
stover yield of millet on sandy soils. its effect on sorghum and 
on heavier soils is highly variable. 

INTSORMIL IER research has demonstrated that m~llet 
or sorghum planted after peanut or coapea results in 36-63"o 
y~eld increases. 

INTSORMIL collaborative research has s h o w  an increase 
in pearl millet grain yield and biomass production due to previ- 
ous conpea crops and equi\alent to the application of 3 0  to 40 
kg ha-' N. 

The joint IYTSOR\lIL'Soil Management CRSP collabo- 
rative program has addressed soil chemical propenies associ- 
ated \vith nutrient deficiencies toxicities in sandy soils of the 
Cinzana Station. Some Durra xarieties From Niger and nonh- 
em hlali show tolerance to soil toxicity (Bagoba. Babadia Fara. 
and Gadiaba) 

A method of screening large numbers of sorghum and mil- 
let lines for early generation and selection for seedling stage 
drought resistance using a charcoal pit has been adapted and is 
used. 

Nitrogen use efiiciency (NUE) oCimpro\ed sorghum cul- 
tivars has been better than that of local cultixars at higher S 
rates. while local cultivars had bener S C E  at zeroand v e g  lo\% 
N rates. 

Without fenilizer application all tested cropping s)sams 
(including legume rotations) mine the soil of nutrients. 

Crop rotation with conpea and ]eating crop residues in 
the field (either incorporated or on the surface) increases the 
sustainabilityand productivityofpearl millet cropping systems. 

New IER developed sorghum cultivars show moderate Ie\ - 
els of acid soil tolerance. 

Weed Science 

Several Strigo resistant lines from Purdue evaluated in \tali 
showed good Strfga resistance. but had inferior grain quality 
compared to local cultivars. 

Strigu resistance using lah screening to Srrfzi~ a.rionc~ in 
the US works under field condi~ions to S. Irrrmoruhico in \fali. 

\ e n  sources of resistance to Srriso \\ere identified: 
Segukana CZ. CMDT 15. ClIDT 30. C l lDT 39. 

Seberal neu Guinea breeding line culti\ars such as Hassa 
show good Str~gu tolerance 

I l i n i  tests for e\aluaring mill~ng and ti, propsnie \rere 
developed and currently are used in thc lakvaton. Seehum 
with hard endosperm and thick pemlarpi u as delin~tel! q u i d  
for etlicient traditional hand pounding The sire and shape of 
the pearl n~illet kernels atTects dehulling propsnim zigniticanll!. 

Head bugs damage reduced soyhum millins ?1eld3 3nd 
produced ti, u ~ t h  unacceptable te\tore and Lsr.p~ns propenlh 

Parhiling can con\ en sorghum and millet intt~acczptrble 
products. I t  impro\cs dehullinp yieds. epeiiall! fbr ,oft gm:n.;~ 
The cooked m~lled products can he eaten like n i s  

Thc combination ofcowpea and m~llet flour I I :11 s~gniil- 
canfly improved the nutritional status ofyounc children. Thts 
technology has been transferred to man? \ illagm espsc~all? in 
the Cinzana area. 

\fileg. a weaning t;xd using primaril! rn~llet tour has k e n  
de\eloped h? pri\ate entrerprise and markcred in s:\>re$ In the 
Bamako area. The product \\as de\elopd usins :eihnolog! 
de\eloped in the IER Cereal Technolog? labontor\ 

S e u n  hite-seeded. tan-plant. tan-glume g u ~ n e z - r ) ~  hnud- 
ing culti\ars. haxe good potential for u x  in  detsloping ncu 
high quality. \slue added i d  products. The! prsszi excellent 
euinea traits and yield potential. 

Deli-ken. a cookie using ?(I% S'T2nimlisa tlcur and Sl'r'n 
\+heat flour has k e n  de\cloped h! pn\ate enlrerpnse G~A\l  
and marketed in stores in \lali. 

.A ne\\ market for S'Tmimissa flour has k e r  dc \e l c~pd  
with thc successful marketing of I kg bags c,fV'Ten n1iss3 flour 
in Bamako by a local entrepreneur. 

I n  \tali. a local entrepreneur successfull? p n r u c c j  %ran 
from the \+ hite-seeded. tan-plan1 Guinea culti\ar. S'Tentrn~;%. 
under identic presened ( IPI  marketing procedures. in\cl\ in< 
38 ha and 50 farms in -I \ illages. From 3R tons him s t & .  o \cr  
II tons \\ere sold to the gnln  trader. \\hen the denland fbr 
sorghum flour b? C \ I  for cwkies dropped due :I. d u c d  
tariff'on \r hc31 i m p n s .  a ne\\ make! ior the S'Temmtrja tlou- 
was de\eloped \\ith !he marketing of one ~ I I Q  bays of 
S'Tenimissa tlour ~Sorgho Pharr in markets in Bamako. Dr.- 
mand \\as so strong. there \\ere prohlenc kesplng the prcduc: 
on the shelf .A ptnion of the grain \<as also sold Jirectl! ir 
local Bamako markets. and sold \<ell at a premium price 

An economics study on the knefi ts  of nea rh-tnolog) In 
\lali suggests that ne\\ technolor? in the tndlt~onal zsreals 01 

sorghum and pearl millet \\auld pro\ide a grater  increase in 



Host Countr;~ Progranl Enh:nhuncr.n~rnt 

benefits compared to new technology introduction in the new irregular rainfall in semi-arid regions, both increased water 
cereals, maize and rice. availability and higher levels of principal nutrients will be nec- 

essary for substantial yield increases, Improved cultivars alone 
The domestic cereal economy has been helped by devalu- are unlikely to have a significant effect upon yield. 

ation with the increased relative price of sorghum and millet to 
rice. A future devaluation is expected to result in much more The lack o f a  consistent supply of high quality sorghum 
substitution of traditional cereals now that there is only a mini- alld millet grain is the major constraint limiting value-added 
ma1 rice tariff. grain processing. 

In spite of substantial introduction of new sorghum and Lack of farm credit for millet and sorghum, compared to 
millet cultivars, there has been minimum aggregate impact on cotton and maize, discourages adoption by farmers of improved 
yields. Only where inorganic fertilizers and improved water millet and sorghum technology, especially in the Sudano- 
retention or irrigation were combined with new cultivars, have Guinean (higher rainfall) zone. 
there been large yield increases. Given the low soil fertility and 
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Edr~cariono/ .Ar/ibi/ic~s 

Year 24 Educational Activities 

INTSOR\.lIL gives high priorit? to training host county 
scientists \\ howill have major responsibilities for sorghum and 
millet research in their home countries. Training is also pro- 
vided for young C.S. scientists who plan for careers in intema- 
tional development \\ark. 

The most frequently used mode oftraining is graduate study 
for advanced degrees. with the students' research forming an 
integral pan of an IYTSORLlIL project. During the year cov- 
ered by this repon. 58 students from 2 I different countries were 
enrolled in an INTSORLZIL ad\anced degree program. r\p 
proximately 72% of these students come from countries other 
than the U.S. uhich shows theemphasis placedon host county 
institutional development (Figure I ). Figure 2. Degree Participants by Gender. 
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Figure 1. Degree Particioanls bv Recion. 

ISTSOR\ZIL alsoplacesa high priority on training women 
uhich is reflected in Figure 2. In 2002-2003. 21°a of  all 
IUTSORMIL graduate participants were female. T\vel\e of the 
total 58 students receiled full lNTSORlllL scholarships. An 
additional 1 3  students receiied panial INTSOR>lIL funding 
and the remaining four students s e r e  funded from other sources 
as shoun in Figure 3. 

All 58 students worked directly with ISTSOR31IL princi- 
pal in\ estigators on INTSORLZIL projects. These students are 
enrolled in graduate programs in eight disciplinan areas. 
agronomy. animal nutrition. breeding, patholog). e n t o m o l o ~ .  
food quality. economics. and molecular biology. 

The number of INTSORlfIL funded students has decreased 
gradually over the years. This is related to decreases in pro- 
gram budget and lo\cer numbers of C.S. principal imestiga- 
tors. In 1993-94 there were 25 C.S. Pis nith the program and 
in 2001-2003 there a-ere 18. 

Graduate degree programs and short-term training pro- 
grams have been designed and implemented on a case by case 

Figure 3. Degree Participanrs Funding 

basis to suit the needs of host countp scientists File post dt-w- 
ton1 scientists and 13 \ isiting host countn scimtirts \\ere pro- 
vided the opportunity to upmade their skills in this fashion dur- 
ing 2002-2003. 

Figure 4 is a comp~lation of all ISTSOR\IIL tratnlng ac- 
ti\ities hy disc~pline for the pe r id  Jul! I .  2 m l  through June 
-70. ?W3. 

Figure 4. Degree Participants b? Diseiptine 
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Year 24 INTSORMIL Degree 
Training Participants 

July 1, 2002 - June 30,2003 

N a m e  C o u n t r y  Uniu. Discipline A d ~ i s o r  Degree  G e n d e r  F u n d i n g  

Kathol. Delon U S .  UNL A c r o n o m ~  Mason MSC M P 
Kaye Mady, Nanga Chad UPiL A&onorny Mason MSC M P 
Mesfin, Tewodros Ethiopia UNL Agronomy Wortmann M amo MSC M P 
Miller, Greg U.S. UNL Agronomy Wortrnunn Mamo MSC M P 
Ngulube-Msikita, R. Zambia UNL Agronomy Eastin MSC F I 
Tesfahungen, G.B. Ethiopia UNL Agronomy Wonmztnn Mamo MSC M P 
Xcrinda, Soares Mozambique UNL Agronomy Wortmi~nn'Mamo MSC M IC 
Daniel, Christian St Lucia UNL Agmnomy Wortrni~nn Mamo PHD M P 
Maman, Nouri Niger UNI. Agronomy Mason PHD M P 
Quincke. Andreas Llruguay UNI. Agronomy Wottmann'Mamo PHD M P 
Reeassa. Teshame Ethiopia UYL Agronomv Maran\ ~ l l e  PHD M I 
Baudon. Edouard Francc KSU Animal Nutrition Hancock MSC M P 
Kriegshauser, Tnvis  U S .  KSU Breeding Tuinstra MSC M P 
McCanor, Kayla U.S. TTU Brccding Rusenmv MSC F P 
Mutaliano. Joaquim Mora~nbique TAM Breeding W. Ruoncy MSC M IC 
Stamm, Michael U.S. KSU Breeding Tuinstrn MSC M P 
Teme. Niaba Mali TTIJ Rrecding Roscnow MSC M P 
Coulibaly, Sidi B. Mali TTU Breeding Roscnow Peterson PHD M P 
Ellicott, Alexis U S .  PRF Breeding Ejcta PHD F P 
Franks. Cleve U.S. TAM Breeding W. RooncyRusenow PHD M P 
Knoll, Joseph U.S. PRF Breeding Ejeia PHD M I 
Knshnamarthy, G. India TAM Breeding W.  RooncyRosenor PHD M P 
Mateo, Rafael Honduras TAM Breeding W. Rouncy PHD M I 
Teme, Niaba Mali TTU Breeding Rosenow PHD M I 
Traore, Karim Mali TAM Brrcdine RosenowPetcrson PHD M P 
Uaiene, Rafael Mozambique PRF Economics Sanders MSC M IC 
Wubeneh, Nega Ethiopia PRF Economics Sanders MSC M I 
Tahirou. Abdoulavc Niger PRF Economics Sandera PHD M I 
Ayyanath, M. India WTU Entomology Peodlrti,~> MSC M P 
Chitio, Fernando Mozambique WTU Enrolnology Pcnd lc to~~  MSC M P 
Palousck, Anastasia C.S. WTU Entomology Pcndlriol> MSC F P 
Sambaraju, Kishan India \VTU Entomology Pendistim MSC M P 
Traore, Tiecoura Mali WTU Entomology Pcndlcton MSC M I 
Vcerabomma, Suresh India WTU Entomology Pendleloii MSC M P 
Gorena. Roberto U.S. TAM Entomolopy Peicrson PHD M P 
Johnson, Zeledon Nicaragua MSU Ent<,rnolo& Pitre PHD M 1 
Pichard. Sermo Nicarama MSU Entomology Pitre/('lailin PHD M P 
Acosta David Mexico 'TAM Fot,d Science L. Roonrv MSC M P 
~ ~~ ~ . - ~ 

~~ ~~ 

Barron, Marc U S .  TAM Food Science L. Rooncy.M. Riaz MSC M P 
Banh, Alison U.S. PRF Food Science tlami~kcr MSC F P 
Cedillo, Cuisselie Mexico TAM Food Scicnce L.  Rooncy MSC F P 
Garza, Jessica Mexico TAM Food Sciencc L. RooneylK. Waniska MSC F P 
Maladen, Michelle India PRF Food Science 1lam;lkcr MSC F P 
Maranphal, Nitit Thailand TAM Food Science L. Rooncy MSC M P 
Suhendra, Budhi Indonesia PRF Food Scicncc Hem:!kcr MSC M P 
Rudiger, Crystal U.S. TAM Food Science L. Rooncy MSC F P 
Turner. Duane U S .  TAM Food Science L. Ko0ni.y MSC M P 
Wonham, Lindsay U.S. TAM Food Science I.. Rooncy MSC F P 
Awika, Joseph Kenya TAM Food Science L. Roonc).'R. Waniska PBD M P 
Bueso, Francisco Honduras TAM Food Science I. .  Rooney'K. Waniska PHD M P 
Bugusu, Betty Kenya I'RF Food Science Hamaler PHD F I 
Dykes, Linda U.S. TAM Food Science L. R,,onuyiR. Waniska PHD F P 
Viswanathan. A. India TAM Molecular Biology Mngill MSC F P 
Cho, Jae-Mir Korea TAM Molecular Biology Megill PHD M P 
Katile, Seihe Mali TAM Molecular Bioloey hlagill PHD M I 
Sabry, Ahmed E g y ~ t  TAM Molecular Biology hlagill PH D M P 
Dirshini. Phoebe Botswana UFS Patholoav M c L i ~ ~ n > , S i r a n  PHD F I 
~ a l a h , ~ ~ m e a d  Cpyut KSU ~ a t h o i o ~ ;  Leslic PHD M P 
I = Completely funded by INTSORMIL P = Partially funded by INTSORMIL I C  = ln terCRSP funding 

KSU = Kansas State Univ. T A M  = Texas A&M Unir. USDA = Tifton, Georgia 
MSU = Mississippi State Ueiv. TTU = Texas Tceh Univ. WTU = W. Texas A&M Univ. 
P R F  = Purdue Univ. UNL = Univ. of Nebraska Lincoln 



Year 24 ISTSOR3IIL Son-Degree 
Training Participants 

July 1,2002 - June 30,2003 
S a m e  C o u n t r y  L-ni\. Discipline .Ad\ i so r  .Acli\il> G e n d e r  Fund ing  
Hess. Dale U.S. PRF Breeding Eleta PD \ I  I 
Tesso. Tcsfaye Ethiopia PRF Breedtng Ejcta PD \I P 
Ditshipi. Phoebe Bots\vana T.A\l Breeding Peterson V S  F i 
Kapran. lssoufou Niger PRF Breedlng Eleta \ S \ I  I 
Kaula. Godwin Z a m b ~ a  A Breed~ng  Pct<rson \S 51 I 
McLaren. S e a l  South .Africa T.A\I Breeding Peterson \'S \ I  I 
Mpofu. Leo Z imbabuc  T.A\l Br'sdtnn \C. Rooncx \ S  \ I  P 
Bela!. .Amare Ethiopia PRF Ecanotnici Sanders \ S  \ I  I 
Georeis. Kidane Ethiopia PRF Economics Sandera \ S  \ I  I 
Benmoussa. Mustapha Indonesia PRF Food Science Hamaker PD \f P 
N'Doye. Ababacar Senegal PRF Food Science Hamaker \ S  \ I  P 
Zeiler. Kurt U S .  KSU Patholoe! Lcille PD \ I  P 
Gutierrer. Yanet Nicaragua KSC P a t h o l o g  Clatlin 
Jurgenson. Jim U.S. KSC Patholog? Lesisc 
Mule. Giuseppe Italy KSC Patholog! Leslie 
Narro. Jesus 3lexico KSC Patholoev Clatltn \ S  \ I  I 
Traore.  Hamidou Burkina Faso PRF Sr~iro Research Eleta PD \! P 
\ S  = Visiting Scientist  P D  = Post  Doctoral  

Year 24 INTSOR3lIL 
Conference/\Vorkshop Activities 

Julv 1,2002 -June 30,2003 

Part ic ipants  

S a m e  Locat ion Date  \ Is le  Female To ta l  

Castefieda. JosC \\-. El S a k a d o r  . ~ n r r l .  200:  I i n  I . ~ 

Uganda S O .  i NO!. 2-. 20n2 
Sicaragua Junc 22 -? 2003 
S i e e r  October. 2003 
ha r r s t .  Ethiopia S o \ .  12 - 14. 2002 

Grenier. Cecile 
Pichardo. Sergio T .  
Sirifi, Sevni 
Ethiopia First Sational \Corkshop 
Green Retolution Gene Revoiurion Bologna. Ital) \ lay 28 - 3 I .  2003 
IXTSORSIIL PI Confcrencc .Addis .Ababa. Eth~opia  S o , .  1.9 - 20. 2002 
Fusanum \Corkshop Jlanhattan. Kansas June Z; - 2s.  200; 
Scientific \Corkshop Penang. \lala!sta Fchruar! 4. 00.: 
Scientific Workshop Seoul. South Korea Februarv 6 .  200.2 
Scientific \\-orkshop --- - - Ibadan. Stgcrla .Anrtl 30, 2003 4 0  :A 

- ,  

T O T A L  263 I:h :*, 

Figure  5. Total Von-Degree Pa r t i c ipan t s  bv Gender 
F igure  6. Total  C o n f e r e n c e ~ V o r ~ h o p  

Par t ic ipants  b? G e n d e r  
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INTSORMIL Sponsored and 
Co-Sponsored Workshops 1979 - 2003 

Same M b e r e  H hen 
I .  International Short Course in Host Plant Resistance College Srarlon. T e \ s r  19-9 
2 .  INTSORVIL PI Conference Lincoln. Sebraska I PO 
3.  West Africa Farming Systems \Vest Lafa!ene. I n d ~ a n a  5 SO 
4. Sorghum Disease Short Course for Latin America \ les lco I Sl 
5 .  lntemational Symposium on Sorghum Grain Quality ICRIS.AT I0  Rl 
6. International Symposium on Food Quality H ~ d e r a b a d .  India I 0  SI 
7. 4grimetorology o f s o r g h u m  and Millet in the Semi-Arid Tropics ICRIS-IT I 9 i 2  
8. Latin America Sorghum Quality Short Course El Batan. \fextco 4 8:  
9. Sorghum Food Quality Workshop El Balan. \ l e x ~ c o  4 52 
10. Sorghum Downy Mildew XVorkshop Corpus Chrlstl. Texas h $ 2  
11 .Plant Pathology CI \ f \ I I 'T  6 E2 
I?.S?r;go Workshop Rale~gh.  Sor th  C a r o l ~ n a  S $ 2  
13 . lSTSORMIL PI Conference Scottsdale. .Ar%zona 1 $1 
I4.INTSOR>fIL-ICRISAT Plant Breeding Workshop C l \ l \ l Y T  4 9.: 
15.Hybrid Sorghum Seed Workshop A'ad sled an^. Sudan I 1  $ 3  
16.Stalk and Root Rots Bellapto. Ital! ! I  8 3  
17.Sorghum in the 80's 1CRIS.iT 1924 
18.Dominican Republic Sorghum Sanro D o m ~ n g o  l*S4 
19.Sorghum Production Systems in Latin America C.I\f>fYT 1914 
? O . I S T S O R ~ ~ l I L  PI Conference Scotrsdalc. Arlrona ! $4 
? I  .Primer Seminario Sational Sobre Produccion y L'tilizacion del Sorgo Santo Domlnga 2 $4 
3Z.E\.aluation Sorghum for A1 Toxicity in Tropical Soils o f  Latin Amenca Call. Colombia 2 ;.I 
2 3 F i r s t  Consulratite and Review on Sorghum Research tn the Philippines Los Banos. P h ~ l ~ p p ~ n e l  6 *-I 
Z4.ISTSORMIL Graduate Student Workshop and Tour College Stauon. Tsxa i  C <.I 
25lnternat ional  Sorghum Entomology Workshop College S t a n e n . T e r a r  - i 4  

26.1NTSORMIL PI Conference Lubhock. Texas 2 <> 
27.Niger Prime Site Workshop S ~ a m e ) .  S l p n  17 f5 
2 8 S o r g h u m  Seed Production Workshop C l \ l \ l J - T  I .i $ 5  
29.lntemational >ftllet Conference ICRIS.AT 4 $6 
30.1NTSOR\fIL PI Conference Kansas C I I ? .  \ f ~ i s o u r r  1 5' 
3 1 Maic i l los  Criollos and Other Sorghum in Middle America Workshop Tegucjgalpa. Honduras I: S "  
33.2" Global Conference on Sorghum hlil let  Diseases Harare. Z ~ m b a b u e  3 5 ,  
33.6'h.4nnual CLAIS Meeting San Sal tador .  El Salxador I i S  
3J.Intemational ISTSORMIL Research Conference Scottsdale. Arizona I SU 
35.ARC ISTSORMIL Sorghum Millet \\-orkshop \Vad  leda an^. Sudan I I  x9 
36.\Yorkshop o n  Sorghum Nutritional Grain Quality \Vest Lafayenc. Indiana 3 00 
37.Sorghum for the Future {Vorkshop Cali. Colombla I 91 
38.lNTSOR.MIL PI Conference Corpus Chrlsti. Texas - 41 

39.It'orkshop o n  Social Science Research and the CRSPs Lexington. Kentuck! 2 92 
4OWorkshop  on d a p t a t i o n  o f  Plants to Soil Stresses Lincoln. Sebraska X 9 3  
4l . ln temat ional  Conference on Genetic Improxement o f  Sorghum and \lillet Lubhock. Texas 9 96 
42.Conference on Ergot o f  Sorghum in the Americas Setc Lagoi.  Braztl 6 9- 
43.Ethiopia Sorghum and 41illet Traveling \Vorkshop E th~op ia  9 9- 
44.\IaIi Sorghum Characterization Workshop Cinzana. \la11 1 1  0 -  
45.INTSORLIIL PI Conference Corpu l  Chrlstl. Texas 6 9x 

46. Impact Assessment Workshop Corpus Chr~st! .  Texas 6 9a 

47.Conference on the Status ofSor_ehum Ergot in S o r t h  .America Corpus Chrtsrl. Texas 6 q i  
48.Regional Hybrid Sorghum and Pearl \fillet Seed \\'orkshop Xiarney. Xlger 9 9, 

49.CRSP Symposium Annual Meeting o f the  .\mencan S o c i e n  of.4gronom) Balumore. Slaryland I l l  98 
5OGlobal  ZOO0 Sorghum and Pearl >fillet Diseases I11 Guanajuato. \Iexico 9 00 
5I . IYTSORMIL PI Conference .Addis b a b a .  Ethlopia l 1 02 
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Acronyms 

M-2 S FAA 

A B 4  

ADC's 

ADIK  

ADRA 

AFLP 

A I D  

A1D.H 

ALDEP 

AMEDD 

ANOVA 

ANPROSOR 

APHIS 

.ARC 

4RC 

4RGK 

4RS 

.4SA 

ASARECA 

.4TlP 

AVES 

B A M B  

BlFAD 

BFTC 

CARE 

C A R 0  

CARS 

American Anthropological Association Society for Applied .Anthropolog? 

.4bscisic Acid 

.Advanced Developing Countries 

,411 Disease and Insect Xurser) 

Adventist Development and Relief .Agency 

Amplified Fragment Length Polymorphisms 

Agency for International Development 

Agency for International Development in Honduras 

Arable Lands Development Program 

Association Malienne d'Eveil Au  De\eloppement 

.Analysis o f  \ariance 

Nicaraguan Grain Sorghum Producers Association 

Animal and Plant Health Inspection Senice. C.S. 

Agricultural Research Corporation. Sudan 

Agriculture Research Council, South .Africa 

Anrhracnose Resistant Gennplasm Sursen~ 

A-giculturak Research Service 

American Society of .Agronomy 

Association for Strengthening .Agricultural Research in Eastern and Central-Ifnca 

Agricultural Technolog? Improvement Project 

Association de ,A\ icultores de El Salvador 

Botswana .Agricultural Marketing Board 

Board for international Food and .Agricultural De\elopment 

Botswana Food Technology Centre 

Cooperati\e for .American Reminances to Europe. Inc. 

Chief Agricultural Research Olficer 

Central Agricultural Research Station. Kenya 
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CATlE 

CEDA 

CEDlA 

CENTA 

CFTRI 

CGlAR 

ClAB 

CICP 

ClDA 

CIAT 

ClLSS 

CIMAR 

CIMMYT 

CIRAD 

CITESGRAN 

CLAIS 

CMS 

CNI A 

CNPQ 

CNRA 

CORASUR 

CRSP 

CSlR 

CSIRO 

DAR 

DARE 

DICTA 

DR 

DRA 

Appendices 

Centro Agronhmico Tropical de lnvestigacion y EnseZanza, Costa Rica 

Centro de EnseZanza y Adiestramiento, SRN. Honduras 

Agricultural Document and Information Center, Honduras 

Centro Nacional de Technologia Agropecuaria y Forestal, El Salvador 

Central Food Technological Research Institute, India 

Consultative Group on lnternational Agricultural Research 

Agricultural Research Center of the Lowlands, Mexico 

Consortium for lnternational Crop Protection 

Canadian lnternational Development Agency 

lnternational Center for Tropical Agriculture. Colo~nhia 

Interstate Committee to Combat Drought in the Sahel 

Centro de Investigacion en Ciencias del Mary Limnologia, Costa Rica 

International Maize and Wheat Improvement Center 

Centre International en recherche Agronomique pour le Developpement 

Centro lnternacional de Tecnologia de Semilla y Granos, EAP in Honduras 

Cornision Latinoamericana de lnvestigadores en Sorgho 

Cytoplasmic Male-Sterility System 

Centro Nacional de Investigaciones Agricoles. Nicaragua 

Conselo Nacional de Desenvolvimento Cientifico e Tecnologico 

National Center for Agricultural Research, Senegal 

Consolidated Agrarian Reform in the South. Belgium 

Collaborative Research Support Program 

Council for Scientific and Industrial Research 

Commonwealth Scientific and Industrial Research Organization, Australia 

Department of Agricultural Research, Botswana 

Division of Agricultural Research and Extension. Eritrea 

Direcci6n de Ciencia y Tecnologia Agricola. Mexico 

Dominican Republic 

Division de la Recherche Agronomique, IER Mali 
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DN-Yoro 

EAGA 

E AP 

EAR0 

EARS AM 

EAVN 

EWA 

ECARSAM 

ECHO 

EEC 

EEP 

ElME 

ELlSA 

EMBRAPA 

EMBRAPA-CNPMS 

ENA 

EPIC 

ERSiIEC 

ESBESA 

EZC 

FA0 

FDS 

FEDEARROZ 

FENALCE 

FHlA 

FPX 

FSR 

FSRIE 

F UNDESYRAM 

.-lpperldices 

Integrated Rural Development Project. Honduras-S\ri~zerland 

Extended Agar Gel Assay 

Escuela Agricola Panamericana. Honduras 

Ethiopian Agricultural Research Organzation 

East Africa Regional So3hum and iriillets 

Extended Anthracnose Vrulence Nursery 

Austtian XGO 

East Central Africa Regional Sorghum and blillet 

Educational Concerns for Hunger Organizat~on 

Euorpean Economic Community 

External Evaluation Panel 

Ensayo lntemacional de 10s bfaicillos Enanos 

Enzyme-linked lmrnunosorbent Assay 

Empresa Brasileira de Pesquisa Agropecuana. Brazil 

EMBRAP.4 - Centro Nacional para Maize e Sorgo 

Xational School ofAgriculture. Honduras 

Erosion Productivity Impact Calculator 

Economic Research Service International Economic De\slopment 

Escobar Betancoun S..4. 

Ecogeogmphic Zone Council 

Food and Agriculture Organization of the United States 

Fonds de Developpement pour la Solidariti 

Federacion HondureZa de lnvestigacion .Agricola. Honduras 

Federacion Nacional de Culti~adores de Cereales 

Fundacion HondurenZa de lnvestigacion Agricola. Honduras 

Federation of Agricultural and .Agrnlndusttial Producers and Exponcrs 

Farming Systems Research 

Farming Systems Research Extension 

Fundacion Para E Desarrollo Socio-Economico y Restauracion .Amhiental 
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FUNPROCOOP 

GASGA 

GMB 

GOB 

con 

GRADECOM 

G TZ 

GWT 

HlAH 

HOA 

HPLC 

HR 

IAN 

IANR 

IAR 

IARC 

IBSNAT 

IC A 

ICAR 

ICARDA 

ICC 

ICRISAT 

ICTA 

IDlAP 

IDIN 

IDRC 

IER 

IFAD 

IFPRl 

Appendices 

Fundaci"n Promotora de Coopertivas 

Group for Assistance on  Systems Relating to Grain after Harvest 

Grain Marketing Board 

Government of Botswana 

Government of Honduras 

Groupe de Recherche et $Action pour le Diveloppernent Communautaires 

German Agency for Technical Cooperation 

Uniform Nursely for Grain Mold 

Honduran lnstitute of Anthropology and Histoty 

Horn ofAfrica 

High Pressor Liquid Chromatography 

Hypersensitive Response 

Institute Agronornia Nacional. Paraguay 

lnstitute of Agriculture and Natural Resources, Un~versity of Nebraska, Lincoln 

lnstitute of Agricultural Research, Ethiopia 

lnternational Agriculture Research Center 

International Benchmark Soils Network for A!g~>trchnology Transfer 

hlstituto Colombiano Agropecuario!Colomhian Agricultural lnstitute 

Indian Council ofAgr~cultural Research 

International Centre for Agricultural Research in the Dty Areas 

lnternational Association for Cereal Chemistry 

International Crops Research Institute for the Semiarid Tropics 

lnstituto de Ciencias y Technologia gr icolas ,  Cluaternala 

eigricultural Research lnstitute of Panama 

Internat~otial D~sease and Insect Nurser), 

International Development Research Centcr 

lnstitute of Rural Economy, Mali 

International Fund for Agricultural Development. Rome 

International Food Policy Research Institute 
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IFSAT 

IGAD 

IHAH 

llC.4 

IlMYT 

llTA 

ILRA 

INCAP 

INERA 

INFOP 

INlA 

N A P  

INIFAP 

INIPA 

MRAN 

INTA 

INTSORMlL 

IP.4 

IPlA 

IPM 

IPR 

IRAT 

IRRl 

ISAVS 

ISC 

ISM 

I S M  

Ism 

1TA 

.-lppendice.~ 

lnternational Food Sorghum dapta t ion Trial 

Intergovernmental Authority on Development 

lnstituto HondureZo de Antropologia e Historia 

Instituto lnterarnericano de Cooperation para la A-p'iculNra 

lnternational lmpro\ed hlaicillo Yield Trial 

International Institute of Tropical Agricultura 

lnternational Livestock Research Institute. Niger 

lnstituo de Nutrition de Cenno America y Panama 

Institut d'Environnement et de Recherche Plgricoles 

National Institute for Professional Development 

lnstituto Nacional de invesrigaciones gr icoles .  !4exico 

National Agricultural Research Institute. Ecuador 

lnstituto Nacional de Investigaciones Forestales ?. Agropecuarias. 3fex1co 

Sational Agricultural Research Institute. Peru 

Institut Sational de Recherches gronomiques du Niger 

lnstito Nicaraguense de Tecnologia hgropecuaria. Nicaragua 

lnternational Sorghum Millet. Collaborative Research Suppon Program tCRSPl 

Instituto de Pesquisas .Agronomicas. Brazil 

lnternational Progams in Agriculture. Purdus Lniversily 

Integrated Pest 4fanagement 

Intellectual Propen! Rights 

Institute of Tropical Agricuimre and Food Crop Research 

International Rice Rsearch Institute. Philippines 

lnternational Sorghum rZnthracnose Vin~lence Suner )  

ICRlSAT Sahelian Center 

Integrated S~rigo Management 

Institute of Agricultural Research. Senegal 

lnternational Sorghum \'irus Vurser) 

lnstitut de Technologic Alimentaire. Senegal 
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ITAT 

ITESM 

lTVAN 

JCARD 

KARl 

KIRDI 

KSU 

LASIP 

LCiMS 

LCRl 

LDC 

LIDA 

LIFE 

LUPE 

LWMP 

MAFES 

MAVS 

MC 

ME 

MFC 

MHM 

MI AC 

MIPH 

MNR 

MOA 

MOA 

MOALD 

MOU 

MRN 

Appendices 

International Tropical Adaptation Trials 

Monterrey Institute of Technology, Mexico 

lnternational Tall Variety Adaptation Nursery 

Joint Committee on Agricultural Research and Development 

Kenya Agriculture Research Institute 

Kenya Industrial Research and Development Institute 

Kansas State University 

Latin American Sorghum Improvement Project, Mexico 

Liquid Chromatographyhfass Spectrometry 

Lake Chad Research Institute 

Less Developed Country 

Low Input Dryland Agriculture 

League for lnternational Food Education 

Land Use and Productivity Enhancement 

Land and Water Management Project 

Mississippi Agriculmral and Forestry Experiment Station 

Ministerio de Agrcultura y Ganaderia 

Maicillo Criollo 

Management Entity 

Mechanized Farming Corporation, Sudan 

Millet Head Miner 

Mid-America International Agricultural Consortium 

Honduran Integrated Pest Management Prqject 

Ministry of Natural Resources, Honduras 

Memorandum of Agreement 

Ministry of Agriculture, Botswana 

Ministry of Agriculture and Livestock Development, Kenya 

Memorandum of Understanding 

Ministerio de Recursos Naturales, Honduras 
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hlSU 

NA4RP 

NARO 

NARP 

N ARS 

NCRP 

NGO 

NSF 

NSP 

NSSL 

NU 

OAS 

OAC 

OFDA 

OlCD 

ORSTOiM 

PCCMCA 

PI 

PL-180 

PKVA 

PPR1,DRSS 

PRF 

PRIAG 

PRODAP 

PROMEC 

PROFIT 

PROMESA 

PSTC 

!vtississippi State University 

\ ~ g e r  .Appl~ed ;\pcultural Research Project 

National Agricultural Research Oyanization. L-yanda 

National Agricultural Research Project 

National Agricultural Research System 

X~ger  Cereals Research Project 

Son-Go\ernment Organtzat~on 

Natlonal Sc~ence Foundation 

National Sorghum Program 

National Seed Storaxe Laborator).. Fon Collins. CO 

Ln~\erslt) of hebraska 

Organization of American States 

Organization of.4frican Unity 

Office of Foreign Disaster 

Otlice of International Cooperation and De\elopment 

L'lnstitut Franpis d r  Recherche Scientifique pour le De\rIoppemznt en C<mpenric>n. Francs 

Programa Cooperative Centroamericano para el \iejoramiento de Culti\os .Alimentii:oi 

Principal In\estigator 

Public Laa- So .  -180 

Malien Agricultural Extension Service 

Plant Protection Research Institute Depanment oiRrscarch and Specialist Sen ices 

Purdue Research Foundat~on 

Reg~onal Program to Strenghen .4gronomical Research on Bas~c Grains in Centnl .Arsnca 

Proyecto de Desarrollo Rural en la Region Paracentral 

Program for Research on \l)cotoxicology and Experimental Carc~nogens~s. South . i i , c a n  
Sledical Research Council 

ProductiLe Rotations on Farms in Texas 

Pryecto de Mejoramiento de Semilla - Xicaragua 

Program in Science and Technolog!. Cooperation 



PVO 

QTL 

QUEFTS 

RADRSN 

RAPD 

RARSN 

RFLP 

RFP 

RI 

RIIC 

ROCAFREMI 

ROC ARS 

RPDRSN 

RVL 

SACCAR 

SADC 

S AFGRAD 

SANREM 

SARI 

SAT 

SDM 

S D M W  

SICNA 

SIDA 

SMIP 

SMINET 

SPARC 

SRVCO 

SRN 

Appendices 

Provate Volunteer Organization 

Quantitative Trait Loci 

Quantitative Evaluation of the Fertility of Tropical Soils 

Regional Advanced Disease Resistance Screening Nursery 

Random Amplified Polymorphic DNA 

Regional Anthracnose Resistance Screening Nursery 

Restriction Fragment Length Polymorphism 

Request for Proposals 

Recombinant Illbred 

Rural Industry Innovation Centre, Botswana 

Reseau Ouest et Centre Africain de Recherche sur is Sorgho, Mali 

Reseau Ouest et Centre Africain de Recherche sur le Sorgho, Mali 

Regional Preliminary Disease Resistance Screening Nursery 

Royal Veterinary and Agricultural University, Frederiksberg, Denmark 

Southern African Centre for Cooperation in Agricultural Research 

Southern Africa Development Community 

Semi-Arid Food Grains Research and De\,elopment Project 

Sustainable Agriculture and Natural Resource Management CRSP 

Savannah Agricultural Research Institute, Ghana 

Semi-Arid Tropics 

Sorghum Downy Mildew 

Sorghum Downy Mildew Virulent Nursery 

Sorghum Improvement Conference of North America 

Swedish International Development Agency 

Sorghum and Millet Improvement Program 

Sorghum and Millet lmprove~nent Network 

Strengthening Research Planning and Research on Commodities Project, Mali 

Section of Food Crops Research. Mali 

Secretaria de Recursos Naturales, Honduras 
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TAES 

TAMU 

TARS 

TC 

TPHT 

TropSoils 

UANL 

UHSK 

UNA 

L I A N  

L-KTLLANOS 

UNL 

UPANIC 

CS.4 

USAID 

USAID-RAPID 

USDA 

USDA,TARS 

VCG 

&;AS AT 

\MSDON 

U!ASIP 

U'CAMRX 

WCASRN 

W\'1 

Texas A ~ c u l t u r a l  Experiment Station 

Texas.A&M University 

Tropical .Agiculmre Research Station 

Technical Committee 

Tan Plant Hybrid Trial 

Tropical Soils Collaborative Research Program. CRSP 

Vniversidad Autonoma de Nuevo Leon. 4iexico 

Cnifom Head Smut Nursen 

Uni~ersidad Nacional Agraria. Nicaragua 

Universidad Nacional Autonoma de Xicaragua. Leon. Nicaragua 

Uni\.ersidad Technolo~ica de 10s Llanos 

L'niversit) of Nebraska. Lincoln 

Union of .Agricultural Producers of Xicaragua 

United States ofAmerica 

United States Agency for International Development 

Regional Activit) to Promote Integration through Dialogue and Policy Implementation 

United States Department of .A-Pnculture 

United States Department of .4griculture Tropical Agriculture Research Starion 

Vegetative Compatibility Group 

U.est Atiican Semi-.Arid Tropics 

Uest Africa Sorghum Disease Observation Surseti  

\Vest Africa Sochum Improvement Program 

West and Central Ahcan  4lillet Research Setwork IROC.AFRE\II). Slali 

\Vest and Central .African Sorghum Research Network (ROC..\RSI. Mali 

World Vision lntemational 


