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Front cover 
Food scientists In Mali have tested value-added processing of cereals grown locally wlth women such as 
these in a vlllage near Cinzana The work IS important because the cereals grown in Mall are difficult to 
process through conventional means and the quality of the traditional, ultimate products is poor With 
improved processing comes better quality food and increased profits for local farmers The research pays 
off in the United States, too, as the genes identified through International Sorghum/Millet CRSP 
collaboration with Malian scientists also are being used to lmprove sorghum here Photo courtesy of Dr 
Lloyd Rooney, Texas A&M University, College Station, TX 

Back cover 
International Sorghum/Millet CRSP pearl millet breeders, such as thls one at the University of Nebraska, 
are producing an early-maturmg, drought-tolerant alternative gram crop optlon Pearl millet gram 
hybrids, now belng tested by 20 farmers in six states, can give yields of 50-70 bushels per acre, 
sometimes as hlgh as 100 bushels per acre, in warm, low-ramfall or short-season areas in the United 
States Two Amerlcan seed companies are producing four acres of hybrld seed of these early grain 
hybrids Genetic material in these U S hybrids was obtalned from CRSP researchers' work in Asia and 
Afrlca Food-quality pearl millet grain 1s of interest to the U S because of ~ t s  premium feed gram value 
and export potential to countries where pearl millet 1s consumed In such forms as flat bread, porndge, a 
popcorn-llke food, opaque beer and weaning food Photo courtesy of Professor Davld Andrews, 
University of Nebraska, Lincoln, NE 



Professor W ~ l l ~ a m  D "B111" Stegme~er 

The 1998 INTSORMIL Annual Report 
1s ded~cated to the memory of W ~ l l ~ a m  D 
"B111" Stegme~er In remembrance of h ~ s  

contr~but~on to INTSORMIL and 
pearl mlllet research 

Willzam D f'Bill" Stegmeier, Assocrate Professor Emerrtus of Agronomy at Kansas State Unrversity, and a key member 
of the INTSORMIL mrllet research team, passed away July 25,1998 at the age of 66 Brll was a valued member of the 
I N T S O M L  CRTP beginnrng m I978 and worked with researchers both in the United States and in other countries to 
rmprove pearl millet production Important contrzbutrons he made mclude the followrng 

Conversron of tall, late-maturmg, tropically-adapted 
pearl millets to dwarf, early-maturing, high-ylelding 
grain-type hybrids adapted to the mid-lat~tudes of the 
u S 

Development of experrmental hybrlds from landrace 
materials from the USDA Plant Introduction Statlon, two 
Improved cultivars from Uganda, and dwarf forage-type, 
cytoplasmic-genic male sterlle lines from the USDA 
Georgla program 

Discovery by the late 1970s that 'iniadi" landrace 
materials - as represented by PI 185642 and Serere 3A 
- had good genetic combining ablllty for Improved 
grain yleld 

and ellte Inbred llnes belng exchanged between the two 
programs - an lndlrect result of the work of Bill and 
others 

In 1996, two lines Blll bred from PI 185642 were used 
as female parents of pearl millet hybrlds that are grown 
on nearly five milllon acres in India - representing one- 
half of the total area planted to mlllet hybrids m that 
country 

I Improvement of grain yields of pearl millet, resulting m 
gram y~eld potentials of the best Hays experimental 
hybrlds now 5 350 to 7,130 pounds per acre, a two-fold 
genetlc enhancement over pearl millet grain ylelds m 
Hays m the 1970s 

Collaborative research, as an INTSORMIL sclentlst Development of hundreds of adapted breeding lines, that 
wlth scientists of the International Crops Research are being preserved by Kansas State Un~verslty, as they 
Institute for the Seml-And Tropics (ICRISAT), resulting represent a unlque pool of genetlc variability for the 
m several thousand population selections, germplasm hture breedlng of both grain and forage pearl mlllets 



INTSORMIL 

1998 Annual Report 

Fighting Hunger with Research . . . A Team Effort 

Grain SorghumIPearl Millet Collaborative 
Research Support Program (CRSP) 

Thls publ~catlon was made poss~ble through support provlded by the U S Agency for 
Internatlonal Development, under the terms of Grant No LAG-G-00-96-90009-00 

The oplnlons expressed hereln are those of the author(s) and do not necessarily reflect the vlews 
of the U S Agency for Internatlonal Development 

INTSORMIL Publication 98-4 

Report Coordinators 
John M Yohe, Program D~rector 

Joan Frederick and Dorothy Stoner 



For add~t~onal ~nformat~on contact the INTSORMIL Management Ent~ty at 

INTSORMIL 
I 13 B~ochem~stry Hall 
Un~vers~ty of Nebraska 

L~ncoln, Nebraska 68583-0748 

Telephone (402) 472-6032 ******* Fax No (402) 472-7978 
E-Mall smcrspme@unl edu 

http llwww lanr unl edul~ntsorm~ll 

A Research Development Program of the Agency for lnternat~onal 
Development, the Board for lnternat~onal Food and Agr~cultural 
Development (BIFAD), Part~c~pat~ng Land-Grant Un~vers~t~es, 

Host Country Research Agenc~es and Pr~vate Donors 

INTSORMIL INSTITUTIONS 

Unlvers~ty of lll~nols at Urbana - Champa~gn 
Kansas State Unlvers~ty 

Mlsslss~pp~ State Unlverslty 
Un~vers~ty of Nebraska - L~ncoln 

Purdue Un~vers~ty 
Texas A&M Un~vers~ty 

INTSORMIL lnstltut~ons are afflrmatlve act~onlequal opportunity lnstltut~ons 



INTSORMIL Management Entrty 

Dr John M Yohe Program Drrector 
Dr Thomas W Crawford, Associate Program Drrector 

Ms Joan Frederick, Admrnlstratlve Technrcran 
Ms Dorothy Stoner, Illustrator 

Ms Marrlyn McDonald, Staff Secretary 

INTSORMIL Board of Drrectors 

Dr Bobby Eddleman, Texas A&M Unrversrty 
Dr Robert Hudgens, Kansas State Unrversrty 

Dr Darrell Nelson, Unrversrty of Nebraska 
Dr Bud Pasley, M~ssrssrpp~ State Un~versrty 

Dr Davrd Sammons, Purdue Unlverslty 

INTSORMIL Technrcal Commrttee 

Professor Davrd Andrews, Unlversrty of Nebraska 
Srdl Bekaye Coulrbaly, IER Mall 

Dr Bruce Hamaker, Purdue Unlversrty 
Dr Stephen Mason, Unlversrty of Nebraska 
Dr Gary Peterson, Texas A&M University 

Dr Darrell Rosenow, Texas A&M Unrversrty 
Abdoulaye Tahrrou, INRAN, N~ger 

Dr George Teetes, Texas A&M Unrversrty 



Contents 

Introduction and Program Ovewlew 

1998 Project Reports 

Sustainable Plant Protection Systems 

Agroecology and Biotechnology of Stalk Rot Pathogens of Sorghum and Millet - 
J F Leslie (KSU-2 10A) 

Agroecology and Biotechnology of Fungal Pathogens of Sorghum and Millet 
from the Greater Horn of Afiica - L E Claflin (KSU-210B) 

Low Input Ecologically Defined Management Strategies for Insect Pests on Sorghum - 
Henry N Pitre (MSU-205) 

Strzga Biotechnology Development and Technology Transfer- Gebisa Ejeta (PRF-2 13) 

Disease Control Strategies for Sustamable Agricultural Systems - 
R A Frederlksen (TAM-224) 

Insect Pest Management Strategies for Sustamable Sorghum Production - 
George L Teetes (TAM-225 ) 

Biological Control Tactics for Sustamable Production of Sorghum and Millet - 
Frank E Gilstrap (TAM-225B) 

Development of FfantD~sease Prorecrion Systems for Miiiei dnd SorghumSemi-Arld 
Southern A h c a  - G N Odvody (TAM-228) 

Sustainable Production Systems 

Economic and Sustamability Evaluation of New Technologies in Sorghum and Millet 
Production m INTSORMIL Prionty Countries - John H Sanders (PRF-205) 

Cropping Systems to Optmize Yield, Water and Nutrient Use Efficiency of Pearl Millet - 
Stephen C Mason (UNL-2 13) 

Nutrient Use Efficiency in Sorghum and Pearl Millet - Jeny W Maranville (UNL-214) 

Germplasm Enhancement and Conservation 

Breedlng Sorghum for Increased Nutrit~onal Value - John D Axtell (PRF-203) 

Development and Enhancement of Sorghum Germplasm with Sustained Tolerance to 
Drought, Strzga, and Gram Mold - Gebisa Ejeta (PRF-207) 

Germplasm Enhancement for Resistance to Pathogens and Drought and Increased 
Genetic Diversity -Dwell T Rosenow (TAM-222) 

Germplasm Enhancement for Resistance to Insects and Improved Efficiency for Sustainable 
Agriculture Systems - Gary C Peterson (TAM-223) 

Breedlng Pearl Millet and Sorghum for Stability of Performance Using Tropical Germplasm - 
Dav~d J Andrews (UNL-2 18) 



Contents 

Crop Util~zation and Marketing 

Chemical and Physical Aspects of Food and Nutritional Quality of Sorghum and Millet - 
Bruce R Hamaker (PRF-2 12) 

Food and Nutritional Quality of Sorghum and Millet - L W Rooney (TAM-226) 

Strategic Marketing of Sorghum and Pearl Millet Products in West and Southern 
Africa - Carl H Nelson (UIUC-205) 

Host Country Program Enhancement 

Central America and Honduras - Gary C Peterson 

Mali - Darrell Rosenow 

Niger - John D Axtell and Issoufou Kapran 

Southern Afi~ca (Botswana, Namibia, Zambia and Zlmbabwe ) - David J Andrews 

Horn of Afilca - Gebisa Ejeta 

Trainlng 

Introduction 

Year 19 INTSORMIL Trammg Participants 

Appendices 

INTSORMIL Sponsored and Co-Sponsored Workshops 1979 - 1998 

Acronyms 



Introduct~on and 
Program Overv~ew 

The Collaboratlve Research Support Program (CRSP) 
concept was created by the U S Agency for International 
Development (USAID) and the Board for International 
Food and Agr~culture Development (BIFAD), under the 
ausplces of Title XI1 ofthe Foreign Assistance Act, as a long 
term mechan~sm for mobilizing the U S Land Grant Uni- 
versities ~n the internat~onal food and agricultural research 
mandate of the U S Government The CRSPs are communi- 
ties of U S Land Grant Universit~es workmg with USAID 
and other U S Federal Agencies, developing country Na 
tional Agr~cultural Research Systems (NARS), developmg 
country colleges and unlverslties, International Agricultural 
Research Centers (IARCs), prlvate agencies industry, and 
private voluntary organlzatlons (PVOs) The Sorghum and 
M~llet Collaboratlve Research Support Program is one of 
nlne CRSPs currently in operation 

The Sorghum and Mlllet Collaborative Research Sup 
port Program (INTSORMIL CRSP) conducts collaborative 
research using partnerships between U S university sclen- 
tists and sc~entists of the Natlonal Agricultural Research 
Systems, IARCs, PVOs and other CRSPs INTSORMIL IS 

programmatically organized for efficient and effective op- 
eratlon and captures most ofthe publlc research expertise on 
sorghum and pearl mlllet m the United States The INT- 
SORMIL misscon cs to use collaborative research as a 
mechancsm to develop human and cnstctutional research 
capabzlctces to overcome constraznts to sorghum and mcllet 
production and utclizatcon for the mutual benefit of agrc- 
culture m the U S  and Less Developed Countries (LDCs) 
Collaboratmg sclentlsts in NARS developing countries and 
the U S jomtly plan and execute research that mutually 
benefits all participating countries, including the United 
States 

TNTSORMIL takes a regional approach to sorghum and 
mlllet research m the agroecolog~cal zones of western, 
southern, and eastern Africa, and in Central America INT- 
SORMIL resources focus on these pnme sites m these five 
reglons supportmg the general goals of bullding NARS in- 
st~tut~onal capab~lities creating human and technological 
capital for solv~ng sorghum and m~llet constraints with sus- 
tainable global impact promoting economic growth, en- 
hanclng food security, and encouraging entrepreneurial 
actlvlties The six unlversitles currently active in the INT- 
SORMIL CRSP are the Un~versity of Illino~s, Kansas State 
University, Mississippi State Univers~ty, Un~versity of Ne- 
braska, Purdue Un~versity, and Texas A&M University 

Sorghum and millet are important food crops in molsture 
stressed reglons of the world They are staple crops for mil- 

lions in Africa and Asla, and, in their area of adaptation, sor- 
ghum and mlllet cannot be sustamably substituted by other 
cereals The development of food sorghums and feed sor- 
ghums w~th  improved properties such as increased digesti- 
bility and reduced tannln content has contributed to 
sorghum becoming a major feed grain in the U S and In 
South Amer~ca Pearl millet is becoming an important feed 
source m poultry feeds in the southeastern U S The new 
food sorghums produce gram that can be used for specla1 
ethnic and dletary products as well as for tradit~onal food 
products Special wh~te sorghums in Mali have the potential 
for allowing farmers7 wives to process sorghum into high- 
value food products for sale ~n village and urban markets 
whlch can compete with wheat and rlce products The tradi- 
t~onal types of sorghums cannot make food products that 
can effectively compete with wheat and rlce products Pearl 
millet also has great potentla1 for processmg into h~gh-value 
food products which can be sold in villages and citles mar- 
kets, competing with wheat and rice products These devel- 
opments have occurred because of the significant 
interaction that INTSORMIL scientists, U S and Host 
Country, have from grain production through processing 
and marketing 

Although significant advances have been made m Im- 
provement and production of sorghum and millet in the re- 
gions whlch INTSORMIL serves, populat~on growth rates 
continue to exceed rates of increase of cereal production ca- 
pacity There remains an urgent need to contlnue the mo 
mentum of our successes in crop improvement as well as our 
efforts in strengthening the NARS 

INTSORMIL has maintamed a flex~ble approach to ac- 
complishmg its mlsslon 

The success of the INTSORMIL program can be attrib- 
uted to the followmg strategies whlch gu~de the program in 
its research and linkages with technology transfer entitles 

Develop~ng lnst~tut~onal and human cap~tal  INT- 
SORMIL promotes educational outcomes m collaborat- 
ing host countries The outcomes Include strengthening 
agricultural research ~nst~tutions, developing collabora- 
tlve research networks, promoting and linking to tech- 
nology transfer and dlssemlnation mfrastructure, and 
enhancing national, regional, and global communication 
llnkages A major mnovatcve aspect of the INT- 
SORMIL focus cs to macntain contcnumg relatconships 
with collaborating host country scientcsts upon return 
to their research posts m their countrces After earncng 
thecr graduate degrees, host country sccentcsts become 
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peer members of research teams of ZNTSORMIL and 
NARS screntrsts who conduct research on applrcahons 
of exatrng technology and development of new tech- 
nology Tha rntegrated relatronsh p prepares them for 
leadershp roles rn regional networks rn whcch they col- 
laborate 

Consewlng blodlverslty and natural resources Re- 
search outcomes of the collaborative research teams m- 
clude development and release of enhanced germplasm, 
development and mprovement of sustainable produc- 
tion systems, and development of sustamable technolo- 
gies to conserve biodiversity and natural resources 
INTSORMIL's emphasis on conserving biodiversity 
and natural resources enhances society's quality of life 
and enlarges the range of agr~cultural and environmental 
choices in developmg countr~es and in the United States 
Thus, INTSORMIL promotes conservmg millet and sor- 
ghum germplasm, conserving natural control of sor- 
ghum and m ~ l l e t  arthropod pests and diseases, 
developlng resource-efficient cropplng systems, devel- 
oping integrated pest management programs, develop- 
mg cultivars with Improved nutrient and water use 
efficiencies, and evaluatmg mpacts of sorghum/millet 
technolog~es on natural resources and biodivers~ty 

Developing research systems Collaboration in the eco- 
geographical regional sites has been strengthened by us- 
mg U S and NARS multidiscipl~nary research teams 
focused on common objectives and unified plans INT- 
SORMIL scientists provide global leadership in biotech- 
nology research on sorghum and millets The outputs 
from these disciplinary areas of research are llnked to 
immediate results Biotechnology and other tools of sci- 
ence integrated w~th  traditional sclence will contribute to 
alleviatmg production and utilization constraints in sor- 
ghum and pearl mlllet within the medium term of 5-10 
years New technologies are extended to farmers' fields 
in developlng countries and the United States through 
further collaborative efforts In addition, INTSORMIL 
plays a part in lnitiatmg consideration of economic pol- 
icy and processing constraints to regainmg the competi- 
tlveness of sorghum and millet as a basic food staple 

Support~ng lnformat~on networking INTSORMIL 
research emphasizes working with existing sorghum and 
millet networks to promote effective technology transfer 
from research sites withm the region to local and regional 
institut~ons Technology transfer 1s strengthened by con- 
tlnued links with regional networks, International Agn- 
cultural Research Centers, and similar local and regional 
mstltutions Emphasis is placed on strong lmkages with 
extension services, agricultural production schemes, pri- 
vate and public seed programs, agricultural product sup- 
ply businesses, and nonprofit voluntary organizations, 
such as NGOs and PVOs, for efficient transfer of INT- 
SORMIL generated technologies Each lmkage IS vital to 

development, transfer, and adoption of new production 
and utllizatlon technologies 

Promoting demand drlven processes Development of 
economic analyses for prioritization of research, farm- 
level industry evaluation, and development of sustain- 
able food technology, processing and marketing sys- 
tems, are all driven by the need for stable markets for the 
LDC farmer INTSORMIL seeks alternate food uses and 
new processmg technologies to save labor and tme  re 
qulred in preparation of sorghum andmillet for food Re 
search products transferred to the farm will seek to spur 
rural economic growth and provide dlrect economic 
benefits to consumers INTSORMIL economists and 
food scient~sts assess consumption shifts and socioeco- 
nomic policies for reducing effects of price collapses, 
and address methods to more efficiently process sor- 
ghum and millet Research outcomes seek to reduce ef- 
fects of price collapse in high yield years, and to create 
new income opportunit~es INTSORMIL socioeconomic 
projects measure impact and diffus~on and evaluate con- 
straints to rapid distribution and adoption of introduced 
new technologies 

The ZNTSORMZL program addresses the contrnuing 
need for agrzculturalproductron technology development 
for the developrng world, especrally the semiarrd tropics 
There a internat~onal recognrtcon by the world donor 
communrty that the developzng country agrrcultural re- 
search systems must assume ownership of thecr develop- 
ment problems and move toward achrevrng resolutron of 
them The INTSORMZL program zs a proven model that 
empowers the NARS to develop the capaccty to assume the 
ownershp of thezr development strategres, whrle at the 
same tzme resulting m slgntq7cant benefits back to the U S  
agrrcultural sector, presentrng a win-win sctuatron for rn- 
ternatconal agrrcultural development 

Adm~nlstratlon and Management 

The Management Entity (ME) for the Sorghum/Millet 
CRSP is at the University ofNebraska - Lincoln (UNL) and 
is the primary grantee of USAID UNL subgrants are made 
to the participatmg U S Universities for the research proj- 
ects between indiv~dual U S scientists and their host coun- 
try counterparts A portion ofthe project funds, managed by 
the ME and U S partlc~pating institutions, flow to reg~onal 
programs In support of the research activ~ties at the host 
country level The Board of Directors (BOD) of the CRSP 
serves as the top management/policy body for the CRSP 
The Technical Committee (TC), External Evaluation Panel 
(EEP) and USAID personnel adv~se and guide the ME and 
the Board in areas of policy, technical aspects, collaborating 
host country coordmation, budget management, and re- 
view 
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Several major decisions and accomplishments were 
made by the ME, BOD, and TC durmg the past year 

The ME employed Dr Thomas Crawford of Sioux Falls, 
South Dakota as the Associate Director for INTSORMIL 
effective July 1, 1997 

The Board of Directors established a new policy state- 
ment regarding publishmg of the Annual Report Effec- 
tive July 1, 1998 all annual reports are due by August 1 
and RegionaVCountry program reports are due by 
August 15 All projects will be penalized 5% of thelr 
budgets if not submitted on time and an additional 10% 
beginning September 1 and each month there after until 
the report has been received by the ME 

Dr Carl Nelson, an agricultural economist at the Univer- 
sity of Illinois, was awarded a subgrant through the end 
of the current grant to do research on sorghum,millet 
marketing/economics (Project UIUC-205) 

The 1998-99 Technical Committee (TC) was elected 
The TC members are Dr Stephen Mason, Chaw, Uni- 
versity of Nebraska, Dr Bruce Hamaker, Vice Chalr, 
Purdue University, Dr Henry Pitre, Secretary, Missis- 
sippi State University, Dr Gary Peterson, Texas A&M 
University, Dr John Axtell, Purdue University, Dr Dar- 
re11 Rosenow, Texas A&M University, Dr Sldi Bekaye 
Coulibaly, IERIMali, and Dr Medson Chisi, Mt Makulu 
Research Station, Zambia 

The Technical Committee and the Board of Directors ap- 
proved the Five Year In-Depth EEP review schedule 
commencing in September 1998, and finishing in August 
1999 

Dr Walter DeMilliano, Novartis Seeds, Amsterdam, 
Holland was approved by the BIFAD and USAID to suc- 
ceed Dr Merle Shepard on the EEP Dr DeMilliano will 
represent the crop protection disciplmes and will serve a 
five-year term 

Dr kchard Hahn has been nominated by INTSORMIL 
to succeed Dr Joseph Hulse on the EEP Dr Hahn will 
represent the processmg/utilization disciplme and will 
serve a five-year term 

INTSORMIL entered into a Memorandum of Agree- 
ment with the Institute Nicaraguense De Technologla 
Agropecuana (INTA) of Managua, Nicaragua on May 8 
1998 

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

* Publication 97- 1 INTSORMIL Policy and Oper- 
atlng Procedures 

* Publication 97-2 U S CRSP P I s (All CRSPs) 

* Publication 97-3 "Inside INTSORMIL Newslet- 
ter" 

* Publication 97-4 INTSORMIL CRSP Dlrectory 
* Publication 97-5 Proceedmgs of the International 

Conference on Genetic Improvement of Sorghum 
and Pearl Millet 

* Publication 98-1 1997 Annual Report 
* Publication 98-2 1997 Annual Report Executive 

Summary 
* Publication 98-3 "Inside INTSORMIL Newslet- 

ter" 

To increase recognition of INTSORMIL research among 
the general public, Congress and USAID, the INT- 
SORMIL ME established an information site on the 
world wide web at http //www ianr unl edu/intsormil/ 
and an informational site for all Collaborative Research 
Support Programs at http /Iwww ianr unl edu/crsps/ In 
addition, the ME responded to the news media with in- 
formation about INTSORMIL that was published by the 
Association Liaison Office, that represents 2,200 institu- 
tions of higher learning in the U S Other articles were 
published in the popular press highlighting INT- 
SORMIL research 

Trainmg of host country scientists contributes to the ca- 
pability of each host country research program to stay 
abreast of envwonmental and ecological changes which al- 
ter the balance of sustainable production systems The 
strengthening of host country research institutions contnb- 
Utes to their capability to predict and be prepared to combat 
environmental economics, and ecological changes which 
affect production and utilization of sorghum and millet A 
well balanced institution will have to be prepared to priori- 
tize and blend its operational efforts to accomplish the task 
of conserving and efficiently utilizing its natural resources 
To this end training is an extremely critical component of 
development assistance 

Durmg 1997-98, there were 55 students from 23 different 
countries enrolled m advanced degree programs that were 
advised by one or more INTSORMIL principal investiga- 
tors This was a decrease of two students from the previous 
year Approximately 78% of these students came from 
countries other than the U S , which illustrates the emphasis 
placed on host country institutional development INT- 
SORMIL also places importance on training women which 
is reflected in the fact that 17% of all INTSORMIL graduate 
students were women 

The number of students receiving 100% fundmg by INT- 
SORMIL m 1997-98 totaled 23 An additional 15 students 
received partial funding from INTSORMIL The remaining 

17 students were funded from other sources but are working 
on INTSORMIL projects These students are enrolled m 
graduate programs in six disciplinary areas, agronomy, 
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breeding pathology, entomology, food quality, and eco- 
nomlcs The number of students receiving 100% funding 
from INTSORMIL dropped from a high of 71 m 1986 to a 
low of 17 in 1993-94, then Increased to 2 1 in 1995-96 and is 
now up to 23 in 1997-98 The reduction In total students be- 
ing trained from INTSORMIL funds is, in part, due to train 
ing taking place under other funding sources, but an even 
more significant factor 1s that budget flexibility for support 
ing training under INTSORMIL projects has been greatly 
diminished due to reduct~ons in our overall program budget 
and because of inflatlonary pressures 

In addltion to graduate degree programs, short-term 
tralning programs have been designed and implemented on 
a case-by-case basts to suit the needs of host country sclen- 
tists Several host country scientists were provided the op- 
portunlty to upgrade their skllls in this fashion during 1997- 
9 8 

Networking 

The SorghumiMlllet CRSP Global Plan for Collabora- 
tlve Research includes workshops and other networklng ac- 
tlvltles such as research newsletters, publications, the 
exchange of scientists, and the exchange of germplasm The 
INTSORMIL Global Plan 1s designed for research coordi- 
nation and networklng within ecogeographic zones and, 
where relevant, between zones The Global Plan 

Promotes networking with IARCs, NGOIPVOs, re- 
gional  networks (ROCAFREMI, ROCARS, 
ASARECA, SADC and others) private industry and 
government extension programs to coordinate research 
and technology transfer efforts 

Supports participation m regional research networks to 
promote professional activities ofNARS scientists, to fa- 
c~lltate regional research activities (such as multilocation 
testing of breedlng materials), promote germplasm and 
lnformatlon exchange, and facilitate Impact evaluation 
of new technologies 

Develops regional research networks, short-term and de- 
gree training plans for sorghum and pearl mlllet sclen- 
t1sts 

Over the years, established networking activlties have 
been mamtained with ICRISAT, SADCIICRISAT, SAF- 
GRAD, ICRISAT Sahelian Center, ICRISAT West Africa 
Sorghum Improvement Program, WCASRN, WCAMRN, 
ROCAFREMI, EARSAM of ICRISAT, ICRISATiMexlco, 
CIAT and CLAIS of Central and South America for the pur- 
pose of coordinating research activlties to avoid duplication 
of effort and to promote the most effective expenditures of 
research dollars There also has been excellent collabora- 
tion with each of these programs m cosponsorlng work- 
shops and conferences, and for coordination of research and 

long term tralning INTSORMIL currently cooperates with 
the ICRISAT programs in East, Southern, and West Afnca, 
and the ROCAFREMI (Reseau Ouest et Centre Africain de 
Recherche sur le Mi1 Niger) of WestICentral Africa Suda- 
nese collaborators have provided leadership to the Pan Afri- 
can Strrga Control Network PJTSORMIL collaboration 
with ROCAFREMI m West Africa has much potentlal m al- 
lowing INTSORMIL utilization scientists to collaborate re- 
gionally ROCAFREMI is a good mechanism for 
promoting mlllet processing over a wider geographic extent 
than has been seen before in West Africa INTSORMIL 
plans to strengthen lmkages among the NARS ~t works wlth, 
as well as lnternatlonal and reglonal organizations and net- 
works INTSORMIL will continue to promote free ex- 
change of germplasm, technical informatlon, improved 
technology, and research techn~ques 

Benefits to Host Countries 

Realzzed Benefits of Program 

INTSORMIL can document a wide range of benefits to 
host countries, U S agriculture, and the broader scientific 
community Many of these benefits have reached h i t ion  
wlth Improved programs, economlc benefits to producers 
and consumers, and maintenance or improvement of the en- 
vlronment Others are at intermediate stages ("in the pipe- 
11ne") that do not allow quantitative measurement of the 
benefits at present, but do merit identificatton of potentlal 
benefits in the future The collaborative nature of INT- 
SORMIL programs has built posltlve long-term relatlon- 
ships between sclentlsts, cltizens and governments of host 
countries and the United States This has enhanced univer- 
sity educational programs and promoted understanding of 
different cultures enriching the llves of those mvolved, and 
hopefully makmg a small contribution to world peace, m ad- 
ditlon to sustalnably improving sorghum and pearl mlllet 
production in developing countries and in the United States 

Scientific by Techn~cal Thrust 

Germplasm Enhancement and Conservatzon 

Germplasm exchange, movement of seeds in both direc- 
tions between the U S and host countnes, has involved 
populations, cultivars, and breeding lines carrying resis- 
tance to insects, diseases, Strlga drought, and soil acidity, 
as well as elite materials with hlgh yield potential which can 
be used as cultivars per se or used as parents in breeding pro- 
grams Specific germplasm releases (mcluding breeding 
lmes) for host country use mclude the following 

Improved yleld (for all host countnes) 
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Improved drought tolerance (Afnca and drier areas of 
Latm America) - 

Acid soil tolerance 

Strrga resistance (West, East,and Southern Afnca) 

Midge and Greenbug resistance (Latin Amenca) 

Downy mildew resistance (Latin America and 
Botswana) 

Anthracnose resistance (Latin America and Mali) 

Charcoal rot and lodging resistance (Africa and drier ar- 
eas of Latin America) 

Head smut and virus resistance (Latin America) 

Foliar disease resistance (for all host countries) 

Improved grain quality characteristics for food and in- 
dustrial uses (for all host countries) 

The hybrid sorghum success story in Sudan traces to IC- 
RISATIINTSORMILIARC collaboration in which they de- 
veloped, produced seed, and popularized the first hybrid 
sorghum, Hageen Dura-1 (Tx623 x K1567), for this coun- 
try The female line Tx623 was used due to its wide adapta- 
tlon, high yield potential and drought resistance Hageen 
Dura-1 currently is produced on about 12% of the sorghum 
area m the Sudan Gezlra Irrigation Scheme, the largest m 
the world under one management The Hageen Dura- 1 suc 
cess story provides an example of the potential economic 
gains possible through plant breeding research, followed by 
seed productionlmarketmg activities Impact studies show 
that the Internal rates of return to this research without fur- 
ther extension of the production area in Hageen Dura-l 
were 23% for low fertilizer levels, and 3 1% for high fertil- 
izer use levels With the present rate of difhsion, the invest- 
ment on this research would pay approximately $1 million 
of annual benefits The line Tx622 (a sister line to ATx623 
in Hageen Dura) has been Introduced to China, and is used 
in hybrids planted on tens of thousands of hectares 

In Honduras, three food-type high ylelding sorghum 
maicillo cultivars have been tested and released These are 
Tortillero (CS354 1 Sel ) Catracho (Tx623 x Tortillero) 
and Surefio [(SC423 x CS354 1)E35- 11-2 2 Sureiio m par- 
ticular, has widespread acceptance by Honduran farmers 
because of its superior grain quality, high yield potential, 
disease resistance, and dual purpose use for both forage and 
grain It is the first sorghum cultivar released by the MNR 
that has found its way into informal seed markets m Hondu- 
ras INTSORMIL's socioeconomic research has also shown 
that in Honduras the internal rate of return to the develop- 
ment of two new sorghum cultivars, Sureiio and ~atracho, 
that have been distributed is estlrnated at 32% or, on annuity 

basis, $0 7 million annually for the next 30 years These new 
sorghum cultivars have economically benefited small farm- 
ers dependent on small-acreage hillside farms, the poorest 
farmer segment in Honduras Seed production continues to 
be a problem, however, this is expected to be resolved 
through the assistance of the new seed processing plant at 
Escuela Agricola Panamericana (EAP) This linkage will 
assure production of good quality, certified seed 

The INTSORMILEIonduras sorghum project has been 
cooperating with the "Poligono Industrial Copaneco", a re- 
ligious NGO funded by the Belgium and Canadian govern- 
ments The sorghum project has been providing technical 
advice on agronomic management and marketing of broom 
corn fibers The NGO project is producing broom corn fiber 
and selling it to "Broom and Mops", a broom export factory 
located at San Pedro Sula in Honduras Traditionally 
broomcorn fiber is either imported from Mexico by two or 
three companies in Central America or produced by small 
farmers using seed removed from the Imported fiber The 
result is an increase m costs due to imported fibers and poor 
fiber quality produced by the small farmers INT 
SORMILEIonduras has developed a new long fiber variety 
of "broom corn" sorghum which will compete more suc- 
cessfully with imported fibers from Mexico Seed increase 
of this new variety was made in 1995 In January 1996 an- 
other field was planted to produce approximately 200 kg of 
basic seed which will be used to produce certified seed for 
use by the broom corn producers Cost benefit analyses indi- 
cate this to be a profitable business for small producers to 
participate in 

Honduras plays a unique role in conservation of local 
landrace sorghum germplasm (maicillo or photoperiod sen- 
sitive sorghum) Central America is the only location m the 
world where sorghum has evolved to fit the cropping sys- 
tems of the steepland hillsides The INTSORMILIHonduras 
sorghum project has assumed the responsibility for conserv- 
ing this sorghum gene pool The goal of the conservation ef- 
fort is to create a mosaic of maicillo, enhanced maicillo, and 
improved variety fields in which genes flow freely among 
these different klnds of sorghum Ostensibly, an informal 
network of village level landrace custodians will care for 
this germplasm as they have cared for maiclllo The creation 
of enhanced maicillo cultivars and their subsequent deploy- 
ment on-farm not only is intended to increase genetic diver- 
sity m-sztu but to stave off maicillo s replacement by 
introduced cultivars Two new improved varieties Gigante 
Mejorado and Porvenir Mejorado have shown outstanding 
performance across five testing locations in Honduras 
Other new enhanced cultivars are being tested on farmer's 
fields through the on-farm demonstration system 

In Central America sorghum utilization patterns are 
shiftlng as the demand for poultry rapidly increases (8 4% 
annually in Honduras) For the time period of 1990-1993 
sorghum production in Central America grew 18 percent at 
a rate of 4 42% per year Seventy six percent of the sorghum 
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was utilized for animal consumpbon and 17% for human 
consumption m Honduras in 1994 For human consumption 
6% was for on-farm use and the other 11% was sold With 
the rapid expansion of poultry feedmg, sorghum has been 
filllng much of the ~ncreased demand for feed grams Of the 
cereal component in Honduran commerc~al feeds, sorghum 
increased its share from 4% in 1985 to 26% m 1993 All over 
Central Amerlca there has been a rapid growth of hybrid 
sorghum seed sales for use m production of sorghum gram 
for feed It is est~mated that 35% of the sorghum area was 
planted to hybrids in 1995 Sorghum is successfully replac- 
ing maize in anlmal feed and r e l e G g  an equivalent 
amount of whrte maize for human consumption 

The principal objective of an impact assessment activity 
completed in July, 1996 was to measure the impact of the 
new cultivars and associated technologies developed m the 
SRNEAPIINTSORMIL program in Honduras Secondly, 
the assessment team looked at the Impacts and production 
systems m other princ~pal sorghum producmg countrles in 
the region, El Salvador, and N~caragua The pnmary re- 
search output in all three countr~es was the select~on of new 
h~gher yieldlng white seeded varieties of sorghum Conclu- 
sions reached from t h ~ s  Impact assessment of the Sor- 
ghumhlillet CRSP research in Central America ~ndicate 
that benefits from the varietal research m the three countries 
ranged from $437,000 per year m Nicaragua, $600,000 In 
Honduras (low side estunate), to $1,900,000 per year m El 
Salvador The two new cultivars ~ntroduced in El Salvador 
were ~ntroduced w~th  more extension and public policy sup- 
port for ~mproved seed production and credlt Estimates in- 
clude only the benefits accruing from the adoption of 
cultivars developed by the public research systems Note 
that only the Honduras benefits can be totally cremted to the 
SRNIEAPIINTSORMIL program In Honduras Improve- 
ments in the quality and availabil~ty of seed of varieties wlll 
contlnue to be crit~cal for small-and med~um-scale farmers 

A new drought tolerant sorghum hybr~d designated 
NAD- 1 (NAD-I = Tx623 x MR732) has proven to be highly 
productive and well adapted m N~ger The grain qual~ty 1s 
acceptable for local food preparations and the yields re- 
ported from 100 on-farm demonstration plots m 1992 were 
approximately twice the yields of local varieties Overall, 
the average y~eld ofNAD-1 between 1986 and 1994 1s 2758 
kg ha-l on-station, ten tunes the average yield of the farmer 
m Niger (273) In 1993, the farm level plots showed the av- 
erage farmer y~eld for the Konni and Jirataoua region was 
2365 kg ha for NAD-1 In 1994, NAD-1 y~elded an esti- 
mated 1725 kg hae1 (Say), 3500 kg ha (Jlrataoua), 3800 kg 
ha (Cerasa), and 4600 kg ha-l (Konni) for an overall 
farmer yield of more than 3000 kg ha This is compared to 
the national average of 273 kg ha In 1995, farmer demon- 
stration trials were conducted in an area extending from 
Konni to Zinder eastward and as far north as Dakora The 
1995 tr~als compared the NAD- 1 hybrid yields to one of the 
best local landraces, Mota Marad~ (MM) The objectives 

were to check the extent of NAD-1 superiority over locals 
under as diverse condit~ons as possible with farmer manage- 
ment, and assess its area of best performance A preliminary 
yield analysis showed that, overall, NAD- 1 yielded an aver- 
age of 1 6 t ha ' compared to 1 1 t ha ' for MM This is about 
50% better y~eld for the hybr~d This 1s especially important 
because 1995 was not a good year Farmer interest has been 
very high Head size and grain yield have been impressive 

This is the first sorghum hybrid that has actually reached 
farmer fields In early 1996 a seed program consultancy 
sponsored by INTSORMIL was put mto place The draft re- 
port Indicates that the HybridNAD-1 and the country of Ni- 
ger fulfill three baslc requirements for the establishment of a 
seed industry, 1 e , (I)  ~t is important that a cultivar be identl- 
fied that has s~gn~ficant y~eld, good grain qual~ty and is not 
more susceptible to pest than local varieties, (2) the area in 
the country should be large enough to support a seed indus- 
try and this exists m Niger (area sown to sorghum is in ex- 
cess of one m~llion hectares), and (3) the cultivar involved 
should be a hybr~d to permlt the establishment of a suitable 
market and the hybr~d should be readily produceable Re- 
sults of regional trials indicate a wide adaptation of NAD- 1 
in other countries of the region, indicating the opportunity 
for an mternational market The experience of developmg a 
pnvate seed industry in N~ger would be ~mmediately valu- 
able to other countrles of the region w~th  the production and 
market~ng of hybnd seeds as they develop superior hybrids 
from their research INRAN has made a substantial contri- 
bution In produc~ng NAD-1 seed on an interun basis IN- 
RANIINTSORMIL is encouraging prlvate farmers1 
organizations (farmer cooperatives) to take up seed produc- 
tion The numbers of interested parties is rap~dly expanding 
across the southern part of Niger Private seed production 
(1997-98) now s~gnificantly exceeds that of INRAN 
Trainmg has become an ~mportant component of assisting 
those ~nterested m hybrid seed production This training as- 
pect should be expanded to provide hands on experience, 
seminars, small workshops on special topics for a range of 
concerned mdividualslorganizations, 1 e , bankers, NGOs, 
government officials, as well as seed producers INRAN is 
effectively assummg lead responsib~lity for the production 
and ava~lability of foundation seed At the present time de- 
mand for seed of NAD-1 exceeds supply and slnce 1995 
NAD-1 seed has sold for 700-800 CFAIkg wh~ch is 4-8 
times the price of gram 

While new sorghum hybr~ds are being developed by IN- 
RANANTSORMIL collaborat~on, pearl millet hybr~d re- 
searchers continue to Improve pearl millet hybrids 
INTSORMIL scient~sts at IERlMali and from the United 
States are collaborating with scientists at the ICRISAT Sa- 
hellan Center m the hybrid pearl millet programs 

Through the integrated cooperation of sorghum breeders 
and food scientists, we now understand many of the factors 
necessary for improving the nutritional value of sorghum 
through local village processing Sorghum flour has been 
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less digestible than most cereal flours unless it is processed 
using local village procedures which have evolved over 
hundreds of years We now understand the scientific rea- 
sons why processmg is important This knowledge w~l l  help 
modify and Improve the traditional processing methods and 
to develop improved processing methods for utilization m 
other countries m the world where sorghum is used as a feed 
for food grain Dr Bruce Hamaker, INTSORMIL scientist 
in the Food Science Department at Purdue University, has 
been collaborating on studies of new genetic lines of sor 
ghum with protem digestibilities equivalent to maize A 
major accomplishment in 1997-98 has been the develop- 
ment of a rapid screenmg assay for the h~gh protein digesti- 
bility trait This has been a joint effort of INTSORMIL and 
the Texas Grain Sorghum Board 

There is considerable interest in N~ger and ne~ghboring 
countries about the potential of commercializing couscous, 
aprocessed food, made from sorghum and millet flour The 
INRANIINTSORMIL couscous project has advanced sub- 
stantially The process for making couscous has been opti- 
mized as a result of collaborative INTSORMIL research, 
this optimization ofthe process IS a critical step in achieving 
a consistent, high-quality couscous product Consumer ac- 
ceptibil~ty tests show that the couscous made from the IN- 
RANIINTSORMIL unit was highly acceptable Market 
testmg will be taking place during 1998- 1999 

A Strzga resistant variety, SRN-39, was identified as 
promising and released for product~on in Sudan SRN-39 
and other possible sources of resistance to Strzga are now 
bemg used in breeding programs in Sudan, Mall, Niger and 
other countries to improve adaptation, yield potential and 
agronomic characteristics They are being tested m mte- 
grated control programs w~th  various cultural practlces, fer- 
tillzer management, and different mechanical and chemical 
control strategies Recently eight tons, one ton each of eight 
high yieldmg Strzga resistant food grain sorghum varieties 
were released by Purdue University to the PVO World Vi- 
sion, for use m nine countries m Africa During the first 
eleven months of operation those Strzga resistant food qual- 
ity sorghums were tested on field stations or in farmers 
fields, or both, in the followmg countries Ghana, Senegal, 
Mali, Niger, Sudan Rwanda, Mozambique, and Erltrea 
Based upon field results of this germplasm and a mlx of cul- 
tural practlces that alleviate the Strzga problem, an i t e -  
grated Strrga control project comblnlng host plant 
resistance, fert~lizers, and cultural plactlces was lnltiated In 
1997 for on-farm testing m Northern Ethlop~a as ajoint proj- 
ect between INTSORMIL, Global 2000 and the Ethiopian 
Agr~cultural Research Organization Discussions have also 
been held wlth other NARS in the Horn of Africa Region re- 
gardmg the possibility of conducting the same project on a 
regional basis 

During the 1997-98 program year, INTSORMIL col- 
laborated with the sorghum program of IER/Mah and RO- 
CARS to grow, increase and character~ze the Mali sorghum 

collection This endeavor collected all sorghum accessions 
of Mali origin from the U S , ICRISAT, CIRAD, and Mali 
The project was very successful From this it was recom- 
mended that m the future, more emphasis should be placed 
on breeding for drought resistance, especially m northem 
Mali, and that work should be cooperative w~th  drought 
breedlng efforts in Niger 

Excellent progress has been made m Mali to develop 
whlte-seeded, tan-plant guinea cultivars F6 progenies from 
crosses involving Bimbiri Soumale and CSM388 look very 
promising Emphasis is also being placed on intercrosses 
using the experimental guinea-type white seeded tan-plant 
cultivar named N'tenimissa (Bimbiri Soumale x 87CZ- 
Zerazera) with elite local guineas and with other high yield- 
ing non-guinea breedmg lines which lack the necessary 
head bug tolerance They have good guinea plant, grain, 
glume, and panicle characteristics, and some have juicy 
stems In 1998, the food processmg unit of IERISotuba Sta- 
tlon, Bamako Mali has contracted with one village to pro- 
duce 10 tons of the N'ten~missa grain which will be sold to 
the GAM, the major biscuit manufacturer in Mali They w~l l  
use that grain to blend at a 20180 ratlon with wheat for bis- 
cult production Th~s  is a major step for increased use of sor- 
ghum in food industry utilization and value-added product 
development for sorghum The PVO, World Vision, distrib- 
uted N'tenimissa to 20 on farm trials in 1997198 In North- 
em Mali, CARE is cooperating with IER and testing new 
sorghum cultivars at about 20 s~tes INTSORMIL has intro- 
duced N'tenimissa to the BeanICowpea CRSPIINT- 
SORMILIWorldvision West Africa NRM Inter-CRSP 
Project which covers sites in Niger, Mali, Ghana, Chad and 
Senegal 

Susta~nable Productton Systems 

In agronomy and soillcrop management, a major INT- 
SORMIL impact has been understanding the soil/cropping 
systemlgenotype Interactions Rotation with cowpea in 
Mali increased pearl m~llet gram yield by 19,17,3 1,27,and 
30% in 1991,1992, 1993, 1994, and 1995 respectively, 
while application of 40 kg ha N fertilizer increased gram 
yield 8, 20, 16, 35,and 6% All cropping system plots had 
lower pH, N,K, and Mg levels than the fallow after four 
years, suggesting that all contmuous, rotational, and inter- 
crop systems studied were removlng mlneral nutrients from 
the so11 at rates faster than they were be~ng replenished Re- 
search in Mall has shown that small nitrogen (N) additions 
are beneficial and necessary to sustaln sorghum gram 
yields In 1994, the increase in pearl millet yield due to N ap- 
plication was 3 1 % and 66% with 20 kg ha N and40 kg ha 
N, respectively, In monoculture and 64% and 66% for 20 kg 
ha N and 40 kg ha N, respectively, in millet-cowpea rota- 
tion Crop rotation (millet-cowpea) alone without N in- 
creased millet gram yield by 74% The legume effect 
appears to be worth 30 to 40 kg N k a  This information, de- 
veloped by collaborative INTSORMIL research of Mallan 
and American scientists, has been comp~led and is being 
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used by extension personnel in thelr recommendations to 
farmers 

In both Mall and Niger, Increasing the production level 
through use of manure and fertilizer, higher plant popula 
tion resulted in increased grain yield of all pearl millet culti- 
vars, suggesting that differential production practices are 
not required However, m both locations, cultlvar grain 
yield differences were large among cultivars indicating the 
importance of cultivar selection 

INTSORMIL research results have demonstrated 18 to 
203% yield enhancement of pearl mlllet and gram sorghum 
yields in Africa by use of crop rotation wlth legumes, and a 
20 to 50 kg ha 1 N equivalent contribution to cereals follow- 
ing legumes In Mall and Niger, intercropping has shown 
land use efficiency Increases of 14 to 48% over sole crops, 
and also enhanced yields of succeeding crops when inter- 
crop legume yields are high Obviously legume production, 
no matter the system, is important to producing optimal sor- 
ghum and pearl millet ylelds when N fertilizer is limiting, 
especially for improved cultivars 

In Mali crop residue management research with resldues 
removed, left on the surface, and mcorporated had no effect 
on pearl millet or cowpea yleld or stover yield Slmilar re- 
sults have been recently reported by the ROTOPHOS proj- 
ect, University of Hohenheim, Germany, on Nigerien sites 
that were not degraded and that had medium to higher soil P 
levels 

New research on production practices for improved pearl 
millet genotypes was mitiated Advanced, recently re- 
leased, and improved local cultivars were produced at dif- 
ferent fertilizer levels (manure and N) and plant 
populations No cultivar by production practice interaction 
was found, suggesting that the cultivars respond similarly to 
these practices The advanced cultivars "Benkadinio" and 
"Sanioba 03" yielded 100-300 kg ha better than the other 
cultivars Increasing the fertilizer rate to the highest level 
(15 t ha manure plus 100 kg ha N) increased grain yield 
from 1246 to 2475 kg ha and stover yield from 3 178 to 
5067 kg ha Increasing plant population slightly decreased 
grain yield 

In Botswana, the benefits of single element fertilizer 
have been determined and demonstrated to farmers Water 
harvesting technology has been evaluated and appropriate 
recommendations have been extended to farmers Manage 
ment practices on water runoff show if additional water 
could be diverted to a site, better yields resulted Increased 
water availability must be coupled with the proper plant 
population, fertilizer level and pest control to produce high 
yields In the event that excess water occurs, the system 
must be designed to release water without erosion The Na- 
t~onal Tillage Trials showed early tillage frequently Im- 
proved soil water storage This coupled with 15 kg P ha 

fertilizer increased yield Due to low sorghum yield poten- 
tials, addition of phosphorus (P) was not economical where 
soil P was greater than 5 mg kg Nltrogen did not Increase 
yields unless rainfall was uniformly distributed during the 
season, while manurelcrop residue additions were effective 
in increasing water intake and grain yield 

Research in Mali and Botswana has shown that gram 
yields do not always increase wlth applled fertilizerN when 
conditions are extremely dry However, in the higher rain- 
fall regimes, yield increases are consistently obta~ned with 
N application In Mall, the local varieties such as Tie- 
marifmg have produced higher N use efficiencies than the 
improved types such as Malisor 84-7 There is a need for P 
in sandier soils, and thls often 1s the mineral element most 
limitlng in Mali and Niger sorghum and pearl millet produc- 
tion 

Stand establishment problems of sorghum and pearl mil- 
let, especially improved cultivars, is common due to heat 
and water stress, crusting, and due to the small seed size 
Pearl millet research Indicated that screening for large seed, 
or producing large seeds by partial head removal, improves 
stand establishment and often grain yield 

Stand establishment research on sorghum indicates that 
kernel density is associated with seedling vigor and emer- 
gence, and the germination/emergence temperature re- 
sponse varles greatly among genotypes Emergence 
potential in crusted soils is associated with large coleoptile 
diameters, and is a highly heritable trait with additive gene 
effects 

Sustainable Plant Protectzon Systems 

In crop protection, a w~de  range of sources of resistance 
for insects, diseases, and Strrga have been identified and 
crossed with locally adapted germplasm This process has 
been improved immensely by INTSORMIL collaborators 
developing effective resistance screening methods for sor- 
ghum head bug, sorghum long smut, grain mold, leaf dis- 
eases and Strrga 

INTSORMIL PIS have studied each stage of the Strlga 
life cycle separately They are characterizing the host- 
parasite interaction at each stage, particularly the chemical 
signals exchanged For each stage, simple ways to detect in- 
effective interactions are sought such as an agar gel assay 
for germination stimulant production These screening 
methods are being used to identify crop genotypes bearing 
the resistance-conferring traits, and to map the traits on the 
sorghum genome The necessity of coord~nating the life cy- 
cle of Strrga with that of its host has led to the recognition of 
the tight integration of the Strrga life cycle with growth and 
development of the host by means of a serles of chemical 
signals exchanged between the two INTSORMIL scientists 
have played an important role m the identification of the 
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first signal, germination stimulant, and have provided evi- 
dence for later signals exchanged in both directions between 
Strrga and its host by means of vascular connections, rather 
than through the soil medium as for germination stimulant 
and haustorlal mitiator 

The collaborative research on African sorghum head 
bugs in West Africa, especially in Niger and Mali has quan- 
tified damage (yield and quality loss), identified resistant 
genotypes, mcluding practical methodology to screen for 
resistance, and described bug species composition, biology, 
and population dynamics Research activities have studied 
the bio-ecology of head bug (Eurystylur margmatus) and 
the identification of new resistance sources to be used in in- 
tegrated pest management programs The larval and adult 
populations of head bugs vary naturally from year to year 
During 1995-96 field observations at Sikasso and other ar- 
eas south of Bamako, Mali, especially where sorghum had 
not been grown extensively for many years, head bug infes- 
tations were observed to be low At Cmzana experiment sta- 
tion, bug mfestation was very severe Bug infestatlon at 
Sotuba was low The lateness of planting at Sotuba could 
have caused bug mfestations to be lower than usual There 
was evidence that bug mfestation levels were increasing, 
and this was especially true at Samanko (ICRISAT) where 
bug infestatlon was beglnnmg to Increase to very severe lev- 
els Progress is being made by Malian sorghum breeders to 
develop improved sorghums, especially the improvements 
to Guinea-type sorghums It also, IS now apparent that resis- 
tance to panicle-feeding bugs can be transferred to elite va- 
rietles The important possibility is that if improved Guinea 
sorghums have moderate levels of resistance and bug sever- 
~ t y  is less in farmers' fields, panlcle-feeding bugs may pose 
little production constramt to sorghum in Mali 

Sorghum lines resistant to sugarcane aphid have been 
identified in Botswana and Zimbabwe, and the mechanism 
of resistance assessed Genes for resistance have been iden- 
tified, confirmed, and mitially utillzed Efforts are now be- 
ing made to move the resistance genes into parental lines 
which are used m hybrid combmations for combine helght, 
early maturing genotypes with acceptable agronomic traits 
Cultrvars wlth previously identified specific and general re- 
sistance to the three major foliar diseases (leaf blight, an- 
thracnose, and sooty stripe) maintamed their resistance 
under variable disease pressure in nurseries across the 
SADC region Some entries in these nurseries are being util- 
ized in sorghum improvement programs in Zambia and 
Zimbabwe Progress was made on several ergot objectives 
including additional information on the efflcacy of triazole 
fungicides to control sorghum ergot in seed productlon 
fields and the necessity of integrating chemicals with other 
controls like pollen management Investigations for alter- 
nate hosts for sorghum ergot contmued to indlcate that Sor- 
ghum spp are the only important hosts in nature 

Work continues on identification of the most important 
disease constramts and for design of disease control strate- 

gies in Central America This includes continued studies on 
the variability of Colletotrlchum gram~nrcola (anthracnose) 
and genetic resistance of sorghum grown in Honduras to an- 
thracnose INTSORMIL pathologists continue to collabo- 
rate with ICRISAT on growing, distnbuting, and evaluating 
the Sorghum Anthracnose Virulence Nursery The program 
continues to monitor the major downy mlldew screening 
program run by the Honduran National Program to evaluate 
disease and host plant resistance 

In Mali, efforts are belng continued toward the establish- 
ment of a National Sorghum and Millet Disease program 
This includes evaluation of INTSORMIL nurseries for reac- 
tlon to the prevalent pathogens in Mali INTSORMIL pa- 
thologists (NARS and U S ) are collaboratmg with program 
entomologists to study the Interaction of head mold and in- 
sects (head bug) on gram deterioration in the field 

In Niger, INRANIINTSORMIL pathologists are con- 
tinuing to monitor for resistance to long smut, and evalua- 
tlon for resistance to head smut, Acremonium wilt, and 
anthracnose The Niger program has reported the infesta- 
tion of nematodes on pearl millet for the first time The spe- 
cies found belong to the genera, Hellcotylenchus 
Crrconemella and Tylenchorynchus Preliminary results do 
not prove that nematodes are a serious threat to pearl mlllet, 
but they do give some indication of their relative impor- 
tance Pearl millet does serve as a good host for many spe- 
cles of plant parasitic nematodes Until now, there have 
been no reports on the importance of nematodes on pearl 
millet in the Sahel This lack of research on nematodes on 
mlllet and sorghum in the Sahel may be partly explained by 
the assumption that nematodes cannot survlve in an envl- 
ronment whlch is to dry and hot These species of nema- 
todes plus Pratylenchulus spp were also found on sorghum 
in the Konnl area where the level of infestation was much 
higher and threatening This is the first time that nematodes 
have been shown to mfect sorghum in Niger This findlng is 
very important because the Konnl area is the principal sor- 
ghum production area in Niger 

In Honduras and Niger, INTSORMIL entomological 
collaboration has resulted in development of sustainable 
biological control strategies for stem borers, and informa- 
tion on pest and natural enemy biologies has contributed im- 
proved approaches to IPM For whorlworms in Honduras, 
techniques were developed to manipulate key natural ene- 
mies for stem borers An efficient natural enemy was im- 
ported released in Honduras and established, for stem 
borers in Niger natural enemies have been demonstrated to 
occur in greater densities in natural vegetation than m mil- 
let, a suggestion that the substantial changes In pearl millet 
productlon practices are interfermg wlth biological con- 
trols 

MHM, Pearl millet head miner (Helrocheilus albrpunc- 
tella) is a serious insect pest of West Afrlca, and has been 
found to be an excellent candidate for biological control 
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since it has a predictable habitat, consistent annual habits, 
produces one generation per year, and has several natural 
enemles Two major predators and two commonly encoun- 
tered parasites have been identified, and are being studied 
During 1995- 1996, two NARS scientists from West Africa 
were admitted as graduate students m the Department of En- 
tomology at Texas A&M University, and m 1996 they be- 
gan the~r graduate degree research at the ICRISAT Sahelian 
Center Their research objectives and results wlll build on 
findings for millet head miner (MHM) biological control re- 
ported by INTSORMIL scientists in 1994 and 1995 Annual 
Report Results from these students' research will be used 
to construct a stage-speclfic llfe table of the MHM, thus pro- 
vidlng an understanding of factors that regulate the abun- 
dance ofMHM These results also can be used to develop an 
Improved plan for managlng MHM on pearl millet m West 
Africa Ultimately, these data will support developmg a 
"Mlllet Head Miner Wammg System" model to forecast the 
probability of MHM outbreak in a given area so that appro- 
priate measures can be implemented to control the pest be- 
fore it damages pearl mlllet The INTSORMIL MHM re- 
search continues to coordinate closely with the West Africa 
ROCAFREMI mlllet network INTSORMIL participated m 
the three ROCAFREMI network meetlngs during thls pro- 
gram year 

In Honduras, insect pest control developed for one spe- 
cles or a complex of pest specles of sorghum involves the in- 
tegration of specific management tactics, possibly applied 
throughout the crop growing season, m a holistic crop man- 
agement system This holds true for insect pest management 
m subsistence farming, as it does for high technology crop 
production Host plant associations have been Identified 
and ecological relationships have been identified and eco- 
logical relationships defined for three of the "langosta" de- 
follator species (three army worm specles) and a grass 
looper insect So11 inhabttmg insect pests contributing to 
seed and seedlmg losses m southern Honduras were ~denti- 
fied as wireworms, white grubs, androotworms Slash-and- 
burn fields were infested w~th  greater populations of these 
insects than slash-and-mulch fields, wlth insects attracted to 
luxuriant plant growth in burned fields Neotropical corn- 
stalk borer attacked sorghum in monoculture at greater in- 
festatatlon levels than sorghum lntercropped w~th maize 
Planting sorghum with hybrld malze reduced stalk borer in- 
festatlons and damage to sorghum compared with sorghum 
planted wlth a natlve maize These investigations have pro- 
vided the informat~on for design of integrated insect pest 
management programs for designated crop production ar- 
eas Recommendations for plantlng dates, weed control and 
insect~cide appllcatlons to manage lepidopterous defolia- 
tors have been developed 

seeded tan-plant varlety N'tenlmissa Two hundred 500- 
gram packets of sorghum grits and flour were placed in a su- 
permarket Results Indicated that SO% of the people that 
brought the samples liked the products very much, and the 
other 20% did not respond Thls test was expanded m 1996- 
97 to about 10 supermarkets 

Major economlc changes in Mall relate to the price and 
availabtlity of wheat for bread and biscults There is an eco- 
nomic demand for sorghum, millet or maize flour to extend 
wheat flour m biscults (cookies) and French breads In 1998 
the food processing unit of IERlSouba Station, Bamako, 
Mall has contracted w~th one vlllage to produce 10 tons of 
the N'tenlm~ssa gram which will be sold to the GAM, the 
major b~scult manufacturer in Mall They will use that grain 
to blend sorghum at a 20180 ratio with wheat for b~scult pro- 
duction Th~s  is amajor step for Increased use of sorghum in 
food industry utllizatlon and value-added product develop- 
ment for sorghum 

The Cereal Qual~ty Laboratory (LQC) at INRAN in NI- 
ger has conducted several surveys to determine the effect of 
crop selection and pearl millet varleties on couscous prepa- 
ration m Niger Sorghum, pearl millet, and durum wheat all 
produced acceptable couscous in this study Work contm- 
ues wlth INRAN/Nlger scientists on sorghum and millet- 
based couscous A couscous processing unit has been put 
into place at INRAN, with fundmg assistance f?om the NI- 
ger USAID Inter-CRSP Initiative The processing unit con- 
slsts of a decorticator/m~ll, agglomeratorlsiever (designed 
by CIRAD, France), steamer, solar drler, and packaging 
sealer The INRANmJTSORMIL couscous project has ad- 
vanced substantially The process for making couscous has 
been optimized which 1s a critical step in achieving a consls- 
tent, hlgh quality couscous product Consumer acceptibtllty 
tests show that the couscous made from the INRANIINT- 
SORMIL unit was hlghly acceptable Market testmg will be 
taking place durlng 1998- 1999 

MILEG, a prepared weaning food from dehulled pearl 
millet and cowpea flours (3 1 blend), 1s being produced and 
sold by a small food company m Bamako, Mali The product 
prototype was developed cooperatively by the Institute of 
Rural Economy food technology laboratory, with assistance 
from INTSORMILITexas A&M University food scientists 
The businessman, who formerly worked as a technician in 
the IER Food Technology Laboratory, was financed by a 
loan from a Canadlan agency The product has been in pro- 
ductlon for nearly two years It 1s bemg prescribed by medi- 
cal staff for children suffermg from malnutrition It is not a 
complete weaning food, but it definitely has Improved nutn- 
tive value at a reasonable cost compared to other more com- 
pletely balanced imported weanmg foods 

Crop Uttltzatton and Markettng 

In Mali, a survey on "Sorghum Diversification of Proc- 
essing and Utilization" was done usmg the new white- 
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Benefits to the U S 

Germplasm Enhancement and Consentatton 

INTSORMIL PIS have developed numerous germplasm 
lines resistant to blotype C, E, andlor I biotype greenbug 
whlch have been distrlbuted to private seed companies for 
use in their breedmg programs Gene mapping has shown 
that genes conferrmg reslstance to d~fferent greenbug bio- 
types are slightly different, but probably control the same 
resistance process Molecular b~ology IS contr~buting to un- 
derstandmg of the lnhentance of resistance to greenbug 
Results from molecular mapping are used in marker-as- 
sisted selection stud~es for greenbug resistance and post- 
flowering drought resistance Good progress 1s being made 
for greenbug reslstance Parental lines with biotype I- and 
K-resistance are anticipated to qualify for release 

INTSORMIL research has confirmed that sorghum 
midge abundance the subsequent year IS reduced when sor- 
ghum resldue contammg ovenvmtermg larvae is shredded, 
disked, and deep plowed after harvest compared to when 
res~due is only shredded or shredded and disked Resistance 
of sorghum to midge is caused by morphology of spikelets 
and asynchrony between time of flowering during the day 
and the presence of sorghum midges Germplasm resistant 
to sorghum midge, developed through INTSORMIL sup- 
port, has served as the foundation for many s~milar breedlng 
programs throughout the world Experimental sorghums 
with female parents A9 1-6, A92-3, and A93-6 produced su- 
perior hybrids during the prevlous two years and w~l l  be re- 
leased to the commerclal seed Industry Hybrid seed has . 
been distrlbuted to commerclal seed companies and exten- 
slon personnel to evaluate hybrid performance in a large 
range of environments w~th  or without sorghum midge pres- 
ent The llnes were released to other breeders during the fall 
of 1996 These were the first sorghum m~dge resistant AIB 
pairs w~ th  the tra~ts needed to produce commerc~ally accept- 
able resistant hybrlds 

Materials from the INTSORMIL/USDA/Texas A&M 
University Sorghum Conversion Program and selected 
breeding cultivars from other projects are evaluated regu- 
larly for reslstance to mternationally important dlseases and 
msects in a cooperative/collaborative program throughout 
the sorghum growing world INTSORMIL PIS have cooper- 
ated in the release of 360 converted exotic sorghum llnes 
The releases were made m three groups 240 llnes ~n 1986 
1 10 ~n 1992, and 50 fully converted exotlc llnes and 253 par- 
t~ally converted bulks were released m 1994-95 Sets of the 
50 converted lmes and the 253 partially converted bulks re- 
leased in May, 1995 have been distributed to 1 l private 
companies and 4 publlc sorghum breeding programs 

In January 1995, INTSORMILPurdue University re- 
ported a breakthrough in sorghum digestibll~ty research Ir- 
regularly shaped protein bodies d~scovered In sorghum 
kernels under the electron microscope may s~gnal improved 

human nutrition m some developing countries and higher 
qual~ty livestocklpoultry feed worldwide In 25 experimen- 
tal genetlc lmes of sorghum, two have been ident~fied with 
significantly faster proteln digestion These two genetic 
lmes of more highly digestible sorghum fall rlght between 
malze and wheat in digestibility The more digestible lmes 
mamtaln 80 percent digestibility, even after cookmg Most 
sorghum varletles lose digestibility in cooking, some drop 
to as low as 46 percent That makes sorghum potentially 
competltlve with other cereal grains as a source of dietary 
proteln for humans and l~vestock/poultry Poultry feedlng 
tests have been initiated to venfy the findlngs 

During 1997-98, 62 parental lines of sorghum and 7 of 
grain pearl millet were released by the Nebraska INT- 
SORMIL collaborating breeder Progress IS belng made 
w~th  studies on germlnatlon and seedllng cold and heat tol- 
erance in sorghum 

Sustamable Productton Systems 

Research in the area of mineral stress, particularly nitro- 
gen, has shown that certaln genotypes cope wlth low so11 nl- 
trogen better than others by a rapid mobilization of that 
element to actively growlng tlssue whlch sustams whole 
plant photosynthes~s and thus growth Also, certain sor- 
ghum genotypes have higher photosynthesis rates at lower 
tissue nitrogen (N) concentrat~ons than others, which allows 
continued growth at low nltrogen supply Sorghum varieties 
having known N use efficiency (NUE) characteristics were 
studied to determine the physiolog~cal baas for superlor 
NUE The study clearly demonstrated the supenority of two 
sorghum lines from Chma for co2 asslrnilation capacity 
when leaves were experiencing N stress (deficiency) 
Analysis of the data indicated that the enzyme of particular 
interest is most l~kely phosphoenol pyruvate carboxylase, 
the first catalyt~c enzyme m the co2 capture process in 
cells 

Stud~es to develop an agronomic product~on practices 
package for dwarf pearl millet as a new alternate crop for the 
U S have been Initiated Narrow row spacing, nitrogen ap- 
plication, and good weed control were Identified as impor- 
tant practices, although pearl millet appeared to be more 
competitive with weeds than grain sorghum Twenty farm- 
ers m Nebraska South Dakota, Oklahoma, Colorado, Iowa 
and Illlno~s are trylng test plots of pearl millet for the first 
tune In 1998 

Sustatnable Plant Protect~on Systems 

INTSORMIL PIS developed an Intematlonal Anthrac- 
nose Virulence Nursery which is used to monltor the patho- 
gen This nursery is now managed in cooperation with 
ICRISAT The system of networking includes the growing 
of several uniform nurseries in locations where sor- 
ghum/millet diseases are Important, such as the Intema- 
tional Sorghum Anthracnose Virulence Nursery, which is 
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grown where anthracnose is endemic Other nurseries in- 
clude a uniform nursery for head smut, sorghum downy mil- 
dew, sorghum vlruses, and grain mold Growmg of these 
nurseries perm~ts a qu~ck evaluation of pathotype differ- 
ences among locations and the severity ofthe problem INT- 
SORMIL also evaluates and d~strlbutes elite sorghums in 
nurseries for evaluation of the mult~ple resistance of sor- 
ghum These are international nurseries and represent a 
means of distribut~ng el~te germplasm from different breed- 
ing programs in INTSORMIL 

INTSORMIL PIS have developed a dot ~mmunobinding 
assay (DIA) to distingutsh different bacter~al pathogens of 
sorghum and m~llet The test 1s easy to perform, inexpen- 
sive, requlres limited equipment and chemicals, and was de 
signed with LDC laboratory cond~t~ons m mind It has been 
shown that the causal agent of bacter~al leaf streak is seed- 
borne and can remain viable in the seed for more than two 
years 

International collaborative research programs with 
NARS and ICRISAT scientists have resulted in the devel 
opment of sustainable Insect management strategies and 
ident~ficat~on of sorghums resistant to sorghum m~dge, 
greenbug (biotypes C, E, and I), African sorghum head 
bugs, sugarcane aphid, and yellow sugarcane aphid Mecha- 
nisms and inheritance of resistance have been determined, 
and genes conferring resistance have been introgressed into 
elite parental l~nes that have been evaluated alone and in hy- 
brid combinations Levels of resistance have been quanti- 
fied, and economlc mjury levels established for most of 
them 

INTSORMIL research has employed a hol~st~c approach 
to ~dent~fy, evaluate, and deploy sorghum midge, greenbug, 
and yellow sugarcane aphid resistant sorghums as a compo- 
nent of IPM, and develop and validate sorghum plant and 
sorghum mldge dynamics computer models 

Sign~ficant advances were made m developing the tech- 
nology to allow farmers to manage these sorghum insect 
pests Significant advances have been made m biological 
control and these advances contribute to ~mproved IPM of 
sorghum and millet, and to Improved concepts for usmg bio- 
logical control m annual crops For aphids attackmg sor- 
ghum in the U S , predators were demonstrated as key 
natural enemles for effective biological control of these 
pests In the U S , phytoseiid predators have been demon- 
strated as an effective alternative to pesticides for control of 
spider mites and parasites, and were shown to be effective 
on the Amerlcan sugarcane borer attacking sorghum 

Biological and ecological relationships and insect~cide 
susceptlb~lity for fall armyworm for Florida, Mississipp~, 
Honduras, and Jama~ca have been determined This pro 
vides a basis for understanding lnfestat~ons and developing 

control strateg~es for thts mlgratmg insect pest of economic 
Importance In the U S 

The impact of insect-resistant germplasm In sorghum 
production of the U S has been dramatic For example, in- 
secticide use on sorghum in Texas was at an all-time high at 
the initiation of this CRSP In 1978, nearly 60% of the sor- 
ghum acreage in Texas was treated with msecticide, wh~le 
in 1990 only about 24% of the acreage was treated The sav 
ings gamed from not using insect~cide were $6,000,000 per 
year, and this does not consider the ecolog~cal or envlron- 
mental benefits, or benefits from reduct~on in insect pest re- 
surgence or secondary pest outbreaks Dur~ng this project, 
the economic benefit to Texas farmers has been at least 
$90,000,000 

Throughout 1997-98 INTSORMIL contmued to func- 
tlon as one of the primary sources for sorghum ergot ~nfor- 
mation as the pathogen spread across Texas, Oklahoma, 
Kansas and Into Nebraska INTSORMIL wds one ofthe or- 
ganizers of a U S ergot conference held in late June, 1998 in 
Corpus Christi, Texas Across south Texas sorghum ergot 
ovenv~ntered in an active disease phase predominantly on 
feral sorghum in abandoned fields and along roads~des or 
other areas but also on johnson grass Tr~azole fung~cides 
continued to provide the best control of ergot on sorghum 
plants in the field but the necessity for good coverage and 
contact of the head has raised concerns over efficacy of aer- 
ial appl~cations 

Crop Utilization and Marketing 

INTSORMIL scientists originally addressed the tannins 
as antinutritional factors They developed methods, now 
widely used by others, for assaying and character~zlng these 
mater~als They also developed a simple method for detoxi- 
fying and improving the nutritional value ofhlgh tannin sor- 
ghum They are elucidat~ng the blochemical mechanisms by 
whlch tannins exert their antinutritional effects They are 
also characterizing the role of tannins and related materials 
in resistance to birds, molds, and leaf diseases Methods for 
polyphenol analysis, pur~fication and character~zation have 
been widely adopted and used by nutrition~sts and ecolo- 
gists study~ng tannins in other crops and range plants 

The most significant finding of late concerns the poor 
protein digestibil~ty of sorghum In screening 25 selected 
sorghum genotypes for m vrtro protein dlgestibil~ty INT- 
SORMIL scientists found a range from 66 to 88% for un- 
cooked values and 48 to 81% for cooked values Two 
sorghum lines had notably higher digestibilities compared 
to the other sorghums tested Perhaps more important, dl- 
gestibility ofthese two sorghums did not decrease apprecia- 
bly on cookmg, which is commonly seen with sorghum 
This was verified using two rn vrtro enzyme systems 
Chemical studies showed that in the two highly digest~ble 
sorghums the major storage protein (about 65% oftotal pro- 
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tein), a-kafinn, was digested much earller than the other 
sorghum samples Also, a group of high-molecular-weight 
proteins, that usually restrict the digestion of a-kafirin, was 
digested very rapidly This group of sorghums is now being 
grown to determme ifthis is a heritable trait If this proves to 
be so, we believe that a rapid screening assay for digestibil- 
ity can be developed based on chemical differences between 
genotypes 

The chemistry, composition, structure and nutritional 
value of sorghum kernels has been related to genes that con- 
trol pericarp thickness and color and the presence and ab- 
sence of a pigmented testa From this knowledge, several 
whlte, tan plant sorghum inbreds have been released to the 
seed industry and are being grown in the United States 
These food hybrids have Improved quality for use in live- 
stock feed as well as ingredients In food systems 

New prototype food products including noodles, ready- 
to-eat breakfast foods, weaning foods, granolas, instant por- 
ridges, baked products and others have been developed 
from 100% sorghum and millet for potential utilization m 
several countries Products have been made with sophisti- 
cated techniques like extrusion and micronizing and also 
with simple, low-technology methods appropriate to tar- 
geted countries The major constraint llmiting their applica- 
tion is the lack of a consistent supply of good quality 
sorghum and pearl millet grams at a competitive prlce 

Sorghum has been used to produce tortilla chlps, tortillas 
and related products from alkaline cooking Several new 
cultivars with improved tortilla making quality have been or 
are near release in Central Amerlca because of collaborat~ve 
work within the breedmg programs A slmple test to evalu- 
ate tortilla potential of sorghums has been successfUlly util- 
lzed 

New waxy and heterowaxy sorghum cultivars and hy- 
brids have been developed with unique properties for use in 
food systems A white, tan waxy sorghum produced flakes 
for granola using micronizing These JOWAR flakes have 
excellent potential for use in a wide variety of products The 
same grains have excellent steam flaking properties and 
may have improved feed efficiency when fed to ruminants 
and swine 

The adverse effects of molds and weathering on sorghum 
quality significantly limit the use of sorghum for foods m 
many areas Major progress to understand the factors affect- 
mg gram deterloration has been made Work continues to 
secure mold resistant sorghum cultivars New information 
on the role of antimicrobial proteins IS being developed 

hardness Parboiled pearl millet d ~ d  not develop the off- 
flavor that occurs In pearl millet products 

Future D~rectlons 

INTSORMIL will continue to jointly plan and execute 
collaborative research that benefits developing countries 
and the United States These collaborative relationships are 
keys to INTSORMIL's success and will continue as funda- 
mental approaches to meeting the INTSORMIL mission In 
the future, INTSORMIL will target NARS collaborative 
tles that reflect reglonal needs for sorghum and/or millet 
production These ties are envisioned to be in the sorghum 
and millet agroecological zones of western, eastern, and 
southern Afnca, and Central Amerlca By concentrating 
collaboration in selected sites, INTSORMIL optimizes ~ t s  
resources, builds a finite scientific capability on sorghum 
and millet, and creates technological and human capital that 
has a sustainable and global Impact INTSORMIL will use 
five specific strategies to maintain its current momentum, 
build on its record of success, and accomplish a new set of 
goals These strategies are (1) sustainable research institu- 
tions and human capital development, (2) conservation of 
biodiversity and natural resources, (3) research systems de- 
velopment with focus on relevant technology generation, 
(4) information and research networking, and (5) demand 
dr~ven processes 

The structure and processing properties of pearl millet 
has been evaluated A white pearl millet grain had excellent 
acceptance when cooked like rice The milling properties of 
pearl millet were mainly affected by kernel size, shape and 
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Summary 

Identification of Fusarium species IS difficult and even 
experts often have difficulties distinguish~ng the subtle dif- 
ferences m morphology that can be significant in ~dentifica- 
tion The Fusarzum species from sorghum and millet are 
among the most treacherous of this lot as the number of 
stralns available for examination is not large, and relatively 
few researchers in the Fusarrum community have paid seri 
ous attentlon to these predominantly third world pathogens 
Until approximately 15 years ago, most of the Fusar~um 
species from sorghum and miller were assigned to the Lue- 
ola section of the genus, and usually to the F monzlrforme 
species This lumpmg of isolates allowed for easy field 
identification but propagated the illusion that these strains 
all belonged to the same specles, and shared, by implicat~on, 
econom~cally important traits such as pathogenicity, host 
range and the ablllty to synthestze varlous mycotox~ns As 
more attentlon has been gradually focused on these patho- 
gens, ~t has become apparent that they are qulte different 
from one another and from stralns Isolated from other hosts 
that were assigned to the same species We have recently de- 
scr~bed a new species of Fusarium, F thapsznum, that ap- 
pears to be the most common Fusarrum specles from 
sorghum These strains differ from the traditional F monzli- 
forme stralns m reproductive isolation, frequency of sexual 
reproduction, electrophoret~c karyotype, isozyme profile, 
hygromyc~n sensitivity, and the spectrum of mycotoxins 
synthesized, even though the two specles are morphologi- 
cally quite similar We have positively identified strains of 

thls species from maize, sorghum, peanut and bananas from 
Egypt, Uganda, Mali, Tanzania, South Africa, the Philip- 
pines, Thailand, Uruguay, and at least nine states from the 
United States - Arkansas Georgla, Illinois, Kansas, Missis- 
sippi, Missoun, Ohio and Texas 

Objectives, Production and Utlllzatlon Constraints 

Increase collection of Fusarzum samples from sorghum 
and millet, and identify the species recovered 

Develop characters for assessing genetic variabil~ty in 
fungal populations 

Provlde pure cultures of fungi from our extenslve collec- 
tlon to U S and LDC investigators to expedite diagnoses 
of fungal diseases of sorghum and millet 

Determine mycotoxigenic potentla1 of Fusaizum spp 
from sorghum and m~llet 

Constrarnts 

Fusarzum spp associated with sorghum andmillet do ob- 
vious damage as stalk rot, gram mold and pokkah boeng All 
ofthese d~seases can cause interm~ttently heavy losses in the 
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United States and In developing countries Breeding for re- 
sistance to Fusarium assoc~ated diseases u lim~ted because 
the stralns responsible for d~sease often cannot be accu- 
rately ident~fied and used repeatedly in field challenges 
Correct ~dentification of the fungi colon~zing and causing 
disease is essential for the design of breeding and control 
measures W~thout a thorough understanding of the patho- 
gen's genetic diversity and population dynamics, effectlve 
control measures are d~fficult to design and resistant lmes 
may have unexpectedly br~ef l~ves 

Mycotoxin contamination l~mits the uses to whlch har- 
vested grain can be put, and creates health risks for both hu- 
mans and domestic animals Fusariurn-produced 
mycotoxlns are among the most common mycotoxins found 
in cereal grains, yet have not been effectively evaluated in 
sorghum and mlllet Since contammation often occurs on 
apparently sound gram, merely discarding obv~ously 
molded gram IS not sufficient to avoid the mycotoxiclty 
problems 

Research Approach and Project Output 

Research Methods 

Strain Collection 

Stralns were collected from plant seeds and stems, and 
from so11 Material was placed on plates of a peptone-PCNB 
medlum that is selectwe for Fusarium spp Plates were mcu- 
bated at 25' C, and colon~es selected after growth for 10- 14 
days Individual cultures were purlfied by isolating a mlcro- 
con~dium from each colony using a m~croman~pulator, and 
allowing a colony to form from th~s  spore Stralns are pre- 
served for long-term storage in 15 85 glycerol water and 
frozen at -70°C 

Microscopic Observatrons 

Observat~ons of asexual spores were made at a magn~fi- 
cation of 1000x Cultures were grown on carnation leaf agar 
for 1-2 weeks at 25OC under a mixture of cool-wh~te and 
near U V fluorescent llght Sexual spores were from nearly 
mature perithecla that had been growmg on carrot agar for 
2-4 weeks under similar condit~ons 

Sexual Crosses and Mating Population Identgfication 

Standard tester stralns were used as one of the parents m 
all of the crosses Crosses were made on carrot agar follow- 
Ing standard protocols developed at Kansas State 
University Init~ally, field ~solates were used as males with 
the standard tester as the female parent Fertile crosses pro- 
duced per~thec~a that exuded a clrrhus of ascospores Fe- 
male fertility was determined by reversing the roles of the 
stralns m the i n~ t~a l  cross andus~ngthe field Isolate as the fe- 
male parent and the standard tester straln as the male parent 

Effective Populatzon Number 

Effective populat~on number was determined based on 
the relative number of male-only and self-ster~le hermaph- 
rodites in the population Equat~ons we had developed pre- 
viously for fungal populations were used for the analysis 

Hygromycin Resistance 

Resistance was measured at 70, 140 and 300 ppm In 
minimal medium after three days growth at 25°C on agar 
plates Resistance was scored as sensitive (growth radlus < 
1 mm), Intermediate (1 < growth radius < 2 5 mm), and re- 
sistant (growth radius > 2 5 mm) 

Isozyme Banding Pattern 

Cultures were grown on mmimal medium overlaid with 
cellophane strips for 5-7 days The cellophane and adhering 
mycelium were flash frozen in llquid nitrogen and then 
ground to a fine powder in a mortar and pestle Protein ex- 
tract~on followed standard protocols Protein extracts were 
run on starch gels, w~th  exact cond~tions depending upon the 
starch lot and the lsozymes being resolved Gels were 
stalned according to standard protocols for five different 
isozymes fumarase (e c 4 2 1 2), esterase (e c 5 3 1 9), 
glucose phosphate isomerase (e c 5 3 1 9), NADP- 
dependent isoc~trate dehydrogenase (e c 1 1 1 42), and tri- 
ose phosphate isomerase (e c 5 3 1 1) 

Electrophoretic Karyotype 

Conidia were collected from 2 to 3 day old liquid cultures 
by filtrat~on, washed m sterile water, and allowed to germl- 
nate for 10-16 hours In potato dextrose broth Germmated 
spores were harvested by centr~fugat~on, washed twice m 
protoplastmg buffer, and then treated with Novozym 234 
and P-mercaptoethanol for two hours to overnight at 32OC 
Spheroplasts were separated from cellular debr~s by filtra- 
t~on  through two layers of cheesecloth and a 44 pm mesh ny- 
lon screen Spheroplasts were concentrated by gentle 
centr~fugat~on, washed twice with buffer, and resuspended 
at 2 x lo6 cells/ml, mixed with an equal volume of barely 
molten (37°C) 1 4% low melting point agarose, and then 
poured into plugs Spheroplasts were lysed In s ~ t u  and chro- 
mosomes were separated on 0 5% agarose gels, uslng a 
contour-clamped homogeneous electric field (CHEF) appa- 
ratus Gels were run w~th  one hour switching times for two 
weeks, with changes of electrode buffer m~dway through 
the run Chromosomes were visualized by stalnlng the gel in 
eth~dium brom~de and then illuminating the gel with U V 
l~ght Sizes were estimated by comparison to chromosomes 
from Saccharomyces cerevzsiae and Neurospora crassa 
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rDNA ITS Restrrctron Fragments 

DNA was extracted from colonies grown in liquid shake 
flask culture for 2-3 days Cells were harvested by filtration, 
ground to a powder in liquid nitrogen, extracted twice with 
phenol chloroform, once with chloroform, treated with 
RNAse for 30 mmutes, and then precipitated with two vol- 
umes of 95% ethanol at room temperature overnight The 
resulting pellet was dried, resuspended in TE, and the 
amount of nucleic acrd determined by spectrophotometer 
readings The rDNA region was amplified by PCR using the 
ITS4 and ITS5 primer sequences The PCR protocol was 
94°C - 4 min, then 30 cycles of96"C - 35 sec, 50°C - 55 sec, 
72°C - 120 sec, followed by a final elongation at 72°C for 7 
min Resulting DNA was cleaned by extraction with phe- 
nol chloroform and precipitated again with ethanol The re- 
sulting DNA was digested wlth restriction enzymes 
according to the manufacturer's protocol and the digests re- 
solved on 5% acrylamide gels Bands were visualized under 
U V light following staining with ethidium bromide 

Chemrcal Assays for Mycotoxrns 

Fumonisins B,, B2 and Bj  (FBI, FB2 and FB3) were de- 
termined using standard reverse-phase High pressure liquid 
chromatography (HPLC) methods to detect fluorescent or- 
tho-phthaldialdehyde derivatives of these compounds 

Moniliformin levels were initially determined by separa- 
tion using reverse phase HPLC, and monitoring UV adsorp- 
tion at 229 nm In samples in which little or no moniliformin 
was detected, extracts were evaluated by paired ion chroma- 
tography in which the column eluent was monitored at 
wavelengths between 200 and 350 nm by using diode array 
UV detection 

Fusaric acid (5-butylpicolinic acid) was extracted from 
corn meal cultures with a 1 1 mixture ofmethanol 1 % aque- 
ous KH2P04 (pH 3 O), and then centrifuged to remove de- 
bns The pH of the supernatant was adjusted to 3 0 and then 
extracted with methylene chloride (three times), 5% aque- 
ous NaHC03 (two times), and then again with methylene 
chloride (two times) The methylene chloride was removed 
under vacuum at 40°C on a rotary evaporator Extracts were 
analyzed by HPLC The presence of hsanc acid was con- 
firmed using gas chromatography-mass spectrometry (GC- 
MS) of the trimethylsilyl ester 

Research Fzndzngs 

Background on Fusarrum specres zn 
Sorghum and Mzllet 

Fusarrum spp are associated with sorghum throughout 
its life cycle from seed to senescence These fungi also are 
associated with the diseases seedling blight, root and stalk 
rot, pokkah boeng, grain mold, and storage diseases and my- 
cotoxicoses Fusarrum spp can live in sorghum plants with 

no obvious disease symptoms, and the absence of symptoms 
should not be equated with the absence of these hngl The 
mode of spread and entry into the plant varies and may in- 
clude seed-borne, wind-borne, and soil-borne routes In- 
deed growing sorghum to maturity without it becoming 
associated with one, or more, Fusarrum strains is most un- 
likely 

Identification of the Fusarrum spp present can be quite 
important slnce different species are associated with differ- 
ent diseases and are capable of synthesinng different sets of 
mycotoxins Unfortunately, the differentiation and identifi- 
cation ofthese species is not an easy task This task is further 
complicated by the limited to nonexistent formal descrip- 
tions of Fusarzum spp commonly recovered from sorghum 
and millet in A&ca, where sorghum and millet are native 
Some species are more important than others, and a thumb- 
nail sketch of the most significant is given below (Tables 1 
and 2) Alterations and additions to this list are to be ex- 
pected since research in Fusarrum identification methods 
and taxonomy remams very active The separation of F mo- 
nrllforme from F thapsrnum described below is but a single 
example of the significant changes that can be expected m 
the taxonomy of the fungi that are associated with sorghum 
and millet during the coming years 

The traditional method for distinguishing Fusarrum spp 
is based on morphology, especially that of spores, of cul- 
tured strains Culture conditions play an important role in 
determining morphology and it is easy to make mistakes 
Spore morphology alone is insufficient to distinguish all of 
the biologically significant entities More recently, crossing 
with standard tester strains, isozyme polyrnorphisms, and 
various protocols that rely on DNA sequence polymor- 
phism~ have been used to distinguish strams in much more 
detail Since plants may be infected simultaneously by more 
than one species of Fusarrum, it is important to start cultures 
to be identified from a single conidium before proceeding 
with any of the identification protocols 

Mrcroscoprc Examrnatzon of Cultures 

Morphology of colonies growing on defined media, e g , 
PDA, carrot agar, or carnation leaf agar, and their associated 
structures, are usually the primary tools used for identifying 
a Fusarrum isolate to species Representative photographs 
of various structures are shown m Figures 1- 9 Figures 1-3 
represent the sexual stage and are identified by the name of 
the sexual (perfect) state, Grbberella thapsrna Figures 4-9 
represent the two strains, F-04093 and F-04094, that were 
crossed to give the sexual stage depicted in Figures 1-3 and 
are identified by the name of the asexual (imperfect) stage 
Fusarrum thapsrnum 

Sexual Crosses and Mating Population IdentrJicatron 

Fusarrum monzllforme and F thapsrnum were first rec- 
ognized as distinct entities on the basis of their reproductive 
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Table I Characters Distinguishing Fusarurm thapslnum from Fusartum monrlrforme 

Character F thapsznurn F monzllforme 
Host preference Sorghum Malze 
Yellow pigment Yes No 
Field stram female fertll~ty < 10% > 50% 
Ascospore dimensions (pm) 

Length 12 22 12 23 
Wtdth 4 8 4 6 

Mycotox~n product~on 
Fusaric a c ~ d  Yes Yes 
Fumonis~ns No Yes 
Mon~liformin Yes No 

Hygromycin sensitlv~ty (70 ppm) Sens~tlve Resistant 
Growth rate on PDA (mdday)  3 5 5  4 6 

Electrophoret~c karyotype (Megabases) 45 5 46 1 
Chromosome 2 6 0 6 5 
Chromosome 4 4 0 4 1 
Chromosome 6 3 5 3 6 
Chromosome 8 2 5 2 6 
Chromosome 11 2 1 2 0 
Chromosome 12 0 8 0 7 

Isozyme banding patter 
Fumarase Y a 
Esterase P y o r 6  
Glucose phosphate  somer rase a a or P 
Isoc~hate dehydrogenase (NADP) a o r p  P 
Tr~ose phosphate rsomerase a a 

rDNA ITS reshlchon fragments (bp) 
MboI 174 143 110 305 110 60 

60 50 44 50 46 
SmaI 570 363 199 

isolatron Fertile strains of F monzllforme are well known 
and have been described for some time Strams that formed 
the bas~s for the descr~pt~on of F thapsrnum were first iden 
trfied on the basis oftheir yellow prgrnent and thelr rnab~lity 
to cross with the standard testers of F monrllforme A sub- 
set of these strains were then intercrossed with one another 
m all possible palnvise combinations until a fertile cross 
was rdentified In~tially, female-fertile strains of only one 
mating type were identified Two series of laboratory back- 
crosses were requlred to obtam the female fertile tester 
strains that now anchor the descnpt~on of this species In 
these backcrosses, female ster~llty was always significantly 
more frequent than female fertility Thus ~t 1s poss~ble that 
most field stralns of F thapsinum only rarely pass through 
the sexual portion ofthe l~ fe  cycle and that fieldpopulat~ons 
are composed of one or a few domlnant clonal lmeages 

Eflective Population Number 

The effective populat~on number is the slze of the popu- 
lation relatlve to a randomly-mating population In a popu- 
lation genetics context, effective population number is 
usually used in the evaluation of field populations because 
matrng is often not at random, and because not all members 

of a population leave equal numbers of progeny The major 
constraints on effective population size ~n filamentous asco- 
mycetes are the relative frequencies of the mating type al- 
leles and the number of self-ster~le hermaphrodltes In the 
population Maximum effective population slzes in these 
fimgi occur when the mating type alleles are present in a 1 1 
ratio, and when all of the strains are self-sterile hermaphro- 
dites In both F monillforme and F thapsinum, matlng type 
is present at slightly skewed frequencies, andresults m a loss 
in populat~on size of 10% and 2%, respectively The number 
of self-ster~le hermaphrodites In the population 1s approxr- 
mately 50% of the count for F monillforme and 10% of the 
count for F thapsinum The lack of hermaphrod~tes means 
that the effect~ve populations numbers are some what re- 
duced for F monrlzjorme, an addlt~onal 12% of the count, 
and qulte severely reduced for F thapsinum, an additional 
68% of the count Populations of F monzllforme from sor- 
ghum in Tanzan~a are s~milar to those from the larger popu- 
lat~on sampled In the Un~ted States The F thapsznum strains 
from Tanzania were much more fertlle, however, and loss of 
hermaphrod~tes there reduced the effective population 
number by only 47% instead of 68% 

The relat~ve lack of female fertlle strains and relat~vely 
low effective populatlon numbers is consistent w~ th  the hy- 
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Table 2 Alphabetical listing of Fusanum species commonly associated with sorghum 

Sexual Other Mycotox~ns 
Spec~es stage names produced Comments 
Fusarrum eqursetr Grberella rnbrcans None Fusarochromanone Assoc~ated with root and stalk rots D~strlbuted 

monll~formln tr~chothecenes throughout all sorghum growlng areas 
zearalenone 

Fusarrum Grbberella zeae None Fusaprol~ferin fusarlns Is the only Fusarrum commonly assoc~ated wlth 
gramrnearum tr~chothecenes nivalenol and sorghum that is homothall~c Often referred to as F 

deoxynivalenoh zeardenone rammearum roup II to distlngulsh it from the 
feterothall~c figramrnearum grou I that causes a 
dryland foot rot of wheat In   us tray la and the Unlted 
States Assoc~ated w ~ t h  seedl~n bl~ght stalk and root 
rot gram mold and storage mdds and mvcotoxlcoses 
P~gs-are particularly s e n s h e  to sorghum,feed 
contamlnated w ~ t h  this fungus Gram contamlnated 
w ~ t h  F gramlnearum used-for malt can result In 
aushlna In beer due to the Dresence of deoxvnlvalenol 
More common In cooler an'd wetter sorghum growlng 
areas 
Newly descr~bed s ecles commonly assoc~ated w ~ t h  
sorghum revlousl) probably mlsldent~fied as e~ther 
F monrl$rme or Joxysporum D~strlbutlon llmlts are 
not yet hnown 
Newly descr~bed specles (may be a specles complex) 
commonly assoclated w ~ t h  sor hum and m~llet 
prev~ously probably rnlsldent~aed as e~ther F 
monrllforme or F oxys orum Distr~but~on llm~ts are 
not yet known but wlfespread in Afrlca and Australla 
A ve common and w~dely dls ersed so11 fungus 
Prob%ly a specles complex an tnot  a slngle speaes 
Re orted to colon~ze sorghum root and stalk tlssue but 
patRogenlc assoclatlon w ~ t h  sorghum has not been 
proven D~strlbuted throughout all sorghum growlng 
areas 
Often mlsldent~fied as F monrllforme and occas~onally 
as F subglutrnans therefore the damage attr~buted to 
t h ~ s  organlsm ~sprobably underestimated Assoc~ated 
wlth seedllng bl~ght, pohkah boeng ram mold stalk 
and root rot and storage diseases anfmycotoxicoses 
Clear ldent~ficat~ons are poss~ble using lsozymes or 
crosses wlth standard tester stralns D~strlbuted 
throughout all sorghum growlng areas 

Fusarrum 
naplforme 

None known None 

Fusarrum nygamar Grbberella nygamar Grbberella 

Populat~on G 

Fusarrum 
oxysporum 

None hnown Numerous 
usually related to 
the host Infected 

Fusarrum 
prollferatum 

Grbberellafu rkuror None 
Mat~ng Popu{atlon D 

Fusarrum 
semrtectum 

None known Fusarrum 
paNrdo roseum 

Has not been the subject of as lntenslve study as many 
of the other Fusarrum SDD l~sted here Assoc~ated w ~ t h  

ram mold and root anil'stalk rots Dlstr~buted 
broughout all sorghum growing areas 

Fusarrum solanr Nectrra Numerous often 
haematococca related to the 

host Infected 

A very common so11 fungus A specles complex 
contalnln multiple b~olo leal specles that are usually 
ldentlfietas matlng popufatlons of N haematococca 
Reported to colonlze sorghum root and stalk tlssue but 
pathogenic assoc~atlon w7th sorghum has not been 
proven Dlstrlbuted throughout all sorghum growlng 
areas 

Fusarrum 
suSg&mun~ 

Grbberella fu rkuror Fusarlum 
w d t ~ n g  ~uptiailurrs E s a c L n t :  1 

& E  G~bberella 
subglutlnans 

Often m~s~dent~fied as F monrllforme Is a s ecles 
-complex cmtarnrrr atM tmee mil- rooa&yrnurt: 
d~fferent blolo Icafspecles ~ r a d l t l o n a i ~  named as the 
causal agent ofpokhah boeng but recent work 
suggests that F prollferatum 1s the correct name for 
the causal agent of that disease Assoc~ated w ~ t h  root 
and stalk rots Clear ~dentlfications are ooss~ble uslne 
isozymes or crosses wlth standard testei stralns 
Probably d~str~buted throughout all sorghum growlng 

Grbberella mdrca None Re orted to colon~ze sorghum root and stalk tissue but 
patiogenlc association w ~ t h  sorghum has not been 
proven 

pothesis that populations of F thapsznum are relatively 
clonal under field conditions and that selection for resls- 
tance to local clones may be an effect~ve strategy for breed- 
ing for resistance to this pathogen 

to 100 pprn of thls drug The F mon~lzforme strains were 
much more res~stant to this compound than were the F 
thapsznum stralns O f  the 28 F monzlrforme strams tested, 
27 were resistant to 70 ppm, and seven were part~ally resls- 
tant at the 140 pprn level In contrast, 19-20 stralns of F 
thapsznum were sensitive to 70 pprn of t h ~ s  drug and 12-20 
were sensitive to 35 pprn Thus, hygromycin resistance can 
be used as a s~mple preliminary screen to distinguish F mo- 
nzlrforme and F thapsznum, but the occasional overlaps in 
sensitivity probably are sufficient to prevent this screen 
from being used as the sole test Certalnly stralns that are 

Hygromyczn Reszstance 

Hygromycin resistance was tested at three different lev- 
els, 70, 140 and 300 ppm, uslng 28 F monzlrforme strams 
and 20 F thapsznum strains Transformed strains, for whlch 
th~s  drug is used as a selectable marker, are usually resistant 
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F~gure  1 Immature ascl and ascospores of Gibberella F~gure 3 Med~an long~tudlnal sect~on through a pen- 
thapsma from the Interlor of a perltheclum thec~um mounted ~n 100% lact~c acld Ostlo- 
(sexual frut~tlng body) (~1000) Mycolog~a lar openlng through the apex 1s lnd~cated by 
89 643-652 an arrow (x250) Mycolog~a 89 643-652 

Flgure 2 Extruded ascospores of G thapsma from a Flgure 4 Fusarium thapsmum straln F-04093 macroco- 
per~thec~al spore cirrhus (~1000) Mycolog~a nid~a (~1000) Mycologta 89 643-652 
89 643-652 
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Flgure 5 Fusarrum thapsmum straln F-04094 macroco- F~gure 7 Fusar~um thapstnum strain F-04094 mlcroco- 
nldla (~1000)  Mycologla 89 643-652 nidia (~1000) Mycolog~a 89 643-652 

Flgure 6 Fusarzum thapsznum straln F-04093 mlcroco- Figure 8 Fusarzum thapstnum strain F-04093 mono- 
nldla (~1000)  Mycolog~a 89 643-652 phlal~dlc spore-bearmg hyphae (~1000)  My- 

cologla 89 643-652 

9 
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Figure 9 Fusarium thapsznum strain F-04094 mono- 
ph~alldlc spore-bearlng hyphae (~1000) My- 
cologia 89 643-652 

sensitive to 35 ppm hygromycin could be identified as F 
thapsrnum however, and those resistant at the 140 ppm level 
could be identified as F monrllforme 

Isozyme Bandzng Pattern 

Isozyme banding is presently the fastest and most eco- 
nomlcal way to distinguish F monrllforrne from F thaps- 
rnum The most informative enzyme for this distmction is 
triose phosphate isomerase Fusarzum monzllforme has a 
unique band for this enzyme, and the gel to resolve the two 
specles can be run in an afternoon If it is mportant to distin- 
guish F thapsznum from other closely related species, e g , 
F subglutznans and F prollferatum, then other isozymes 
should be used and the gel usually runs overnight rather than 
in a slngle afternoon The isozyme banding patterns for both 
species are remarkably stable and show little to no variation 
even when strains from different contments are analyzed 

Electrophoretzc Karyotype 

Electrophoretic karyotypes were determined for both F 
monrllforme and F thapsrnum Both ofthese strains have 12 
chromosomes numbered from 1, as the largest, to 12, as the 
smallest In F monrllforme, chromosome 12 is dispensable, 
and this presumably is the case m F thapsrnum as well 
These dispensable chromosomes have been found to cany 
genes that confer pathogenicity in other species of Fusar- 

ium, e g F oxysporum and F solanr, but F monrllforme 
strains that lack all or part of chromosome 12 retain their 
pathogenicity in limited greenhouse tests The genome sizes 
ofthe two species are very similar as are the individual chro- 
mosome sizes In a brief survey of the genome organization 
of F monzllforme and F thapsrnum, it appears llkely that 
most of the genes carrled on a particular chromosome in F 
monrlrforme also are carried on the chromosome with the 
same number in F thapsrnum 

rDNA ITS Restrrctron Fragments 

The rDNA reglon was amplified from 28 F monrllforme 
strains and 2 1 stralns of F thapsrnum The resulting DNAs 
were cut with seven restriction enzymes - BgA, ClaI, EcoRl, 
HzncII, MboI, SmaI, and SphI Differences between F mo- 
nrlgorme and F thapsznum were seen only w~th  MboI and 
SmaI 

Mycotoxzns Produced 

Fusaric acid was one ofthe first fungal metabolites impli- 
cated directly m plant pathogenesis It is mildly toxic to 
mice and affects brain and pineal neurotransmitters and me- 
tabolites in mammals Fusaric acid's major mportance 
however, may be m its synergistic Interactions with other 
naturally occurring mycotoxlns such as furnonisins, monill- 
formin, fusarins, beauvericin and fusaproliferins All tested 
strains of both F thapsrnum and F monrllforme produce fu- 
saric acid We expect that most Fmarzum strains from sor- 
ghum probably synthesize fusaric acid, and fusaric acid has 
been nearly universally detected in the relatively few sor- 
ghum grain samples that have been analyzed for it How- 
ever, the average level and incidence of this compound in 
grain used for food and feed remains unknown, and so its 
impact on human and animal health has never been accu- 
rately estimated 

Fumonisins are important toxins that have recently been 
shown to induce equine leukoencephalomalacia and pulmo- 
nary edema m swine, and correlated with esophageal cancer 
in humans Fumonisins have been shown to induce plant 
disease symptoms when applied dlrectly to plants, but there 
is as yet no solid evidence that strains that produce higher 
levels of fbmonisin are more aggressive than are their non- 
producing counterparts The fumonisins are produced by F 
monrllforme, but not by F thapsznum 

Moniliformin is an unusual compound with a cyclobu- 
tane ring at its core Thls compound is toxic to poultry but 
has no, as yet, detectable effects on other domesticated ani- 
mals or humans Monilifomln is made at quite hlgh levels 
by F thapsrnum, but at only very low levels, if at all, by F 
monrllforme Thus, the species for which the compound is 
named apparently is incapable of synthesiz~ng it In addition 
to these three toxins, both F monrllforme and F thapsrnum 
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synthesize compounds that can lead to duckling toxicity, but 
that have yet to be identified 

Editorial and commtttee service (1997) 

Editor of Applzed and Envrronmental Mzcrobzology 

Associate Editor and Editorial Board of Mycologza 

Member ofthe International Society for Plant Pathology, 
Fusarzum Committee 

Editor and organizer of the Genetics session of the Paul 
E Nelson Memorial Sympos~um 

Participant in USDA-National Research Initiative, Bio- 
logically Based Pest Management Panel 

Research Investigator Exchange 

Dr Leslie participated In the INTSORMIL traveling 
workshop in Ethiop~a and Eritrea, September 19 - October 
1,1997 

Dr Leslie made the following scientific exchange vlsits 
(1997) Kenya - August 6-10, Uganda- August 10-20, Hun- 
gary - August 27 - September 5, Czech Republic - Septem- 
ber 6-10, Egypt - October 3 - 14, and, South Africa - 
December 2- 16 

Semtnar, Workshop and Znvited Meeting Presentattons 

Department of Botany, University of Georgia, Athens, 
Georgia - 4/97 

Faculty of Agriculture and Forestry, Makerere Univer- 
sity, Kampala, Uganda - 8/97 

Germplasm and Research Information Exchange 

Germplasm Consewatron and Use 

Durlng 1997 standard Fusarzum cultures were provided 
to 

* M P Latorse, Rhijne-Poulenc Agro Lyon France 

* Dr L Hornok, Agricultural Biotechnology Center, In- 
stitute for Plant Sciences, Godollo, Hungary 

* Dr W Gams, Centraalbureau voor Schimmelcultures, 
Baam, The Netherlands 

* Dr J T Cowsert, Llrnagrain Genetics Research, 
Champaign, Illinois 

* Dr C Waalwijk, DL0 Institute for Plant Protection, 
Wageningen, The Netherlands 

* Dr H I Nirenberg, B~ologische Bundesantsalt fbr 
Land- und Forstwirtschaft, Berlin, Germany 

* Dr R C Ploetz, Tropical Research & Education Cen- 
ter, University of Florida, Homestead, Florida 

* Dr W F 0 Marasas, PROMEC, South African Medi- 
cal Research Council, Tygerberg, South Africa 

* Dr S C Jong, American Type Culture Collection, 
Rockville, Maryland 

* Dr M P Wach, Sylvan, Inc , Kittanning, Pennsylva- 
nia 

* Dr D C Kenison, Ivy Laboratories, Inc , Overland 
Park, Kansas 

* Dr L W Burgess, University of Sydney, Sydney, 
New South Wales, Australla 

* Dr Charles Bacon, USDA Russell Research Center, 
Athens, GA 

* Drs A Logrieco & A Moretti, Istituto Tossine e Mi- 
cotossine da Parassiti Vegetali,  bar^, Italy 

* Fungal Genetics Stock Center, University of Kansas 
Medical Center, Kansas City, KS 

* Dr J S Smith, Department of Animal Sciences & In- 
dustry, Kansas State University, Manhattan, KS 

* Drs R W Bowden, L E Claflin & D J Jardine, De- 
partment of Plant Pathology, Kansas State University, 
Manhattan, KS 

* Dr B Bakan, INRA, Nantes, France 

* Dr S Gnanarnanickarn, University of Madras, Madras, 
India 

* Dr R W Schneider, Plant Pathology Department, 
Louisiana State University, Baton Rouge, Louisiana 

* Dr E L N~gh, Department of Plant Pathology Uni- 
verslty of Arizona, Tucson Arizona 

* Dr B Heremans, Riksstation voor Plantenziekten, 
Merelbeke, Belgium 

* Dr M Diourte, IER, Bamako, Mali 

* Dr S Chulze, Universidad Nacional de h o  Cuarto, 
Rio Cuarto, Argentina 
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* Drs M Wingfield and B Wmgfield, University of the 
Orange Free State, Bloemfontem, South Africa 

Other collaboratcng sccentrsts 

* Dr Anaclet S B Mansuetus, Department of Biological 
Sciences, University of Swaziland, Kwaluseni, Swazi- 
land 

* Dr Maya Plfieiro, Mycotoxlns Unit, Laboratono Tec- 
nologia del Uruguay, Montevideo, Uruguay 

* Drs M Flieger & S Pazoutova, Institute of Microb~ol- 
ogy, Czech Academy of Sciences, Prague, Czech Re- 
public 

* Drs M Wingfield and B Wmgfield, University of 
Pretoria, Pretoria, South Africa 

* Drs A E Desjardlns & R D Plattner, USDA Na- 
tional Center for Agricultural Utilization Research, 
Peoria, IL 

* Dr Charles W Bacon, USDA Russell Research Cen- 
ter, Athens, GA 

* Dr G Odvody, Texas Agricultural Experlrnent Sta- 
tion, Corpus Chnst~, TX 

* Dr K K Klem, Mankato State University, Mankato, 
MN 

Publlcat~ons and Presentations (1997) 

Journal Artccles 

Klitt~ch C J R J F Leslie P E Nelson and W F 0 Marasas 1997 
Fusarzum thapsrnum (Grbberella thapsma) A new specles In sectlon 
L~seola from sorghum Mycologia 89 643 652 

Leslie J F and C T Yamash~ro 1997 Effects of the to1 mutat~on on 
allel~c ~nteract~ons at het loc~ In Neurospora crassa Genome 40 834 
840 

Mansuetus A S B G N Odvody R A Fredenksen and J F Lesl~e 
1997 B~ologlcal species of Grbberella fijzkuroz (Fusarzum sectlon 
Lzseola) recovered from sorghum In Tanzania Mycological Research 
101 815 820 
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Agroecology and Blotechnology of Fungal Pathogens 
of Sorghum and Mlllet from the Greater Horn of Afr~ca 

Project KSU-210B 
Larry E Clafin 

Kansas State University 

Dr Lany E Claflm, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506 

Mr Henry Nzioki, National Dryland Farmmg Research Center-Katumani, P 0 Box 340, Machakos, Kenya 
Dr Geblsa Ejeta, Department of Agronomy, Purdue University, West Lafayette, IN 47907 
Dr Mitch Tumstra, Department of Agronomy, Kansas State University, Manhattan, KS 66506 
Dr John Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506 
Dr Darrell Rosenow, Texas A&M Agricultural Experiment Station, RR 3, Box 219, Lubbock, TX 79401 
Dr G A Odvody, Texas A&M Research and Extension Center, Route 2, Box 589, Corpus Chnsti, TX 78406 
Dr Jose Calderon, University de San Carlos de Guatemala, Guatemala Clty 
Dr Neal McLaren, ARC-Gram Crops Institute, Potchefstroom, Republic of South Africa 

Summary 

Survival of ergot conidia rapldly declined under Kansas nate hosts of Clavrceps aj-zcana m the U S , Kenya, and 
conditions as viable conidia were not detected in April from Egypt 
mfected panicles Similar trends were observed in Mexico 
as populations declmed nearly 50% from March to April Constraints 

The polymerase cham reaction (PCR) was developed for 
ascertammg the presence of cells of Xanthomonas campes- 
trrs pv holcrcola (causal agent of bacterial leaf streak d~s-  
ease of sorghum) m sorghum seeds Bacterial cells were 
only detected from the external tissue of seeds but results 
were unreliable due to the limited number of cells present 
Extracts from internal tlssues of seeds were negatlve for X 
c PV holczcola by PCR and recovery on media 

Objectives, Production and Ut~lizatlon Constraints 

Determme the survivability of macro- and microconidia 
of Clavrceps aj-zcana, causal agent of ergot dlsease of 
sorghum, on various surfaces in the U S Mexico, and 
Guatemala 

Determme the overseasoning survival of macro- and mi- 
croconldia of C afircana in the U S 

Contmue to screen for genetic vanabllity of sorghum 
germplasm to covered kernel smut and ergot diseases in 
the U S , Kenya, and Egypt 

Screen varlous genera of plants mcludmg Sorghum sp , 
Andropogon Cenchus etc , to ascertam potential alter- 

Ergot was only a problem in gram sorghum m Afrrca and 
Asia prior to 1996 when the disease was first detected m 
Brazil and Argentma In 1997, the disease spread to Colom- 
bia, Honduras, Mexico, numerous islands m the Caribbean, 
and, very recently, m Central and South Texas This poses 
profound implications for the sorghum mdustry m North 
America Losses due to ergot may be attributable to actual 
reduct~on m gram yields, loss of export markets of seed and 
feed grams to those countries where ergot has not been re- 
ported, and loss of germplasm and or hybrld seed mcreases 
in wmter nursenes where ergot was detected and quarantme 
regulations prohibit return of the gram mto the U S Grain 
sorghum is used as a human food m numerous countries and 
may be the only food staple available m those areas where 
drought is a common occurrence and ergot contammation of 
such grain could result m extensive hunger It is unknown if 
the macro- microconidia or scleroha will survive between 
sorghum croppmg seasons m temperate areas 

Covered kernel smut is one of the more important dis- 
eases of grain sorghum m LDCs The disease is easily con- 
trolled by chemical seed treatments but these chemicals 
may not be available or the cost may be prohibitive for pur- 
chase by farmers Incorporation of resistant or Immune 
germplasm Into acceptable cultivars would partially allevi- 
ate concerns about covered kernel smut 
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Xanthomonas campestrzs PV holcrcola, is the causal 
agent of bacterial leaf streak disease of gram sorghum and 
has been reported from many countries Losses vary but are 
generally considered mmmal as excellent genetic resis- 
tance has been mcorporated into mbreds, hybrids and culti- 
vars The principal concern of X c PV holczcola is 
exchange of germplasm, mports and exports of gram sor- 
ghum due to quarantine regulations of various countries 

Rapid and accurate identification ofX c PV holcrcola is 
important to commercial seed companies, import, and ex- 
port agencies The success of regulatory agencies m ~ssumg 
phytosanltary certificates and sorghum breedmg programs 
to determme genetic variability of germplasm depends prl- 
marily on the availability of reliable methods for detection 
of pathogens in plant tissue Serious problems have been en- 
countered when a causal microorganism is on a quarantme 
list of aregulatory agency Problems such as an incorrect di- 
agnosis, failure to provide a phytosanitary certificate with 
the export shipment andor a devious attempt to reduce the 
cost of a commodity by stating that the causal pathogen was 
found m the shipment are all causes for concern In addition, 
regulatory personnel may not have sufficient expertise or 
training to accurately diagnose the target organism andor 
the laboratory facilities may be inadequate An Incorrect di- 
agnosis by a regulatory agency will mandate that the burden 
of proof rests with the exporter 

Diagnosis of plant pathogenic bacteria is commonly 
based on biochemical, physiological, and pathogenicity 
tests which are tune-consummg, laborious and often am- 
biguous and subjective Xanthomonas campestrrs consists 
of at least 125 pathovars that are differentiated by their abil- 
~ t y  to cause diseases on host plants Moreover, saprophytic 
X campestrzs strains exist on or m plants and plant debris in 
association with pathogenic pathovars ofX campestrrs X 
c PV holczcola cannot be differentiated from other patho- 
vars ofX campestrzs by use of physiological and biochemi- 
cal tests Serological techniques based on currently 
available polyclonal antibodies are of dubious merit be- 
cause of cross-reactions that occur with numerous patho- 
vars 

Research Approach and Project Output 

Research Methods 

The polymerase cham reaction (PCR) for diagnosis rap- 
idly gained acceptance when Thermus aquatzcus (Taq), a 
polymerase enzyme was reported This technique provides 
a rather simple and mgenious method to exponentially am- 
plify specific DNA sequences by zn vztro DNA synthesis 
PCR specificity is from the synthetic oligonucleotide prim- 

ers which base-par to and define each end of the target se- 
quence to be amplified PCR-based detection and 
identification methods were described for other plant patho- 
gens The technique offers numerous advantages such as it 

is not necessary to have the causal agents m a pure culture 
for diagnosis by PCR, the method has excellent sensitivity 
with the theoretical potential to detect a smgle target mole- 
cule m a complex mixture without usmg reactive probes and 
is rapid and versatile As with serological probes, narrow 
and broad selections are possible, facilitatmg the detect~on 
of a smgle pathogen or many members of a group of related 
pathogens, dependmg on the pruners that have been chosen 
Reagents with narrow or broad specificities can be devel- 
oped at areasonable cost The expense generated by the syn- 
thesis of hundreds of different primers for PCR would be 
equal to only a few monoclonal antibohes The rep-PCR 
technique 1s based on the amplification of DNA with oligo- 
nucleotide primers from three families of unrelated repeti- 
tive DNA sequences corresponding to repetitive extragenic 
palindromic (REP), enterobacterial repetitive intergenic 
consensus (ERIC), and BOX elements 

Ergot 

Conidial spores produced by the ergot fungus are re- 
ported to be very fragile with a short life An extremely high 
incidence of ergot was reported in gram sorghum over a sev- 
eral week penod m February (1 997) on numerous islands 
withm the Caribbean This is likely attributable to an air- 

borne spore-shower This may occur under climatic condi- 
tions of moderate temperatures and favorable levels of 
relative humidity, coupled with a tropical disturbance or a 
prevailing wind to dissemmate the spores over wide geo- 
graphical areas A major concern in the U S is the prevail- 
ing southerly winds during the growing season for grain 
sorghum, especially since ergot has been reported m Central 
and South Texas 

Durability of ergot con~dia will be determmed by evalu- 
ating longevity of spores under natural field conditions The 
survival rate will also be determined on the surface of vari- 
ous materials such as cotton to imitate clothmg, leather to 
mimic shoes, and metal and rubber to simulate machinery 
used m producmg grain sorghum Monel metal disks were 
cleaned with several changes of acetone, washed in several 
changes of sterile distilled water and dried A portion ofthe 
disks were pamted yellow, green and red to determme if pig- 
ments in paint used in painting agricultural mplements 
were toxic to ergot conidia Other disks were from rubber, 
tarpauhn, paper from corn seed bags, and leather Panicles 
exhibiting honeydew symptoms were collected and stored 
at room temp Individual ergot-infected florets were re- 
moved and placed in a beaker containmg a solution of 10 
mM phosphate buffered salme (PBS) The fmal concentra- 
tion consisted of 6 6 X lo7 cellslml of microconidla and 1 1 
X lo7 cells/ml of macroconidia Disks were mfested by 
placmg 2 5 0 ~ 1  ofthe suspension on each disk and then dried 
overnight m a lammar flow hood Disks were placed in per- 
forated paper bags for storage in an unheated buildmg 



Sustarnable Plant Protectron Systems 

Disks were removed at monthly intervals from the stor- 
age facility and placed in six-well tissue culture flat bottom 
plastic plates Four ml of PBS was added to each well Plates 
were then placed on a Thermolyne rotatorlshaker at a setting 
of 150 rpm for 45-60 mm Plates were removed and 250 p1 
from each well was added to a hemocytometer Counts were 
determined primarily with the 10X objective, however the 
40X objective was used to determine mlcroconidia At least 
10 fields were counted in the Hemocytometer 

Volunteer plants 

Various species of Panlcum Cenchrus Sorghum and 
Andropogon have been reported as susceptible to C afrr- 
cana Seeds of these plants will be obtained from the plant 
introduct~on centers and planted In addition, various Sor- 
ghum sp such as aethropzcum almum japonzcum mrlr- 
aceum plumosum saccharatum sudanense versrcolor 
vertrcrlIrjlorum and vrrgatum will be evaluated under 
greenhouse conditions as some are potentially serious 
weeds if escapes occur Koch's postulates wlll be used as to 
identify those susceptible 

Development of a PCR technrque 
for X c P V holcrcola 

Source and mamtenance of bacterial cultures - Twenty- 
eight strains of Xanthomonas campestrrs PV holcrcola 
seventeen strains of different pathovars of Xanthomonas 
and four stralns of Pseudomonas from various areas of the 
world were used All bacterial strains were preserved in sll- 
ica gel at -80°C or lyophilized for long-term storage After 
removal from silica gel or lyophil tubes, cultures were 
added to nutrient broth, placed on a rotary shaker, and after 
1-2 hrs were streaked on yeast extract dextrose-calcium 
carbonate medium (YDCA) to confirm purlty and for 
growth on X phaseolz medium (MXP), a semiselective me- 
dlum for Xanthomonads Worklng cultures were main- 
tained on silica gel at 4OC 

DNA extractlon and PCR assay using rep-PCR - For 
DNA extractlon, a single colony was selected from plates 
after 48 hours of incubation at 2S°C Genomic DNA from 
each straln was extracted by a mod~ficat~on ofthe procedure 
of Murray and Thompson or by the lysozyme-sodmm dode- 
cyl sulfate lysis method as mod~fied by Leach et al Ge- 
nomic DNAs from the bacter~al strains selected were 
quant~fied by spectrofluor~metry w~th  a model TKO-100 
mm~fluorometer (Hoefer Scient~fic Instruments, San Fran- 
clsco) and adjusted to 50 ng/pl Genom~c DNA concentra- 
tions from seed samples were estimated in an agarose gel by 
comparing to reference serial dilutions of X c pv holcz- 
cola 

OR) The sequences of the prlmers were as follows ERIC 
(ERIC lR, [5'-ATGTAAGCTCCTGGGGATTCAC-3'1, 
ERIC2R, [5'-A GTAAGTGACTGGGGTGAGCG-3']), 
REP (REP I R-I, [5'-1111-CGICGICATCIGGC3'1, and 
REP2-I, [5'-ICGICTTATCIGGCCTAC-3']), BOX, 
(BOXA 1 R [Sf-CTACGGCAA GGCGACGCTGACG-3'1) 

PCR amplifications were performed in an automated 
thermal cycler (Perkin - Elmer DNA Thermal Cycler, Foster 
C~ty, CA or MJ Research, Inc , Watertown, MA) Initial de- 
naturation was at 94OC for one min followed by 35 cycles of 
ERIC and REP primers that annealed at 52°C for one mm 
for the ERIC primer and at 4 4 " ~  for one min with the REP 
prlmer and extended at 6 5 ' ~  for eight min The final exten- 
sion cycle was at 6 5 " ~  for 15 min followed by a final incuba- 
tion at 4OC A 12 5 p1 portlon of each amplification reaction 
was separated at 4 " ~  on a gel mixture of 0 75% agarose and 
0 75% Synergel (Diversified Biotech, Inc , Boston, MA) in 
0 75X TAE (4mM Tris-acetate, 2 mM EDTA) or 0 5X TBE 
buffer The gel was stained with ethidium bromide and pho- 
tographed on an UV transilluminator Throughout the 
study, PCR amplifications with DNA from randomly se- 
lected strains were repeated two or three times for confirma- 
tlon of banding patterns 

Data analysis - Fingerprint patterns generated by each 
strain were compared visually and grouped accordmg to 
unique fingerprints based on rep-PCR amplification alone 
Each unlque bandlng pattern generated by the rep-PCR 
prlmer ERIC, was regarded as a haplotype Only amphfica- 
tion products that were present throughout each of three 
repetitions for at least one Isolate were scored 

Reproducibility of DNA fingerprints - Flngerprlnt pro- 
files generated from independent DNA preparations ex- 
tracted from single-colony cultures and a protocol involving 
the dlrect use of whole cells collected directly from solid 
and liquld media were tested to determine reproducibility 
For the solid medla assay, two strains of X c pv holczcola 
(4429XCH, 44 13XCH) and one strain of a different patho- 
var, X c pv malvacearum (KSU4485), were streaked on 
nutrient yeast-dextrose Bacterial cells were collected by 
passing a 1 yl d~sposable lnoculatlng loop through the colo- 
nies and then inserted into the PCR mixture and vigorously 
stirred until the cells were suspended Each bacterial stram 
was grown ovem~ght in 8 ml of nutrient broth media and 3 p1 
of the suspension was added directly to the PCR mlxture 

Sens~tlvity thresholds - The limits of detection (amph- 
ficatlon) of X c pv holcicola genomlc DNA by the ERIC 
prlmers was evaluated as follows Extracted genomic DNA 
( straln 4429XCH) was serially dlluted to concentrat~ons of 
50, 25, 20, 15, 10, 5, 2, 1 nglpl in filtered, autoclaved, 
HPLC-grade water Allquotes (3 p1) from each dllution 
were added to the rep-PCR mixture and then analyzed by 
agarose gel electrophoresis 

REP, ERIC, and BOX element (BOXlA) ol~gonucleo- 
t ~ d e  primers were synthes~zed by Oligo's Etc (Wilsonville, 
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Efficacy of diagnosis ofX c pv holclcola m seed- X c 
pv holc~cola (stram 4412XCH) was grown overnight m 
elght ml of nutrient broth and then centrifuged for two mm 
at 10,000 rpm and resuspended into sterile water for a sus- 
pension of approxlmately 108 cWml Sorghum plants at the 
bloom stage of growth were inoculated by injectmg the sus- 
pension m the rachis tissue with a needle (26-gauge) and sy- 
rmgae and by Infiltration of the uppermost leaves At 
physiological maturity, panicles were hand-harvested, 
threshed and the seeds drled at room temp Bacterial ge- 
nomlc DNA fiom sorghum seeds was extracted according 
to a slmple procedure used to extract bacterial genomlc 
DNA from bean seeds To determme if X c pv holcrcola 
colonized the outslde surface of seeds, four seeds from each 
moculation technique were added to 1 5-ml tubes contam- 
ing 0 5 ml of 0 5 N NaOH and 0 5% (wtlvol) PVP and 
soaked for two mm The tubes were centrifuged at 500 X g 
for two mm and 5 p1 of the extract was transferred to a 1 5- 
ml tube contammg 495 p1 of 20 mM Tris-HC1, pH 8 0 One 
5-p1 aliquot was used per ~ndividual PCR assay To deter- 
mme if X c pv holcrcola colonized the internal tissues of 
seeds, four kernals each from both moculation techniques 
were washed m a solut~on of 0 5 N NaOH and 0 5% (wtlvol) 
PVP for 2 mm and then nnsed twlce for five mm in sterile 
PBS buffer Seeds were blotted dry with paper towels, 
placed m a stenle mortar, and then coarsely crushed wlth the 
pestle These seed fragments were transferred to 1 5-ml 
tubes contammg O 5 ml sf 0 5 N NaQH md 9 5% !.~rt,'~oll) 
PVP and thoroughly mixed for 15 sec by vortexmg After a 
brief centrifugation, 5 p1 of the supernatant was transferred 
to a 1 5-ml tube contammg 495 PI of 20 mM Tris-HCI, pH 
8 0 One 5-PI aliquot was used per individual PCR assay 
Extracts from autoclaved sorghum seeds were used as nega- 
tive controls The rep-PCR amplification assays were per- 
formed as described above but only with the primer 
combmat~ons of ERIC 1 Rand BOXA 1R and the thermal cy- 
clmg parameters described for ERIC-PCR 

Research Fzndrngs 

Ergot 

Survlval of ergot conidia rapidly decllned under Kansas 
conditions at the onset of warmer weather m March (Table 

1) Vlable conidla were not detected m April and only one 
conidlum was observed to germmate m May Slmilartrends 
were observed m Mexico as populations declmed nearly 
50% fkom March to Aprll on extracts from all surface mate- 
rials (data not shown) Surpr~singly, ergot macroconidia re- 
mamed vlable on galvanized metal for over six months 
Galvanized metal contains zinc, a known heavy metal toxic 
to fungi Survival was very poor on the brown Inner paper 
lmers of seed sacks Conldia remamed relatively static on 
rubber and leather 

Character~zatlon of X c pv holcrcola by rep-PCR - A 
unlque genomlc fingerprmt for X c pv holclcola was gen- 
erated by BOX, REP and ERIC-PCR Most strams of X c 
PV holclcola produced highly similar BOX, REP, and 
ERIC-PCR bandmg patterns to the X c pv holclcola patho- 
type strain (4429XCH) Differences were llmited to the 
presence or absence of one to three bands Bands were d~s -  
tinct fkom other Xanthomonads and Pseudomonads exam- 
med (Flgure 1) However, some strains recovered from 
different areas m Kansas had a few common bands to the 
fmgerpr~nt patterns generated from other strains ofX c pv 
holclcola and d~stinct from other bacter~al species mcluded 
as controls The absence or presence of extra bands with 
ERIC-PCR d~fferent~ated nine fingerprint types withm the 
29 strams ofX c pv holclcola that we tested These strains 
were classified mto four distmct genotypes based on those 
f~?gq:lnts) Six co-oii bmds to-tibtiarns of n' c pv 
holczcola were observed 

Sens~tivity thresholds - DNA was extracted from X 
c pv holczcola cells as mentioned above and the mmlmal 
amount needed as determmed by a dilution series to detect 
the characteristic ERIC lR/BOXA 1R-PCR sequence using 
ERIC-PCR thermal cycllng parameters was 10 nglml This 
corresponded to a suspension of approxlmately 1 3 x lo6 
cWml (data not shown) 

A simple DNA extraction method mvolving a seed soak 
procedure was used to determme the relative effic~ency of 
rep-PCR Seeds were harvested from plants moculated ei- 
ther by rachis-mjection or leaf-mfiltration The seed ex- 
tracts were tested on agar media plates for recovery o fX  c 
pv holcrcola cells Saprophytic contammation created 

Table 1 Surv~vability of Clavrceps sorghi conidia m Kansas, 1997-98 

Month 
November 
December 325 338 51 0 
January 791 857 52 0 
February 783 443 36 0 
March 1060 100 9 4 
April 18 0 0 0 
May 164 1 0 61 

Water 
agar 

Nonv~able Viable % Viable 
724 364 33 5 

Water 
agar + streptomycin 

Nonviable V~able % V~able 
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problems m ~dentificatlon of the causal agent Colon~es of 
X c pv holcrcola were only recovered on MXP and YDCA 
from the  external c o l o n ~ z e d  tlssue of seeds 
ERIC 1RJBOXA 1R-PCR detected X c PV holcrcola from 
only the external colonized tlssue but results were unrell- 
able due to the low number of cells present PCR profiles 
generally correlated w~th  the typical fingerprmt patterns of 
genomlc DNA at concentrations approximately 10 ng/pl 
Other components such as phenols In seeds may have Inter- 
fered wlth the minlmal level of bacterial DNA detection 
Extracts from the external seed coat that tested posltlve on 
MXP and YDCA were also positlve ~n the PCR test Ex- 
tracts from Internal t~ssues of seeds were negative for X c 
pv holcrcola by PCR and recovery on medla 

Dlrect extraction of genomlc DNA from recovered X c 
pv holcrcola cells m colon~zed seeds was eas~ly made with 
a solutlon of NaOH and PVP Elmmat~on ofX c pv holcr- 
cola cells that colonized seeds with br~ef consecutive soaks 
m NaOH and PBS were very effective for assessing PCR for 
detection of the causal agent m mtemal seed tissues None 
of the strams presented any resldual amount of external con- 
tammation ofX c pv holcrcola cells as was previously de- 
tected by PCR 

Research Invest~gator Exchanges 

Numerous contacts were made with International Scien- 
tists at the Prlnclpal Investigators Conference (June 23-24, 

1998) and the International Conference on ergot of Sor- 
ghum (June 25-26, 1998) in Corpus Chr~st~,  TX 

Research Informaaon Exchange 

Assrstance Gwen 

Reprmts of pertment journal articles, antlsera, bacterial 
cultures, and n~trocellulose paper were furnished to Dr 
Debbie Freder~ckson, University of Zmbabwe, for identlfi- 
catlon of several bacterlal pathogens of pearl millet 

Bacterial cultures were provided to Dr Norman Schaad, 
Plant Quarantme Laboratory (USDA), Ft Detnck, MD 

Microscope repair parts were purchased and shlpped to 
Mr G m a  Tegegne, IAR, Ethlopia 

Publicat~ons and Presentat~ons 

Abstracts 

Dlourte M and L E Clailln 1997 Character~zat~on ofFusarrum lsolates 
from Kansas and Mall Phytopathology 87 S24 

D~ourte M L E Claflln and B A Ramundo 1997 Infectton and 
colonlzahon of sorghum plants by twoFusar~um spec~es ~nvolved In 
the et~ology of Pokka Boeng Phytopathology 87 S24 

Journal Art~cles 

Muruth1 L M and L E Claflln 1997 Genetlc var~at~on ofgraln sorghum 
germplasm for reststance to Pseudomonas andropogonls Euphyt~ca 
98 129 132 

F~gure 1 ERIC-PCR fingerprlnt~ng patterns from genome DNA of X c  pv holc~cola and other bacterlal specles 
used as controls A 10 p1 port~on of each ampl~fied PCR product was separated at 4OC on a gel mlxture of 
0 7S0h agarose and 0 75% Synegerl sta~ned w~th ethldlum bromlde The control lane (31) represents the 
same ERIC-PCR but lack~ng template DNA 
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Dcssertations and Theses 

Nzroki Henry S (Kenya) December 1997 Inheritance of resistance 
ep~dem~ology and development of lsoenzyme and random apl~fied 
polymorph~c DNA (RAPD) techniques for Sponsorrum sorghr M S 
thes~s Kansas State University Manhattan 113 p 

Dlourte Mamarou (Mali) August, 1997 Etiology and epidemiology of 
PokkaBoeng d~sease of gram sorghum [Sorghum brcolo~(L ) Moench] 
In Kansas Ph D diss Kansas State Unlverslty Manhattan 122 pp 

Murllthl L B (Kenya) Apr~l, 1997 Ep~demiology ofPseudomonas 
andropogonrs causal agent of bacterial leaf strlpe of gram sorghum 
Ph D dlss Kansas State Unlvers~ty Manhattan 97 p 

Lu Mlng (PRC) October 1997 Diversity pathogenicity and potentla1 
plant growth ablllty of Grbberellaj3jikuro1 In malze and sorghum 
Ph D dlss Kansas State Unlverslty Manhattan 107 p 

Narvaez Corrales, Dar~o F (Colombia) November, 1997 Use of DNA 
probes for detecting Xanthomonas campestris pv holcicola causal 
agent of bacterial leafstreak m gram sorghum (Sorghum brcolor) M S 
thes~s Kansas State Unlvers~ty Manhattan 54 p 

Presentations 

Universldad Autonoma Aarar~a Anton10 Narro 75th An~versaro de la 
Fundac~on ~ r ~ o t ( ~ o r i e z u e l o )  del sorgo en Norteamer~ca, February 
26 1998 Cludad Obregon Mex~co (lnvlted) 

Proceedings 

Thakur R P R A Frederlksen D S Murty B V S Reddy R 
Bandyopadhyay L M Giorda, G N Odvody andL E Claflin 1996 
Breed~ng for Dlsease Resistance m Sorghum International conference 
on Genet~c Improvement of Sorghum and Pearl Millet September 23 
27 1996 Lubbock TX Univers~ty of Nebraska, Llncoln NE 68583 
0748 INTSORMIL Publicat~on 97 5 p 303 315 

Mcscellaneous Publications 

Clafl~n, L E 1997 Agroecology and biotechnology of fungal pathogens of 
sorghum and m~llet from the Greater Horn of Africa Project KSU 
2 10B INTSORMIL Annual Report 1997 University of Nebraska, 1 13 
B~ochem~stry Hall Llncoln NE 68583 0748 p 7 11 
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Low Input Ecolog~cally Defined Management 
Strategies for Insect Pests on Sorghum 

Project MSU-205 
Henry N Pltre 

M~sslss~ppl State Unlverslty 

Principal Invest~gator 

Dr Henry N Pitre, Entomologist/Professor, Mississippi Agricultural & Forestry Experiment Station, 
Mississippi State University, Box 9775, Mississippi State, MS 39762 

Collaborating Scientrsts 

Dr Francisco Gomez, Plant Breeder, Agronomy Department, Panamerican School of Agriculture (EAP), 
Apartado Postal 93, Tegucigalpa, Honduras 

Dr Ron Cave, Entomologist, Plant Protection Department, Panamerican School of Agriculture (EAP), 
Apartado Postal 93, Tegucigalpa, Honduras 

Dr Allan Hruska, Entomologist, Plant Protection Department, Panarnerican School of Agriculture (EAP), 
Apartado Postal 93, Tegucigalpa, Honduras 

Ing Lauraeno Pmeda L , Plant Breeder, Instituto Nicaraguense de Technologia Agropecuaria (INTA), Apdo 
6 1 10, Managua, Nicaragua 

Mr Tsedeke Abate, Entomologist, Institute of Agricultural Research (IAR), P 0 Box 2003, Addis Ababa, 
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Summary 

In Honduras sorghum and maize are attacked annually 
by a complex of lepidopterous caterpillars consisting of at 
least four species This complex annually damages or de- 
stroys these grain crops on subsistence farms, thus requiring 
costly replanting if resources are available Studies on as- 
pects of the biology, ecology, behav~or and population dy- 
namics of the three armyworm species in this complex have 
identified the role of these msects in crop production sys- 
tems in southern Honduras A system was developed for in- 
tegrated management of this lepidopterous pest complex 
Recommended practices include two low cost, but labor in- 
tensive cultural practices (planting date and weed manage- 
ment) utilizmg family labor Delayed planting (8-12 days) 
and weed control 12- 16 days after crop emergence results in 
less crop damage A smgle msecticide application may be 
requlred if a 40% infestat~on occurs Improved sorghum 
cult~vars and early maturlng maize are recommended to es- 
cape or tolerate insect damage Seed treatment with ~nsectl- 
cide prov~des some protection to seedlings Natural enemy 
parasitizat~on did not appear to mfluence crop damage by 
the defoliators and weed management practices did not in- 
fluence parasitold populations This information indicated 
the limited role that naturally occurring biological control 
agents might play m developing Integrated insect pest man- 
agement strategies for this lepidopterous caterpillar com- 
plex on sorghum and maize during the early crop growing 
season in this agricultural ecosystem and may posslbly re- 
late to other areas m Central America with similar insect 

pest constraints to production of these gram crops in similar 
agricultural environments Sorghum production usmg the 
pest management system developed was increased 20% and 
maize 35% at the farm level In years when grain yields and 
market prices are high, the recommended practices could re- 
turn $2 9 million a year to the production area in southern 
Honduras and possibly similar returns in other areas experi- 
encing identical insect problems in Central Amerlca In- 
creased yields of both crops would improve diets and 
nutritional level of familles 

Objectives, Production and Utilizat~on Constraints 

Complete investigations on the influence of speclfic 
weed management practices on lepidopterous ~nsect 
pests and natural enemy paras~toid populations on pro- 
duct~on farms m southern Honduras 

Study feeding preferences and performances (develop- 
mental rates) of Metaponpneumata rogenhoferr, one of 
the lepidopterous defoliators m the pest complex, on sor- 
ghum, maize, and sicklepod, a preferred weed species 
prevalent in production fields m southern Honduras 

Publish scientific papers in journals, as well as popular 
papers in Ceiba (the scientific and technical journal of 
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Zamorano), and extension articles for distribution 
throughout the sorghum and maize produclon areas m 
Honduras 

Extension of MSU-205 INTSORMIL activities mto 
Nicaragua, establishmg collaborative research programs 
with INTA 

Develop collaborative IAR entomological research pro- 
grams on sorghum m Ethiopia 

Evaluate lnsectlcides for control of stem, whorl andpanl- 
cle feeding msects on sorghum m M~ssiss~ppl 

Dlrect graduate students and travel to host countr~es to 
plan research and collaborate in entomological mvesti- 
gations 

Constramts 

Nmety percent of the sorghum acreage in southern Hon- 
duras is mtercropped w~th  maize because of adverse envi- 
ronmental and agronomic conditions In this area, tall, 
photoperiod sensitive, low yieldmg sorghum, called "mai- 
cillo criollo" are mtercropped with maize If the maize crop 
is lost to drought, farmers substitute sorghum for maize to 
feed thelr animals and family Thus, sorghum is an msur- 
ance crop durmg dry years when the maize crop fails, whlch 
occurs in three of every five years More than 40% of the 
sorghum harvested in southern Honduras is dest~ned for hu- 
man consumption 

A lepldopterous pest complex is considered by subsis- 
tence farmers to be the prmcipal threat to thew sorghum- 
maize crop dwmg the early period of crop development 
B~ological and ecological studies have been conducted m 
MSU-205 with the armyworm species [Spodopterafrugr- 
perda (fall armyworm), S latlfascra (black armyworm), 
and M rogenhofer~] m different crop production areas m 
Honduras Insect pest biology, ecology and seasonal popu- 
latlon dynamics studles eluc~dated the role of these three m- 
sect species m intercropped sorghum and maize Noncrop 
plant "source habitats" and crop plant "smk habitats" have 
been determmed Crop mortality factors have been parti- 
tioned in llmited studies m sorghum-ma~ze mtercropped 
systems m southern Honduras, with Insects accountmg for 
65% of the mortality to the crops 

Havmg previously identified the Importance of two of 
the lepldopterous caterpillar species mthis complex, stud~es 
durmg 1996-97 emphasized a thlrd species, M rogenhoferr 
The relationships of this little researched species with non- 
crop vegetation and crop plants m sorghum-malze produc- 
tion environments was emphasized Studies were 
concluded on the mfluence of host plants on larval develop- 
mental tune and adult survivorshlp The pest population lev- 
els and dynamics of mfestations on the crops durlng the 

growing season for this species, and others in the 
lepidopterous complex, assists m developmg total Insect 
pest management strategies for these insects in mtercropped 
sorghum and maize m specific agroecosystems Aspects of 
this research are transferable to other areas ~n Central Amer- 
ica 

The mternational significance of the Spodoptera species, 
as well as M rogenhoferr, partlcularly m relation to migra- 
tion, pest control, and insect~cide resistance, has impact on 
sorghum production for various regions in the Latm Amen- 
can Ecogeographic Zone, as well as potential Impact on 
crop production m the Unlted States (thls is partlcularly sig- 
nificant for the fall armyworm, a serious migratory pest 
throughout the Americas) 

Alternative msect pest management practices (Iuniting 
insecticide use) which are practical for use by low income 
subs~stence farmers (includmg cultural practices) have been 
evaluated m MSU-205 A package of sustamable and eco- 
nomically feasible crop production practices has been de- 
veloped for use by farmers who lack economic resources to 
purchase off farm inputs such as insect~c~des, herbicides 
and fertilizers Investigations have been designed to eluci- 
date spec~fic aspects of lep~dopteros pest management tac- 
tics previously ~dentified as practical for control of these 
particular Insects The Honduran Nat~onal Sorghum Breed- 
mg Program with EAP and INTSORMIL collaboration is 
designed to develop improved maicillo varieties and photo- 
period sensitive hybrids MSU-205 has been active in this 
program and has identified antibios~s resistance m the na- 
ttve landrace cultivars, and research has eluc~dated the anti- 
biosis mechanisms of resistance 

The extension ofMSU-205 ~nto  N~caragua is the result of 
expanding INTSORMIL's presence and participation m 
several host countries in Central America Sorghum pro- 
duction m Nicaragua 1s predominantly m commercial sys- 
tems on large f m s  and the coastal plams The prmcipal 
insect pest constraint to production is the sorghum midge 
Studies will be conducted to determine distnbution, host 
plant relationships, and cultural and chemical control strate- 
gies that are effective and ecologically acceptable for this 
region 

MSU-205 activity in Ethiopia mvolves the collaboration 
of IAR and INTSORMIL scientists m defmmg scientific 
studies that are practical and economically suitable for crop 
production systems m that country The prmcipal msect pest 
constraints to sorghum production are stalk borers 
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Research Approach and Project Output 

Research Methods and Research F~nd~ngs 

Honduras 

Weed Management Influence on Insect 
Pest and Natural Enemy Populatzons 

The mfluence of weed management systems on pest and 
natural enemy (parasitoid) populations were evaluated for 
the second year in on-farms studies with mtercropped sor- 
ghum and maize m southern Honduras Systems included 
agronomic practices with farmers declsion to control weeds 
and a system wlth delayed weed control As in 1996, five 
fields on five separate farms were established for study 
Fields were planted during the second week of June 

Crop fields with delayed (14 days after plantmg) weed 
control were infested with greater levels (50% to loo%, 
mean 60%) of weeds per square meter (dunng the first two 
weeks of crop growth), were mfested with the same lepidop- 
teros defoliator species (the "longosta" complex Spodop- 
tera frugzperda, S latzfascra, Metaponpneumata 
rogenhoferz and Moczs latzpes), but experienced less dam- 
age (1 8%), and the level of pest parasitization was the same 
as m mtercropped fields havmg weed control according to 
current farmer practices (hand weeding prior to plantmg and 
durmg early crop development) 

Spodoptera frugperda (fall armyworm) was the most 
abundant species encountered (throughout the crop growmg 
season) contributing to 62% and 68% damage to sorghum 
and maize, respectively A nematode, Hexamermzs sp 
(Nematoda Mermithidae), parasitized up to 61% of the lar- 
vae on sorghum and 68% of larvae on maize, respectively 
Levels of parasitization were greatest when larvae infested 
the crop plants in the 6 to 10 leaf stage, and declined thereaf- 
ter An ichneumonld parasite, Chelonus znsularzs (Hymen- 
optera Braconidae), was the second most important 
parasite of S frugperda Only 2% of larvae were parasi- 
tized This ichneumonid attacks S frugzperda eggs and 
emerges from first or second mstar larvae to pupate Two 
additional inchneumomid parasitoids, Ezphosoma vzttrcolle 
and Corsoncus magus parasitized less than 1% of S frugr- 
perdu eggs (emerges from larvae) Three specles of para- 
s ~ t ~ c  flies Archytas marmoratus, Lespesza archzppzvora 
and Lespesza sp (Dlptera Tachinldae) attack S frugzperda 
larvae and emerge from the pupae causing less than 1% 
mortal~ty 

This mformation on naturally occumg parasitoid popu- 
labon levels and parasitization mortality mdicates the lim- 
ited role that these biological control agents might have in 
developmg mtegrated insect pest management strategies for 
the lepidopterous caterpillars on sorghum and maize m thls 
agricultural ecosystem m Honduras and may possibly relate 
to other areas in Central America wlth similar insect pest 

constramts to production ofthese gram crops in slmllar agn- 
cultural environments 

Bzology of Metaponpneumata rogenhoferz 
useful zn developrng management practrces 
for the Insect pest complex on sorghum 
and mazze (Notes on Spodoptera latlfnscza 
Spodoptera sunra and Moczs latzpes) 

Metaponpneumata rogenhoferr was the second most 
abundant species on the sorghum and maize crops through- 
out the growing season, but was particularly prevalent m 
southern Honduras during the period of seedling and early 
whorl growth stages of the crops This pest, almost exclu- 
sively, was responsible for up to 100% plant destruction m 
some fields in 1997, resulting in replantmg by those farmers 
that could afford to do so Larvae were observed feedmg on 
Senna obtusfolra (= Cassza sensu strzcto) on May 21, thus 
apparently representing the first generation ofthe year Lar- 
vae collected on S obtusrfolza, as well as on sorghum and 
maize m midJune, apparently represented the second gen- 
eration of this species m the study area No larvae were ob- 
served on the crop or noncrop plants after June 28 This 
observation indicates that this species apparently has two 
generations durmg May and June ln thls area of southern 
Honduras 

To further investigate the biology of M rogenhoferz, lar- 
vae of the second generation were collected m the field m 
southern Honduras from sorghum, maize and S obtusrfolza 
and placed on a stand of the broadleaf weeds covered by 
four Saran screen cages (6x6x6ft) One hundred, 3'* to 4fh, 
mstar larvae were released m each cage Many larvae devel- 
oped to pupae, but no adults eclosed within the cage Pupae 
collected from the soil and taken to the laboratory did not 
develop to adults during a 30 day observation These obser- 
vatlons further support the previous data suggestmg that M 
rogenhoferz develops through two generations and enters a 
dormant state to survive penods of unfavorable weather 

Metaponpneumata rogenhoferz was parasitized by the 
Hexamermzs sp nematode (< 5% parasitization), two ta- 
chmid flies (L archppzvora and Lespesra sp, < 1 % parasiti- 
zation), and one ichneumonid wasp (E vzttrcolle, < 1% 
parasitization) 

Preferred noncrop hosts includmg S obtusfolra, Ipo- 
moea sp , and Bromelra caratas were the preferred food 
host plants of M rogenhoferr In the test area Percent parasl- 
tizatlon of larvae on these noncrop host plants was less than 
5% in the crop field, as well as on host plants outside the 
crop field 

Spodoptera latrfascza, the black armyworm, was present 
on the crops and noncrop vegetation (S obtusrfolza, Ipo- 
moea sp and Bromelra caratas) durmg early growth stages 
(first three weeks of growth) of the host plants, but was not 
observed in any appreciable numbers m the test area after 
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this period (late June - early August) Less than 5% of the 
larvae were paras~tized, w~th Hexamermrs sp responsible 
for almost all parasitizat~on A tachmid fly Archytas sp , 
was reared from a small number of pupae collected m the 
field 

The fourth lepidopterous species, Mocrs latrpes, in the 
complex of defoliators identified m the langosta complex by 
MSU-205 in earl~er investigations attacked the grain crops 
during the fifth to eighth week of crop growth (near mid- 
season) At thls time the crops were under drought stress Ix- 
porus unrsetus was a preferred host for M latpes No nema- 
tode parasttes were recovered M latqes is a pest that 
usually attacks the grain crops durlng m~d-growing season 
when the plants are larger The larvae are not exposed to 
splashing water (rainfall) contammated with so11 infested 
nematodes 

A fifth lepldopterous species, S sunra infested the weeds 
and the crop plants durmg May and June Preferred feeding 
hosts included S obtuslfolra, Ipomoea sp and Portulaca ol- 
eracea This defoliator pest was encountered at extremely 
low levels and thus, the larvae were responsible for only mi- 
nor damage to the crops durlng the first four weeks of crop 
growth Hexmermrs sp paraslt~zed less than 5% of the lar- 
vae 

Further studies on M rogenhoferz development on 
maize, Senna obtusrfolra (a preferred wild broadleaf host 
plant) and artificial diet (pinto bean diet) were conducted m 
the laboratory to determine ablllty of the lnsect pest to de- 
velop on these plant hosts, as well as developmental times 
(generation times) on each diet This information is useful in 
identifying the preferred host (diet) and provldes data on the 
biological development (life cycle) of thls important msect 
pest 

Larvae (collect from S obtuslfolra) developed faster on 
S obtusrfolra foliage @ 26d) compared with development 
on maize foliage 6 2 9  5d) and artificial d ~ e t  @ 34 5d) at 28' 
C and 78% Rh However, pupal we~ght was greater for in- 
sects reared on artificial diet @ 0 047g, SD 0 0 13) than for 
insects reared on maize @ 0 035g, SD 0 012) and S obtusr- 
folza @ 0 028g, SD 0 008) Larvae developed through two 
generatlons in the laboratory, having been collected as lar- 
vae durmg the first field generation and reared m the labora 
tory under the environment described above Second 
generation pupae, in an apparent dormant state, were held 
for other laboratory studies 

A taxonomic study of M rogenhoferr was completed 
This lepldopterous defol~ator IS a principal pest of sorghum 
and maize in many reglons in Central Amenca Whereas 
other insect species m the complex of defol~ators on these 
gram crops have received taxonomic characterization, de- 
scriptlve information of M rogenhoferr is lacklng Given 
the importance of this lnsect pest in sorghum and malze pro- 

duction during the first crop growing season, a deta~l char- 
acterizatlon ofthe species was considered to be a significant 
part of identifying aspects of integrated pest management 
assoc~ated with specific insect pests for the crop production 
systems 

As only a partla1 descript~on of the M rogenhoferz adult 
moth has been published since the original description of 
the species, the l~fe  stages of th~s  important Insect pest were 
described using illustrations and scannmg electron micro- 
scope pictures of the egg, larva, pupa, and adult ( ? & d 
gen~talia) stages Comparative notes on host plants and geo- 
graphical distr~bution of related species In the tr~be Eustro- 
tun (Noctu~dae) are presented 

Publrcatron for ScrentlJic Communrty 
and for Practrcal Applrcatron 

Collaborative research findmgs have been summarized 
and published m scient~fic journals of international recogni- 
tion A popular article describing INTSORMIL entomo- 
logical investigations on sorghum and maize in Honduras 
durlng the past 15 years is bemg publ~shed by the EAP This 
article has been prepared for farmer utilization and presents 
informat~on on seasonal occurrence of the insect pests on 
sorghum and maize, biological and ecological relationships 
ofthe msects with weeds, and Insect pest management prac- 
tlces, Including land preparation, weed control, planting 
systems, crop resistance to insects, and chemical control 
recommendations, as well as benefits to farmers An eco- 
nomic analysls of on-farm insect management investiga- 
tions has been completed An msect pest management 
system including delayed planting and delayed weed con- 
trol and a single insecticide applicat~on at insect pest thresh- 
old level Increased y~elds of sorghum and maize by 20% and 
35%, respectively In years when grain yields and market 
prices are hlgh, these crop productlon pract~ces could return 
$ 2  9 million a year to the productlon area in southern Hon- 
duras Increased yields of both crops would Improve d~ets 
and nutritional level of families P~ctures and graph~cs are 
Included in this popular article 

The PI traveled to Nicaragua in mid-1997 to establ~sh 
collaborat~ve research relationsh~ps with INTA and other 
agricultural organizations involved in sorghum production 
in that Country This t r ~ p  was successful in Identifying the 
Interest of INTA, as well as academiclresearch lnstitutlons 
in collaborating with INTSORMIL now and in the future A 
collaborat~ve agreement between INTA and INTSORMIL 
was signed in May 1998 A graduate student (EAP graduate 
and M S candidate at Mississ~ppi State University, a Nica- 
raguan) traveled to the PCCMCA meeting m N~caragua in 
Aprll to discuss proposed research plans with collaborators 
at the EAP and INTA As the sorghum midge has been iden- 
tified as the prmcipal Insect pest on sorghum In commercial 
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production fields on the coastal plain, the MSU-205 project 
will concentrate m collaborative research on this pest con- 
stralnt to production The student's research proposal has 
been accepted by MSU-205 collaborator scientists and re- 
search m Nlcaragua is scheduled to begin In August Ing 
Laureano Pineda, sorghum breeder in INTA IS the principal 
collaborator at this time m Nicaragua 

MSU-205 PI participated in the IAR-INTSORMIL Trav- 
eling Workshop in Ethlopia (and Erltria) m October of 
1997 The PI had previously corresponded wlth the INT- 
SORMIL/Horn of Afrlca Coordinator, Dr Gebisa Ejeta, 
Purdue University, and the IAR collaborator In Ethiopia, 
Mr Tsedeke Abate, m reviewing proposed entomolog~cal 
research programs for conduct in Ethiopia These programs 
involve 1) development of pest management strategies for 
sorghum stalk borers and panlcle feeding insects emphasiz- 
ing integration of cultural, chemical, and biological control 
tactlcs, and 2) economic impact of lnsect pests on sorghum 
production to be determined and value of management tac- 
tics to be assessed 

The principal entomolog~cal research activities in Ethio- 
pia will include studies on insect pest biology, ecology, be- 
havlor, dynamics and pest control using selectlve 
insecticides andtor cultural control tactics The principal in- 
sect pest constraints on sorghum lnclude stalk borers, and 
panicle feedlng head bugs Partlcipatlon in thls project dur- 
ing the next few years would extend MSU-205 research ac- 
tivities mto East Africa (Greater Horn of Africa) 

EfJacy of Insectlcldes Applzed to 
Sorghum for Insect Pest Control 

A select group of insecticides were evaluated for control 
of fall armyworm and sorghum midge on sorghum in north- 
eastern Mississippi Insecticides were applied at various 
raks ofqplication to plant3 in the various gowth ntages 
The efficacy of materials was recorded on armyworms m 
various instars to determme activity of the insecticides 
agamst larvae of various age classes Insecticides were ap- 
plied once or twice for sorghum midge control, depending 
upon pest thresholds following the insecticide treatment 
This information is useful in providmg recommendations 
for control of fall armyworm and sorghum mldge on sor- 
ghum 

Dzrectzon of graduate students zn 
INTSORMIL program and travel 

Nlcaragua to work wlth collaborators and graduate stu- 
dents 

Germplasm and Research Information Exchanges 

Supplles and equipment requlred by graduate students m 
performance of research activities in the laboratory and 
field in Honduras were supplied (as in previous years) by 
MSU-205 Some financial support is provided annually to 
students for research expenses while in Honduras This sup- 
port wlll continue with further participation in Honduras, 
and extension of MSU-205 activities into Nlcaragua 

Publications and Presentations 

Journal Art~cles 

Castro M T H N P~tre and D H Meckenstock 1997 Fall armyworm 
Spodoptera frugzperda (J E Sm~th) Lepldoptera Noctu~dae 
development on Honduran landrace sorghums as a funct~on of plant 
age Trop Agr~c 74 77 80 

Pltre H N H E Port~llo D H Meckenstock M T Castro J I Lopez k 
L Andrews F Gomez 0 R Vergara and R Trabanlno 1997 A 
complex of lep~dopterous defol~ators on sorghum and mane In 
Honduras some management tact~cs Ce~ba 109 119 

Portlllo H E H N P~tre D H Meckenstock and K L Andrews 1997 
Performance of  a lep~dopteran pest complex (langosta) (Leplodptera 
Noctu~dae) on sorghum malze and noncrop vegetation In Honduras 
Environ Entomal 27 70 79 

Portlllo H E H N P~tre D H Meckenstock F Gomez and J J Lopez 
1997 Val~dation of new agronomic and plant protect~on technolog~es 
In ~ntercropped sorghum and malze In southern Honduras Ce~ba 38 
35 43 

The PI d~rected the INTSORMIL research activities of 
four graduate students (M S degree candidates), coordl- 
nated thesis preparations, prepared papers for publication of 
INTSORMIL research In sclentlfic journals, as well as 
popular articles, and traveled to Honduras Ethiopia and 
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Purdue University 
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Dr Gebisa Ejeta, Department of Agronomy, Purdue University, West Lafayette, !iN 47907 
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Summary 

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

In year 19, we report on the results of an evaluabon of a 
physiological basls of dormancy of Strrga seeds We exam- 
ined the effect of relative humidity m storage on the mois- 
ture content of Strrga seeds and germination Seeds with 
moisture content of less than 10% at the start of condition- 
mg, gave germmation percentage of greater than 90% Hlgh 
moisture content and storage at high relative humidity re- 
sulted m low percent germmatlon of Strzga seeds We also 
found that prolonged conditionmg resulting m wet dor- 
mancy decreased germmation percentage of Strrga seeds 
When these non-germmable seeds were then stored at 13% 
relative humidity, germmabon was mcreased suggestmg 
that wet dormancy IS a reversible event The evolubon of 
C02, activity of ACC oxldase, and germmation of Strzga 
seeds decreased with high pre-conditionmg molsture con- 

tent We believe that these results from our study may have 
significant ramification on both Strrga research as well as 
strategies for mtegrated control of Strzga 

Objectives, Production and Utilization Constra~nts 

The overall objectives of our research are to further our 
understandmg of the biological interactions between Strrga 
and its hosts, and to devise control strategies based on host 
resistance In addressmg our goal of developmg sorghum 
cultivars that are resistant to Strrga, we emphasize the vital 
roles ofthe multiple signals exchanged between the parasite 
and its hosts, which coordinate theu l~ fe  cycles To develop 
control strategies based on host-plant remtance, we employ 
integrated biotechnological approaches combining bio- 
chemistry, tissue culture, plant genetics and breedmg, and 
molecular biology 

Strzga spp is an economically important parasites of sor- 
ghum, millets and other cereals m tropical A h c a  and Asia 
Yield losses of sorghum due to Strrga mfestation, coupled 
wlth poor soil fertility, low ramfall, and lack of production 
mputs, all contribute to survival difficulties for subsistence 
farmers Eradication of Strzga has been difficult due to the 
unique adaptation of Strrga to its environment and the com- 
plexity of the host-parasite relationship Suggested control 
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measures includmg mechanical or chemical weeding, soil 
fumigation, nitrogen fertilization, have been costly and be- 
yond the means of poor subsistence farmers Host plant re- 
sistance 1s probably the most feasible and potentially 
durable method for the control ofStrzga Host resistance in- 
volves both physiological and physical mechanisms Our 
goal is to unravel host resistance by reducing it to compo- 
nents based on the signals exchanged and disrupt their inter- 
actions at each stage of the Strlga life cycle The specific 
objectives of our collaborative research project are as fol- 
lows 

To develop effective assays for resistance-conferring 
traits and screen breeding materials assembled in our 
Strzga research program for these traits 

To elucidate basic mechanisms for Strlga reslstance in 
crop plants 

To combine genes for hfferent mechanisms of resis- 
tance, using different biotechnological approaches, Into 
elite widely adapted cultivars 

a To test, demonstrate, and distribute (in cooperation with 
various public, private, and NGOs) elite Strzga resistant 
cultivars to farmers and farm communities in Strrga en- 
demic areas 

a To develop integrated Strrga control strategies, wlth our 
LDC partners, to achieve a more effective control than is 
presently available 

e To assess (both ex ante and expost) of the adaptation and 
use of these control strategies, m cooperation with col- 
laborating agricultural economists 

To tram LDC collaborators in research methods, breed- 
ing approaches, and use of mtegrated Strzga control 
methods and approaches 

Research Approach and Project Output 

Research Methods 

Field evaluation of crops for Strzga resistance has been 
slow and difficult, wlth only modest success Our research 
addresses the Strzga problem as a serles of interactions be- 
tween the paraslte and its hosts, w~th  potentla1 for mnterven- 
tion We recognize that successful Strzga parasitism IS 

dependent upon a series of chemical signals produced by its 
host 

The workmg hypothesis is that an intricate relationship 
between the parasite and its hosts has evolved exchange of 
signals and that the mtermption of one or more of these sig- 
nals results in failed parasitism leadmg to possible develop- 
ment of a control strategy Our general approach has been to 
assemble suitable germplasm populations for potential 

sources of resistance, develop simple laboratory assays for 
screening of these germplasm, establish correspondence of 
our laboratory assay with field performance, establish mode 
of inheritance of putative resistance traits, and transfer gene 
sources mto elite adapted cultivars usmg a variety of bio- 
technological means Whenever possible, the methods de- 
veloped will be slmple and rapid, m order to facilitate 
screenmg large numbers of entries 

We place major emphasis on developing control strate- 
gies pr~marily based on host-plant reslstance To this end we 
have in place, a very comprehensive Strzga resistance 
breeding program in sorghum Over the last several years, 
we have generated and selected diverse and outstanding 
breeding progenies that combine Strzga resistance with ex- 
cellent agronomic and grain quality characteristics All pre- 
viously known sources of resistance have been inter- 
crossed with elite broadly adapted improved lmes Almost 
all resistant sources ever recorded have been assembled and 
catalogued We undoubtedly have the largest, most elite and 
diverse Strlga resistance germplasm pool, unmatched by 
any program anywhere m the world However, while all re- 
sistance sources have been lntrogressed to elite and most 
readily usable backgrounds, the only mechanism of resis- 
tance we have fully exploited has been the low production of 
germination signal We have not had the ability to screen for 
other mechanisms of resistance m the mfection cham or the 
host-parasite mteraction cycle Future emphasis, therefore, 
will be placed on developing additional effectlve methods 
for screening host plants for Str~ga resistance at stages m the 
parasitic life cycle beyond germmation, mcludmg low pro- 
duction of haustorial mitlation signal, failure to penetrate, 
hypersensitive reaction, mcompatibility, or general cessa- 
tion of growth after penetration Work is currently m prog- 
ress on development of assays for some of the above stages 
of parasitic development 

The wealth of germplasm already developed in this pro- 
gram also needs to be shared by collaboratmg national pro- 
grams m Strlga endemic areas of Africa To this end, we 
have organized mternational nurseries for distribution of 
our germplasm on a wider scale This will also serve as an 
effective way to network our Strzga research with NARS 
that are not actlvely collaboratmg with INTSORMIL As we 
combine and confirm multiple mechanisms of resistance m 
selected genotypes, the efficiency and durability of these re- 
slstance mechanisms can be better understood through such 
a wlde testlng scheme 

Furthermore, in cooperation with weed scientists and 
agronomists m various NARS, we plan to develop and test 
economically feasible and practicable mtegrated Strzga 
control packages for testing on farmers' fields in selected 
countries in Africa While most INTSORMIL projects have 
been directed as bilateral collaborative ventures focusmg on 
individual NARS, this Strzga project is handled as a regional 
or more "global" program, because of the commonality of 
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the Strrga problem and because no other agency has the 
mandate or is better suited to do the job 

Research Findmgs 

Evaluatzon of the Physrologzcal Basrs of 
Dormancy of Strrga Seeds 

As a noxious parasitic weed of tropical cereals and leg- 
umes, Strlga spp are exqursrtely adapted to the climatic and 
edaphic condition of the areas where they have become en 
demic Because Strlga seeds are small, resource depletion 
must be controlled during the events before host attachment 
when host resources become available Freshly harvested 
seeds of Strzga wlll germinate in response to host-produced 
chemical stimuli, but only after the passage of time, (an- 
after rlpenlng per~od), and exposure to molsture at a suitable 
temperature, (a condltionlng period) However, dormant 
seeds are often unresponsive and may remain m the soil for 
decades and become sensitive to stimuli upon hydration and 
after-ripenmg A second dormancy 1s assoc~ated with pro- 
longed hydration and is termed "wet dormancy " Strrga spe- 
cie have used these two states of dormancy to tune the 
events associated with germlnation and establ~shment of 
parasitism 

Strzga seeds are small, with limlted energy resources, the 
survival strategy of the seed could, therefore, be related to 
~ t s  moisture content Data on moisture content ofStrrga seed 
has not been reported m the l~terature, so it is not clear 
whether seed moisture content is related to dormancy The 
purpose of the Strzga was therefore to establish the role of 
seed moisture content m the regulation ofthe after - ripening 
period To text for the effect of relatlve humidity on after- 
ripening, seeds were sealed Into small glass contalners 
above saturated of various salts selected because their vapor 
pressure create a range in relative humidity that changes Ilt- 
tle with temperature The moisture content and germination 
percentage of the seed were determmed monthly over a six 
month period The effect of storage relative humidity on the 
moisture content of Strzga seeds were examined at intervals 
after placlng fresh harvested seeds in containers with spe- 
c~fic relatlve humidity Seeds were placed in chambers hav- 
ing specific relative humidlty of 6%, 14%, 33%, 75%, and 
97% for 30,60,90 and 150 days The initial seed molsture 
was 14 7% The seeds were then conditioned and germina- 
tion percentage, response to tetrazollum, and seed mo~sture 
contents were measured 

Several interesting results were obtained In general, 
seeds at moisture content less than 10% at the start of condi- 
tionlng had germination of greater than 93% Seeds at mois- 
ture content of over 10% at the start of conditioning could 
germmate between 60% and 3%, with germinabon decreas- 
mg as seed moisture content at the start of conditioning de- 
creased The highest moisture content (17%) and lowest 
germination percentage (3%) occurred m seeds stored at 

97% relatlve humidity for 150 days There was a high 
degree of correlation (r2 = 0 997) between a posltlve tetra- 
zolium color test and germmatlon percentage, indicating 
that seeds havmg a positive tetrazollum response will ger- 
mmate if provided w~th  chemical stimulants Seeds brought 
to a low rate of germination, or which d ~ d  not germinate af- 
ter 30 days of storage at high relative humidity (91%), had a 
much less posltlve response to tetrazolmm, even though mi- 
tially they had nearly a 100% positive response Seeds with 
as little as 3% positlve response to tetrazollum can be 
brought back to give a high percentage positive response if 
they are placed m a container with 6% or 13% relative hu- 
midity for 2-3 months The negatlve tetrazollum response 
was not due to loss in seed viability as previously reported, 
but we suggest that the tetrazollum test measure the ability 
to germinate in response to cond~tioning and was not strlctly 
an Indicator of viability 

To examine the effect of prolonged conditioning (wet 
dormancy) and its reversibllity, Strrga seeds with a high rate 
of germlnability were Incubated in water for 16 weeks, and 
germmation tests were run at four week Intervals Prolonged 
conditioning decreased germination percentages from 96% 
to only 3% after 16 weeks of incubation In water When 
these non-germmable seeds were then stored at 13% rela- 
tive humidity, germination increased from 3% to 92% after 
16 weeks Storage at 5 5% relative humidity increased ger- 
mination from 3% to 91% in 12 weeks In these circum- 
stances, wet dormancy appears to be a reversible process 

We believe that the results presented in this study have 
direct relevance to Strrga research as well as control Our re- 
sults may have ramificat~on on the widely accepted applica- 
tion of ethylene gas in a Strrga eradication program If seeds 
buried in the soil have a molsture content above the thresh- 
old, then application of ethylene will not cause suicidal ger- 
mmation One does not need to cond~tion the seeds to 
observe readiness to germmate, but may only have to meas- 
ure moisture content Thls information may also be used to 
manipulate the life cycle of the parasite for Strzga control 
Pre-watering the so11 m Irrigated fields or delaying sowing 
dates under rainfed farming would ensure that Strzga seed 
moisture content would increase and reduce germlnation 
and thus could be a strategy for an mtegrated approach to 
Strrga control 

Internatzonal Testrng of Strzga 
Resistant Sorghum Selectrons 

Over the last 10 years, an interd~sciplinary research pro- 
gram on Strrga resistance in sorghum has been conducted at 
Purdue Univers~ty The findmgs we have made in basic bi- 
ology and genetics of Strzga resistance are continually being 
Incorporated into our sorghum breeding program to gener- 
ate breedmg germplasm with good agronomic qualities, 
comblned with vaned mechanisms of resistance to Strrga 
In order to allow selection of experimental varieties in a 



Sustainable Plant Prorecr~on Systems 

Table 1 Results of INTSORMILR'urdue International Strzga Resistance Breed~ng Nursery, 1997 
Y~eld ( kg ha ') ( SIrtga COUNT (number of emerged Srnga per 15mZplot) 

P9402 

P9403 
P9404 
P9405 

P9406 
P9407 
P9408 
(SRN39 x P954063)FlS 

(IS9830 x SRN39) F14 
(SRN 39 x P954063)F14 (254) 
(SRN 39 x P954063)F14 (259) 
(SRN 39 x P954063)F14 (269) 
(SRN 39 x P954063)F14 (279) 
(SRN 39 x P954063)F14 (284) 
(Fram~da x SRN39)F12 (289) 

Ped~gree Burk~na 
Faso Cameroon Chad Eth~op~a 

P9401 238 145 1000 1691 

(Framtda x SRN39)F12 (299) 
(N13 x SRN39)F14 (3 14) 
(N13 x SRN39)F14 (329) 

(SRN39 x Dobbs)F12 (369) 
1988PP37 Selfed S9 (389) 
P954063 

HD I 
SRN39 

Burk~na 
Faso Cameroon Chad Ethlop~a 

3 32 4 11 

Local varlety 
Mean 

field environment havmg Strrga pressure, we rely on col- 
laborators throughout Africa to establish an INTSORMIL 
International Strrga Resistance Sorghum Nursery In 1997, 
we sent 25 entries to scientists m 12 African countries for 
field testing m Strzga-sick plots Some data on yield and 
Strrga count are presented from our 1997 trials (Table 1) 
Several experimental entries look promismg, havmg both 
broad environmental adaptation and good resistance to 
Strrga A second trial for the 1998 season is being con- 
ducted in 13 African locations International testing of sor- 
ghum germplasm from our breeding program provides 
mutually useful benefit to our Strrga research program at 
Purdue and to collaboratmg scientists in developing coun- 
tries In addition to providing a means of field testmg resis- 
tant varieties, resultmg from our breedlng program, the 
INTSORMIL International Strzga Resistant Sorghum 
Nursery serves as a vehicle for distributing germplasm to 
NARS m countries where Strzga is an endemic problem 

Served as chair of the organizing committee of an INT- 
SORMILf Horn of Africa Traveling Workshop The week 
long traveling workshop was attended by three scientists 
from Kenya, two from Eritrea, one from Uganda, scientists 
from the Ethiopian Institute of Agricultural Research, four 
INTSORMIL principal investigators, and the Associate 
Program Director 

Attended and participated m the 1997 World Food Prize 
Symposium, 16-17 October, 1997, Des Momes, Iowa 

Served as Visitlng Faculty, University of Wisconsm, 
Summer Institute for African Agricultural Research, June 
1998 

Partmpated m Afi-ican Dissertation Internship Awards 
Selection, Rockefeller Foundation, November 1997 and 
April 1998 

Networking Act~vlties Attended the American Society of Agronomy National 
Meetings, Anahelm, California, October, 1997 

Workshop and Program Revzews 
Participated in Pioneer Hi-Bred In-house Review of 

Traveled to Eastern Afrlca to visit NARS in the region PublicfPrivate Plant Breeding Programs, April 1997, Des 
with INTSORMIL Director, Dr John Yohe and held dis- Momes, Iowa 
cussions leadmg to the establishment of an INTSORMIL 
Regional Collaborative Research Program m the Horn of 
Afnca, June, 1997 
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Research Investcgator Exchange 

Interactions with public, prlvate, and lnternatlonal sor- 
ghum research scientists contmues to be an Important func- 
tion of PRF-207 The followmg individuals vlsited our 
program or worked In our laboratory durlng the project 
year 

A large number of sorghum sclentlsts from the U S and 
around the world vislted our sorghum research program, 
field and laboratory facilltles, on the way to and from the In- 
ternatlonal Sorghum and M~llet Genet~c Conference m Sep- 
tember, 1997 

We were also vislted by the new Dlrector General of IC- 
RISAT, Dr Shawkl Barghouti, where current state of ICRI- 
SAT and future collaborative possibilities wlth Purdue were 
discussed 

Tulnstra, M R P Goldsbrough and G Ejeta 1997 Analys~s of Drought 
Tolerance ln Sorghum Mapplng of Quanhtative Trad LOCI and Their 
Evaluahon lnNear Isogenlc Llnes p 425 428Jn Rosenow et al (eds) 
Proc Internatronal Conterence on Genetlc Improvement of Sorghum 
and M~llet, 22 27 September Lubbock Texas 

House L R B N Verma, G Ejeta, B S Rana, I Kapran A B Obilana, 
and B V S Reddy 1997 Developrng Countr~es Breeding and 
Potential of Hybrid Sorghum p 84 96 In Rosenow et al (eds) Proc 
Internat~onal Conference on Genetlc Improvement of Sorghum and 
M~llet 22 27 September Lubbock Texas 

Ejeta, G L G Butler D E Hess T Ob~lana, and B V S Reddy 1997 
Breeding forStrrgaRes~stance in Sorghum p 504 5 16 In Rosenow et 
a1 (eds) Proc of the Internatlonal Conference on Genetlc Improvement 
of Sorghum and Pearl Mlllet 22 27 September Lubbock Texas 

Butler L G G Ejeta A G Bablker and D E Hess 1997 Strzga Host 
Relatlonshlps and Thelr Role in Defin~ng Resistance p 490 504 In 
Rosenow et a1 (eds) Proceeding of the Internat~onal Conference on 
Genetlc Improvement of Sorghum and Pearl M111et 22 27 September 
Lubbock Texas 

Axtell J D I Kapran Y Ibrahim G Ejeta, L House B Maunder and D 
Andrews 1997 Heterosls In Sorghum and Pearl Mlllet Paper 
presented at the Internat~onal Conference on the Genetlcs and 
Exploitation of Heterosls In Crops CIMMYT Mexlco 

Published Abstracts 
Germplasm Exchange 

We contmue to provide an array of sorghum germplasm 
from our breedlng program to natlonal research programs In 
developmg countrles Our germplasm IS provlded m either a 
formally organued nursery that is uniformly distributed to 
all collaborators that show Interest or upon request by a na- 
t~onal program of speclfic germplasm entrles or groups 
from or germplasm pool Germplasm was d~stributed to co- 
operators in over 15 countrles in 1997 

Refereed Papers 

Kapran I J Axtell G Ejeta, and T Tyler 1997 Expression ofHeteros~s 
and Prospects for Marketing of Sorghum Hybrids In Niger Presented at 
the Intemat~onal Conference on the Genehcs and Exploltatlon of 
Heterosls and in Crops CIMMYT Mexlco 

Invrted Research Lectures 

Ejeta G 1997 Strateg~es in breedlng sorghum for stress tolerance 
Presented at the Summer Institute for Agricultural Research June 8 14 
Unlv of Wlsconsln Madlson 

Ejeta G 1997 Interd~sc~plinary collaborative research In sorghum and 
millets Presented at the Greater Horn of Afrrca INTSORMIL 
Traveling Workshop Sept, 22 Oct 5 Nazret, Ethlopia 

Ejeta G 1997 Response to the Sasakawa Global 2000 Program 
Presentation Presented at the 1997 World Food Prlze Symposium 
Food Securrty and the Future of Sub Saharan Afrlca Oct 17 18 Des 
Moines Iowa 

Menklr A P B Goldsbrough and G E~eta  1997 RAPD based E~eta, G 1997 Agr~cultural Research Population and Global Food 
assessment of genetic d~vers~ty In cultivated races of sorghum Crop Production Presented at the HOBY Leadershl~ 
SCI 37 564 569 21 Purdue Unlverslty West Lafayette Indiana 

Tulnstra, M G Ejeta and P Goldsbrough 1997 Heterogenous Inbred E~eta, 1997 for Strrga Resistance In 

Famlly (HIF) Analysts AMethod for Developing Near Isogenlc Llnes Seminar Purdue Univers l t~  Purdue University West 
that Dlffer at Quant~tatlve Trait LOCI Theor Appl Genet 95 1005 Lafayette Indlana 

. . 

101 1 
Tumstra, M E Grote P Goldsbrough and G Ejeta 1997 Genetlc 

Analys~s of Post flowering Drought Tolerance and Components of 
Gram Development in Sorghum Mol Breedlng 3 439 448 

Mohammed A H G Ejeta, L G Butler and T L Housley 1997 Molsture 
Content and Dormancy In Strzga asiatica seeds Weed research (In 
Press) 

Tulnstra, M G Ejeta, and P Goldsbrough 1997 Evaluatron of Near 
Isogenlc Sorghum Lines Contrashng for QTL Markers Associated wlth 
Drought Tolerance Crop SCI (In Press) 

Conference Proceedcngs 

Rosenow D T G Ejeta, L E Clark M I Gllbert R G Henzell A K 
Borrell and R E Muchow 1997 Breedlng for Pre and Post flowering 
drought Stress Resistance In Sorghum p 400 41 1In Rosenow et a1 
(eds) Proc International Conference on Genetlc Improvement of 
Sorghum and Millet, 22-27 September Lubbock Texas 

Andrews D J G Ejeta, M Gilbert, P Goswamy A Kumar A B  
Maunder K Porter K N  Rai J F Rajewsk~ B V Reddy W 
Stegmeler and B S Talukdar 1997 Breedlng Hybr~d Parents p 173 
187 In Rosenow et a1 (eds) Proc Internat~onal Conference on Genetlc 
Improvement of Sorghum and Millet 22 27 September Lubbock, 
Texas 
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Disease Control Strategies for 
Sustainable Agricultural Systems 

Project TAM-224 
R A Freder~ksen 

Texas A&M Unlverslty 

Dr R A Frederiksen, Department of Plant Pathology and Microbiology, Texas A&M University, College 
Station, TX 77843 

Ranajit Bandyopadhyay, Genetlc Resources and Enhancement Program, ICRISAT, Patancheru, Andhra Pradesh 
502 324, India (Currently a vlsiting sclentlst, Texas A&M University, College Station, TX) 

Carlos R Casela, EMBRAPAICNPMS, Ca~xa Postal 15 1, Sete Lagoas 35700, MG, Brazil 
Lany Claflin, Department of Plant Pathology, Kansas State Unlversity, Manhattan, KS 66506 
Jeff Dahlberg, USDA-ARS-TARS, Box 70, Mayaguez, Puerto k c o  00681 
Peter Esele, Uganda Agriculture and Forestry Research Organization, Sorghum & Millets Un~t, Serere, P 0 , 

Soroti, Uganda 
Debra E Frederickson, Formerly with the University of Zimbabwe, Harare, Zimbabwe (Currently a visiting 

scientist at Texas A&M University, College Station, TX) 
Issoufou Kollo, INRAN, Niamey, Niger (Currently a Graduate Assistant at Texas A&M University, College 

Station, TX) 
John F Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506-5502 
Odvody, Texas A&M University Agricultural Research and Extension Center, Route 2, Box 589, Corpus 

Chrati, TX 78410 
W L Rooney, So11 and Crop Sciences Department, Texas A&M Unlversity, College Station, TX 77843-2474 
S D Smgh, ICRISAT, Patancheru, Andhra Pradesh 502 324, India 
G L Teetes, Department of Entomology, Texas A&M University, College Station, TX77843-2475 
Ram Thakur, ICRISAT, Patancheru, Andhra Pradesh 502 324, India 

Summary Research Object~ves 

Collaboration with West Africa was enhanced through 
the trainlng and work of Mr Kollo as a graduate student at 
Texas A&M University In concert with INRAN, Mr Kollo 
is conducting h ~ s  research on factors affecting sorghum and 
millet stands and Acremonlum wilt of sorghum in Niger 
durlng the current growing season Collaborative research 
on the reaction of sorghum to ergot were established in 
Puerto Rico, Honduras and in Mexico Current work by col- 
laborators has defined anew and unproved rating system, at 
least one possible source of host resistance development of 
sclerotia in the Americas and llmited information on host re- 
actions to the pathogen Our work on host resistance to head 
smut was inactive in 1998 but the populations and tools for 
mapplng both genes for meristematic and non meristematic 
resistance are in place Populations of sorghum head smut 
can be separated from those attacking maize Unique differ- 
ences between and within the genome of the fungus attack- 
mg maize and sorghum is reported Collaborative research 
on gram mold wlth ICRISAT was terminated but several an- 
tifungal proteins were cloned from hyperparasites that have 
the potential of bemg expressed In sorghum ovules 

Honduras 

Evaluation of sorghum lines and hybrids for reaction to 
ergot 

Continue collaboration with ICRISAT on growmg, dls- 
tributing, and evaluating the International Sorghum An- 
thracnose Virulence Nursery 

Continue collaboration on ergot 

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

Mah 

Continue efforts to establish a National Sorghum and 
Millet Dlsease Program 
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Evaluate the Texas A&M/INTSORMIL nurseries for re- 
action to the prevalent pathogens m Mall 

Study the interaction of mold and insects on grain dete- 
rioratlon 

Contmue monitoring reslstance to long smut m the Nlger 
Sorghum Improvement Program, along wlth evaluation 
for reslstance to head smut, Acremonlum wilt, and an- 
thracnose 

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

Summarize data on atrial on the effect of different fertill- 
zatlon treatments on the incidence of Strzga hermonthrca 
in pearl mlllet 

Determine the role of nematodes m diseases of sorghum 
and pearl millet 

Domestic 

Identify sources of resistance to disease 

Asslst m the incorporation of multiple sources of resis- 
tance to disease 

Determine lnherltance of reslstance 

Genetically map disease resistance traits by both con- 
ventional and bio-technical methods 

Improve dlsease screening methods 

Study blology of sorghum pathogens and dlsease epide- 
mlology as needed 

Organize, mamntain, and distribute the international sor- 
ghum disease and pathogen ldentification nurseries m 
collaboration with ICRISAT, and with TAM-222 and 
TAM-228 

Detect, ldentlfy and catalogue Colletotrzchum gramznz- 
cola and Sporzsorzum rezlzanum isolates worldwide 

Research Approach and Project Output 

We use virtually identical approaches to domestic and in- 
ternatlonal work on the control of sorghum and mlllet dls- 
eases This lnvolves the ldentification of sorghums with 
excellent resistance(s) to speclfic pathogens and collaborate 
on the incorporation of the reslstance(s) into useful culti- 
vars Most of thls work is done cooperatively with plant 
breeders, blotechnologlsts, genetlclsts, and entomologists 
m the Texas programs, but also occasionally wlth breeders 

in other states, nations (NARS), or wlth an International 
Crop Research Center, specifically ICRISAT This mcludes 
the application of such technologies to manage ergot 

Collaborative Research zn Nzger 

During 1997 three trlals were conducted in the sorghum 
growlng areas of Konnl m Niger on Acremonium wilt 
(Acrernonzum strzctum) of sorghum 

Effect of nematzczde treatment on the development of 
Acremonrum wrlt (Prepared by A Issoufou Kollo) 

This trial was conducted m hot spots at the research sta- 
tion at Konni and on a farmer's field at Guldan Ider, a village 
located 40 krn from the research station The nematode 
population at plantlng tlme was estimated At the research 
statlon the nematode density was low, most of the plots did 
not have a detectable level of pathogenic nematodes At the 
farmer's field most of the plots were infested with Pratylen- 
chus spp The number of larvae at planting tlme ranged from 
0 to 200 indlvlduals per liter At 45 days after plantlng the 
number of Pratylenchus spp ranged from 100 individual to 
more than 3,000 individuals per llter In that field all the 
plants developed Acremonlum wilt symptoms and died bef- 
ore heading However the death of the plant was delayed by 
the appllcatlon of both Carbofuran and Counter by at least 
two weeks The low effect of the nematlcldes could be ex- 
plained by the lack of rams at the beginning of the cropping 
season The Pratylenchus specles was identified as P zea 
At the research statlon, Acremonium wllt symptoms devel- 
oped late m the season when the plants had reached thelr re- 
productive stage The correlation between dlsease 
Incidence and grain yield was low but slgnlficant (correla- 
tlon coefficlent =-0 57) 

Effect of Lzmzng and Form of Nztrogen 
on Acremonzum wzlt of Sorghum 

The llme was obtained from the cement plant of Malbaza 
located 70 km from the Konnl research station The hybrid 
NAD- I (MR732 x Tx623) whlch is highly susceptible to A 
strzctum was used in thls experiment Two levels of lime (2 
and 0 t per ha l) were used Three forms of nltrogen (urea, 
calclum ammonium nltrate and manure) were used The 
control plots did not receive added nitrogen The incidence 
of Acremonlum wllt and yield of sorghum as well as the 
yield components were measured 

Disease developed late and the correlation between grain 
yield and dlsease incidence was not significantly different 
from zero The correlation coefficients between disease m- 
cidence and number of plants at one month after planting 
(-0 57) and at harvest (0 38) were significant The number 
of grain per head, but not the grain welght, was negatively 
affected by the dlsease incidence (correlation coefficlent = 
-0 31, P I  0 037) 
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On an average, the application of lime improved the 
stand establishment In plots which received lime, the 
number of sorghum plants at one month after planting is at 
least 40% higher than m the number of plants in the control 
At 50 days after planting, disease was 2-4 times higher in 
plots treated wlth calcium ammonium nitrate or manure 
than in plots which have received urea or in control plots 
There was no interaction between lime and nitrogen Llme 
did not effect disease Incidence 

Grain yield, stover yield, number of grain per panicle, the 
interaction between lime and form of nitrogen was statisti- 
cally significant (Tables 1 and 2) Grain weight was not sig- 
nificantly affected by the sources of nitrogen or by the 
application of l~me  

Effect of Plant Populatron and Nztrogen Fertzlzzatron 
on the Incrdence of Acremonzum wzlt and Sorghum 
Yzeld 

This experiment was conducted at the Konni Research 
station Two sorghum genotypes, the hybrid NAD-I and 
Mota, which is a local landrace, were used Mota is resistant 
to A strzctum while the hybrid is highly susceptible Three 
plant population densities were used 80,000, 120,000, and 
160,000 plants per ha Four nitrogen levels were used 0,30, 
60 and 90 kg N/ha The nitrogen source was urea 

The number of plants a month after planting, disease in- 
cidence, grain and stover yields, grain weight, and number 
of gram per panicle were measured 

- 

The analysis of variance showed that for disease inci- 
dence there was a highly significant difference between the 
cultivars There was no interaction among the factors (plant 
population and nitrogen levels) Nitrogen and plant popula- 
tlon did not significantly affect Acremonium wilt incidence 
The correlation between disease incidence and grain yield is 

low but significant (r = -0 26, P SO 008) The disease re- 
duced yield by substantially lowering the grain weight (r= 
-0 66, P I  0 0001) 

Collaboratrve Research m Mab 

Dr M Diourte returned to Mali and is beginnmg re- 
search this season We have made plans to continue work on 
the survival of inoculum of Colletotrrchum gramrnrcola m 
particular the survlval of microsclerotia and their value as 
sources of inoculum in disease evaluation trials Dr Diourte 
has also requested perforated plastic bags for protecting sor- 
ghum heads from head bugs for evaluations of lines to gram 
mold The head buglgrain mold complex needs to be exam- 
ined carefully both on and off the experiment stations 

Collaboratwe Research m Honduras 

In Honduras, Ing Jorge Moran inoculated the ergot 
pathogen onto sorghum llnes proposed by W L Rooney 
This experiment was designed to determine the duration of 
receptibility of sorghum stigma to pollen and ergot spores 
The first experiment was conducted in Honduras and re- 
peated in Mexico, Puerto Rico and College Station, TX in 
spring and summer, 1998 Common open pedigreed sor- 
ghum were compared as hybrids, as line, and in a four entry 
diallel Ing Jorge Moran is plannlng on using data from 
these trials for his Master's thesis There are significant dif- 
ferences among the lines in thelr reaction to ergot (see sec- 
tion on ergot research) 

Domestzc Research 

Disease evaluation studies are conducted primarily in 
large research nurseries in South Texas Several uniform 
nurseries are grown in locations where sorghum/millet dis- 
eases are important These include the International Sor- 
ghum Anthracnose Virulence Nursery (ISAVN), in 

Table 1 The effect of l ~ m e  and n~trogen source on sorghum yield (kglplot) 

Gram yleld cv = 12 69 / P< 0 030 
Stover y ~etd cv = 15 22 / P< 0 01 2 
CAN= calc~um ammon~um nltrate 

Table 2 Effect of l ~ m e  and n~trogen sources on number of gram per head and number of plant harvested 

Manure 
Gram Stover 
0 76 7 50 
0 61 7 12 

Lime (t ha I )  Check Urea CAN Manure 
0 1757 1828 2043 1692 
2 2356 2099 1976 1997 

CAN' 
Grain Stover 
0 78 7 42 
0 91 4 79 

Lime No added N 
(t ha I )  Grain Stover 

0 0 60 5 87 
2 0 88 7 75 

Number of gram cv = 11 48% P6 0 038 
Number of plant harvested cv = 15 43 PS 0 07.3 
CAN= calc~um ammonlum nltrate 

Urea 
Grain Stover 
0 70 6 03 
0 89 8 044 
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collaboration with ICRISAT, the Uniform Head Smut 
Nursery (UHSN), the Sorghum Downy Mildew Virulence 
Nursery (SDMVN), the International Sorghum Vlrus Nurs- 
ery (ISVN), and also a uniform nursery for gram mold 
(GWT) These nurseries provide quick assessment of dis- 
ease severity and pathotype drfferences among locations 

Elite sorghums are also distributed and evaluated for 
multiple resistances m internat~onal nursenes, which also 
provide a means of distrrbutmg elite germplasm from differ- 
ent breedmg programs in INTSORMIL The most widely 
grown is the International Disease and Insect Nursery 
(IDIN), a 30-entry test, followed by the All Disease and In- 
sect Nursery (ADIN), a 70-entry test, which is composed in 
part of unreleased experimental materials that are evaluated 
m many different disease environments Both of these col- 
lections represent one ofthe best means of comparmg germ- 
plasm from region to region 

Recombmant inbred populations are bemg mamtained 
for the mappmg of selected host resistance genes to anthrac- 
nose, head smut, leaf blight, gram mold, and downy mildew 
Dr Jeff Dahlberg and Dr Clmt Magill have assisted m the 
development ofthese populat~ons Currently, W L Rooney 
and graduate students have made and are conmumg to col- 
laborate on the resistance and mapping to anthracnose We 
are contrnuing to develop near-isogenic lines of Tx430 and 
TAM428, each possessrng downy mildew resistance from 
four different sources Two B-lme populations of the cross 
(BTx623 * QL3 [India]) have been developed and are con- 
sidered for release Both have resistance to the sorghum 
downy mildew and head smut pathogens Both populations 
are immune to malze dwarf mosaic virus Also, 40 A- and B- 
lme paw have been developed from the two B-hne popula- 
tions, and are under further evaluat~on Some of the B-lmes 
have been crossed to BTx635 for grain quality improve- 
ment These are m the F4 generation 

Twenty-six sorghum lmes were introduced dumg the 
past year from ICRISAT (gram mold resistance), Zambia 
and Z~mbabwe as genetic stocks 

Sorghum Head Smut 

Approximately 1500 recombinant inbred lines were 
grown in Corpus Christi for evaluation to head smut m sum- 
mer 1997 The data and lines have been summarized by Dr 
Ramasamy Perumal, a Rockefeller Foundation fellow who 
will finish the mappmg of the resistance from TX635 Thrs 
lme possess both meristemat~c and non meristematic resis- 
tance In the field at Corpus Chnsti, both sources of resis- 
tance are expressed Consequently before mappmg, the 
phenotypic d~fferences between these resistances can be ex- 
pressed through "artificial inoculation" of greenhouse 
grown plants Artificlalmoculation bypasses non meristem- 
atic resistance when the appropriate isolate 1s used 

Genetrc Dzversrty of Sporzsorrum rerlzanum the Head 
Smut Pathogen of Sorghum and Mazze (Prepared by 
H Torres) 

The population structure of the sorghum head smut 
pathogen Sporrsorrum rezlzanum has been assessed Gradu- 
ate student Heriberto Torres has developed nuclear DNA re- 
striction fragment length polymorphisms (RFLPs) as 
genetrc markers that he is using to characterize the genetic 
structure of nme field populations of S rezlzanum Three 
populahons collected from the northern region of Tamauli- 
pas Mexico [RIO Bravo (RbMx), Matamoros (MtMx), and 
San Fernando (SfMx)], four from Texas [Corpus Christi 
(CoCr), Beeville (Beev), Danevang (Dane), and Taylor 
(Tayl)], and two from Niger, m West Africa [Konni (Koni), 
and Tillabery (Tbry)] were studred wrth the anonymous 
probes developed Seven RFLP loci were used to measure 
the gene and genotypic diversity of these populations 
About 50 ~solates from each population were collected m a 
hierarchical grid of 10 x 10 

The prel~minary results show that low levels of genetlc 
diversity were detected in the nine populations studied The 
seven populations from the Western Hemisphere shared the 
majority of frequent alleles at a number of loci Other alleles 
were present m the African populations On an average, 
12 5 Qfferent multilocus genotypes (MLGTs) were present 
per population studied Danevang in central Texas had only 
six different MLGTs while Konni m Niger was the popula- 
tion wrth the highest number of different MLGPs with 23 

Genotypic diversity was moderately high with a value of 
6 16 In total, fifty-three MLGPs were identified The two 
African populat~ons had 30 MLGPs that were not present m 
the Mexican and U S populations We found more MLGTs 
m Africa, most llkely the center of origm of S rerlzanum In 
spite of that, the gene and genotypic diversity was still low 
for this sexually reproducmg organism 

The low number of polymorph~c probes detected and the 
low gene diversity found m the populations studred suggest 
that m nature, the sister spondia intermate durmg the sexual 
cycle leadmg to hrgh levels of inbreeding S~milarly, in- 
breedmg has also been reported m other smut fungr like Tzl- 
letza specles On the other hand, high diversity of the b 
matmg type locus in the common corn smut pathogen Ustr- 
lago maydzs suggests that U maydzs populations are largely 
outbreeding 

Sorghum Anthracnose/Sorghum Leaf Blzght 

Dr K Boora completed his work on mapplng of anthrac- 
nose and leaf blight resistance in January, 1996 and he re- 
turned to Texas A&M Universrty on a Rockefeller 
Foundation scholarship to continue prepanng his work for 
publication in 1997 - 1998 The study on mapping of resls- 
tance to anthracnose by Dr Boora IS m press The mheri- 
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tance of resistance study by Mr Curtis Wiltze was 
submitted for publication 

Other Collaborattve Research 

Ergot 

In 1995, sorghum ergot caused by Clavrceps afircana 
was found m Brazil In 1995 and 1996, the pathogen spread 
throughout Latln America Fmally, the disease reached 
South Texas in March of 1997 and then the pathogen spread 
to Nebraska by September, 1997 Several major projects 
were developed with funding by INTSORMIL, ICRISAT, 
USDAfARS and the Texas Agricultural Experiment Station 
(TAES) As part of this program, Dr Ranajit Bandyopadh- 
yay (ICRISAT, Senior Plant Pathologist) was hired to work 
In Puerto k c o  dur~ng the Winter of 1998 and in Texas 
through the end of the growing season This program, 
jointly funded by TAES and the USDA began with the co- 
operative evaluation of sorghum lines and hybrids for reac- 
tion to ergot In these studies, an improved method of 
scormg the disease has been developed 

Host-plant Reszstance to Ergot (Prepared by Dr R 
Banaopadhyay and J Dahlberg;) 

In the past, qualitative and quantitative ergot evaluation 
methods and artific~al inoculation techniques have been 
used to screen germplasm for resistance to ergot in both the 
field and the greenhouse However, quantitative assessment 
requlres countmg the number of mfected splkelets, and vis- 
ual ratmgs have been traditionally based on an estimate of 
the percent infected spikelets Quantitative assessment is 
costly and tlrne consummg, while the percent visual rating 
can be misleadmg In research conducted in Puerto hco ,  a 
dual rankmg system was developed that takes mto account 
both percent incidence and a disease severlty rating of each 
accession This resistance evaluation is rapid, simple and ef- 
ficient for routine screenmg of large numbers of breeding 
lines and germplasm over several locations and years m rep- 
licated trials 

Vulnerability of commonly used sorghum hybrids and 
seed parents to ergot in the U S is not known since ergot IS a 
new disease m the Americas In collaboration w~th  W L 
Rooney, 12 commonly used A/B l~ne  pairs and 12 popular 
R-lmes were evaluated for ergot reaction m Puerto Rico In 
several sowlng dates In add~tion, several sources of resis- 
tance reported in the literature were also evaluated None of 
the A/B and R-lmes were free from ergot though various de- 
grees of susceptibility were observed In general, A-lines 
were most susceptible, as expected and R-lines were more 
susceptible than the B-lines w~th  respect to ergot mcidence 
and severity Within A-lines, ATx63 1 was most susceptible 
to ergot, whereas ATx2752 and AOKl1 were less suscepti- 
ble The newer releases of Am-lines, such as A/BTx63 1, 
ABTx635, and ABTx626 were significantly more suscep- 
tible than older releases such as AmTx2752 andAmTx378 

R-lmes varied considerably in thelr vulnerability to ergot In 
general, R-lines with good pollen shed and seed set tended 
to be less susceptible to ergot This was, however, not the 
case for RTx2737, one of the more popular R-lmes currently 
used m the sorghum mdustry RTx2737 is an excellent 
pollen-shedder, but is almost as susceptible as the A-lmes 
Further observations showed that stigma emerge from flow- 
ers of RTx2737 at least 2-3 days before anthesis, thus pro- 
viding a three day period m wh~ch the ergot pathogen may 
have an advantage for infection The Am-lme and R-lme 
evaluation for ergot reaction IS also currently underway in 
College Station and Corpus Chnsti, Texas 

The resistant sources tested m Puerto k c o  were from 
suggested accessions from ICRISAT and had been previ- 
ously tested in the highlands of eastern Africa The acces- 
sion E62 from Uganda showed the greatest potentlal for use 
in a host-plant resistance strategy to manage the disease It 
had low ergot, and when crossed to A3 cytoplasm source, it 
showed low level of ergot m a sterile background This line 
is bemg widely distributed for use m several public and prl- 
vate breedmg programs 

Currently, studies are continumg on examining the role 
of flowering biology on ergot susceptibility In addition, a 
set of 96 hybrids marketed by private seed companies are 
being tested for their reaction to ergot 

Mzcrocyclzc Sporulatzon m Clav~ceps afrzcana (Pre- 
pared by Dr R Bandyopadhyayl 

Sphacelia ofthe ergot fungus produces a sweet and sticky 
honeydew in which macroconidia of the fungus are re- 
leased Under humid conditions, the macroconidia in the 
honeydew germinate to form sterigrnata that extends out- 
side the honeydew surface At the tip of the sterigmata, sec- 
ondary conidia are formed that can be disseminated by wind 
and infect stigma of unfertilized ovary It was generally be- 
lieved that macrocon~dia and secondary conidla, once dis- 
sem~nated from honeydew, have to deposit on stigma to 
mfect flowers However, it has been observed by breeders 
that panicles bagged prior to flowermg dunng selfmg and 
crossmg operations are often infected by the ergot pathogen 
although the stlgmas were not exposed to the moculum bef- 
ore cover~ng the pan~cle with the bag In a series of experi- 
ments, we found that under humid and wet conditions, 
macroconidia on leaf and glume surfaces can germmate to 
produce secondary conidla These secondary conidla can 
germinate again to produce tertiary conld~a wlthin 24 hours 
if they do not encounter stigma At least four cycles of such 
repetitive sporulation have been observed under controlled 
conditions Conidia from any of these repetitive cycles can 
cause infection once they get in contact with stigma Indeed, 
our controlled moculation and microscopy studies have 
shown Infection by secondary conidia m flowers of plants 
sprayed with amacroconidia suspension only on the foliage 
Similarly, flowers with unexposed stigma at the time of m- 
oculation were found to be infected by secondary conidia 
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These observat~ons suggest that the sorghum ergot patho- 
gen has tremendous versatll~ty to repet~tively produce wind- 
dissemlnable spores to offset the hand~cap posed to ~t by the 
short window of infect~on (st~gma emergence to fertll~za- 
t~on) It also lmpl~es that m an ergot favorable envuonment, 
a through spray coverage w~th  a fungicide is necessary to 
klll ergot spores on plant surfaces for obtalnlng good control 
of the dlsease 

A Global Conference on sorghum ergot was jolntly pre- 
pared with INTSORMIL at Corpus Chrlstl, TX June 25-26, 
1998 The proceedmgs m part are already published on Lme 
See http //www ars-grin gov/may/sorghum htrnl 

Manzpulatzon of Grazn Mold Resrstance 
Genes zn Sorghum (Prepared by Dr Y Cur) 

Grain mold is a serlous problem in many sorghum re- 
glons of the world Grain mold~ng reduces seed germma- 
tlon, but more s~gnificantly, where sorghum IS used as a 
food source, both gram quality and appearance are d~min- 
 shed Desp~te extensive breedlng efforts, relatively little 
progress has been made m lmprovlng sorghum gram mold 
reslstance Genetlc~sts and breeders have identified several 
quantitative tra~ts that affect and enhance gram mold resis- 
tance For example, the presence of a p~gmented testa IS a 
s~gnificant source for gram mold reslstance, but the high 
concentration of tannlns present in a p~gmented testa makes 
t h~s  method of control unacceptable because tannlns lower 
digest~b~l~ty of the seed 

While no slngle gene trait that can confer universal resis- 
tance to grain mold, several genes have been ident~fied that 
play a role m defendmg plants agalnst a broad range of fun- 
gal pathogens Such protems, referred to as antifungal pro- 
teins (AFPs), mclude chitmases and p-glucanases, enzymes 
that degrade the major structural components of fungal cell 
walls (I e chit111 and p-glucan polymers) The action of 
these enzymes on mtact fung~ can result In cell lysis and 
death Other AFPs Include sormatm, a protein that alters 
fungal membrane permeabil~ty and ribosome-inhibitmg 
protems @IPS) that mh~bit translation of fungal r~bosomes 
Over-express~on or more effective forms of these protelns 
may help to control fungal mgress 

In this project, we w~l l  Identify, tag, and clone sorghum 
genes that express ant~fungal proteins This information 
will glve us the potential to enhance reslstance to gram mold 
by creating cultlvars w~th  an Improved combination of al- 
leles through marker-assisted select~on 

monzllforme has been isolated and Identified from the plates 
mcubated at room temperature, while Curvularra lunata 
was recovered from seed Incubated at 37°C Inh~b~ t~on  of 
the growth of these F monrllforme and C lunata ~solates by 
Trzchoderma vrrens was tested on minimal and PDA media 
The growth lnh~bitory effect of T vrrens appears to be very 
s~gnificant on both med~a and to both fungi 

Seven dlstlnct ch~tlnases and three P-glucanase genes 
have been cloned from Trrchoderma vrrens in Dr Doug 
Cook's lab at Texas A&M University So far, four cDNA 
clones (chit-I, chit-2, ch~t-4 and chlt-5) have been made 
The PET proteln overexpression system has been set up and 
the four ch~tinase cDNAs have been treated to make them 
ready for clon~ng A l~gation independent clon~ng method 
has been used successfully for transferrtng the cDNAs ~n to  
the PET vector We have adjusted the clonlng and transfor- 
mation parameters The th~rd try is underway We are ex- 
pectlng the expressed proteln can be obtained w~thm the 
next few weeks, and then will test the ~ndlv~dual proteins for 
actlvlty against the grain mold h g i  

Conferences 

R Frederiksen made several trips regardmg ergot Sep- 
tember, 1997 to Washington D C where he presented the 
current status of the work on ergot and ant~cipated fund~ng 
needs for the program in 1998 Frederiksen also traveled to 
Washington m Apr~l, 1998 to meet w~th  EPA, USDA and 
others to present the status of ergot and varlous research pro- 
grams on the d~sease 

Research Information Exchange 

Dr Frederlksen also reviewed the sorghum downy mil- 
dew collaboration w~th  Egyptian counter parts m October, 
1997 

Issoufou Kollo and Her~berto Torres went to N~ger m 
October, 1997 Mr Kollo collected data from h ~ s  many Na- 
tional Tr~als on sorghum and mlllet research and Mr Torres 
collected head smut specimens for his research on popula- 
tlon biology of the organism 

During the year, R Frederiksen served as a member of 
the Ed~tor~al Adv~sory Board of the African Crop Sc~ence 
Journal 

Other Cooperating Sczentists 
Results 

Molded sorghum seeds, which were harvested from the 
field of College Station, TX In 1997, were Inoculated at 
PCNB medlm and were mcubated at room temperature 
and m a 37°C Incubator respectively The fungus Fusarrum 

Cllnt McGlII, Department of Plant Pathology & M~crobi- 
ology, Texas A&M Un~versity, College Station, TX 77843 

John Mullet, Dept of Blochemistry, Texas A&M Unl- 
verslty, College Stat~on, TX 77843 
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Jesus Narro, Campo Agricola Expenmental Bajio, A P 
1 13, Celaya, Guanajuato, Mexico 

Ralph Waniska, Dept of So11 and Crop Sciences, Texas 
A&M University, College Stat~on, TX 77843 

Publlcat~ons and Presentat~ons 

Journal Arttcles 

Boora, K S R A  Freder~ksen and C W Mag111 1998 DNA based 
markers for a recesslve gene conferr~ng anthracnose reslstance In 
sorghum Crop Sc~ence In Press 

Hanson L A B Balley R A Frederlksen J D Smlth and C W Mag111 
1997 Early events In the mteract~on between malze and southern rust 
Maydlca 42 339 346 

Morr~s S W B Vernoo~j S Tltatarn M Starrett S Thomas C C W~ltse 
R A  Freder~ksen A Bhandhufalck S Hulbert and S Uknes 1998 
Induced reslstance responses m mane MPMI 11 643 657 

Osor~o J A and R A Freder~ksen 1998 Development of an ~nfectlon 
assay for Sporrsorrum rerlzanum the head smut pathogen on sorghum 
Plant Dlsease In Press 

Rosew~ch U L R E  Pettway B A McDonald R R Duncan and R A 
Frederlksen 1998 Genetlc structure and temporal dynamlcs of a 
Colletotrzchum gramrnrcola population In a sorghum dlsease nursery 
Phytopathology In Press 

Tenkouano A F R M~ller R A Frederlksen and R L N~cholson 1998 
Ontogenetlc character~st~cs of reslstance to fol~ar anthracnose 1n 
Sorghum Afrrcan Crop Sclence Journal In Press 

Mmcellaneous Pubhcations 

Freder~ksen R A 1997 Sorghum ergot so now what? Proceedings U S 
Conference on Sorghum Ergot June 11 1997 Amarlllo TX Nat~onal 
Gram Sorghum Producers P 0 Box 530 Abernathy TX 793 11 
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Insect Pest Management Strategies 
for Sustainable Sorghum Productlon 

Project TAM-225 
George L Teetes 

Texas A&M Unlvers~ty 

Dr George L Teetes, Professor~Entomologist, Department of Entomology, Texas A&M University, College 
Station, TX 77843-2475 

Collaborating Scientists 

Dr Niamoye Yaro Dimsso, Entomologist, IERISRAICRRA, Sotuba, B P 438, Bamako, Mali 
Dr Yacouba 0 Doumbia, Entomologist, IERISRAICRRA, Sotuba, B P 438, Bamako, Mali 
Dr Aboubacar Toure, Sorghum Breeder, IERfSRAICRRA, Sotuba, B P 438, Bamako, Mali 
Dr Alain Ratnadass, Entomologist, CIRAD-CA, ICRISATIWASIP, B P 320, Bamako, Mali 
Dr Gary C Peterson, ProfessorISorghum Breeder, Texas A&M University Agricultural Research and Exten- 

sion Center, Route 3, Box 219, Lubbock, TX 79401-9747 
Dr Darrell T Rosenow, ProfessorISorghum BreederIMali Country Coordmator, Texas A&M Univers~ty Agn- 

cultural Research and Extension Center, Route 3, Box 2 19, Lubbock, TX 7940 1-9747 
Dr Lloyd W Rooney, ProfessorICereal Chemistry, Department of So11 and Crop Sciences, Texas A&M Uni- 

verslty, College Station, TX 77843-2474 
Dr kchard A Frederksen, Professor/Plant Pathologist, Department of Plant Pathology and Microbiology, 

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

Summary 

The Pmcipal Investigator (PI) traveled to Mall during 
this reportmg period and completed two important actlvi- 
ties Segregating populations of sorghums resistant and sus- 
ceptible to panicle-feeding bugs were evaluated for RFLP 
research A new variety of sorghum developed by IER 
breeders was evaluated for bug damage m Malian farmers' 
fields A Malian Ph D student's manuscript ent~tled, Floret 
Morphology of Sorghum Mrdge-Resatant Sorghum was 
published and one entitled, Sprkelet Flowerrng Trme Cause 
of Sorghum Resrstance to Sorghum Mrdge (Drptera Cecr- 
domyndae) was accepted for publ~cation m refereed ento- 
mology journals Greenbug- and sorghum midge-resistant 
sorghum lmes and hybrids were evaluated for resistance m 
collaboration with Dr Gary Peterson (TAM-223) Insect- 
resistant sorghum genotypes were advanced m crosses with 
elite germplasm Several new sorghum midge-resistant pa- 
rental A- and R-lmes were evaluated for release to commer- 
clal seed companies Expenmental sorghum mldge- 
resistant hybrid sorghums were evaluated and results were 
publ~shed Greenbug biotype I and K parental lmes were 
evaluated for release Experiments identified msecticides 
effective against sorghum m~dge, panicle caterpillars, and 
stlnk bugs and results were published Dissertat~on research 
on molecular analysis of greenbug resistance m sorghum 
and other Poaceaeous host plants was completed and drafts 
of two manuscripts were prepared for publication Efforts 
were made to assess genetlc diversity among populations of 

greenbug Extraction protocols were modified to produce 
su~table restriction enzyme digestion of greenbug DNA 
Multiple Southern blots were completed, autoradiograms 
produced, and numerous probes used to determme probe- 
enzyme combinations that show RFLPs suitable for screen- 
ing natural populations of greenbug Dissertation research 
on failure of a corn-sorghum rotation scheme to reduce 
abundance of Mexican corn rootworm m corn grown after 
sorghum was completed and one manuscript was prepared 
and two others are planned Education programs were di- 
rected of two graduate students, one Malian and one Nige- 
rian, conductmg research m Niger 

Objectives, Productlon and Utlllzatlon Constraints 

Malr 

Long-term objectives are to collaborate with IER/Malian 
scientists to develop mtegrated pest management (IPM) 
strategies for sorghum msect pests, especially pan~cle- 
feeding bugs and sorghum midge, attackmg traditional 
and unproved insect-resistant and susceptible sorghums 
To achieve these long-term goals requlres mcreased en- 
tomological research efforts m farmers' sorghum fields 
The reporting period objectives were to (1) substantiate, 
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for use by sorghum breeders, the most reliable and effi- 
cient method to protect sorghum panicles fiom panicle- 
feeding bugs so resistance can be assessed by comparmg 
protected with naturally mfested panicles, (2) determme 
the role of msects and pathogens m kernel deterioration 
by applying different combmations of insecticides and 
fungicides, and (3) assess the lrnportance of panicle- 
feeding bugs and sorghum midge on traditional and im- 
proved sorghum varieties m farmers' fields 

Long-term objectives are to collaborate with Texas 
A&M University sorghum breeders and molecular bi- 
ologists to develop, evaluate, and deploy sorghums resis- 
tant to sorghum midge, greenbug, and yellow sugarcane 
aphid, assess densityldamage relationships, determme 
mechanisms and causes of resistance, and identify the 
role of insect-resistant sorghums in IPM, and apply bio- 
technology to increase resistance durability by under- 
standing the genetic relationship of msects and resistant 
plants Reporting period objectives were to (1) conduct 
field and greenhouse experiments to evaluate sorghums 
resistant to greenbug, sorghum midge, and yellow sugar- 
cane aphid, and (2) supervise graduate student research 
Graduate students supervised are 1) U S Ph D student 
uslng RFLP technology to assess genetics of greenbug 
resistance in sorghum, 2) U S Ph D student using 
RFLPIRAPD technology to assess genetic variability of 
greenbug and its biotypes, 3) U S Ph D student assess- 
ing the role of sorghum m population dynamics of Mexl- 
can corn rootworm, 4) M S student from Nlger 
researchmg field biology and laboratory life table assess- 
ment of millet head mmer in Niger (committee co-chalr), 
and 5) Ph D student from Mali studylng natural mortal- 
ity of the millet head miner m Niger (committee co- 
chaw) Participate in Entomological Society of America, 
International Plant Resistance to Insects Workshop, 
Consortium for International Crop Protection, CRSP, 
and other professional and scientific activities and meet- 
ings 

Malz 

Insect pests especially pan~cle-feeding bugs are con- 
stralnts to deploying unproved non-photopenod sensltlve, 
compact-panlcle sorghum varletles that yleld more than tra- 
ditionally grown, local varieties Resolution of the interrela- 
tionship of damage by bugs, Infection by pathogens, and 
reduction m gram yield and quality requires an interdiscipli- 
nary, team approach Damage by bugs is exacerbated by 
pathogen mfectlon that significantly increases in damaged 
kernels Damage by bugs and infection by pathogens dra- 
matically reduce grain yield and quallty and render the grain 
unusable for human consumption Other insect pests might 

occur when agronomic practices are changed and new sor- 
ghum varieties are used 

There is increasmg human opposition to use ofpesticides 
in the U S Although insecticides are readily available and 
lessen the yield-reducing impact of msect pests, they result 
in significantly mcreased production costs, occurrence of 
secondary insect pests, insect pest resurgence, ecological 
disruption, and environmental contamination Sorghums 
resistant to aphids, sorghum midge, and panicle-infesting 
bugs and caterpillars would enable insect pests to be man- 
aged in a more ecologically sound way and provide a more 
economically and environmentally sustainable sorghum 
production system Insect-resistant plants provide an im- 
portant foundational component to an IPM approach How- 
ever, development of these cultivars requlres a holistic 
approach lncludmg identification of insect resistance genes, 
incorporation of the resistance into agronomically elite hy- 
brids, extensive evaluation, and deployment mto production 
systems Much research is needed on the role these cultivars 
play in an IPM program so that research progresses and 
farmers readily accept resistant cultivars as part of an IPM 
approach 

Research Approach and Project Output 

Three primary methods are used to achieve project out- 
put - collaborationlpartnenng, graduate student education, 
and technology development Project outputs are divided 
mto these research approaches 

Collaboratzve Sorghum Panzcle-feedmg 
Bug Research zn Malz 

The PI traveled to Mali durlng November of this report- 
ing period to evaluate for RFLP research segregating popu- 
lations of sorghum resistant and susceptible to panicle- 
feedmg bugs and to evaluate for insect damage m Malian 
farmers' fields an lrnproved sorghum variety developed by 
IER breeders These activities were carried out m collabora- 
tion with Dr Nlamoye Diansso, a recent Texas A&M Uni- 
verslty Ph D graduate under the drection of the PI Other 
IER and U S IINTSORMIL scientists collaborating m these 
actlvltles included Dr Aboubacar Toure IER sorghum 
breeder, Dr Alain Ratnadass, CIRADIICRISAT entomolo- 
gist, and Drs Gary Peterson and Darrell Rosenow, Texas 
A&M Univers1tylINTS0RMIL sorghum breeders The fact 
that Dr Diarisso traveled and worked with the PI while he 
was in Mali is mdicative of her commitment to collaborative 
research because she had returned to Mali m June and had 
yet to be assigned a research position Two sorghum trlals 
designed to evaluate segregatmg populations of sorghum 
for resistance to panicle-feedmg bugs were planted at three 
locations, Sotuba, Samanko, and Clnzana The research is 
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part of the Rockefeller Foundation-supported postdoctoral 
program of Dr Aboubacar Toure The ratlng scale used was 
developed through collaborative research between IER, 
INTSORMIL, and ICRISAT breedmglentomology pro- 
grams Seed samples obtamed in 1996 with varying degrees 
of bug damage were used as standards to rate entries in all 
trials The PI and Dr Diarisso with Dr Tom Crawford, INT- 
SORMIL Associate Program Director, and Dr Jerry 
Maranville, INTSORMIL PI, met with World Vislon per- 
sonnel near Cinzana to revlew a collaborative technology 
transfer project between IER, INTSORMIL, Beadcowpea 
CRSP, and World Vision A new sorghum varlety devel- 
oped through IER/INTSORMIL collaboratlon was grown 
by local farmers in a World Vision project The varlety 
yielded well, and farmers recognized the potential The va- 
rlety commonly has weak peduncles that break easily How- 
ever, insect damage to local, traditional varieties and the 
new variety was absent In other locales and trials where 
non-photosensitive sorghums with compact panicles were 
grown, damage by panicle-feedmg bugs was severe Col- 
laboration between IER and INTSORMIL scientists and 
World Vislon should be continued 

After Dr Diarisso's assignment to a research posltlon at 
Sotuba, much effort was made to develop future collabora- 
tive research plans Drafts of these research plans have been 
shared and revised Research workplans will be submitted 
to IER administration Also, the PI belleves ~t very impor- 
tant that IER scientists who have direct collaborative re- 
search efforts with INTSORMIL sclentlsts should receive 
fundmg .from the INTSORMIL country budget This fund- 
ing process has been discussed wlth INTSORMIL and IER 
country project leaders 

Technology Development 

Following are summanes of results of research that sup- 
port mternat~onal research collaboratlon, especially with re- 
gard to evaluating sorghum mldge- and aphid-resistant 
sorghums, and research projects of graduate students asso- 
clated with INTSORMIL Research efforts of TAM-225 are 
in collaboration wlth TAM-223, the project ofDr Gary Pe- 
terson, Sorghum Breeder at the Texas A&M University Ag- 
ricultural Research and Extension Center at Lubbock 

In collaboratlon with TAM-223, standard, annual 
evaluations of sorghum midge-resistant lines and hybrids 
were conducted during 1997 at Corpus Chrlsti and College 
Statlon Resistance to sorghum midge of 52 hybrids (43 re- 
slstant x resistant exper~mental hybr~ds, 3 reslstant x resis- 
tant checks, 1 resistant x susceptlble check, and 5 
susceptible checks) was evaluated Susceptible sorghum 
planted three weeks early adjacent to the exper~mental area 
provided a source of sorghum midge to infest the experi- 
mental sorghums At Corpus Christl, seeds of the expen- 
mental sorghums were planted 8 Apnl m 6-m-long plots, 
with 97 6 cm between rows Sorghum was planted at Col- 

lege Statlon 8 May, wlth 76 2 cm between rows Damage 
caused by sorghum midge and gram yield (kg ha l) were 
compared between experimental hybrids and checks Sor- 
ghum at physiological maturlty was rated by plot for sor- 
ghum midge damage based on a scale of 1 = 1-10, to 9 = 81- 
100% of kernels that failed to develop Sorghum panicles 
from 0 0025 ha per plot were hand harvested Threshed 
grain welght (g) was converted to kg ha to obtam grain 
yield ANOVA and LSDo 05 were used for data analysls and 
mean separation, respectively 

Although differences were not always sign~ficant be- 
tween experimental hybrids and resistant x resistant checks, 
most exper~mental hybrids were significantly less damaged 
by sorghum midge and produced s~gnificantly more gram 
with~n and over locat~ons than susceptlble x susceptible 
checks Sorghum at Corpus Chrlsti was damaged signifi- 
cantly more by sorghum midge (5 2 vs 3 0 rating) and 
yielded less gram (1,492 vs 5 563 kg ha I) than at College 
Statlon Hybrids that performed well under high sorghum 
midge abundance (Corpus Christi) also performed well un- 
der moderate abundance (College Station) Female parental 
lines designated ATx639, ATx640, and ATx64 1 have con- 
sistently performed well for the past five years and were re- 
leased recently to prlvate industry Hybrlds from these 
female parents had 1 9 and 4 1 damage ratlng scores and 
ylelded 7,035 and 2,195 kg ha at College Station and Cor- 
pus Christl, respectively Hybrlds with female parent A94 
are being evaluated for commerclal release Hybrids pro- 
duced from lmes designated A94-6, A94-7, or A94- 15 were 
rated 1 7 and 3 4 and ylelded 6,397 and 2,157 kg ha at Col- 
lege Station and Corpus Christi, respectively By compan- 
son, susceptlble x susceptible checks were rated 6 5 and 9 0 
and yielded only 2,183 and 186 kg hai at College Station 
and Corpus Christi, respectively Data mdicated that when 
planted late, many sorghum mldge-resistant hybrids yield 
significantly more gram without the use of insecticide than 
do susceptlble hybrids 

Numerous sorghum lmes developed through project 
TAM-223 and in the process of belng selected as parental 
llnes for release and use in hybrids were evaluated for resis- 
tance to biotype I and K greenbug m greenhouse experi- 
ments Several of these lines possessed hlgh levels of 
resistance to biotype I greenbug and moderate levels of re- 
sistance to biotype K Approximately 50 sorghum lines 
from Carglll Seed Company were evaluated for resistance 
to blotype I and K greenbug Results Indicate that both INT- 
SORMIL scientists and the commerclal seed industry are 
making good progress m developing hybnds resistant to 
greenbug biotypes I and K Details of results of these 
evaluations are not presented here because of space limita- 
tions However, sufficient progress is belng made to con- 
clude that sorghum lines reslstant to these new greenbug 
biotypes will be released in the near future Agronomic data 
requlred for release and registration are being collected 
Greenbug biotype I and K resistant lines are agronomically 
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dlverse For example, some are tan plants wlth red kernels 
and tan glumes These lines will be valuable to the sorghum 
seed industry both for these agronomic characters and resis- 
tance to greenbug 

Asana XL 0 66E, Baythrold 2E, Beauveria bassiana, Cu- 
racron 8E, Decls 1 5E, Diazlnon 2E, FCR 4545 1E and 125 
F, Karate lE, Lorsban 4E, Phaser 3E, Sevin 80% and TD 
2344 0 83E were evaluated for control of sorghum midge in 
plots near College Station Sorghum midge abundance 
ranged from 7 0 adults per panicle before the first applica- 
tion to 1 4 per panlcle before the third and final appllcatlon 
Based on visual ratings of damage on a scale of 1-9, where 1 
= 1 - 10 to 9 = 8 1-90% kernels destroyed per panicle, treated 
sorghum was damaged significantly less than non-treated 
sorghum Damage ranged from 2 75 wlth Baythroid, Decis 
1 5E, Lorsban 4E, and Phaser 3E to 5 5 In the non-treated 
plot Highest yield, 6,086 pounds per acre, resulted from 
sorghum treated wlth Baythroid, but no significant yield dlf- 
ferences were found among the pyrethroid treatments The 
non-treated plot yielded only 4,322 pounds per acre 

Baythroid 2E, Curacron 8E, Decis 1 5E, FCR 4545 lE, 
Karate 1 E, Lorsban 4E, Parathion 8E, Phaser 3E, Sevin 80S, 
and TD 2344 0 83E were evaluated for control of rice stink 
bug, corn eanvorm, fall armyworm, and sorghum webworm 
near College Station Insect abundance was assessed by us- 
mg the "beat-bucket" technique 

Abundance of rlce stlnk bugs averaged 1 1 nymphs and 
adults per panicle in all plots before insecticide application 
Treated sorghum contained significantly fewer stink bugs 
than non-treated sorghum One day after treatment, stink 
bug abundance ranged from 0 03 per panicle with Decls 
(98% control) to 1 4 in non-treated sorghum Pyrethroid in- 
secticides, Parathion, and Phaser most effectively and about 
equally controlled stink bugs Application of Curacron, 
Sevin, and Lorsban reduced rice stink bug abundance by 
less than 50% Three days after treatment, rice stink bug 
abundance on sorghum panicles treated with any of the in- 
secticides (range of 0 3 rlce stink bugs on panicles treated 
wlth FCR 4545 lE  to 1 4 per panicle treated with Lorsban) 
was significantly less than on non-treated sorghum (2 1 rlce 
stink bugs per panlcle) Percentage of control was less at 
three than at one day after treatment In general, pyrethroid 
lnsectlcides best controlled rice stink bug three days after 
treatment 

Abundance of caterpillars before insecticide application 
averaged less than one per panicle One day after treatment 
numbers of panlcle caterpillars on sorghum treated wlth py- 
rethroid insecticides Sevin, and Phaser (range of 0 03 to 
0 18 per panicle, 6 1-94% control) were less than the number 
on non-treated sorghum (0 4 per panicle) Caterpillar abun- 
dance on panicles treated wlth Parathion (0 3 per panicle), 
Curacron (0 2), and Lorsban (0 4) was not significantly 
lower than on panlcles of non-treated sorghum (0 4 per 
panicle) Reductions m caterpillar numbers and percentages 

of control were similar at three as at one day after treatment 
In general, pyrethroid insecticides provided superlor con- 
trol (67- 100%) of panicle caterpillars three days after treat- 
ment 

In 1997, much valuable Integrated pest management in- 
formation was obtalned from responses to a six-page 
"Questionnaire on Insect IPM of Gram Sorghum" mailed to 
739 members ofthe Texas Gram Sorghum Association The 
results ofthe survey indicated that 55% of sorghum growers 
considered themselves IPM users, but based on very strm- 
gent criterla of multlple management-tactic use, 87 4% of 
sorghum growers are IPM users IPM evaluation and impact 
1s a contlnulng activity of TAM-225 With a grant from the 
Texas Pest Management Association and the Texas Depart- 
ment of Agriculture, an activlty is underway to determine 
the impact of IPM and develop methodology to evaluate 
IPM contrlbutlons and success in Texas 

Graduate Student Research 

Molecular Analyszs of Greenbug Reszstance zn 
Sorghum and Other Poaceaeous Host Plants 

Four F3 populations of sorghum were used to identi@ 
RFLP markers d~agnostic of reslstance to greenbug blo- 
types C, E, I, and/or K A complete RFLP map of sorghum 
(Chittenden et a1 1994) was used to identlfy DNA markers 
to scan the sorghum genome at 20-cM mtervals Nine green- 
bug reslstance locl on eight l~nkage groups were identified 
In most cases, sorghum resistance was additive or mcom- 
pletely dominant Several digenic interactions were identl- 
fied In each case, these non-additive interactions accounted 
for a greater portlon of the resistance phenotype than dld in- 
dependently acting locl Resistance to greenbug had previ- 
ously been assigned to Triticeae homeologous groups 1 and 
7 (Hollenhorst and Joppa 1983) Greenbug-resistant and 
susceptible near-isogenic barley lines were assigned to rep- 
resent the Tritlceae genome Conserved cDNA markers 
mapping to homeologous groups 1 and 7 were utilized to dl- 
rectly target potentlal orthologous regions m sorghum and 
barley In two cases, the same markers co-segregating for 
greenbug resistance m sorghum co-segregated for greenbug 
reslstance m barley Moreover, Triticeae crops have resis- 
tance genes at locations that approximately correspond to 
some of the sorghum genes, posslbly suggesting that simllar 
resistance mechanisms have been applied repeatedly 
Where Triticeae crops are rotated frequently with sorghum, 
traditional rotation may merely be challenging the greenbug 
wlth a series of related genes Use of greenbug resistance 
genes m improved cultivars of divergent crops may help to 
better manage and more effectively preserve the Integrity of 
gene rotatlon strategies Further, the large eplstatic compo- 
nent of greenbug resistance in exotic sorghums versus the 
relatively simple Inheritance of improved cult~vars suggests 
a need for accelerated efforts to introgress exotic genes into 
cultivated germplasm to further support reslstance durabil- 
ity The information obtained from these experiments will 
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help determine whether resistance to greenbug IS conferred 
by orthologous genes, modified by genetlc background, or 
conferred by completely unrelated genes 

Use of RFLP to Characterzze Genetzc Drverszty 
of Natural Populatrons of Greenbug 

Previously developed probes were radiolabeled via nick 
translation and hybndlzed to screenmg blots yielding auto- 
radiograms During the probe screenmg process, greenbug 
was found to have very low levels of polymorphism Low 
levels of polymorphism require screenmg more probes to 
find probes that show useful polyrnorphisms A new green- 
bug genomic library was constructed New probes were 
made from the library These probes continue to be used in 
the probe screenmg process 

Port~ons of the 16s rRNA and Cytochrome Oxldase I1 
(CO 11) genes have been PCR amplified from the mltochon- 
dnal genome of greenbug biotypes C, E, I, K and two out- 
groups The nucleotide sequence of these amplified genes 
has been determined Preliminary phylogenetic analysis of 
greenbug biotypes has been performed using these DNA se- 
quences 

Fazlure of Sorghum m Rotatzon wzth Corn 
to Manage Mexzcan Corn Rootworm 

Mexican corn rootworm, D~abrotrca vzrgrfera zeae Kry- 
san & Smlth, adults lay eggs in the soil of corn fields durlng 
the summer Eggs overwinter in the soil and hatch in the 
sprmg Larvae then feed on the roots of corn plants, causlng 
plant lodglng and yield loss Together wlth northern corn 
rootworm, D barberr Smith & Lawrence, and western corn 
rootworm, D v~rgrfera vrrgrfera LeConte, these pests have 
been estimated to cost $1 billion annually in yield losses and 
control costs Sorghum has played an lrnportant role m man- 
agement of Mexican corn rootworm m Texas Because lar- 
vae can survive only on the roots of corn and a few grass 
species, annual rotatlon of corn with sorghum termmates the 
life cycle of corn rootworm Corn planted in the season fol- 
lowing sorghum should be free of damage by corn root- 
worm larvae Recent reports, however, have linked 
Mexican corn rootworm to damage to corn planted the sea- 
son following sorghum Slrnilar reports have surfaced in the 
Midwest where soybeans were rotated with corn to manage 
northern corn rootworm and, most recently, western corn 
rootworm Without crop rotation, these pests must be man- 
aged usmg soil insecticide Sod msecticlde application typl- 
cally reduces by about 50% the number of larvae survivmg 
to adulthood This level of suppression, however, is not suf- 
ficient to prevent the need for soil insecticide the following 
season Experiments were conducted in Bell County, TX to 
determine factors contributmg to failure of crop rotation us- 
mg sorghum to prevent damage by Mexican corn rootworm 
to corn 

Factors that could reduce the effectiveness of crop rota- 
tion include prolonged diapause of corn rootworm eggs, de- 
velopment by larvae of an ability to survive on roots of 
sorghum, and ovlposltion by adults m sorghum fields In 
some areas of the Mldwest, as much as 5 1 % of northern corn 
rootworm eggs sampled remamed m dlapause for two years 
A two-year egg dlapause allows eggs to remain dormant 
whlle a non-host crop is growing These eggs hatch when 
corn is replanted Mexican corn rootworm eggs sampled 
from Bell County dld not exhibit prolonged egg diapause 
Eggs began hatching 269 days after oviposltion, and 90% 
had hatched 280 days afler oviposition 

Traps to capture Mexican corn rootworm adults emerg- 
ing from the soil were placed over corn and sorghum plants 
Capture of adults in these traps mdicates the level of sur- 
vival by larvae on the roots of each of the plant species Sur- 
vival by Mexican corn rootworm larvae on sorghum was 
3 0-1 1 2% ofthat from corn This suggests that survival by 
larvae on the roots of sorghum was not a significant factor m 
the failure of crop rotation to prevent damage by Mexican 
corn rootworm to corn In 1997, larval survival measured on 
cotton, soybeans, and Texas panicum was 2 0 , l  6, and 0 5% 
of that on sorghum 

Mexican corn rootworm ovipositlon in sorghum dld not 
differ significantly from that in corn An average of 1 egg 
per liter of soil was found in sorghum compared to 1 7 eggs 
per liter ofsoll m corn In 1997, oviposition was measured in 
corn, sorghum, cotton, soybeans, and Texas panicum 
Again, there was no significant difference m ovipositlon m 
sorghum and that in corn However, oviposition in cotton, 
soybeans, and Texas panicum was significantly lower than 
that m corn Average numbers of eggs per 0 5 liter of soil m 
corn, sorghum, cotton, soybeans, and Texas panicum were 
6 8,3 9, l  2 , l  6, and 0 5, respectively Adult abundance and 
crop phenology also were monitored m these crops during 
1997 Adults were most attracted to crops durlng the flower- 
mg stage of growth Manipulation of sorghum flowermg by 
plantmg sorghum so it flowers before corn or selectmg cul- 
tivars with shorter flowering periods may allow sorghum to 
escape oviposition by Mexican corn rootworm 

Fzeld Evaluatron of Fecundrty Longevrty 
and Ovrposrtron of Mrllet Head Mrner 

Millet head miner, Helzocherlus albpunctella de Joan- 
nls, has been a major pearl millet pest in the Sahel since 
1972 In a review of millet head mlner biology, its natural 
enemles, and a descriptive biological control research ap- 
proach, Gilstrap et al (1995) concluded that a cohesive 
management strategy was not available for millet Insect 
pests The objective of this research was to determme fac- 
tors regulating development and abundance to Improve un- 
derstandlng of millet head miner blology as a part of a larger 
research effort to assess the impact of natural enemies on 
millet head mmer abundance 
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Research was conducted at the ICRISAT Sahelian Cen- 
ter at Sadore, Niger Seed of '314 HK' (an early maturing 
pearl millet variety) was planted in the field on 6 and 2 1 June 
and 7 July 1996, and 23 June and 4 and 16 July 1997 Plant- 
ing dates were varied so relationships between millet head 
mmer development and growth of pearl millet could be ob- 
served throughout the growlng season Each plot of millet 
consisted of 35 rows, 25 m long and 0 75 m apart Hills m 
each row were 1 m apart After emergence, plants were 
th~nned to three per hill to assure uniform plant growth 

Exclusion cages were used to assess millet head miner 
adult fecundity, longevity, and oviposition period in the 
field Cages were 70-90 cm long x 30 cm diameter and con- 
structed from wire frames covered with fme cotton-mesh 
screen Each cage was placed m the field over a spike ex- 
serted 5- 10 cm Spikes were supported with strlngs attached 
to uon bars to prevent stalk breakage A pair of millet head 
mmer adults from a laboratory colony was released mto 
each cage at sundown to co~nc~de with the tune adults be- 
come active in the field Daily, a dissect~ng microscope was 
used to examine cut splkes for eggs Total number of eggs 
oviposited by each female during its life span was recorded 
Longevity, fecundity, and length of oviposition In the cage 
were assessed by maintaining mdividuals until they died 
Mean number of days for millet head mlner pairs, longevity, 
female fecundity, and length of oviposition period were es- 
timated on pearl millet splkes 

Mean number of days millet head miner adult paus l~ved 
and oviposition per~od are presented in Table 1 Also pre- 
sented are the total number of eggs oviposited by each fe- 
male during its life span in the exclusion cage In 1996, 
mean numbers of days of adult longevity on the spikes were 
3 8 and 4 0 for males and females, respectively In 1997, 
mean numbers of days of adult longevity were 3 4 and 3 3 
for males and females, respectively For both years, millet 
head miner in exclusion cages survived for 2 and 6 days 
This confirmed the conclusion reached by Ndoye (1992) 
that adults survived 5-6 days in nature or m closed cages 
For both years, the female oviposit~on per~od was 1-4 days 
Mean oviposition period for a female was 2 4 and 3 1 days 
in 1996 and 1997, respectively The longest oviposition pe- 
riod of 3 4 days per female was recorded on pearl millet 

planted on 4 July 1997, while the shortest oviposition period 
of 2 9 days was recorded on pearl millet planted on 23 June 
1997 Mean number of eggs oviposited per female was 29 6 
This mean IS very low compared to the 400 eggs in batches 
of 20 to 50 reported by Gahukar (1984) In 1996, total 
number of eggs ovipos~ted by each female was between 7 
and 52, while in 1997, the total number ov~posited was 4- 
106 In 1997, number of eggs oviposited differed by plant- 
ing date Ranges of 7-50, 13-106, and 4-88 eggs oviposited 
per female were recorded for the three planting dates Mean 
numbers of eggs oviposited per female were 29 6 and 44 9 
m 1996 and 1997, respectively 

These data w~ l l  be used to construct a stage-specific life 
table to gain an understanding of factors that regulate the bi- 
ology and abundance ofm~llet headm~ner The life table can 
be used to develop an improved plan for managmg millet 
head mmer on pearl m~llet In West Africa 

Impact of Natural Enemzes on Abundance 
of Mdlet Head Mzner m Nzger 

Gilstrap et a1 (1995) proposed that b~ological control 
might be effective against the m~llet head mlner but that m- 
digenous natural enemles first needed to be assessed The 
goal of this research was to use exclusion methodology to 
assess mortality, particularly impact and contributions of 
natural enemies, on abundance of millet head mmer m the 
field 

Research was conducted in 0 5-ha plots at the ICRISAT 
Sahelian Center, Sadore, N~ger, and m farmers' fields at 
Daybon and Dogalkema, 3 and 7 km f?om ICRISAT-SC 
Each week from emergence to maturity, 10 millet sp~kes m 
each plot were selected randomly, labeled with a number 
correlated to the date of emergence from the boot, and cut 
Millet head miner eggs and larvae were collected from the 
sp~kes and counted Paras~tes and predators were collected 
on spikes in the field by usmg aspirators, nets, and shaking 
bags at early spike emergence and during flowering 

Cylindrical exclusion cages of wue frames covered by 
fme-meshed cloth were placed over 120 newly emerged 
spikes to prevent infestation Each spike was infested w~th  

Table 1 F~eld  longevity, fecund~ty, and ovlpos~t~on per~od of mlllet head mlner on enclosed sp~kes, ICRISAT, 
Sadore, N~ger, 1996 and 1997 

Plant~ng Number of  Longevity (days) Ov~poslt~on penod Eggs Eggs 
date paws YO & (days) laid/femalea Ia~dfday 
6 June 96 5 3 8 4 0 2 4 29 6 12 2 

(7 52) 
23 June 97 10 3 5 3 5 2 9 27 60 10 0 

(7 50) 
4 July 97 10 3 4 3 4 3 4 69 8 21 6 

(13 106) 
16 July 97 10 3 2 3 1 3 0 37 2 12 4 

(4 88) 
Mean 3 4 3 3 3 2 44 9 14 7 

'Numbers In parentheses represent the range of eggs ov~pos~ted dunng a female l~fe tlme 
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25 eggs from female m~llet head miners collected m the field 
or reared in a laboratory One group of sp~kes remamed cov- 
ered after infestat~on and until prepupae dropped to the base 
of the cage to prepare for the dry season The other groups of 
sp~kes were uncovered 3, 13,23, and 36 days after mfesta- 
tion to allow access of natural enemies to m~llet head mlner 
eggs, early-instar larvae, late-mstar larvae, and prepupae 
The groups of sp~kes were harvested 3, 10, 10, and 13 days 
after being uncovered and were taken to a laboratory, where 
emerglng parasitoids were collected and ident~fied 

In another experiment, 50 splkes at the boot stage were 
covered Twenty-five eggs were placed 3 ,6 ,  or 9 cm from 
the distal end of each of 10 emerged splkes Eggs were re- 
moved 48 hours later, counted, and mcubated in the labora- 
tory Partially destroyed eggs were assessed for predation 
Another set of 10 spikes was exammed one week later for 
parasitism of m~ddle-instar larvae The last set of 10 sp~kes 
was examined one week later for parasitism of fill-grown 
larvae 

Natural enemles were abundant in farmers' fields Ants 
ofthe genus Cremastogaster were most abundant, followed 
by the egg predator, Orrus sp , and egg and larval parasite, 
Cardrochzles sp Also collected were Bracon hebetor m the 
field and Coprdosoma sp in the field and from field larvae 
reared in the laboratory Orrus sp and Cardzochrles sp were 
more abundant in September than in August or October 

Many m~llet head mlner eggs and larvae d~sappeared 
from splkes enclosed In exclus~on cages Natural enemies 
consumed more than 100 m~llet head miner eggs within 
three days after infestation Large numbers of eggs were 
missmg 14, 24, and 37 days after infestation Numbers of 
brown, wr~nkled eggs, mdicatmg predation by predators 
such as Orzus sp , and total numbers of dead larvae were al- 
most equal 4 and 37 days after infestation Of 2,400 millet 
head mlner eggs placed on sp~kes m exclusion or open 
cages, 1,O 16 (42 3%) were missmg, 277 (1 1 5%) were non- 
hatched (attacked) brown eggs, and 40 (1 7%) hatched Two 
hundred th~rty (70%) l~ve  and 100 (30%) dead larvae devel- 
oped from the 2,400 eggs placed on splkes in exclus~on 
cages 

Many eggs d~sappeared when exposed to natural ene- 
mies In mid-September, fewer egg remalns ind~cating pre- 
datlon were found than nonhatched brown eggs and more 
second than third or fourth lnstar larvae were dead After 50 
first mstar larvae were exposed to natural enemies for one 
week, 3 (6%), 8 (16%), and 39 (78%) were dead, missmg, 
and alive, respectively 

Mortal~ty of third, fourth, fifth, and sixth lnstar larvae 
was great between 8 and 30 September Mortality through- 
out the growing season was greatest for fourth, fifth, and 
s~xth instars A total of 659 (33 5%) millet headm~ner larvae 
were live, 1,307 (66 5%) dead, and 1 19 (9 1%) parasitized 

Workshops 

Greenbug Work~ng Group Workshop, October 14- 15, 
1997, Oklahoma State Un~vers~ty and USDA, Stillwater, 
OK 

Entomology Sc~ence Conference, October 28-30, 1998, 
College Station, TX 

Annual Texas Plant Protect~on Conference, December, 
9-10, 1997, College Station, TX 

Entomological Society of America, December 14- 18, 
1997, Nashville, TN 

Southwestern Branch, Entomolog~cal Society of Amer- 
ica, February, 9-12, 1998, Corpus Chr~st~,  TX 

International Plant Resistance to Insects Biennial Work- 
shop, March 15-18, 1998, Memphis, TN 

First International Sympos~um of Sorghum, May 28-30, 
1998, RIO Bravo, Mex~co 

INTSORMIL Pr~nc~pal Investtgators Meeting, June 23, 
1998, Corpus Chnsti, TX 

INTSORMIL Impact Assessment Workshop, June 24, 
1998, Corpus Christi, TX 

Ergot Conference, June 25 - 26, 1998, Corpus Chnsti, 
TX 

Research Investigator Exchanges 

Sc~entists from Australia, Mall, Niger, and Mexico con- 
ferred w~th  the PI relat~ve to sorghum Insect research and 
IPM dur~ng thls reporting per~od Dur~ng travel to Mall, the 
PI and collaborator, Dr Nlamoye D~ansso, mteracted w~th 
World V~sion personnel and traveled with them to on-farm 
sites where local farmers were using a variety of sorghum 
developed by IERIINTSORMIL plant breeders This activ- 
ity provided the opportunity to express interest m continued 
networking with World Vision as a means to transfer tech- 
nology Plans are being developed to continue the relation- 
ship w~th World Vision durlng 1998-1999 

The PI serves as a member of the Board of Directors of 
the Consortium for International Crop Protection (CICP) 
From fhnding sources other than INTSORMIL, the PI is 
contributmg to the development of a Comprehensive Sor- 
ghum Crop Management Manual The PI contributed to re- 
vision of the Sorghum Disease Compendium and wrote a 
chapter m a sorghum monogram The PI continues to serve 
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on the Editorla1 Board for the Journal of Insect Science and 
~ t s  Application 

Germplasm and Research Informatron Exchange 

PIS for projects TAM-225 and TAM-223 annually evalu- 
ate sorghum germplasm for reslstance to Insects Converted 
exotic sorghums regularly were evaluated for resistance to 
sorghum mldge Also, sorghum accessions regularly are 
evaluated for resistance to greenbug and yellow sugarcane 
aphld 

Each year, TAM-225 PI recelves many requests for seeds 
of sorghums reslstant to lnsect pests These requests are for- 
warded to TAM-223 PI 

Durlng thls reporting per~od, the PI prov~ded on a regular 
basls, technical advlse and information to Extension Serv- 
Ice personnel and numerous scientists in developing and de- 
veloped countries 

Publlcatlons and Presentations 

Abstracts 

Dlarlsso NlamoyeYaro 1997 Sptkelet flowerlng tlme and morphology as 
causes o f  sorghum reslstance to sorghum m ~ d g e  ( D ~ p t e r a  
Cecldomylldae) Annual Plant Reslstance to InsectsNewsletter 23 37 
3 8 

Dlarlsso N Y B B Pendleton G L Teetes G C Peterson and R M 
Anderson 1997 Relatlonshlp between sorghum glume closure and 
reslstance to sorghum mldge Internat~onal Sorghum and Millets 
Newsletter 38 87 88 

Katsar C S A H Paterson G C Peterson and G L Teetes 1997 RFLP 
analys~s of greenbug reslstant sorghum germplasm Annual Plant 
Reslstance to Insects Newsletter 23 39 40 

Peterson G C G L Teetes J W Jones R M Anderson B B Pendleton 
and K Schaefer 1997 Release of sorghum Inbred lines reslstant to 
sorghum mldge Internatlonal Sorghum and Mlllets Newsletter 38 37 
38 

Peterson G C G L Teetes J W Jones R M Anderson B B Pendleton 
and K Schaefer 1997 Sorghum Inbred llnes reslstant to sorghum 
mldge Annual Plant Reslstance to Insects Newsletter 23 36 37 

Anderson R M and G L Teetes 1997 Evaluatlon of lnsectlcldes for 
suppresslon of  rlce stlnk bug on sorghum 1996 Arthropod 
Management Tests 22 305 306 

Anderson R M and G L Teetes 1997 Evaluatlon of lnsectlcldes for 
suppresslon of  sorghum mtdge on sorghum 1993 Arthropod 
Management Tests 22 304 

Anderson R M and G L Teetes 1997 Evaluatlon of lnsectlcldes for 
suoaresslon of  sorghum mldee on sorehum 1996 Arthroood 
~ a i a ~ e m e n t  Tests 22 305 - - 

Anderson R M B B Pendleton and G L Teetes 1997 Greenhouse 
evaluation of lmldaclopr~d treated seed for control ofyellow sugarcane 
aphld on sorghum seedlings 1993 Arthropod Management Tests 22 
303 

Anderson R M G L Teetes and B B Pendleton 1998 Control of 
panlcle caterpillars on sorghum 1997 Arthropod Management Tests 
(In press) 

Anderson R M G L Teetes and B B Pendleton 1998 Evaluatlon of 
lnsectlcldes for suppresslon of rlce stlnk bug on sorghum 1997 
Arthropod Management Tests (In press) 

Anderson R M G L Teetes and B B Pendleton 1998 Sorghummldge 
suppresslon on sorghum 1997 Arthropod Management Tests (In 
press) 

Peterson Gary C Jerry W Jones George L Teetes Bonnle B Pendleton 
and Roger M Anderson Gram yleld of sorghum mldge reslstant 
sorghum hybrlds 1997 ArthropodManagement Tests (in press) 

Journal Artzcles 

Dlarlsso Nlamoye Y Bonnle B Pendleton George L Teetes Gary C 
Peterson and Roger M Anderson 1998 Floret morphology of 
sorghum mldge reslstant sorghum Southwest Entomol 23 67 75 

Teetes G L C S Manthe G C Peterson K Leuschner and B B 
Pendleton 1995 (published In 1997) Sorghum reslstant to the 
sugarcane aphld Melanaphrs saccharz (Homoptera Aphldrdae) In 
Botswana and Zlmbabwe Insect SCI Appllc 16 63 71 

Porter Davld R John D Burd Kevln A Shufran James A Webster and 
George L Teetes 1997 Greenbug (Homoptera Aphldidae) blotypes 
selected by reslstant cult~vars or preadapted opportun~sts? FORUM 
article J Econ Entomol 90 1055 1065 

Dlarlsso N~amoye Y Bonnle B Pendleton George L Teetes Gary C 
Peterson and Roger M Anderson 1998 Splhelet flowerlng t ~ m e  
cause of  sorghum reslstance to  sorghum mldge (Dlptera 
Cecldomyltdae) J Econ Entomol (In press) 

Peterson G C G L Teetes B R Wlseman J W Jones R M Anderson 
K Schaefer and B B Pendleton 1998 Reglstratlon of Tx639 Tx640 
and Tx64 I sorghum mldge resistant sorghum inbred lines Crop Scl (In 
press) 

Books, Book Chapters and Proceedings 

Books 

Cronholm Greg Allen Knutson Roy Parker George Teetes and Bonn~e 
Pendleton 1998 Managlng lnsect and mlte pests of Texas sorghum 
Texas Agricultural Extension Service B 1220 

Pendleton B B G L Teetes and R A Frederlksen 1997 Integrated 
Crop Management In Sorghum ( ~ n  preparatlon) 

Book Chapters 

Teetes George L Gary C Peterson Kanayo F Nwanze and Bonnle B 
Pendleton 1998 Genetrc dlverslty of sorghum a source of lnsect 
reslstant germplasm p 63 82 In Stephen L Clement and Sharron S 
Qulsenberry (eds ) Global Plant Genetlc Resources for Insect 
Resistant Crops CRC Press Boca Raton FL 

Teetes George L 1998 Insect pests In Rlchard A Frederlksen (ed) 
Compend~um of Sorghum Dlseases APS Press (In press) 

Teetes George L and Bonn~e B Pendleton 1998 Insect and mlte pests of 
sorghum In C Wayne Smlth and Rlchard A Frederlksen (eds) 
Sorghum John Wlley & Sons Inc ( ~ n  preparatlon) 

Proceedzngs 

Teetes George L 1998 Integrated management of sorghum lnsect pests p 
14 30 In Proceedlngs Prlmer Slmposro Internac~onal de Sorgo 27 30 
May 1998 RIO Bravo Mexlco INIFAP 

Anderson Roger M George L Teetes and Bonnle B Pendleton 1997 
lnsectlc~dal control of sorghum panlcle feedlng pests p 37 In 
Proceedlngs 9th Annual Texas Plant Pro tec t lonAssoc~at~on  
Conference 9 10 December 1997 College Stat~on TX 

Dlarlsso Nlamoye Yaro Bonnle B Pendleton and George L Teetes 
1997 Relatlonshlp between sorghum splhelet morphology and 
reslstance to sorghum mldge p 644 645 In Proceedlngs of the 
Internat~onal Conference on Genetlc Improvement of Sorghum and 
Pearl Mlllet 22 27 September 1996 Lubbock TX 

HenzelI R G G C Peterson G L Teetes B A Franzmann H C 
Sharma, 0 Youm A Ratnadass A Toure J Raab and 0 Ajayl 1997 
Breedlng for reslstance to panlcle pests of sorghum and pearl mlllet p 
255 280 In Proceedlngs Internat~onal Conference on Genetlc 
Improvement of Sorghum and Pearl M~llet 22 27 September 1996 
Lubbock TX 

Katsar C S A H Paterson G C Peterson and G L Teetes 1997 
Molecular analyslsofreslstance togreenbug~n sorghum p 654 655 In 
Proceedlngs of the Internat~onal Conference on Genetlc Improvement 
of orghum and Pearl Millet 22 27 September 1996 Lubbock TX 

Pendle 9 on Bonnle B Rlchard A Frederlksen and George L Teetes 
1997 Integrated crop management In sorghum comprehens~ve mnual 
and model p 665 666 In Proceedlngs ofthe Internat~onal Conference 
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on Genetlc Improvement of Sorghum and Pearl Millet 22 27 Pendleton Bonn~e GeorgeTeetes and Roy Parker Quantification ofIPM 
September 1996 Lubbock TX use by Texas sorghum growers 1997 Entomology Sc~ence Conference 

Peterson G C B V S Reddy 0 Youm G L Teetes andL Lambr~ght, 28 30 October 1997 College Statlon TX 
1997 Breedlng for resrstance to follar and stem feeding Insects of 
sorghum and pearl millet p 281 302 In Proceedlngs Internatronal 
Conference on Genetrc Improvement of Sorghum and Pearl Mlllet 22 
27 September 1996 Lubbock TX 

Teetes George L Gary C Peterson Roger Anderson Kenneth Schaefer 
and Jerry W Jones 1997 Sorghum m~dge reslstant hybrlds forthe2lst 
century p 678 In Proceed~ngs International Conference on Genetic 
Improvement of Sorghum and Pearl Mlllet 22 27 September 1996 
Lubbock TX 

Drssertatrons and Theses 

Katsar Catherine S 1998 Molecular Analysis of Greenbug Reslstance in 
Sorghum and other Poaceaous Host Plants Ph D d~ss  Texas A&M 
Unlverslty College Station, TX 

Llngren P Scott 1998 Areaw~de Management of Mexlcan Corn 
Rootworm (Coleoptera Chrysomelidae) Through Adult Suppression 
and Crop Rotahon Ph D dlss Texas A&M University College 
Statron, TX 

Presentatrons 

Teetes George L Integrated management of sorghum Insect pests Prlmer 
Slmposlo Internac~onal de Sorgo 27 30 May 1998 RIO Bravo 
Mex~co 

Teetes G L B B Pendleton R M Anderson C S Katsar and G C 
Peterson Hybrid~zation of sorghum mldge reslstant and susceptible 
sorghums Internat~onal Plant Resistance to Insects 1 9  Biennlal 
Workshop 15-18 March 1998 Memphrs TN 

Burd J D D R Porter K A Shufran J A Webster and G L Teetes 
Aphld blotype plant lnteractlons International Plant Reslstance to 
Insects 13" Biennial Workshop 15 18 March1998 Memphis TN 

Teetes George Status of IPM implementation In Texas A Joint 
Sympos~um of the Texas Pest Management Association and 46" 
Annual Meetrng of the Southwestern Branch of the Entomological 
Soc~ety of Amerrca 11 Februaty 1998 Corpus Chnstl TX 

Teetes G L B B Pendleton R M Anderson C S Katsar and G C 
Peterson Hybr~d~zation of sorghum mldge resrstant and susceptrble 
sorghums 46' Annual Meetrng of the Southwestern Branch of the 
Entomological Socrety of America 9 12 February 1998 Corpus 
Chrlstr TX 

Anderson R M B B Pendleton andG L Teetes Insecticidal control of 
sorghum panicle-feedlng pests 46fh Annual Meetrng of the 
Southwestern Branch of the Entomologrcal Soclety of Amerlca 9 12 
February 1998 Corpus Christr TX 

Pendleton B B G L Teetes and R D Parker Texas sorghum growers 
use of IPM to manage lnsect pests 4& Annual Meeting of the 
Southwestern Branch of the Entomolog~cal Soc~ety ofAmerlca 9 12 
February 1998 Corpus Chrrstl TX 

Katsar Catherlne S George L Teetes Andrew H Paterson and Gary C 
Peterson Comparative analysls of greenbug resistance genes among 
the Poaceae 1997 Annual Meeting of the Entomolog~cal Soc~ety of 
Amerrca 14-18 December 1997 Nashv~lle TN 

Lrngren Peter S George Teetes and James R Coppedge Control of 
Mexrcan corn rootworm Diabrobca virggera zeae Krysan and Smrth 
through crop rotatlon 1997 Annual Meetrng of the Entomological 
Soc~ety of Amerrca 14 18 December 1997 Nashville TN 

Teetes George L Bonnie B Pendleton and Roy D Parker Texas 
sorghum growers use of IPM to manage lnsect pests 1997 Annual 
Meetlng of the Entomolog~cal Soc~ety of Amenca 14 18 December 
1997 Nashville TN 

Anderson Roger M George L Teetes and Bonn~e B Pendleton 
Insecticidal control of sorghum panrcle feeding pests 9h Annual 
Texas Plant Protect~on Assoclatlon Conference 9 10 December 1997 
College Statron TX 

Anderson Roger and George Teetes Insect~c~de efficacy against sorghum 
mldge stink bugs and panrcle caterpillars 1997 Entomology Scrence 
Conference 28 30 October 1997 College Station TX 

Anderson Roger Bonnle Pendleton and George Teetes Insectlcrde 
rnduced mortality of sorghum mrdge larvae 1997 Entomology Science 
Conference 28 30 October 1997 College Station TX 
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Dr Frank Gilstrap, Texas A&M University, Department of Entomology, 1146 Biological Control Bldg , 
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Summary 

Project TAM-225B addresses arthropod-insect pests of 
millet These pests are key constraints to production in West 
Africa, and requlre detalled ecological understanding for a 
sustainable management strategy, espec~ally during tlrnes 
of year when pests occupy noncrop portions of an agroeco- 
system Our collaborative research program in Nlger ad- 
dresses biological control of the millet head miner (MHM) 
An Important part of the program in the U S is to provlde 
training for graduate students and evolve theory and con- 
cepts for implementing biolog~cal controls in West Afr~ca, 
evolve concepts and definitions for functional agroecosys- 
tems, develop methods for measuring Impacts of natural 
enemies, and val~date results of b~ological controls when 
,%plemented 

In INTSORMIL Year 17 (January 1996), I accepted two 
NARS scientists from West Afrlca to begin research pro- 
grams m Niger, and they are working at the International 
Crops Research Institute for the Semi-And Troplcs Sahe- 
llan Center (ISC) m collaboration with Dr Ousmane Youm 
One student IS a Ph D candidate (S Boire Mall) and the 
other an M S candidate (H Kadl Kadl Nlger) Their re- 
search objectives and results build on findings for MHM 
biological control reported by thls project in INTSORMIL 
Years 15 and 16 

In Year 19, Boire contmued field studles he began in 
Year 18 on MHM immature stage mortality, adult MHM bi- 
ology and fecundity, and MHM biology on alternate host 
plants All of h ~ s  work 1s conducted in the field with some 
experiments at ISC, and others In nearby farmers fields His 
charge is to assess sources and importance of natural mor- 

tality of MHM In Year 19, Kadi Kadi completed studies in]- 
tiated m Year 18 on MHM immature stage development and 
adult biology using four temperatures and four artificial di- 
ets All results reported here are prellmlnary Bore will fi- 
nalize his research in Year 20, and Kadl Kadi finlshed his 
research in Year 19 and is currently writlng his thesis 

Results from these student's research will be used to con- 
struct a stage-specific life table, thus providing an under- 
standing of factors that regulate the abundance of MHM 
These results will be useful for developing an unproved 
plan formanaging MHM on pearl mlllet m West Afr~ca Us- 
mg the database available on climatic cond~tions m the Sa- 
ber, and~esearchdata frm 41s gnc! nther resexchon MHM, 
improved approaches to managmg MHM wlll be poss~ble 
Ultimately, these data will support developmg a Millet 
Head Miner Warnlng System model to forecast the prob- 
abil~ty of MHM outbreak in a glven area so that appropriate 
measures can be Implemented to control MHM before ~t 
damages pearl millet 

Objectives, Production and Ut~l~zatlon Constra~nts 

Objectives 

The collaborative sorghum and m~llet research objec- 
tives of TAM-225B are 

Assess natural enemles for b~ological control of stalk 
borers and the MHM 

Implement effective biological controls 
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- 

Provlde graduate level tralnlng on processes and strate- 
gles for blological controls in sorghum and millet 

Assess blological control for on-farm pest management 
of sorghum and mlllet pests m local crop protection prac- 
tlces 

The llsted objectives are pursued m the United States and 
in the Republlc of Niger on millet 

Graduate student research objectives - TAM-225B 1s 
trainlng two scientists from West Afrlca, and thelr objec- 
tives are 

Improve methodologies for sampllng and manlpulatlng 
populations of MHM 

Assess the spatlal d~stributlon and mortality of all llfe 
stages of MHM 

Conduct experiments to show age-specific mortality m 
populations of MHM 

Identify and assess the role of alternate host plants occu- 
pled by MHM 

Determine the optimal survival of MHM m a laboratory 
environment 

Conduct field cage experiments to assess MHM fecun- 
dlty Both students conducted research in Niger in col- 
laboration wlth Dr Ousmane Youm, ICRISAT Sahelian 
Center Other graduate students associated with TAM- 
225B m Year 18 finished thelr degrees, or have finlshed 
their research and are wnting thelr dissertations 

Constraints 

Insect pests of sorghumlmillet addressed by thls project 
are key pests and constraints to production m the U S and 
West Afi-lca Detalled ecological understanding of pests and 
their natural enemles is essential for a sustatnable manage- 
ment strategy for an annual crop, espec~ally durlng times of 
year when pests occupy noncrop portions of an agroecosys- 
tem Collaborative research in Nlger addresses blological 
control of MHM U S research seeks to provlde trainlng for 
graduate students that evolves theory and concepts for Im- 
plementing biological controls in West Afrlca, evolves con- 
cepts and definitions for functional agroecosystems, 
develops methods for measuring Impacts of natural ene- 
mies, and validates results of blological controls when im 
plemented 

Research Approach and Project Output 

Millet Head Miner Research m Niger 

IPM of millet pests 1s a prominent goal of ROCAFREMI, 
and early m network actlvlties, crop protection participants 
identified key pests of Sahellan millet as the millet head 
mlner [Helrocherlus albpun~tella (de Joannn)], millet stalk 
borers [Conlesta rgnefusalrs (Hampson)] and downy mil- 
dew disease [Sclerospora gramrnrcola (Sacc ) (Schroter)] 
The MHM infestations sometimes approach 95% with a 
collective grain loss of 60% Current management opt~ons 
are mainly cultural practices (e g , late plantlng and deep 
plowmg), and these are generally impractical However, 
MHM 1s a good candidate for a control strategy emphasiz- 
ing effective natural enemies, i e , biological control It sup- 
ports a large gulld of natural enemies (reported m prevlous 
TAM-225B annual reports and by others), occuples a pre- 
dlctable habitat in an ecosystem wlth consistent annual 
presence, and has one generation per year 

Before advocating a strategy uslng blological controls, 
we must assess extant natural enemles This 1s especially 
important for the low input and fraglle Sahelian farming 
systems Thus, m 1993 we began a research project on 
MHM survival, seekmg to understand the contributions of 
MHM natural enemies to total mortality Specific objec- 
tives of our research are to 1) expand aspects of MHM biol- 
ogy, 2) evaluate the impact of MHM enemies, and 3) 
construct an age-speclfic hfe table @-factor analysis) for 
MHM 

Research Methods 

Bore - Research sites were fields at the ISC at Sadore, 
Nlger, and in farmers fields at Deybon and Dogalkeina, 3 
and 7 km respectively from ISC Millet used m thls study 
was grown from ISC breeder seed 

Dlstrlbutlon of Mlllet Head Miner Eggs and Larvae - We 
dlvlded the field at the research station into two plots, each 
measuring 0 5 ha Also, we divlded two farmers fields into 
two plots of 0 5 ha each Each week from early spike emer- 
gence to maturity, 10 millet spikes m each plot were ran- 
domly selected, labeled and cut We labeled spikes wlth a 
number correlated to the date of emergence from the boot 
MHM eggs and larvae were collected from whole spikes, 
counted and recorded 

Sampling of Natural Enemles - MHM parasites and 
predators were collected on standlng spikes uslng asplra- 
tors, hand nets and shaklng bags in experimental and farm- 
ers field plots at early sprke emergence and during 
flowering 

Exclusion Cages to Determine Stage-specific Mortality 
of Eggs and Larvae - Cage exclusions were employed to as- 
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sess the Impact of natural enemies Individual head cages 
constructed from a 1 5mm diameter wire frame covered 
with a fine mesh (2 1 x 2 1 cells cm-2) were used We covered 
pan~cles of all experimental plants at boot stage 

Exclusion and open spike cages were used for directly as- 
sessing the impact of natural enemies and permitted com- 
paring MHM in the presence and absence of natural 
enemies The experiments determined causes and frequen- 
cies of specific mortality sources to MHM eggs and larvae 
Cages were cylindr~cal and constructed from wlre frames 
covered with fine-mesh cloth Caging was ~nitiated on 
newly emerged splkes to Insure the MHM did not prema- 
turely infest them 

To prevent natural infestation by MHM, we covered 120 
spikes w ~ t h  paper bags when plants reached the boot stage 
Four equal-s~zed treatments were used consisting of MHM 
eggs, early instar larvae, late instar larvae and prepupae We 
infested thirty caged spikes of each treatment at four day m- 
tervals, infesting spikes w~ th  about 25 eggs from females 
collected in the field or reared in a laboratory We put eggs 
on a small paper sticker (Super Sticker-PGC Sc~entific) 
pinned to a caged spike 

Th~rty of the 120 caged spikes remained covered after in- 
festat~on and until prepupae drop to the base of the cage 
(equivalent to larvae dropping to the soil) This control 
group of caged spikes was used to assess the survival rate of 
MHM without the activity of natural enemies of eggs and 
larvae 

Exposure of Millet Head Miner to Natural Enemies - 
These experiments exposed laboratory-reared MHM eggs 
and early instar larvae to naturally occurring natural ene- 
mies Fifty spikes were covered at the boot stage to prevent 
natural Infestation by MHM At emergence, we marked 
these spikes at 3-cm intervals from the distal end Ten spikes 
were selected randomly each week from each marked 
group We put about twenty-five eggs each on small paper 
stickers (Super Sticker-PGC Sc~entific), and placed stickers 
at 3,6 or 9 cm from the d~stal end of a spike Stickers con- 
taining exposed eggs were removed 48 hours later, counted 
and incubated m the laboratory Mlssing eggs were consid- 
ered lost to undetermined causes, though these were gener- 
ally atmbuted to predation Part~ally destroyed eggs were 
assessed for evidence of predation We examined full- 
grown MHM larvae on a second set of 10 spikes for parasit- 
ism 

Assessment of pupal mortality - Pupal mortality was as- 
sessed by collecting pupae in 1-m 2 holes after the harvest 
and throughout the dry season At three week intervals, we 
conducted pupal sampling in experimental plots at ISC and 
m farmers fields at Deybon and Dogalkeina where pearl 
millet plant was grown the prevlous year We excavated 
holes on millet h~lls to ensure a large finding of pupae and 
prepupae (mummies) from soil depths at 5 cm increments 

(0-40 cm) A wire screen (36 cells cm2) was used to separate 
pupae and soil We give results of November-December 
1997 in this report 

We assessed soil moisture and temperature as abiotic 
factors lnfluenclng MHM pupal diapause We recorded soil 
temperatures at soil depths uslng a data logger in experi- 
mental plots A so11 moisture probe (Type I H 111, DIDCOT 
Instrument Co , Abing Oxon, England) was used to measure 
moisture from soil depths at 10 cm increments (10-50 cm) 
once every two weeks 

Kadi Kad~ - Laboratory Experiments - We designed ex- 
periments to determine ideal conditions for MHM cohort 
development under laboratory cond~tions Laboratory re- 
search focused on comparmg development of MHM co- 
horts reared using only Bio-Serv diet # 9782, and three 
combinations of millet-based diet (1 e , spike parts at early 
exert~on, m~ddle flowering, and soft-dough stages) 

Experiments were conducted using adults (1 1 a") from a 
laboratory colony or captured in light traps These adults 
were placed In oviposition cages containing freshly cut mil- 
let spikes Collected eggs were soaked m 1% bleach and dis- 
tilled water, washed, and then placed in a petri dish where 
we counted them with the aid of a dissecting microscope 
We then held the collected eggs m a petri dish for hatching 
Us~ng a small camel-hair brush, we moved larvae ind~vidu- 
ally to plastic cups containing 15 ml of artificial d ~ e t  andlor 
m~llet-based diet 

Longevity, fecundity, and ovlposition period of MHM 
adults were assessed by maintaming individuals until they 
died We maintained overlapping generations of MHM m a 
laboratory We maintained rearing chambers at a photope- 
riod of 12 12 (L D), temperatures of 24" & 1°C, 26' k 1°C, 
28" % 1 "C, and 30" rt 1°C, and relative humidity of 70% 

Field cage exclusion experiments - Seed of 'HIS was 
planted in a field on 6 and 21 June, and 7 July 1996, and 23 
June, 4 and 16 July 1997 Exclusion cages were used to as- 
sess MHM cohort development under field conditions 
Cages were 70-90 cm long x 30 cm d~ameter and con- 
structed from wire frames covered with fine cotton--mesh 
screens Each cage was placed over a spike that was exerted 
5-10 cm We artificially infested spikes at d~fferent times 
with laboratory -collected eggs A small camel-hair brush 
was used to place eggs within each millet spike Spikes were 
later checked to assess the number of eggs that hatched Co- 
hort development and survlval was assessed on millet 
planted at different tlmes 

In a second experiment, cages were placed over selected 
sp~kes at the booting stage 24 hours before pairing MHM 
adult moths A pair (1 1 a") of MHM adults from a labora- 
tory colony was released Into each cage at sundown to coin- 
c ~ d e  with the time MHM adults normally become active m 
the field Daily, a dissecting microscope was used to exam- 



Sustaznable Plant Protectzon Systems 

me cut spikes for eggs We recorded the total number of 
eggs ov~posited by each female durmg its life t m e  Longev- 
ity, fecunhty, and length of oviposition per~od of MHM m 
the cage were assessed by maintammg ind~viduals unt~l they 
died We estimated mean number of days for MHM longev- 
ity, female fecundity, oviposition period, and cohort devel- 
opment on pearl millet splkes 

Research F~tdzngs 

Bolre - Many MHM eggs and larvae disappeared from 
millet spikes enclosed in exclusion cages Predaceous natu- 
ral enemies consumed more than 100 MHM eggs withln 
three days after infestation Numbers of brown wrinkled 
eggs, suggest~ng predat~on by predators such as mmute pi- 
rate bugs (Onus sp ), and total numbers of dead larvae were 
almost equal 4 and 37 days after infestation Also, egg dis- 
appearance was high 18 days after infestation (about 100 
eggs) and 12 days after infestat~on (more than 120 eggs) 
Larval mortality was evident m 28 to about 32 days Many 
11ve prepupae were found m cages at 45 to 49 days after ID- 

festat~on Ten dead prepupae were recorded 37 days after in- 
festation A total of 2,400 MHM eggs were placed on millet 
splkes in exclusion or open cages, and exammatlon revealed 
1,016 mlssing (42 3%), 277 nonhatched (attacked) brown 
eggs (I 1 5%) and 40 hatched brown egg remams (1 7%) 
Two hundred thlrty (70%) live and 100 dead larvae (30%) 
developed when 2,400 eggs were placed on millet spikes m 
exclusion cages 

Many MI-IM eggs m farmers fields and expermental 
plots disappeared when exposed to natural enemies Fewer 
egg remalns suggested that predators found most non- 
hatched brown eggs m mid-September More second than 
third or fourth lnstar larvae were dead m mid-September 
After we exposed 10 first mstar larvae to natural enemies for 
one week, 3 (6%), 8 (16%) and 39 (78%) were dead, missmg 
and alive, respectively 

Mortal~ty fluctuated for all MHM larval stages collected 
in farmers fields between 12 August and 22 October Mor- 
tality of thud, fourth, fifth and sixth instar larvae was sub- 
stantial between 8 and 30 September Mortality was greatest 
of fourth, fifth and sixth mstar larvae throughout the crop- 
ping season A total of 659 live (33 5%), 1,307 dead 
(66 5%) and 1 19 paras~tized (9 1%) MHM larvae were col- 
lected 

Natural enemles are clearly abundant m farmers fields 
Ants of the genus Crematogaster were most abundant, fol- 
lowed by the egg predator, Orzus sp , and the egg-larval 
parasite, Cardzochzles sp Orzus sp and Cardzochzles sp 
(probably C sahelenszs) were more abundant m September 
than August or October However, it should be noted that 
populations of these two natural enemies were also mpor- 
tant dunng the last week of August Five Cardrochzles sp 

emerged from one first and one second dead instar larvae 
collected in open exclus~on cages 

A total of 13 pupae (5 l~ve, 8 dead) and one mummy were 
found in 10 holes on November 27 and 28 in farmers fields 
at Dogalke~na A total of 292 pupae (238 live, 54 dead) and 
8 1 mummies were found in 1 10 holes in expermental plots 
durmg December We found more live pupae at 10 and 15 
cm than the other depths durmg the first three weeks of No- 
vember and this trend follows approximately a normal dis- 
tribut~on (from 0 to 35 cm depths) in December Pupal 
mortality was most frequent m 0,5 and 10 cm depths for No- 
vember and uniform from 0 to 35 cm depths for December 
Very few pupae and mummies were found in 35 cm depth 
and no pupae or mummies were recorded m 40 cm depths 
durmg November and December Results were used to as- 
sess causes and frequencies of pupal mortality accordmg to 
soil depth and temperature These data helped to assess ef- 
fects of sol1 cond~tlon and polnts of cr~t~cal  values on pupal 
mortality during the dry season 

Results of analysis of four soil samples at 0-30 cm deep 
showed that solls in ISC and Dogalkema reglons are mostly 
sandy (90%) Loamy and clay soils are 3 3 and 10 05% re- 
spectively Analysis of soil temperature of December (dry 
cold season) showed a decrease from 30 to about 20°C m 
m~d-December at all soil depths examlned Durmg t h ~ s  peri- 
od temperature was highest at 35 and 40 cm than the other 
depths Temperature seemed to fluctuate 25 and 27OC dur- 
ing the rest of December and probably will show different 
trends during the dry hot season (March-May) We should 
note that more alive pupae were found at depths (10-25 cm) 
of lowest temperature We will give results of soil moisture 
content m the next progress report Solar rad~at~on m 1996 
and 1997 did not differ sign~ficantly except ~n March where 
it was slightly low and normally hrgher m April 

Kad~ Kadi - Laboratory studes - In 1996 and 1997, mean 
days longevity and oviposition per~od were very low (2-3 
days) m the rearmg chamber mamtalned at 24°C In reanng 
chambers mamtained at 26, 28, and 30°C, longev~ty and 
ovlpositlon periods were 3-4 days and 2 0-2 7 per MHM 
pair in 1996 and 1997, respectively But m 1997, m the rear- 
mg chamber set at 30°C, longevity and ovipositlon periods 
were 1-2 days for MHM adult pairs In the rearmg chamber 
set at 2S°C, more eggs (mean = 173) were oviposited in 
1996 In 1997, most eggs (mean = 152) were ov~posited m 
rearmg chamber set at 30°C 

In 1996, low numbers of eggs ov~posited (mean = 119 
and 98) and hatched (mean = 68 and 63) were recorded m 
rearlng chambers maintained at 24 and 30°C, respectively 
In 1997, of 93 and 69 eggs oviposlted, only 77 and 54 
hatched in rearing chambers set at 24 and 26°C In 1996, 
only 46% of the eggs hatched m the rearing chamber set at 
28°C Percentage of egg hatchmg was much h~gher (57,59, 
and 64%) in rearmg chambers set at 24, 26 and 30°C In 
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1997, percentage of egg hatchmg was 70-85% for eggs OVI- Networking Act~v~tles 
posited in rearmg chambers set at 24,26 and 28°C In 1997, 
m the r e m g  chambers set at 30°C, fewer eggs hatched Networking activities consisted of Hame Kadi Kadl 
(77), 52% of the eggs oviposited In both years, we recorded sharmg his research results with his colleagues at INRAN 
high number of eggs ovipos~ted and hatched m rearlng See country report for Niger 
chambers mamtamed at 28OC 

Field cage exclusion studies - In 1996, mean numbers of 
days of adult longevity on the splkes were 3 8 and 4 0 for 
males and females, respectively In 1997, mean numbers of 
days of adult longevity were 3 4 and 3 3 for males and fe- 
males, respectively For both years, MHM in exclusion 
cages survlved for 2 to 6 days This confirms the conclus~on 
reached by others that adults survive 5-6 days m nature or m 
closed cages For both years, the female ovipositlon period 
was 1-4 days Mean oviposltion period for a female was 2 4 
and 3 1 days m 1996 and 1997, respectively We recorded 
the longest oviposltion penod of 3 4 days per female on 
pearl millet planted on 4 July 1997, while we recorded the 
shortest oviposition period of 2 9 days on pearl mlllet 
planted on 23 June 1997 Mean numbers of eggs oviposited 
per female were 29 6 and 44 9 m 1996 and 1997, respec- 
tively These means are very low compared with the 400 
eggs m batches of 20-50 reported by others In 1996, total 
numbers of eggs oviposited by each female were between 7 
and 52, while In 1997, total numbers ovlposlted ranged from 
4 to 106 Numbers of oviposited eggs ranged between 7-50, 
13-106, and 4-88 eggs per female for the three plantmg 
dates Mean numbers of eggs ovipos~ted per female per day 
were 12 2 and 14 7 m 1996 and 1997, respectively 

In 1996,50-73% of 40 MHM eggs used to mfest a pearl 
millet splke hatched Twelve to 35% of neonate larvae sur- 
vived to the next mstar In 1997, 71-92% of 5-20 eggs 
placed on millet planted 23 June hatched, while 70-77 and 
70-96% of 5-20 eggs placed on pearl millet planted 4 and 16 
July hatched Also, 30-80% of neonate larvae survived to 
the next mstar on pearl millet planted 23 June and 4 July 
Few or no larvae survived on pearl millet planted 16 July 
Overall, 73-87% of the 5-20 eggs placed on a pearl mlllet 
splke enclosed m an exclusion cage hatched From 23 to 
86% of the larvae survived after hatchmg from eggs placed 
on the splkes 

In 1996 and 1997, more MHM survived and developed 
on pearl mlllet planted on the two early plant~ng dates than 
on millet planted on 7 July 1996 and on 16 July 1997 High 
numbers of first Instar and full-grown larvae, prepupae, and 
pupae were found on pearl millet planted 6 June 1996 and 23 
June 1997 Overad, we founa most pupae on peari rn~iict 
planted on 23 June and 4 July 1997 Mean numbers of pupae 
recorded ranged between 0 65 and 5 25 and 0 0 to 1 05 per 
splke Fewest MHM survived and developed to pupae (0 2- 
0 8) on splkes of millet planted on 7 July 1996 
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Development of Plant Disease Protection Systems 
for Millet and Sorghum in Semi-Arid Southern Africa 
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Summary 

Throughout 1997-98 TAM-228 contmued to function as 
one ofthe prlmary sources for sorghum ergot information as 
the pathogen spread across Texas and into other states ofthe 
U S TAM-228 was one of the organizers of a U S ergot 
conference held in late June, 1998 in Corpus Chr~sti, TX 
Across South Texas sorghum ergot overwintered in an ac 
t ~ v e  dlsease phase predom~nantly on feral sorghum m aban- 
doned fields and along roadsides or other areas but also on 
johnsongrass Only Sorghum spp were observed to be natu- 

rally Infected by C aj?zcana in surveys made in Puerto k c o ,  
Mexico and the U S Triazole fungicides cont~nued to pro- 
vide the best control of ergot on sorghum plants m the field 
but the necessity for good coverage and contact of the head 
has raised concerns over efficacy of aerial applicat~ons Pre- 
viously tested and new advanced generation sorghum culti- 
vars show~ng good agronomic characteristics and drought 
response at Corpus Chrlstl in 1997 or prevlous years were 
selected by TAM-228 and TAM-222 for evaluation at Se- 



Sustarnable Plant Protection Systems 

bele, Botswana in the 1997-98 growing season TAM-222 
generated the materials pr~marily using parents that had pre- 
viously demonstrated good adaptation and drought toler- 
ance under Botswana conditions This nursery of 171 
cultivars experienced severe but vanable drought stress at 
the Sebele Station Macia derivatives were predominantly 
the best throughout the test but, of individual crosses, the 
most consistently outstanding cultivars were those from 
Macia*Dorado and 87E0366*WSV387 (Kuyuma) 

Objectives, Production and Utilization Constraints 

Evaluate the ecology and economic importance of Exse- 
rohrlum turclcum and Ramulrspora sorghl, and evaluate 
spec~fic versus general leaf disease reslstance in Zambia 
and Zimbabwe 

Identify adapted sources of drought tolerance w~th  ade- 
quate charcoal rot and other disease reslstance in Bot- 
swana, and Zlmbabwe 

Assist national programs in identification of adapted fo- 
l~a r  disease resistant cultlvars that have stable disease re- 
sistance reactions in strategic multilocational nurseries 
over several years in Botswana, Zambia, and Zimbabwe 

Develop controls for sorghum ergot (Claviceps afn- 
cana) through chemical control, identification of host 
plant resistance, and other means as determined through 
biological investigations of C afrlcana in Zimbabwe, 
Zambia, Botswana, Brazll, Honduras, Puerto Rico, Mex- 
ico, and the United States 

Determine the level of host parasite compatibility that 
exists for C afrrcana and several previously reported al- 
ternate hosts including pearl mlllet in Zlmbabwe, Brazil, 
Honduras, Mexico, and United States 

Determine the risk of pre- and postharvest aflatoxin in 
gram sorghum m the United States 

Research Approach and Project Output 

Folzar Dzseases (Anthracnose, 
Leaf Blzght, and Sooty Stripe) 

In 1997-98, four sorghum disease nurserles were planted 
at one or two locations in Zambia and two disease nursenes 
were planted at two locations in Zimbabwe to evaluate re- 
sponse to anthracnose, leaf blight, and sooty stripe Two of 
these nurseries called Anthracnose Resistant Germplasm 
Nurseries (ARGN-1, 39 entnes and ARGN-2,42 entries) 
were planted m both Zambia and Zimbabwe These nurser- 
ies consisted primarily of entries or derivatives of entries 
that had maintamed excellent anthracnose resistance, good 
adaptat~on to the region, and good to excellent resistance to 

either or both leaf blight or sooty stripe in previous SADC 
testing over one or more years 

During the 1997-98 season at the Henderson station in 
Zimbabwe there was a low incidence of sooty stripe and 
moderate incidence of leaf blight Cultivar response to leaf 
blight was consistent with response of previous years Incl- 
dences of both diseases were low at the Panmure statlon 
where ladder spot (Cercospora fusrmaculans) and rust 
(Puccmrapurpurea) were more common 

In Zambia, sooty stripe mcidence and severity were mod- 
erate at both Golden Valley and Mansa research stations 
Foliar and seed anthracnose were moderate at Mansa Sooty 
strlpe has become an increasingly prevalent disease at the 
Mansa location possibly due to increased soilborne inocu- 
lum from sorghum production on the same nursery areas 
over several years Other dlseases occurrmg at moderate se- 
verities on susceptible cultivars at Mansa were ladder spot 
and zonate leaf spot (Gloeocercosporasorgh~) The cultivar 
SC 146 had a moderate to high incidence of ladder spot at 
both the Mansa, Zambia and Panmure, Zimbabwe loca- 
tions Cultivar vulnerability to minor fol~ar pathogens often 
goes unnoticed at these sites unless they have resistance to 
the major foliar pathogens 

Virus reactions were recorded in the International Sor- 
ghum V m s  Nursery (ISVN) in an early and late planting at 
the Pandamatenga Research Station in Botswana In the 
early (normal) planting, red (and tan) leaf necrosis symp- 
toms, including a concentric ring pattern sometimes called 
fingerprinting, were again observed in several entrles of the 
ISVN and in the released variety Mahube (SDS2583) Al- 
though the later planting had very poor stands there was 
more evidence of mosaic symptoms and very little leaf ne- 
crosis compared to the early planting Populations of sugar- 
cane aphid (probable vector of the vms)  were very high 
throughout early planted material Characterization of these 
viruses prev~ously collected at several sites in Zambia and 
Botswana is ongoing by S Jensen 

Cultivar Evaluations for Drought and 
Insect Tolerance in Botswana 

Several sorghum disease nurserles other nurseries se- 
lected sorghums and advanced generation breedlng germ- 
plasm developed or Introduced in conjunction with TAM- 
222 and TAM-223 were evaluated at Sebele, Botswana The 
objectives were to identify those with improved drought tol- 
erance and resistance to sugarcane aphlds and d~sease Sev- 
eral materials from the Drought Line Test again showed 
good response to the drought but only a few had correspond- 
ing agronomic desirability Advanced generation materials 
generated pr~marlly by TAM-222 included cultivars previ- 
ously demonstrating good adaptation to Botswana, plus a 
large number ofnew entrles selected for evaluation based on 
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drought response and agronomic characteristics at Corpus 
Chnsti in 1997 This nursery of 171 cult~vars expenenced 
severe but variable drought stress at the Sebele station Ma- 
cia derivatives were predominantly the best throughout the 
test but, of individual crosses, the most consistently out- 
standing cultivars were those from Macia*Dorado and 
87E0366* WSV387 (Kuyuma) (Table 1) 

Survival of Clavrceps afrrcana rn South Texas 

Sorghum ergot caused by Clavrceps afrrcana spread to 
South Texas m March of 1997 and reached as far North as 
Nebraska by October 1997 Most occurrence of ergot in 
South Texas was at low levels on commercial grain sor- 
ghum or low to high levels on male-sterile forages There 
was also some mcidence in male-steriles of a few hybrid 
seed production fields in the region with highest levels oc- 
currlng in late season axillary tlllers Winter survival of C 
afrrcana m northern regions was questioned because of the 
extended exposure to freezmg con&tlons and fieeze thaw 
cycles Wmter environments ln South Texas are extremely 
mild and freezmg conditions are either limited or absent 
Surveys were conducted to determine the presence of sor- 
ghum ergot throughout the wmter months because cool and 
near freezmg temperatures might actually Increase llkeli- 
hood of ergot through mduced sterility in normally fertile 

- - - - 

Table 1 Advanced generation cultivars with good ag- 
ronomic desirab~l~ty under severe drought 
stress a t  the Sebele Research Station m Bot- 
swana, 1998 season' 

Agronom~c des~rablllty rattngs 1 to 5 1= most and 5= least desirable Ratlng 
lncluded y~eld marunty (early rated higher) untfonnlty and drought response 
Value 1s average of two replicates 

sorghums Cool temperatures during a November bloom 
period contributed to a high incidence of ergot m a few com- 
mercial grain sorghum fields near Corpus Christi Ratooned 
and feral sorghum in abandoned fields, along roadsides and 
near grain storage facilities developed relatively high levels 
of ergot under cool temperatures throughout South Texas 
This ergot persisted in an active phase untll plants were 
killed by frost Some regions of the k o  Grande Valley and 
areas near Corpus Christ1 escaped frost damage and ergot 
continued to develop throughout the wmter months as new 
tillers emerged Some ergot-infected plants had above 
ground foliage and stalks killed by fiost but ergot later re- 
occurred on heads of new basal tillers In the Corpus Christi 
area ergot was not seen on johnsongrass unt~l cool tempera- 
ture sterility occurred in a manner similar to grain sorghum 
The persistence of ergot on feral sorghum and j o h n ~ o n g r a ~ ~  
throughout the winter months was slrnilar to the initial ob- 
servations of ergot in the Lower Rio Grande Valley of Texas 
and portions of northern Mexico in early 1997 However, 
despite the presence of ergot until plantmg, March and ear- 
lier, dry conditions after planting and hot and dry conditions 
at anthesis and beyond prevented observable development 
of ergot in commercial gram sorghum fields or any other 
commercial production areas throughout northern Mexico 
and South Texas in 1998 except in expenmental plot areas 
With the return of cooler, wetter conditions ergot is ex- 
pected to agam reoccur Clavzceps afrrcana is already an en- 
demlc pathogen and IS likely to have ongoing active phases 
ofthe disease across northern Mexico and South Texas dur- 
mg the winter seasons 

Hosts of C afrlcana m Puerto Rrco, 
Mexrco and the U S  

Several grasses lncludmg pearl millet have been ob- 
served with ergot in close association with ergot on sor- 
ghum in Mexico and South Texas All the ergot from 
grasses had spore and other morphologies that were distmct 
from C afrzcana and of those tested none have mfected sor- 
ghum Only Sorghum spp were observed to be naturally In- 
fected by C afrrcana in surveys made in Puerto &coy 
Mexico and the U S 

Chemrcal Control of Ergot in the Field 

In collaborat~on with B Rooney, TAM-222 and TAM- 
223, a group of commercial and public sorghum lmes repre- 
sented by 100 A-lines and 40 R-lmes were planted in a repli- 
cated test at Corpus Christi, Texas m 1997 to evaluate 
phytotoxicity response to selected trlazole fungicides effec- 
tive agamst ergot Beginnmg at bloom mitiation, heads m 
one-half of each replicate row were sprayed (until runoff) 
with Tilt (propiconazole) or Bayleton (triadimefon) at 500 
or 1000 ppm Three total appllcatlons were done at 5-7 day 
intervals Ergot incidence was only noted because the di- 
verse maturity of the cultivars made it too difficult to assess 
differences in control efficacy No visible phytotoxicity was 
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observed on either the head or the leaves of any cultivar 
Seed of replicates sprayed at 1000 pprn were harvested to 
evaluate differences m seed weight and viability Across all 
A-lmes there was a nonsignificant reduction m seed weight 
m response to three applications of 1000 pprn Tilt or Bayle- 
ton and no effect on seed viability 

Ground applications of triazole fungicides like Tilt and 
Bayleton uslng a drected-spray application to the top and 
sides of bloommg sorghum heads of male-sterile sorghums 
(ATX2752, ATX623) gave excellent control of sorghum er- 
got Smgle applications protected any emerged heads or ex- 
posed portions of heads Multiple applications were needed 
to protect subsequently emergmg and bloommg heads 

A hand application C02 sprayer was used to apply sev- 
eral dilutions of systemic fungicides to the top and sides of 
bloommg heads of a male-stenle cultivar (ATX2752) in a 
replicated field trial Conima of C ajizcana (1 x lo6 co- 
nidia/ml) were sprayed onto the sorghum heads 24 hours af- 
ter fungicide application After maximum expression of 
ergot, fifteen heads from each of four replicates were evalu- 
ated for the number of ergot florets per head Of the triazole 
fungicides, propiconazole (Tilt) and triadimefon (Bayleton) 
gave near 100% control of ergot when applied at concentra- 
tions of 125 pprn or greater but tebuconazole (Folicur) re- 
quired 250 pprn or greater to give an equivalent level of 
control Benomyl provided some control of ergot when ap- 
plied at 2000 pprn but efficacy was poor at lower concentra- 
tions Strobilurin fungicides, azoxystrobin (Quadris) and 
GA27922, the anilinopyrimidine fungicide cyprodinil 
(Vanguard), and thiabendazole (Mertect) provided little or 
no protection agamst sorghum ergot when applied at bloom 
m concentrations of 2000 pprn 

Mechanized ground spray equipment was used m an- 
other field trial to apply Tilt at 4 oztac in 25 gallons of water 
(125 g a 1 /ha m 234 1 of water) to bloommg heads of the 
male-stenle sorghum lme ATX2752 m three different spray 
patterns The treatments m three replicates, mcludmg a wa- 
ter control, were a three-nozzle application to the top and 
sides of heads, and cone nozzle applications at 15 cm (top- 
low) and 56 cm (top-high) above the sorghum heads Each 
replicate was a four-row plot approximately 37 m m length 
The sorghum heads were moculated in the same manner as 
previously described 

After full expression of sorghum ergot, 25 sorghum 
heads were randomly selected m each of two rows of each 
replicate and evaluated for the number of ergot florets per 
head The average number of ergot florets per head were 32 
0 for the control, 2 1 for the top-high, 3 9 for the top-low, 
and 0 4 for the three-nozzle application Values for top-low 
and top-high were slmilar except for one collection row of 
the top-low whose much higher infection mdicated poor 
spray coverage ofthat row The number of heads with no in- 
fection averaged 0 for the control, 5 7 for top-high, 8 5 for 
top-low, and 20 0 for the three-nozzle applicabon The 

three-nozzle application performed as expected in giving 
the best control since it provides the best fungicide cover- 
age However, the comparable level of control achieved by 
the top-low and top-high applications was surprismg The 
low amount of dnft in this test may have also contributed to 
the similar efficacy of these two applications 

Host plant Resrstance 

TAM-228 assisted B Rooney, J Moran, R Bandyo- 
padhyay, J Dahlberg, and T Isakeit m ther studies of host 
plant resistance to C afircana which mcluded evaluations 
of lines (AIB and R-lines), commercial hybrids, and sor- 
ghum cultivars previously reported as resistant (see TAM- 
224 report) 

Sorghum Ergot Actzvztzes 

In 1997 a collaborative research effort on sorghum ergot 
was ~nitiated between Texas A&M and INIFAP of Mexico 
As part of this collaboration INIFAP provided post doctoral 
scientist Dr Rodolfo Velasquez-Valle who was employed 
by TAM-228 on funds provided by the USDA-ARS for sor- 
ghum ergot research Durmg 1997-98, Dr Velasquez-Valle 
conducted research in the areas of chemical control, moni- 
toring and assessment of the spread of ergot across Mexico 
and Texas, and evaluation of potential alternate hosts of C 
ajizcana 

Networkzng Actzvrtzes 

July 2, 1997 Presentations on the epidemiology and 
spread of sorghum ergot (R Velasquez) and Chemical Con- 
trol of Sorghum Ergot (G Odvody) were made at the sym- 
posium "Ergot (Cornezuelo), Situation Actual y 
Problematica en Sorgo" held durmg the 24h National Con- 
gress of the Mexican Society of Plant Pathology, Obregon, 
MX 

August 26, 1997 Spread of Sorghum Ergot and Pro- 
jected Research Areas (G Odvody) and Research Progress 
Chemical control and alternate hosts (R Velasquez) were 
presented at the I1 International INIFAP-TAMU- 
USDNARS Plannmg Conference on Sorghum Ergot R o  
Bravo, MX 

September 12,1997 Presentation on biology and spread 
of sorghum ergot m the Western Hemisphere and the U S 
(G Odvody) at a Sorghum Ergot Review and Strategy meet- 
mg in Colwich, Kansas 

November 20,1997 Spread and Importance of Sorghum 
Ergot in the Western Hemisphere (G Odvody) presented at 
the Conference on Grain Sorghum for the 21St Century 
Worklng Together as an Industry at Corpus Chnsti, TX 
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December 9,1997 Sorghum Ergot in the U S and Mex- 
ico (R Velasquez) presented at the 9th Annual Texas Plant 
Protection Conference in College Station TX 

December 1 1 1997 Ergot - A New Threat to Commer- 
cial Sorghum Seed Production (G Odvody) presented at the 
52nd Annual Corn & Sorghum Research Conference of the 
ASTA in Chicago, IL 

January 27, 1998 Ergot of Sorghum - Update (G Od- 
vody) presented at the Texas Seed Trade Association Pro- 
ductlon & Research Conference m Dallas, TX 

February 5,1998 Sorghum Ergot (G Odvody) presented 
to lSt Annual South Texas Crop Management Techn~cal 
Sem~nar 

June 23-24, 1998 Local arrangements chairman for the 
INTSORMIL Pr~nclpal Investigators Meeting and Impact 
Assessment Workshop held in Corpus Chnsti, TX 

June 24-26, 1998 Local arrangements chairman, mem- 
ber of conference organizing committee, and oral presenta- 
tlon made in the control session of the Conference on the 
Status of Sorghum Ergot in North America held m Corpus 
Chnsti, TX 

June 26, 1998 Organizer for SICNA South Texas Sor- 
ghum Nursery Fleld Day and Tour held in conjunction with 
the Conference on the Status of Sorghum Ergot in North 
America 

June 27-July 5, 1998 Hosted Medson C~ISI ,  sorghum 
breeder from Zambia, to interact w ~ t h  other sorghum scien- 
tists in South Texas sorghum nurseries follow~ng INT- 
SORMIL and Ergot conferences and to collaboratively 
evaluate sorghum cult~vars m South Texas nurserles for fu- 
ture testmg In Zambia 

Internatconal Travel 

TAM-228 PI traveled to Southern Africa April 1-24, 
1998 to evaluate nurserles and determme future collabora- 
tive research activities in the reglon Locations visited in- 
clude SMIP scientists and Zimbabwe national sorghum 
breeder in Bulawayo (Matopos), Zimbabwe, PPRIIRSS m 
Harare, Zimbabwe, sorghum program scientists m Mt Ma- 
kulu, Golden Valley, Mansa, Zambia, and DAR in Sebele 
and Pandamatenga, Botswana 

Germplasm Exchange 

Journal ArtrcCes 

Bandyopadhyay R D E Frederlckson N W McLaren G N Odvody 
and M J Ryley 1998 Ergot ANew D~sease Threat to Sorghum In the 
Amerlcas and 4ustralra Plant Dlsease 82 356 367 

Isakelt T G N Odvody and R A Shelby 1998 Flrst report of sorghum 
ergot caused by Clavrceps afrrcana In the Unlted States Plant DIS 
82 592 

Velasquez Valle R J Narro Sanchez R Mora Noasco and G N 
Odvody 1998 Spread of ergot of sorghum (Clavzceps afrzcana) In 
Central Mex~co Plant Dlsease 82 447 

Proceedzngs 

Odvody G N 1997 Spread and Importance of Sorghum Ergot 1n the 
Western Hemisphere Pp 64 71 In Proceedlngs of the Conference on 
Gram Sorghum for the 21S'~entury Worklng Together as an Industry 
November 19 20 1997 Corpus Chrlst~ TX 

Odvody G N and R A ~rederlksen 1997 Ergot A New Threat to 
Commercial Sorghum Seed Production In Proceedlngs of the ~ 2 ' ' ~  
Annual Corn & Sorghum Research Conference of the ASTA 
December 10 12 1997 Chlcago IL In Press 

Velasquez Valle R G N Odvody H Torres Montalvo R A 
Frederlksen and T Isakelt 1997 Sorghum Ergot In the U S  and 
Mex~co p 6 In Proceedlngs of the 9'h Annual Texas Plant Protection 
Conference December 9 10 1997 College Statlon TX 

Mrscellaneous Publccattons 

Odvody G R Bandyopadhyay R Freder~ksen T Isakelt D 
Frederlckson H Kaufman J Dahlberg R Velasquez and H Torres 
1998 Sorghum Ergot Goes Global In Less Than Three Years APSNET 
feature article for June 1998 published onllne at 
http //www scisoc org/feature/ergot/top html 

Over 600 llnes and cultivars were evaluated for response 
to various d~seases, adaptation, drought response, and sug- 
arcane aphid resistance in the SADC region m 1997-98 (col- 
laboratlve with TAM-222, B Rooney, TAM-223, and 
TAM-224) 
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Economic and Sustainabillty Evaluation of New 
Technologies In Sorghum and Mlllet Product~on 

In INTSORMIL Prior~ty Countr~es 

Project PRF-205 
John H Sanders 

Purdue Unlvers~ty 

Dr John H Sanders, Department of Agricultural Economics, 1 145 Krannert Buildmg, Purdue University, 
West Lafayette, IN 47907-1 145 

Collaborating Sclentlsts 

Tahlrou Abdoulaye, INRAN, BP 429, N~amey, Niger (presently at Purdue) 
Yeshi Chiche EARO, P 0 Box 436, Nanet, Ethiopia 
Bakary Coulibaly, Icofil, IER, BP 258, Bamako, Mali (presently at Purdue) 
Harounan Kazianga, University of Ouagadougou, BP 7064, Ouagadougou, Burkma Faso (presently at Purdue) 
Mohamed M Ahmed, formerly ARC, Wad Medani, Sudan (presently at Purdue) 
Barry I Shaplro, ILRI, P 0 Box 5689, Addis Ababa, Ethiopia 
Mamadou Sidibd, ISRA, BP 49, Dakar, Senegal (presently at Purdue) 
Jeffrey V~tale, Department of Agricultural Economics, Purdue Univers~ty, West Lafayette, IN 47907-1 145 

Summary Objectmes, Production and Util~zatlon Constra~nts 

In the Sudan, output growth histor~cally has been based 
upon area expansion m the mechanized rainfed regions Un- 
fortunately, as the eontier has been d~sappeanng, y~elds 
have declmed The same phenomenon has been occurrmg m 
Sub-Saharan A&ca, mcreasmg production with area ex- 
pansion while yields declme This strategy of continually 
pushing mto more margmal areas and depletmg the soils is 
not sustamable With the disappearance of sufficient land to 
restore soil fertility with the fallow system, higher input lev- 
els will be required In the countries that combined fertiliz- 
ers, national or reg~onal yields mcreased The yield effect of 
new cultivars alone is 0 and then the sod-mmmg process be- 
gms agam There was no observed aggregate effect on 
yields from this cultivar-alone strategy Given the harshness 
of the semiarid regions, both increased water availability 
and higher prmcipal soil-nutrient levels will be necessary 
To encourage higher expenditures on inputs, agriculture 
needs to be profitable 

On consumption, the devaluations associated wlth struc- 
tural adjustment m recent years were expected to increase 
the prices of imported cereals and to shift relative prices In 
favor of domestic cereals In our comparison of the before- 
after case for the CFA devaluation, the Imported and domes- 
t ~ c  rice prices decreased and the prices of sorghum/millet In- 
creased Overall, cereals prlces stayed constant and the 
consumption of all the major cereals, with the exception of 
imported rice, mcreased This substitut~on for mported rice 
is expected The declinmg pnces of the two rlces apparently 
resulted from continuing governmental intervention to 
mamtam low food prlces In urban areas 

The general objectives of our research are to estimate the 
potential effects of new technologies, to identify the con- 
stramts to their d~ffusion, and to recommend complemen- 
tary policies to accelerate the introduction process Here we 
report on results from the Sudan on the shift from extenslve 
to more intensive technologies m the dryland regions The 
mam constramt of concern is the evolution of the input mar- 
kets, especially for seeds and fertilizer Secondly, we report 
on the analysls of cereal consumption m Bamako, Mali, bef- 
ore and after the devaluahon of the CFA The major con- 
stramt here is the profitability of the traditional cereal 
production (sorghum and millet), especially when various 
economic policies have historically favored mported cere- 
als Finally, we compare and contrast two technology- 
introduction strategies observed with sorghum m Sub- 
Saharan Afhca, the cultivar alone and the cultivar w~th  in- 
creased ut~lization of inorganic fertilizers and water Agam, 
a cntical constramt is the improved functionmg of the mput 
and output markets 

Research Approach and Project Output 

Shlfling from Extensive to Intensive 
Techniques in the Sudan 

The basis of sorghum output expansion m Sub-Saharan 
Africa has been area expansion with much of the contment 
experiencing aggregate y~eld declines of millet and sor- 
ghum Economlc policy has often resulted in decreasing 
profitabil~ty of staple crop production in Sub-Saharan Af- 
rlca W~th low profitability, farmers push mto more mar- 



Sustarnable Productzon Systems 

glnal areas to lncrease output rather than lntenslfylng 
productlon wlth hlgher purchased Input levels 

In the Sudan, the area settlement process was promoted 
by the government m a large-farmer mechanlzed settlement 
program lnitlated after World War I1 The rapld area expan- 
sion, prlnclpally wlth mechanlzed production of monocul- 
ture sorghum, has been considered an outstanding success 
story Area expanslon Increased from 1 3 mlllion ha m 1976 
to 3 8 mllllon m 1996, down from 5 milllon m 1993 and 
1995 (Flgure 1) Durlng the '80s and '90s, the rainfed verb 
sols were responsible for 55 to 75% of Sudanese output of 
the principal staple, sorghum In the late 'XOs, approxi- 
mately 5,000 entrepreneurs operated these farms with 
100,000 wage-earnmg employees and up to a mllllon sea- 
sonal laborers (Holdcroft, 1989) 

To accelerate area expanslon, the government provlded 
land, machinery, fuel, and credlt at subsidized prlces Un- 
fortunately, foreign exchange and price policy resulted in 
substantlally reducing the sorghum prlce recelved by farm- 
ers thereby reduclng the profitablllty of sorghum produc- 
tlon The blg surge m area expanslon of sorghum occurred 
after 1980 as devaluations took place and the government 
became more concerned wlth profitablllty Average real 
sorghum prlces were 50% hlgher m the '80s than mthe '70s 
The recent crttlcal Instrument encouraging area expanslon 
m the '80s and '90s appears to be the sorghum price wlth the 
Input subsidles havlng llttle effect on cropping declslons, 
accordlng to a programmmg simulation Moreover, those 
subsldles were ellmlnated m the '90s 

Unfortunately, as the area expanded, ylelds decllned 
Aggregate ylelds have been reduced from one t ha to 500 
kg ha Wlth ylelds varylng substantially with ramfall and 
the area cultivated wlth the prlces of the previous season, 
output variablllty has increased substantlally after 1984 
(Figure 2) Now that area expanslon 1s becommg more dlf- 
ficult with falling ylelds and lncreaslng transportation costs, 
the need to shift from extenslve to Intensive systems 1s be- 
coming recognized by pollcymakers and researchers 

With or wlthout input subsldles, farmers on depleted 
soils would not intens~fy unt~l they were no longer able to 
shift to other land areas Rather, they move to new areas 
even though they must continue to pay the land tax On the 
virgln solls, even doubllng the costs of productlon by re- 
moving Input subsldles dld not encourage a shift to mtensl- 
ficatlon Continuous cropplng of elther a traditional or a 
new cultlvar without nltrogen add~tlon results m the deple- 
tlon of 48% of the available nltrogen m 16 years 

Wlth no more frontier land to rent on both the vlrgln land 
and m the depleted areas, nltrogen fertlllzer IS utlllzed and 
the system becomes more mntenslve, accordlng to the model- 
ing (Table 1) Wlth the low-level use ofnltrogen (47 kllos of 
ureaha), ylelds on vlrgln soils are increased to 1 2 t ha and 
stablllzed there On the depleted soils, farmers double t h~s  
fertlllzer use m the modelmg, and these nutrlent depleted re- 
glons are recovered The rlsk averse farmers on both types 
of so11 would then use lnorganlc fertlllzers 
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F~gure 1 Area and ylelds of sorghum m the mechamzed ra~nfed zone of Sudan, 1964-1996 
Source Adapted from M Ahmed and Sanders, 1998 
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1964 1968 1972 1976 1980 1984 1988 1992 1996 
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F~gure  2 Sorghum output In the mechanized ralnfed vert~sols, 1964-1996 

a k s k  averslon stmuahon IS represented b j  a relat~ve r~sk aversloo coeffic~ent of 2 at whlch the model approximates the observed cropplng plan All area IS In ha 
1N denotes apphcat~on of 94 kg ha ' urea and YN 1s 47 kg ha ' urea 
NIA Land 1s no longer ava~lable for expansion 

Table 1 Adopt~on of lntenslve technolog~es on the vert~sols w ~ t h  and w~thout land-suppy restr~ctlon and pol~cy 
changes a 

What can be done before the rental market for land dlsap- Changes in Cereal Consumptcon After 
pears? If expected yields can be moderately increased Devaluation in Bamako, Mab 
(20%) for either fertilizer level, the mtensification option is 
chosen for both land types even with the possibility of rent- In January 1994, the common currency in the French 
ing land A 25% fertilizer price subsidy would have the monetary union, the CFA, was devalued 50% with respect 
same effect to foreign currencies One aspect of a devaluation 1s to re- 

store the competitiveness of exports and of import substi- 
tutes The domestically produced cereals are expected to be 
substitutes forthe imported cereals For the last two decades 
in apublic policy environment in which one prmcipal objec- 

H~stor~c olic and 
unrestrlctef ~andlsupp~y 

Technology Vlrgln land 
Improved sorghum 578 9 
Improved sorghum + %Nb 0 0 
Improved sorghum +%N + tied rldglng 0 0 
Improved sorghum +lN 0 0 
Sesame 111 4 
Total crop area 690 4 
Rented area 60 4 

Restr~cted land supply 

Vlrg~n land Depleted soil 
430 7 0 0 
126 6 0 0 

0 0 0 0 
0 0 402 0 

72 4 65 1 
630 0 467 1 
N/A N/A 
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tlve has been the maintenance of low food prlces for urban 
consumers, the imports of rice and, to a lesser extent wheat 
have substantially increased 

There has not been much concern with the profitability of 
the traditional food systems As a result, these systems re- 
treat to subslstence Farmers produce a number of crops prl- 
marily for thelr own consumption and utillze few purchased 
inputs To break out of this subslstence, it 1s necessary for 
the production ofthe food crops to be profitable Then farm- 
ers wlll be prepared to purchase inputs and to make invest- 
ments in agriculture 

The prlces of food imports normally Increase with de- 
valuation and to the extent that traditlonal cereals are substi- 
tutes, thelr consumption will go up and their prices also In 
practice, Sahelian governments often panic wlth higher 
food prices and acquire food aid or commercial food im- 
ports Note that m real terms, the prlce of imported rlce de- 
clmed 8 3% from 1993 to 1996 despite the devaluation 
Wlth changes m domestic pollcy, the price of domestically 
produced rice also declined The real prices for domestlc ce- 
reals and all cereals, weighted for the consumption shares, 
dld not change wlth devaluatlon Obviously, there are many 
other factors operatmg on food prices besides devaluatlon 
Since many have argued that urban consumers have become 
worse off, thls is a surprising result lndicatlng apparently the 
degree of government Intervention to protect urban con- 
sumers (Table 2) The important pomt here is that consump- 
tlon of all cereals has mcreased, including the traditional 
cereals of sorghum and millet despite Increases in their real 
prlces 

To understand the underlying factors behind consump- 
tlon trends, the cereal consumption system was modeled 
Except for maize in both penods, own price elasticities had 
the correct signs Sorghum/millet was a substitute for Im- 
ported rlce m both perlods and maize was a substitute for 
both imported and domestic rice As Aslan rice imports be- 
come more expensive, not only will the domestic rice sector 
benefit from higher consumption but also the consumption 
of sorghum/millet will be increased, according to these re- 

sults Cereal Imports have been subsidized as food aid, fur- 
ther eroding the profitability of domestic cereal production 
Removal of the distortions on food prlces from devaluation 
and other pollcles has potentlal for lncreaslng the demand 
for the traditlonal cereals (sorghum/mlllet and maize) Un- 
fortunately, governments frequently intervene with subsi- 
dlzed food imports when urban food prlces increase 

The expenditure elasticities indicate the percentage of 
expenditures on the item for a 1 % increase m income These 
were reasonably high - around one - though often not 
significant The expenditure elasticities for maize and Im- 
ported rice were substantially hlgher than those for sor- 
ghum/mlllet and domestically produced rlce 

New SorghumMllet Culttvar 
Introduction m Sub-Saharan Afrzca 

In the last two decades 40 sorghum cultivars have been 
released in 23 countries and 16 millet cultivars m 12 coun- 
tries So the process of new cultivar development is advanc- 
lng in Sub-Saharan Africa We studied the returns to 
research for six introductions, most of which have been on 
farmers' fields for over a decade Then we looked at aggre- 
gate indicators of the success ofthese new cultivars, specifi- 
cally at natlonal yields From thls sample and from 
comparison with other commodities, we identify two tech- 
nology introduction patterns 

Where hybrids were introduced with inorganic fertilizer 
and either lrrlgation or improved water retention, there were 
substantial yield increases and these were apparent m the 
aggregate yield data Where the new cultlvars alone were in- 
troduced, ylelds remained stagnant This is illustrated for 
the Sudanese case comparing yield trends in the Gezira im- 
gated project wlth those in the mechanized rainfed region 
In both reglons new cultlvars have been introduced, but to 
increase aggregate yields over time apparently requlres the 
complementary use of soll-fertility improvements and wa- 
ter (Fig 3) Similarly, comparing South African yields with 
natlonal ylelds in three of the countries where new sorghum 

Table 2 Average per-caplta cereal consumpt~on In Bamako, Mall, before (1993) and after (1996) devaluation 

Imported rlce 

Sorghum/m~llet 
Malze 

Domestic cerealsC 

a Prtces are In real terms wtth 1996 as the base year The 1994 of ic~al  exchange rate was 512 CFA/IJS$ (IMF F~nanctal Statlsttcs) 
Mean values for those households consumtng thts product Ftgures tn the first parenthes~s represent the number ot households 
Domesttc cereals Include domesbc rtce sorghum/mtllet and mala  
Major cereals tnclude domest~c nce Imported nce sorghumlmlllet and malze 

Major cerealsd 19 44 188 21 71 186 
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Flgure 3 Sorghum y~elds In the lrrlgated Gez~ra and the mechanlzed sector of Sudan (1976-1996) 
Note From 1985 to 1996, the annual rate of growth of yleld In the Gez~ra was 3% and In the 

mechanlzed zone -0 3% Source Sanders et a1 ,1996, N~chola and Sanders, 1996 

cultivars were introduced but without moderate levels of in- 
organic fertilizer shows the same phenomenon (Fig 4) 

Clearly, the breedlng effort has been outstanding in de- 
veloping new sorghum cultivars, but ~t is necessary to make 
things easier for breeders with more emphasis on improving 
the product~on environment The varlety-alone strategy has 
been adequately tried and now a focus needs to be put on 
getting the Input and output markets funct~oning better to in- 
crease the profitability of the basic cereals and to make sub- 
stantial yield galns Everywhere in the world that yields 
have been successfully increased m semi-ar~dregions, more 
water and inorganic fertilizers have been required It is un- 
likely that Sub-Saharan Africa will be able to develop tech- 
nology to bypass these fundamental input requlrements 

Workshops 

In August, Nina Lilja presented a selected paper on the 
impacts oftechnological change on women in Mali At this 
same international conference for agricultural economists 
in Sacramento, CA Sanders presented a paper and partici- 
pated in a workshop on sustainability 

In September, Jeff V~tale and Sanders gave a one-week 
workshop in Ghana to economists from Ghanian and other 
West African Anglophone countries on economic surplus 
methods for estimating impacts 

Sanders presented a plenary paper on the introduction of 
technolog~cal change in Sub-Saharan Africa at the African 
Fann Management Association meeting m Stellenbosch, 
South Afnca, in January 1988 Then he presented a varia- 
tion ofthis talk at two univers~ties in South A&ca, the Uni- 
versity of the Orange Free State in Bloemfontein and the 
Univers~ty of Natal at Pietermaritzburg 

In June INTSORMIL organized a one-day impact work- 
shop for PIS and collaborators Sanders helped develop the 
program for the session gave a paper with Moharned Ah- 
med revlewlng the impact of new cultlvars in Sub-Saharan 
Afnca, and participated in the afternoon panel discussion 

Jeff Vltale spent two months in Mali working with IER 
researchers in Sikasso, he participated in training programs 
for the IER and with INSAH courses and did fieldwork as 
part of the Impact project 
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- Cameroon -x- Zlmbabwe -+- Zambla -x- S Afrlca 

Figure 4 Sorghum y~elds in Cameroon, Zimbabwe, Zambla, and South Africa 
Source FAO. 1998 

Research Investigator Exchanges 

On a three-week trlp to Ethiopla m February to work on 
papers with Barry Shapiro, Sanders spent two days with Ye- 
shl Chiche and her husband, Aberra Debella, both of the na- 
tional sorghum program, visitmg offices of government 
agencles and fertilizer distributors m preparation for our 
proposed trip In September to Ethlopia We will evaluate the 
introduction of new sorghum cultlvars, especially those 
with Strzga resistance 

In Aprll, Sanders spent ten days in Mozarnblque with 
World Vision and USAID preparing a report on the poten- 
tlal for INTSORMIL commodities and developmg a pro- 
posal for f i r e  collaborat~ve activities with the CRSPs 

Also In Aprll, Sanders spent ten days m Senegal worklng 
with ISRA to finish papers on the Impacts of several com- 
modity programs 

Research Exchange 

We have been makmg copies of our book available to de- 
veloping country professionals As of June 1998, 176 pro- 
fessionals principally in Sub-Saharan Afi-~ca (but also m the 
drought area of Brazil) have recelved complimentary coples 
of the book, The Econornzcs of Agrzcultural Technology zn 
Semlarzd Sub-Saharan Afizca 

Publications and Presentations 

Journal Articles 

Coul~baly Ousmane N Jeffrey D Vitale and John H Sanders 1998 
Expected effects of devaluatton on cereal product~on in the Sudantan 
region of Malt Agricultural Systems accepted and forthcoming 

M Ahmed Mohamed and John H Sanders 1998 Shlftlng from extens~ve 
to Intensive agr~cultural systems A case study tn the Sudan 
Agrtcultural Systems accepted and forthcom~ng 

L~lja, Nma, and John H Sanders 1998 Welfare Impacts of technolog~cal 
change on women In Mali Agrtcultural Econom~cs accepted and 
forthcom~ng 

Sanders John H Barw I Shamro and Sunder Ramaswamv 1998 A 
strategy for technolo& develbpment for semiarid Sub ~ a h k a n  Afrtca 
Outlook on Agriculture accented and forthcom~ng 

Shap~ro Barry I -and John H sanders 1998 ~ertlllzer use in sem~arid 
West Africa Profitab~lity and support~ng pol~cy Agricultural Systems 
56(4) 467-482 

McMillan D E J H Sanders Dolores Koentg Kofi Akwabt Ameyaw 
and Thomas Painter 1998 Agricultural performance of new lands 
settlement In West Africa World Development 26(2) 187 21 1 

Nlchola, Tennassle and John H Sanders 1997 The seed Industry and the 
diffus~on of a sorghum hybrtd in Sudan Sclence Technology and 
Development 15 107 1 19 

Publmhed Proceedings 

Sanders J and J V~tale 1998 Inshtutional and economic aspects of 
fertiliser use In West Africa Experiences and perspectives keynote 
address p 407 416 In Genevitve Renard Andreas Neef Klaus 
Becker and Matthias von Oppen (Eds ) Soil Ferttltty Management in 
West African Land Use Systems proceedtngs of reg~onal workshop 
Niamey N ~ g e r  Mar 4 8 1997 sponsored by Un~versi ty of  
Hohenhetm ICRISAT Sahelian Centre and INRAN Weikershe~m 
Germany Margraf Verlag 
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Shaprro B I and J H Sanders 1998 Fertll~ser use and supportrve polrcy 
~n semrar~d West Afrlca Also ~n Genevrtve Renardet al p 425 429 

Sanders John H Sunder Ramaswamy and Barry I Shaplro 1997 
Technology development for semlar~d Sub Saharan Afr~ca Theory 
performance and constrarnts In Roger Rose Carolyn Tanner and 
Margot A Bellamy (Eds ) Issues In Agr~cultural Competltlveness 
Markets and Policles IAAE Occasronal Paper No 7 p 41 5 424 
Brookfield VT Ashgate Publrshrng Co 

Sanders John H Sunder Ramaswamy and Barry I Shaprro 1997 
Technology development for semrar~d Sub Saharan Afr~ca Theory 
performance and constraints In Taye Bezuneh A M Emechebe J 
Sedgo and M Ouedraogo (Eds ) Technology Opt~ons for Sustalnable 
Agriculture rn Sub Saharan Afrrca, pp 19 27 Ouagadougou Burkrna 
Faso OAUISTRC SAFGRAD Semlar~d Food Grarn Research and 
Development 

Presentations 

M Ahmed Mohamedand John H Sanders 1998 New sorghum andmrllet 
cultnar lntroductlon m Sub Saharan Afrrca Impacts and polrcy 
~mpl~catlons Presented at a workshop on Impact glven to the 
INTSORMIL PIS and collaborators In Corpus Chr~str TX June 

Sanders John H 1998 Are women made worse off by the lntroduct~on of 
new technology In West Afrlcan agrrculture? Presentat~on to Dept of 
Agr~cultural Economics Purdue Unlvers~ty May 

Sanders John H 1998 Developrng technology for agriculture In semrarld 
Sub Saharan Afrrca Plenary presentatron at the Afrlcan Farm 
Management conference Stellenbosch South Afr~ca, Jan Varratlons 
of t h ~ s  talk were also presented at the Un~vers~ty of the Orange Free 
State In Bloemfontein and the Unlvers~ty of Natal at Pretermantzburg 
Feb 

L~lja, Nrna and John H Sanders 1997 Welfare Impacts of technologrcal 
change on women In southern Mall Inv~ted paper presented at 231d 
conference of lnternatlonal Assoc~at~on of Agr~cultural Economists 
(IAAE) Sacramento CA Aug 



Sustaznable Productzon Systems 

Cropping Systems to Optimize Y~eld, Water 
and Nutrient Use Effic~ency of Pearl M~llet 

Project UNL-213 
Stephen C Mason 

University of Nebraska 

Dr Stephen C Mason, University of Nebraska, Department of Agronomy, Ltncoln, NE 68583 
Mr Adama Coulibaly, Cinzana Research Statton, IER, B P 214, Segou, Mali 
Mr Noun Maman, Kollo Research Stat~on, INRAN, B P 429, Nlamey, Ntger 
Mr Minamba Bagayoho, IER, Bamako, Mali 
Mr Samba Traore, IER, Bamako, Mali 

Collaborating Sc~entists 

Prof David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr Ouendeba Botorou, ROCAFREMI, Niamey, N~ger 
Dr Max Clegg, Unlversity of Nebraska, Department of Agronomy, Lincoln NE 
Prof R Klein, West Central Research and Extension Center, University of Nebraska, North Platte, NE 
Mr Zoumana Kouyate Antime Sagara and Oumar Coulibaly, IER, Clnzana Research Station, Segou, Ma11 
Dr Drew Lyon, Panhandle Research and Extension Center, University of Nebraska, Scottsbluff, NE 
Dr Jerry Maranville, Unlversity of Nebraska, Department of Agronomy, Lincoln, NE 
Dr Alex Martin, University of Nebraska, Department of Agronomy, Lincoln, NE 
Mr Seyn~ Sirifi, INRAN, Kollo, Niger 
Dr Abdoulaye Traore, IER, Sotuba Research Station, Bamako, Mali 
Dr Taonda Sibiri Jean Baptlste, IN ERA, Koudougou, Burkina Faso 

Summary 

In studies on growth and nutrlent uptake by diverse pearl 
millet genotypes in Nebraska and Niger, year (I e , environ- 
ment) had the greatest effect on grain yield dry matter pro- 
duction and N uptake, management or N level had an 
Intermediate effect, and genotype the least In Nebraska, ap- 
plied N decreased NUE while in Niger the high manage- 
ment practices Increased NUE in the drier 1996 growlng 
season In both studies, genotype had minor effects on NUE 
except for the traditional variety Helni Kirei having lower 
NUE m 1996 

Research indicates that ethylene is involved In germma- 
tion and seedling vigor of grain sorghum Temperature and 
genotype influenced germination, seedlrng vigor in blo- 
assays, and ethylene evolution in a sim~lar manner across 
two years Bio-assays uslng the ethylene inhibitor 2,5- 
norbornadiene has potential as a screening tool for germina- 
tion and seedling vigor of grain sorghum under stress tem- 
peratures 

Rotation with cowpea In Mali increased grain and stover 
yield of pearl millet as reported In previous years Seven- 
year averages show the crop residue incorporation sl~ghtly 
increased pearl millet grain and stover yields, while crop 
residue removal adversely effected cowpea y~elds The In- 

creases in crop and stover yield over time, and the better 
maintenance of soil nutrient levels reported last year, sug- 
gest that leaving crop res~due in the field and using crop ro- 
tation increases sustainabillty and productivity of pearl 
millet cropping systems 

Technology adoptlon surveys in Mall indicate broad 
adoption of seed treatments, and in some communities, use 
of improved manure management techniques Improved va- 
riety adoption was only 17%, and suggests that future suc- 
cess m adoption would be promoted by proposing a 
technology package that includes improved cult~vars ap- 
proprlate production practices, and use of organic andlor in- 
organic fertilizers 

Objectives, Product~on and Utlllzation Constraints 

Conduct long-term studles to determine pearl mil- 
letlcowpea cropping systems (monoculture, mtercrop- 
ping, rotation) by nltrogen rate interaction effects on 
gram and stover yields, and nitrogen use efficiency at 
Cinzana and Koporo, Mali 
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Conduct long-term studies to determine the influence of 
crop residue removal, mcorporation, and leaving on the 
surface on grain and stover yield of pearl millet, and the 
long-term effects on soil nutrient levels 

Conclude studies inNiger andNebraska to determine dry 
matter production and partitioning, and nutr~ent uptake 
of pearl mlllet cultivars with different growth hab~ts 
when grown under different management levels, and de- 
velop manuscripts for publication, and complete M S 
degree for Maman Nouri 

Determine the influence ofplantlng date and row spacing 
on grain yield of dwarfpearl millet hybrids m eastern and 
western Nebraska 

Determme the role of ethylene in grain sorghum emer- 
gence problems under stress inducing temperatures 

Convert long-term crop rotatlon study at Mead, NE from 
grain sorghum-soybean to pearl millet soybean w~th  
nodulating and non-nodulatmg isolines 

Publish research findings on the influence of row spaclng 
and nltrogen application on pearl millet-grain sorghum 
competitiveness with velvetleaf and foxtall 

Constramis 

This project has focused primarily on crop production 
systems which increase the probability of obtaining higher 
pearl millet grain and stover yields Thls involves systems 
which Increase nutrient and water availability to growing 
crops, and produces desired uniform stands Present efforts 
emphas~ze crop rotation, intercropping, fertilizer utillza- 
tion, and residue management Interactions w~th  traditional 
and Improved cultivars Future research efforts on manure 
management are planned These croppmg systems research 
efforts require long-term Investments of well-trained, ~nter- 
ested scientists and stable finding Training of additional 
scientists m crop product~on and continued support of their 
work after return to their home countries is needed to im- 
prove productiv~ty of cropping systems and to maintaln the 
soiVland resource 

Research Approach and Project Output 

Pearl m~llet IS usually grown m stresshl environments 
w ~ t h  high temperatures lack of predictable water supply, 
fiaglle soils wrth low nutr~ent status, and l~mited growlng 
season length Lack of water is usually cons~dered to be the 
most critical environmental factor controlling growth and 
l~miting y~eld In Afnca, but a source of nitrogen andlor 
phosphorus often is more cr~tical This 1s especially true for 
intensive cropping systems using Improved cult~vars on de- 
graded land Nutrient use and water use eff~ciencies are 
closely interwoven with h~gher y~elds poss~ble with im- 
proved cropplng systems utilizing Improved cultlvars 

Since human cap~tal for research and extension activlt~es 
are very limited for pearl millet producing areas m West Af- 
rica, the project conducts most actlvlties either as graduate 
education programs for scientists from thls reglon or men- 
toring collaborating activities upon return of former gradu- 
ate students In the U S Great Plains, availability of h~gh  
yielding, dwarf hybrids, markets, and production practices 
have l~mited it's adoption as a grain crop This complex In- 
teract~on of water, nitrogen, phosphorus, cultivars and yield 
enhancing production practices is the focus of Project UNL- 
2 13's research efforts 

Domest~c (Nebraska) 

Research Methods 

A two-year study on growth and nutrient uptake of the 
pearl millet hybrids 59022A x 89-0083, 101 lA x 0896R, 
and 1361 x 6RM having different growth habits grown at 
two nltrogen levels was completed by Nouri Maman as part 
of h ~ s  M S thesis research Plots were sampled bi-weekly, 
plant parts separated, dr~ed and we~ghed, and nutr~ent levels 
determined Data were analyzed by ANOVA and regression 
to determine hybr~d and N level effects on grain and stover 
yield, dry matter production, nutrient concentrations and 
uptake, and nitrogen use efficiency (NUE) Bio-assays, eth- 
ylene evolution, ethylene inhib~tors and seedling morpho- 
log~cal methods have been used to study the role of ethylene 
in grain sorghum emergence under low and high tempera- 
tures Grain sorghum lmes Naga White (Ghana), CE145-66 
(Senegal), San Chi San (China) and 550590 (Russia) were 
chosen based on the percent germination at 14,20,28 and 
35°C They were germinated and grown for 7 days in closed 
glass containers at 24OC The ethylene -action inhib~tor 2 5- 
norbornad~ene (NBD) was added at 47 7 to 95 4 mg/L at one 
day Intervals Germination percentage seedling vigor and 
ethylene evolution were measured 

Research Results 

In 1995 and 1996 similar rainfall occurred, but July and 
August temperatures and evapotranspiratlon were much 
higher in 1995 In addition, poorer stands were obtained m 
1995 due to soil conditions at planting and the lack of rain- 
fall following plantlng Thus, grain yields were 2 7 to 3 2 
Mg ha higher in 1996 than in 1995 dry matter production 
was 0 75 to 1 2 kg m2 hlgher and N uptake 10 to 14 4 g m2 
greater The 1361M x 6RM hybrid produced the lowest 
gram yield and dry matter In both years (Table 1) Appl~edN 
of 78 kg ha increased grain y~eld by 0 5 Mg ha 1 In both 
years, but had no effect on dry matter production in 1995 
and increased dry matter production by only 0 3 Mg ha in 
1996 Pearl millet dry matter accumulation increased cubi- 
cally until physiological maturity with a 0 7 g m2 /Growing 
Degree Day(GDD) maxlmum growth rate in 1995, and 
quadratically with a 2 g m2 IGDD maximum in 1996 Nitro- 
gen concentratlons were h~gher during the vegetative stages 
and decreased w~th  plant age N~trogen uptake d~fferences 
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Table 1 Gram y~eld, dry matter production, nltrogen uptake and use efficiency (NUE) of pearl millet hybr~ds at zero 
and 78 kg ha ' N at Mead, NE In 1995 and 1996 

were largely the result of dry matter production rather than 
N concentration differences, and applied N decreased N use 
efficiency for blomass by 18 to 25 g DMlg N, and grain N 
use efficiency by 7 to 12 g graidg N Environmental van- 
ability due to years had the greatest effect on y~eld, growth 
and N uptake, N rates had an intermediate effect, and hybrid 
the least effect 

Gram ylqld 
Mg ha 

Treatments 1995 1996 

Hybr~d (H) 
59022A x 0083 (HI) 1 4  4 6 
1011A x 086R(H2) 1 5  4 4 
1361M x 6RM (H3) 1 1  3 8 

Nltrogen (kg ha ') 
Zero I I 4 0 

78 1 5  4 5 
F test and contrast probab~l~tres 

Hybrid (H) NS t * 
H3 vs HI + H2 * *I 

H1 vs H2 NS NS 
N~trogen (N) t ** 
H x N NS NS 

C V (%) 32 7 

Research Identified similar variation among genotypes 
(P = 0 03) and across temperatures (P = 0 01) for ethylene 
production during germination and early seedling vlgor in 
1996 and 1997 Germination was not affected, but normal 
growth of radicles and coleoptlles arrested w~thin 24 hours 
ofNBD treatment Radicles appeared dark and brittle, while 
coleoptiles prematurely ruptured to allow foliar leaf emer- 
gence When NBD was replaced at one day post ~mbibition 
with 1 3 x lo3 mg/L ethylene, growth was restored These 
bio-assay and ethylene evolution results indicate that ethyl- 
ene is necessary for normal grain sorghum seedllng vigor 
Further, the NED bio-assay appears to have potential as a 
screening tool 

International 

"7:g'Yter 
1995 1996 

0 31 1 5  
0 32 1 3  
0 25 1 0  

0 29 1 1  
0 30 1 4  

1 1 

NS * I 
NS * 

NS t 

NS NS 
20 22 

Research Methods 

A two-year experiement to determine the dry matter ac- 
cumulation and nutrient uptake of the pearl millet cultivars 
Heint Kuei (local), Zatib (improved tall), and 314 HK (Heini 
Kirei - improved short) grown under LOW Management with 
no fert~lizer application and plant population of 10,000 
hills/ha, and Hrgh Management of 5 Mg ha ' manure, 23 kg 
ha nitrogen, 18 kg ha 1 phosphorus, and plant population 
of20,OOO hillslha was completed, and was part ofNouri Ma- 
man's M S thesis Plots were sampled bi-weekly, plant 
parts separated, dried and weighed, and nutrient levels de- 

N~trogen ~ptake  
g m 

1995 1996 

3 6 18 0 

4 1 15 0 

2 7 12 7 

3 1 11 5 

3 9 18 9 
P > F 

1 I 

* * ** 
NS NS 

NS ** 
NS NS 
30 24 

termined Data were analyzed to determine differences in 
grain yield, nutrient concentration, dry matter and nutrient 
uptake and partitioning, and crop growth and nutrient up- 
take rates 

Research Results 

Blomass NUE 
g D M / g N  

1995 1996 

90 82 
81 89 
96 81 

98 95 
80 73 

NS NS 
NS NS 
NS NS 
** ** 
NS NS 
16 9 

Grain yield was 0 4 to 0 8 Mg ha greater and dry matter 
production was 0 02 to 0 13 kg m2 greater in 1995 than in 
1996 largely due to rainfall differences (Table 2) The pearl 
millet cultivar 314 HK produced less dry matter than the 
other cultlvars, and Hein] Klre~ produced the greater gram 
yield than other cultivars in 1995 Management level had a 
large Impact on dry matter production in both years with 
high management Increasing dry matter production 0 33 kg 
m2 in 1995 and 0 25 kg m2 in 1996, and increased grain 
yield 0 4 to 0 5 Mg ha I both years Nitrogen uptake and 
NUE was similar for varieties, except Hem Kirei took up 
less N and had lower NUE than other varieties m 1996 
Management level had no effect on NUE in 1995, but in 
1996 high management Increased NUE Pearl mlllet culti- 
var differences, in splte of the large d~fference in genetic 
background, had much smaller impacts on grain yield, dry 
matter, N uptake and NUE than did the year (environment), 
and management level effects 

Gram NUE 
g Gram/ g N 

1995 1996 

54 48 
56 50 

51 39 

56 51 
49 40 

NS * * 
NS t* 

NS NS 
I ** 

NS NS 
12 I I 

Mall 

Research Methods 

Long-term cropplng system and residue management 
studies were continued at Cinzana and Koporo Multi-year 
analyses was conducted to determine the seven-year effect 
of crop residue management and cropplng system (continu- 
ous and rotat~onal) on pearl millet grain and stover yields 
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Table 2 Grain yleld, dry matter production, nitrogen uptake and useefficiency (NUE) of pearl mlllet varieties with 
hlgh and low management at Kollo, Nlger m 1995 and 1996 

Management level 

Low 0 9 0 3 0 14 0 09 14 0 1 96 105 24 33 
High 14 0 8 0 47 0 34 4 6 2 5 109 90 4 1 22 

Gram y15Id 
Mg ha 

Treatments 1995 1996 

F test and contrast probab~l~tles P > F  

(V) ** NS ** NS NS NS * * NS * * 
v1 vs v2 + v3 a * NS NS NS NS * 1 NS * * NS t 

V2 vs V3 NS NS ** NS NS NS NS NS NS NS 
Management level (ML) 1* ** ** ** 1;1 t* NS NS * t *  

V x ML NS NS t NS NS NS NS NS NS NS 

C V (%) 20 17 18 20 35 20 25 19 34 24 

Table 3 Crop residue management effect on pearl m~llet gram and stover yleld 

Res~due management 1991 1992 1993 1994 1995 1996 1997 Mean 
Gram y~eld kg ha' 
Removed 1266 1472 1392 1327 1861 1820 1154 1469 
Surface 1403 1687 1095 1424 1800 1896 1297 1515 
Incorporated 1413 1750 1596 1429 1907 1981 1468 1649 
LSD (0 05) NS NS 375 NS NS NS NS 184 
C V (%) 22 28 16 23 15 18 18 22 
Stover y~eld  

P e m  cd 1174 - 2604 3296 Jued 1R75 A557 dl  50 1302 - 7773 - 
Surface 3703 3066 21 16 3845 4598 4028 1303 3237 
Incorporated 2848 3662 3296 3805 4313 4354 2116 3484 
LSD (0 05) NS NS NS NS NS NS NS NS 
C V (99) 28 34 28 19 17 27 42 27 

D ma er 
T g  my 

1995 1996 

Research Results 

Crop residue management treatments had no influence 
on pearl millet grain or stover yields from 199 1 - 1997, ex- 
cept for grain yield m 1993 when plots wlth Incorporated 
crop resldues yielded more than those with residues left on 
the soil surface (Table 3) The seven-year average gram 
ylelds for plots with Incorporated crop residues was180 kg 
ha lIyear greater than plots w~ th  residue removed (signlfi- 
cant at p = 0 07), and pearl millet stover yield m plots with 
crop resldue incorporated was 247 to 21 1 kg ha greater 
than plots with other crop res~due management treatments 
(p = 0 19) These results confirm other stud~es that in sltes 
with non-degraded sods and/or sltes with adequate P levels 
crop resldue management has only small effects on pearl 
mlllet ylelds In contrast, either surface crop residue appli- 
cation or incorporation Increased cowpea gram yield by 186 
to 240 kg ha llyear, and cowpea stover yleld by 3 16 to 350 
kg ha Ifyear Rotation with cowpea increased pearl mlllet 
grain yields by 228 kg ha Ilyear and stover y~elds by 628 kg 
ha llyear The increases in crop and stover yield over time, 
and the better maintenance of soil nutrient levels reported 
last year, suggest that leavlng crop residues in the field and 

N~trogen yptake 
g m 

1995 1996 

using crop rotation increases sustalnablllty and productivity 
of pearl millet cropping systems 

Technology Transfer in Mali 

Blomass NUE 
g D M / g N  

1995 1996 

Technology Transfer Methods 

Gram NUE 
g Gram/ g N 

1995 1996 

Durlng the past decade IER sclentlsts collaborating with 
INTSORMIL Project UNL-213 have interacted with the 
Mallen Agricultural Extension Service (PNVA) and Private 
Voluntary Organ~zations to extend unproved technologies 
to producers In the Segou region In 1997, two farmer adop- 
tlon surveys were conducted to determine adopt~on rates of 
~mproved technologies One survey was conducted by 
PNVA whlle the other was conducted by IER jolntly w~th  
ICRISAT 

Technology Transfer Results 

In both surveys (Table 4), the technology adopted to the 
greatest extent was use of the seed treatment Apron@ Plus 
which improves stand establishment and reduces downy 
mildew problems In the ICRISAT - IER survey, the com- 
munitles surveyed were using improved techniques to pro- 
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Table 4 Adopt~on rates of Improved pearl m~llet product~on technolog~es In the Segou reglon of Mall, 1997 

Improved product~on technologies Extens~on ICRISAT 
service (PNVA) IER 

% 
Use of improved varlety 17 16 
Seed Treatment with Apron Plus 40 73 
Improve pearl millet~cowpea Intercropping 6 5 
Anlmal traction Weed control 4 1 ND 

Freld preparation wlth single operator ND 15 
Manure appllcabon 40 ND 
Compostlng of animal manure and crop res~dues 5 36 
An~mal corralling for manure product~on/collect~on 5 74 

duce and collect quality an~mal manure for application to 
fields In both surveys, only 16 - 17 % of the farmers indi- 
cated use of unproved pearl millet cultivars INTSORMIL 
Project UNL-2 13 personnel feel that greater future success 
in technology adoption would be promoted by proposing a 
technology package that includes improved cultivars, ap- 
propriate management practices, and use of organic andlin- 
organic fertilizers 

Workshops 

American Soclety of Agronomy Meetings, 26 - 3 1 Oct 
1997, Anaheun, CA 

ROCAFREMI (West and Central Africa Pearl Millet Re- 
search Network) Meetmg, 16 - 20, March 1998, Nlamey, 
Niger 

INTSORMIL Principal Investigator and Impact Confer- 
ence, 23 - 24 June, 1998, Corpus Christi, TX 

Research Investzgator Exchange 

Visited Nigerien and Malien research collaborators dur- 
ing 16 - 20 March trip to West Africa 

Computer was purchased to ass~st m research efforts in 
Nlger 

Publ~cat~ons and Presentat~ons 

Abstracts 

Maman N S C Mason and S Sir~fi 1997 Genotype and fertlllzer 
Influence on pearl millet growth and nutrient uptake In Nrger Agron 
Absts p 96 

Maman N S C Mason and T D Galusha 1997 Genotype and N 
Influence on pearl m~llet growth and nutr~ent uptake Agron Absts p 
96 

Coulibaly A M Bagayoko S Traore and S C Mason 1998 Pearl mlllet 
y~eld and so11 properties as Influenced by crop resrdue management 
Agron Absts (In Press) 

Maranville J W S C Mason and J H Sanders 1998 Improv~ng crop 
product~on pract~ces in Sub Saharan Afrrca INTSORMIL approaches 
and perspecbves Agron Absts (In Press) 

Stockton R D S C Mason S A Flnlayson and P W Morgan 1998 
Ethylene effect on gram sorghum germlnatron and early seedlrng vrgor 
Agron Absts (In Press) 

Proceedzngs 

Bagayoko M S C Mason and S Traore 1997 The role of cowpea on 
pearl millet yield N uptake and so11 nutr~ent status ~n millet cowpea 
rotat~on In Mall p 109 114 In G Renard A Neff K Becker and M 
van Oppen (eds ) So11 fertlllty management In West African land use 
systems Margraf Verlag Weikershe~m Germany 

Journal Artrcles 

Major Professor for M S degree for Nourl Maman (1 996 Ortega A and A Martin lg98 Production 
practices improve gram sorghum and pearl m~llet competltrveness - 98) and co-major professor for Ph D degree for Samba Agron 90 227 232 

Traore (1995 - 98) Also have had frequent mteractions with 
Minamba Bagayoko concerning Ph D thesis research con- Macellaneous publlcatzons 
ducted with the University of Hohenheim and ICRISAT Sa- 
halien Center Andrew D J J F Rajewsk~ and S C Mason 1998 Gram pearl m~llet A 

new crop berng developed at UNL Extended V~sions 2(1) 2 

Research Informatzon Exchange 

Presentat~on made to ROCAFREMI on research man- 
agement and reporting durlng thew meetlng 16 -20 March 
1998 in Niamey, Niger 

Funds passed through to Mali to assist wtth collaborative 
research efforts 



Sustaznable Productron Systems 

Nutrient Use Efficiency 
in Sorghum and Pearl Mlllet 

Project UNL-214 
Jerry W Maranville 

University of Nebraska 

Principal Investigator 

Dr Jerry W Maranville, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 

Collaborating Scient~sts 

Professor Dave Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 
Dr Steve Mason, Department of Agronomy, University of Nebraska, Lmcoln, NE 68583 
Dr Darrell Rosenow, Department of Crop and Soil Science, Texas A&M Agricultural Expenment Station, 

Lubbock, TX 
Dr S Madhavan, Department of Biochemistry, University of Nebraska, Lincoln, NE 68583 
Mr Abdoulaye Traore, Ph D Student, University of Nebraska, Lincoln, NE 68583 
Mr Abdoul Toure, Sorghum Agronomist, IER, B P 258, Bamako, Mali 
Mr Minamba Bagakoyo - IER Cropping Systems, B P 258, Mopti, Mali 
Mr Sogodogo Diakalidia - IER Cropping Systems, B P 258, Bamako, Mali 
Mr Sidi Bekaye Coulibaly - IER Physiologist, B P 258, Cinzana, Mali 
Dr Alhoussemi Bretaudeau, Professor, IER, B P 06, Katibougou, Mali 
Mr Seyni Senfi, Agronomy Division, INRAN, B P 60, Kollo, Niger 
Dr R K Pandey, Agriculture Advisor, World Bank, Niamey, Niger 

Summary 

On-farm trials in Niger were conducted to study im- 
proved versus traditional cultural practices at three loca- 
tions with eleven farms participating The improved culture 
consisted of use of manure plus inorganic nitrogen com- 
bined with tied ridges The results indicated that improved 
culture increased yields by 67% in the drier areas and that 
the new NAD-1 hybrid has excellent yield potential with 
better management In the wetter areas, yields were surpris- 
ingly low, i e , one t ha or less at 700+ mm rainfall In 
these areas, the primary yield detriment is often factors 
other than fertility such as poor seedbed preparation and 
poor seed quality resulting in very poor stands 

On-station fertility trials in Mali using inorganic nitrogen 
as urea and rock phosphate at Kolombada and N'Tarla sta- 
tions showed that little yield enhancement occurred with 
use of fertility at Kolombada but a 59% increase was found 
at N Tarla Yields at the latter station however were less 
than one t ha most likely due to poor stands The research 
established the yield enhancement effect of the previous 
crop At Kolombada, cotton was grown prior to sorghum 
and a 200 kg ha dose of nitrogen was provided that crop 
which obviously carried over to sorghum 

On-farm trials m Mali were conducted in or around three 
villages with six farmer participants and use of urea and 
rock phosphate Grain yields in these tests showed a 16% 
enhancement by fertilizer and a significant increase in the 

amount of stover produced Yields across farms ranged 
from 357 to 1095 kg ha stover Stover is an important re- 
source for producers m these regions for animal feed, fenc- 
ing and shelter and mcreasing its production may be as 
necessary as increasing grain production 

Studies were conducted at the University of Nebraska to 
determine the extent to which nitrate reductase activity 
(NRA) has on yield, N assmilation and N use efficiency 
Results showed that NRA was not correlated significantly 
to yield or N assimilation properties as often reported in the 
literature The study showed that trop~cal lines have high 
preanthesis biomass production and subsequent high bio- 
mass NUE Grain yields, however, and grain NUE are low 
compared to U S lines indicating the differences in dry mat- 
ter distribution between these two groups Combinmg the 
superior preanthesis N accumulation capacity of the tropical 
types w~ th  better reproductive sinks and a sustained photo- 
synthetic apparatus (stay green) may enhance grain yield of 
tropical sorghums 

O b j e ~ t i ~ e ~ ,  Product~on and Utilization Constraints 

Identify sorghum and pearl millet genotypes which are 
superior m nutrient use efficiency (prmarily nitrogen) 
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Determine the physlologlcal and morphological mecha- 
nisms which allow genotypes to be nutrlent use effic~ent 

Determine optimum nutrient (particularly nitrogen) 
management practices for a r~d  and semi-arid environ- 
ments 

Conduct on-farm trlals to test lmproved management 
recommendat~ons for sorghum production 

Provlde long and short term training experiences for stu- 
dents and sclentlsts of collaborating institutions, as well 
as certaln technical expertise for collaborative efforts re- 
lated to overall INTSORMIL objectives 

Constraznts 

Soil nutrient deficiency stresses 

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

Inadequate knowledge of proper management practlces 
to help cope with nutrient stresses 

Lack of technically tramed personnel who can dev~se and 
carry out sound research programs 

Research Approach and Project Output 

International Research 

On-farm Stud~es on the Use of Nutrients 
and Tled Rldges In N~ger - Seyn~ Sirifi 

On-farm stud~es were initiated in Niger to test lmproved 
genotypes using improved cultural pract~ces versus tradl- 
tional methods Three sltes having different total seasonal 
rainfall averages were selected The dry location, Tillaka- 

ma, received 296 mm rainfall in 24 days with four farmers 
particlpatmg Konni, the medlum rainfall locat~on, received 
369 mm rainfall over 28 days with three farmers participat- 
ing The humid reglon, Bengou, recelved 74 1 mm precipl- 
tatlon over 53 days with four farmer participants Plots were 
4m x 8m and farms were considered as replicates at each lo- 
cation Plantmg denslty was 0 80 m between rows and 0 40 
m between hills within rows Genotypes were NAD-1, a 
new hybrid currently bemg Introduced in Niger, 90SN7, an 
improved Ime, and a tall local type whlch 1s tradit~onally 
grown Improved cultural practlce cons~sted of the appllca- 
tion of 5 t ha organic manure and 50 kg ha urea com- 
blned with tled r~dges to prevent water runoff Traditional 
culture was generally without fert~lity and hand weeding 
was used in both cultures 

Grain yields presented in Table 1 are averaged over repli- 
cates (farms) per location For the dry location, Tillakama, 
crop failures occurred on two farms and the data are aver- 
ages of the remalnlng two farm participants Improved cul- 
tural practlces resulted m an overall galn of 67% in gram 
yield although yields were generally very low, i e , below 
one t ha The hlghest yield of 15 16 kg ha was obtained 
with NAD-1 using improved culture at the Tillakaina loca- 
tion This genotype was superior to the others when using 
lmproved culture, but d ~ d  not yield well with traditional 
farming practices In the Bengou region, stands were very 
poor, especially for NAD- 1 and 90SN7 w~th  traditional cul- 
ture There was also 22 0 mm of rain from July 10-29 result- 
ing m drought durlng that critical period Thus, even though 
the Bengou region recelved 741 mm precipitation, yields 
were generally less than the two dr~er regions The local cul- 
tivar grown m tradit~onal culture yielded comparatively 
well at Bengou 

The ylelds for each genotype varied markedly between 
farms and locations For example at Konni, NAD-I ylelds 
ranged from 563 to 1656 kg ha I with Improved culture and 
from only 484 to 563 kg ha with traditional culture 

Table 1 Mean graln y~elds from on-farm sorghum trials at three locat~ons In N~ger In 1997 Treatments consisted of 
three genotypes grown wlth t~ed  r~dges plus manure and inorganic n~trogen (~mproved) versus the same 
genotypes grown wlth the trad~t~onal cropplng pract~ces 

Locatlon 
Genotype Treatment Tlllakalnaa Konnlb Bengou AverageC 

kg ha1 
NAD 1 Improved 1516 1078 975 1193 
90SN7 Improved 778 1156 547 827 
Local Improved 765 872 973 870 

Average 1020 1035 83 1 962 

NAD 1 Tradltlonal 448 636 340 475 
90SN7 Trad~tlonal 786 594 215 532 
Local Trad~t~onal 486 542 1060 713 

Average 573 59 1 538 573 

= average of two farms 
=average of three farms 
= average of four farms 



Sustaznable Productron Systems 

These first year results indicate that generally, the new 
NAD-1 hybrid will respond to fertility Inputs and that these 
plus water conservation culture will be required to maxi- 
mize its grain yield However, sorghum yields at the farm 
level still remam well below what research stations have 
shown to be a potential Factors such as seed bed prepara- 
tion and seed viability will need to be investigated 

On-stat~on Fert~l~ty Trials and On-farm 
Stud~es In Mall - Abdoul Toure 

Interactions of sorghum vanety, nitrogen and phospho- 
rus were studies m dryland field tests at Kolombada and 
N'Tarla locations Varieties Temoin, CSM-388, Miksor- 
86-25- 1 1, Miksor-86-25-20, and Miksor-86-30-42 were 
grown with four fertility combinations ofN and P The varl- 
ety Temoin is a local type, CSM-388 is an improved line, 
and the Mlksor lines were derived from irradiat~on at the 
University of Katibougou The experimental design was a 
split plot with SIX repl~cations Fertility treatments were 0 
N, 0 P, 0 N, 46 P, and 41 N, 46 P des~gnated F l ,  F2 and F3, re- 
spectively N~trogen was appl~ed as urea and P as rock phos- 
phate The variety was a local type grown with 0 7 to 0 8 m 
row spaclng and 0 5 and 0 6 m between hills Fertil~ty treat- 
ments were the same as those described in the first experi- 
ment 

Yields were markedly h~gher at the Kolombada station 
than the N'Tarla statlon in experiment 1 (Table 2) There 
were no G*W*P, G*N, G*P orN*P interactions at either lo- 
cation At Kalombada, genotypes were s~gnificantly differ- 
ent for gram yield with Miksor-86-25-20 having the highest 
and Miksor-86-25-11 the lowest yield There was no fertil- 
ity response at this location although there was a tendency 
for N and P additions to enhance yields 

Nitrogen application significantly enhanced yields at the 
N'Tarla location by 59% although yields were well less than 

one t ha There was no P effect or significant genotype 
difference although the Temoin variety (local) was numeri- 
cally much less than the other varlet~es 

The lack of response to N and the superior yield at 
Kolombada may have been due to the fact that the prevlous 
crop was cotton which received 200 kg ha N the previous 
season 

There was no s~gn~ficant fertility response in terms of 
grain and stover yields in the six on-farm tr~als although the 
N + P treatments resulted in a 16% numerical gram yield in- 
crease (Table 3) Grain yields across farms varied from an 
average of 357 to 1095 kg ha grain and an average of 1 123 
to 3878 kg ha stover Production on these farms uslng tra- 
ditional culture and a local tall variety were typical in that 
only about 20% ofthe total biomass was put ~n to  gram Sto- 
ver, however, serves as a s~gnificant resource for animal 
feed and construction material and may be as important as 
grain The extremely low gram yields on some farms how- 
ever (Table 3), indicate that factors other than nutrients are 
limiting When traditional culture is used in on-farm trials, 
water conserving techniques are not always employed Th~s  
will be critical if response to nutrients is to be maximized 

Domestzc Research and Research 
Related to Student Traznzng 

N~trate Reductase Actlv~ty of Dlverse Gram 
Sorghums and ~ t s  Relat~onsh~p to 

N Use Effic~ency - Abdoulaye Traore 

Field experiments were conducted using seven d~verse 
grain sorghum genotypes (one hybr~ds, two U S adapted 
lines, and four tropical lines) to characterize and compare 
the seasonal trend in nitrate reductase activity (NRA) 
among these genotypes and to determine how NRA is re- 
lated to total plant N, yield, and N use efficiency (NUE) 

Table 2 Mean gram y~elds for five sorghum llnes grown at d~fferent applied N and P levels at Kolombada and 
N'Tarla locat~ons 

Var~ety No N +N Mean 
Ternom 1332 1531 1431 
CSM 388 1530 1419 1475 
M~ksor 86 25 11 1048 990 1019 
M~ksor 86 25 20 1349 1183 1266 
Mihsor 86 30 42 1474 1465 1469 

Mean 1346 1317 1332 

No P + P I Genotype 
No N +N Mean 
1372 1263 1317 
1329 1258 1294 
1018 1086 1052 
200 1 2194 2098 
1443 1581 1572 
1433 1476 1454 

Mean 
1374 
1384 
1035 
1682 
1491 
1393 

Temoln 314 592 453 
CSM 388 493 777 63 5 
Miksor 86 25 11 509 823 666 
M~ksor 86 25 20 483 840 66 1 
M~ksor 86 30 42 509 728 618 

Mean 462 753 607 

N Tarla . . . .- . .. 

324 260 292 
443 608 526 
400 850 62 5 
334 744 539 
450 556 503 
390 604 497 

373 
581 
646 
600 
561 
552 
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Table 3 Gram and stover ylelds and harvest Index yields from six on-farm trials in the Kangaba, Ouelessebougou and 
Banamba reglons using applied N and P and traditional culture 

Farmer Fert~llty treatment Gram yleld Stover y~eld Harvest lndex 
kg ha1  

Madou Samake N  P  933 3517 19 
+N P  1074 3788 20 

+ N + P  1234 4328 29 
Bakary Sacko N  P  811 2232 24 

+N P  1948 2976 24 
+ N  P  799 2381 23 

Soumala Samake N  P I181 45 1 19 
+N P 885 43472 18 

+ N + P  1219 2222 32 
lssaba Samake N  P  1007 2674 25 

+ N  P 947 2274 27 
+ N + P  1225 3344 24 

Housse~~ Kante N  P  386 901 1 24 
+ N  P  489 1190 26 

+ N + P  383 1190 21 
Sekou Samake N  P 303 1322 16 

+N P  25 1 99 1 16 
+ N + P  516 1652 20 

Overall fertllfty means 
N  P  770 2542 21 

+ N  P  783 2449 22 
+ N + P  896 2520 23 

Two levels ofN were used 0 and 100 kg ha applied as am- 
monium nitrate in four replicated four row plots 7 0 m long 
and 0 75 m spacmg NRA and total N were determ~ned at 
the 10-leaf, flowermg and physiological maturity stages 

The results showed that applied N increased gram yield 
and that the hybr~d produced greater y~eld (4767 Mg ha I )  
than the U S adapted (2958 Mg ha I )  and tropical lines 
(303 1 Mg ha I), the latter two being sim~lar Kernel weight 
was not affected by N applicat~on Tropical lmes had more 
rapid and greater shoot biomass product~on than the other 
genotypes, typical of this group of sorghums wh~ch are 
semi-tall (1 75 m to 2 m) This also resulted in the tropical 
lines accumulating more preanthes~s N than the other 
groups Shoot N concentration, however, was greater in the 
U S group at maturlty than the hybnd or tropical group 

Nitrogen use efficiency (Table 4) differed among geno- 
type groups and N treatments NUE for both blomass and 
grain production was significantly reduced by applied N, a 
common observation m sorghum At maturity, tropical 
lines had greater biomass NUE than U S adapted l~nes and 
the hybrid Grain NUE was greater for the hybrid (53 0 g 
g l )  than U S adapted (46 5 g g I )  or trop~cal (45 2 g g l )  
lines The h~gher biomass NUE and lower gram NUE for 
tropical lmes mdicates a major difference from U S lines m 
dry matter partitlonmg They have also been selected for 
centuries under low N supply and thelr forage product~on 1s 
important Mas1 observed that tropical lines selected m Af- 

rlca had greater root branching, distribution and abundance 
(INTSORMIL Annual Report, 1995) 

NRA was not significantly different between N levels 
(Table 4) which is in contrast to most observations There 
was also no difference In NRA among groups although 
M35-1 had less NRA than others at anthesis NRA de- 
creased with plant age, but was not correlated w~th  yield or 
N assimilating tra~ts (Table 5) It was concluded that t h~s  en- 
zyme was not the primary factor limiting yield, N accumula- 
tion or ~ t s  efficient use The trop~cal l~nes had high N uptake 
capacity and rapid vegetat~ve growth that led to greater bio- 
mass N use efficiency However, the~r lower reproductive 
s~nk  capacity l ~ m ~ t s  the~r grain yield potential and then grain 
NUE Combin~ng N accumulation capaclty oftropical l~nes 
with traits such as large reproductive s~nk  capac~ty, N remo- 
bilization capacity during gram fill, postanthesis N accumu- 
lat~on capacity and sustainabil~ty of the photosynthesis 
apparatus (stay green character) should improve tropical 
sorghum yield potential 

Project UNL-2 14 has continued strong research collabo- 
ration with Dr R K Pandey of the World Bank We have 
followed through on our in~tial agreement that World Bank 
will support the operating budget for collaboration with 
Seyni Sirifi and UNL-2 14 will purchase equipment Dur~ng 
1997, UNL 214 suppl~ed an Omega Model OS86-LS mfra- 
red thermometer to INRAN at a cost of $1475 00 
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Table 5 ?earscia Cvrre!i;tton C~dficjents sf gra,r , el:! (m, shoot biomass (SBS), shoot N concentrat~on (SNC), 
shoot N content (GSN), nltrate reductase actlvlty (NRA), seasonal reduced N Input (SNI), grain N concen- 
trat~on (GNC), gram N content (GGN), blomass N use effic~ency (NUEI), N utlllzat~on efficlency (NUE2) 

YLD SBS SNC GSN NRA SNI GNC GGN NE I NE2 
YLD 1 00 
SBS 0 40 1 00 
SNC 0 63 0 38 1 00 
GSN 0 67 0 92* 0 01 1 00 
NRS 0 48 0 02 0 40 0 13 1 00 
SNI 0 26 0 01 0 16 0 02 0 45 1 00 
GNC 0 60 0 27 0 86* 0 01 0 52 0 22 1 00 
GGN 0 70 0 10 0 40 0 23 0 15 0 65 0 34 1 00 
h T ~  o 29 o 67 D 02* o ?2 o 26 n n4 n 72* n 16 I 00 
NET 0 96* 0 39 0 64 0 65 0 24 0 42 0 66 0 72* 0 30 1 00 

* ** stgnlficant at 0 05 and 0 01 probab~l~ty levels respectively 

Table 4 Blomass N use effic~ency (NUEl), gram N use efficlency (NUE ) and NRA at three growth stages for seven 
l2 gram sorghum genotypes at 0 kg N ha (N 0) and 100 kg ha (N 100) 

Participated ln a three week trlp to four countries m Af- Mas1 C E A and J W Maranvllle 1998 ~valuat~on of sorghum root 
branching uslng fractals J Agrlc Scl (Cambridge) (In press) 

rlca (~hana,  senegal, Mall and Niger) to review and estab- Bush s s J J w Maranvtlle A Traore and P J Bramel Cox 1998 
11sh links to the InterCRSP activity with BeanlCowpea Resllonse of nttronen use efic~ent sorghums to nitrogen fert~l~zer J 

B~omass 
NUE 

Treatments Vegetat~ve Anthes~s Matur~ty 

g g l  
N levels 
NO 46 4 94 1 96 7 
NlOO 44 4 73 8 78 2 
Hybr~d 
HH 640 49 0 75 8 82 8 
U S Adapted l~nes 
CK60 48 1 75 3 82 8 
P720 39 9 65 1 66 9 

Mean 44 9 78 5 81 7 
Trop~cal lines 
M35 1 42 7 91 0 89 9 
Mallsor 84 7 43 2 78 2 83 5 
S34 48 4 107 2 1105 
VG 146 46 7 95 1 95 4 

Mean 45 3 92 9 94 8 
Overall mean 46 4 82 4 86 4 
LSD os N level 5 8 18 8 12 4 
LSD o5 Genotype 5 6 17 8 11 3 

CRSP and World Vlsion ~nternationai (WVI) As a resuit of plant ~ u t  (In 
- 

this tnp, project UNL 214 anticipates a new collaborative 
project in Ghana with the Savanah Agricultural Research 
Institute (SARI) beginning sometlme in 1999 with an 
agronomist, Samuel Buah, who is currently fmlshing h ~ s  
Ph D at Iowa State Un~versity Research proposals are be- 
mg formulated for this collaborative lmplementatlon 

Gram 
NUE 

49 6 
42 1 

53 0 

51 7 
35 6 
46 5 

32 6 
48 1 
47 8 
52 1 
45 2 
48 2 

5 2 
4 4 

Traore A 1998 Phys~ologrcal contrlbut~ons to nltrogen use eff~c~ency In 
gram sorghum Ph D d~ss  Un~v ofNebraska 132 p 

NRA 
Vegetative Anthesls Maturrty 

pmol NOz cm 2 h 1 

1 06 0 70 0 26 
0 97 1 10 0 41 

0 78 0 56 0 28 

0 75 0 79 0 31 
1 22 108  0 34 
0 99 0 94 0 33 

130 0 55 0 33 
1 27 133  0 40 
0 92 0 82 0 35 
0 87 1 19 0 32 
1 09 0 97 0 35 
0 95 0 82 0 32 
0 88 0 83 0 35 
0 86 0 76 0 32 
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Breeding Sorghum for Increased Nutritional Value 

Project PRF-203 
John D Axtell 

Purdue Unlvers~ty 

Dr John D Axtell, Department of Agronomy, Purdue University, West Lafayette, IN 47907 

Gebisa Ejeta, Sorghum Breeder, Agronomy, Purdue University, West Lafayette, IN 
Lee House, Sorghum Breeder, Rt 2, Box 136A-1, Bakersville, NC 28705 
Issoufou Kapran, INRANIINTSORMIL Coordmator for Niger, Sorghum Breeder INRAN, B P 429, Niamey, 

Niger 
Bruce Hamaker, Cereal Chemistry, Food Science, Purdue University, West Lafayette, IN 
Moussa Ournarou, Dlrector General, INRAN, B P 429, Niamey, Niger 
Adam Aboubacar, Cereal Chemist, Food Science, Purdue University, West Lafayette, IN 
Ouendeba Botorou, Millet Coordinator, ROCAFREMI, Niamey, Niger 
Robert Schaffert, Sorghum Breeder, EMBRAPA, Brazil 

Summary 

Two major achievements of this project will be cited 

Seed Production of NAD-1 m Nrger 

The sorghum hybrid, NAD-1, was released m Niger m 
1992 The hybrid was developed from collaborative re- 
search between the Nigerien sorghum breeders and INT- 
SORMIL breeders at Purdue University In Niger, the 
hybrid was mvolved in on-farm demonstrations where it 
raised excitement among farmers In 1995, INRAN (Institut 
National de Recherches Agronomiques du Niger) and 
INTSORMIL-Purdue (International Sorghum and Millet 
CRSP) expressed mterest m usmg this hybrid to launch a 
seed production and marketmg activlty m the private sector 
That seed production m the private sector is now widely ac- 
cepted in Niger 

Testing mdicated a 40 to 65% increase m yield compared 
to the best local varieties Yield results from on-farm dem- 
onstrations have ranged from 3000 to 4500 kg ha with ade- 
quate moisture to 1200-1500 kg ha I on dryland (the 
national average is around 270 kg ha l) Farmer enthusiasm 
and Interest 1s strong 

Production and marketing of seed in the private sector is 
not new m Niger Rce  seed used in the country is produced 
by a coop Seed of onions is privately produced and mar- 
keted A company, Agrimex, markets vegetable seed 
through a well organized marketing program, and their seed 
comes from Holland ICRISAT expects to have hybrid pearl 
millet ready for seed production in 1999 They currently are 
Involved with experimental seed production There is some 
use of hybrid maize seed coming from Nigeria, but hybrid 

maize is currently bemg developed m Niger, some of this 
being done privately Pearl millet is grown on over 3 million 
hectares and sorghum on over 1 5 million hectares m the 
country, providmg ample marketmg opportunity The suc- 
cessful establishment of a seed mdustry m Niger would 
stimulate the establishment of mdustries m other West Afri- 
can countries, particularly Mali and Burkma Faso 

A Hybrid Seed Workshop for W Africa will be held m 
Niamey, Niger on September 28 through October 2, 1998 
The purpose of the workshop is to acquamt W African sor- 
ghum and millet research scientists about the benefits of hy- 
brid seed for W Africa Several speakers will discuss 
relevant hybrld seed experiences m thelr own developing 
countries, including India, Zambia, Sudan, and Brazil The 
goal is to explore opportunities for development of sorghum 
and pearl millet hybrlds for W Africa and to assist the de- 
velopment of a private sector seed mdustry which brings 
many benefits to farmers in W Africa 

Brown Mzdrib (BMR) Sorghum-Sudangrass 

Several years ago PurdueNTSORMIL produced sev- 
eral brown midrib mutants in sorghum by chemical muta- 
genesis These mutants were evaluated for then reduction in 
lignm content and for Improved dry matter digestibility 
Three of these mutants were klly characterized and re- 
leased to the seed industry for mcorporation into commer- 
cial forage varieties Several companies have backcrossed 
the low lignln genes into sudangrass so that sorghum-sudan 
hybrids can be produced Sorghum sudangrass hybnds are a 
very hlgh yieldmg forage grown on several million acres in 
the United States alone The forage yields are very high, but 
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the forage qual~ty 1s generally lower than other forage grass 
species This can now be remedred by the incorporation of 
the brown mldr~b gene m sorghum-sudan hybrlds They are 
also extensively utll~zed in Asian countrles as a forage crop 

Several seed companies are now producing seed of 
brown midrlb sorghum sudangrass commercially Re- 
sponse of l~vestock producers has been excellent due to Im- 
proved dlgestiblllty and slgnlficantly improved palatabll~ty 
Da~ry farmers are the first to see the benefits of the Improved 
nutr~tional quality m increased m~lk  product~on There are 
approximately five million acres of sorghum sudangrass m 
the Un~ted States at the present tune, compared wrth nine 
million acres of hybrid sorghum for grain product~on The 
potentlal of brown midr~b sorghum sudangrass In W Africa 
is being explored through collaboration with Dr Issoufou 
Kapran The value of forage in W Africa 1s hlgh and there 1s 
a chron~c shortage of good quality forage which we believe 
can be partially alleviated by brown mldrib sorghum sudan- 
grass hybrids 

Objectives, Production and Utll~zation Constralnts 

Collaboration w~th  Issoufou Kapran to develop the hy- 
br~d seed production potential m Niger so that thls well 
adapted and well accepted sorghum hybrld NAD- 1 can 
be produced for util~zat~on m Niger 

Collaborate w ~ t h  Bruce Hamaker to develop rapld 
screening techniques for breeders to assess the new hlgh 
digestibility trait recently dlscovered by Dr Hamaker m 
germplasm from our program 

To determine the inheritance of the recently dlscovered 
sorghum cultlvars wlth very high dlgestlbility and to in- 
corporate thls tralt Into improved African and U S sor- 
ghum germplasm 

Improve forage quality of sorghum stover for better ru- 
mlnant anlrnal nutrition 

Train LDC and U S sc~entlsts m plant breedlng and ge- 
netics with speclal emphasis on exposure of graduate stu- 
dents to the U S seed industry All graduate tralnmng at 
Purdue mvolves active involvement for every graduate 
student in plant breedmg w~th  hands-on experience wlth 
new technologies ~ncludmg sorghum transformation and 
molecular marker studles through collaboration of PRF- 
203 wlth other Purdue University sclent~sts 

Constralnts 

Sorghum and m~llet product~on m W Afr~ca 1s limited by 
the lack of high yrelding cultivars wlth superlor gram qual- 
~ t y  for utilization as a subsistence cereal by people m West 

Africa This project addresses improvement of sorghum 
yield potential through ut~lization of ellte sorghum llnes and 
hybr~ds wlth good food grain quality An additional con- 
straint addressed 1s the lack of a viable prlvate seed Industry 
in West Africa whlch would allow the evploitatlon of het- 
erosis or hybrld vlgor for the benefit of agr~culture m West 
Africa Experience m the rest of the world has shown that 
pure lines have a slgn~ficant role to play, but also that there 
are opportunities for utlllzat~on of hybr~d cultivars of sor- 
ghum and millet wlth benefits for both Increased stress tol- 
erance and hlgh yield potential under appropriate 
management 

Both sorghum and pearl millet are usually grown under 
stress conditions (particularly molsture and temperature) in 
semi-arid environments Most cereal breeders acknowledge 
the benefits of heterosls m provld~ng superlor performance 
of hybrids when grown under stress conditions The evl- 
dence for this superior stress tolerance of hybr~ds, however, 
1s not always readlly available, and is frequently anecdotal 
Seed producers in Indiana, for example, frequently credlt a 
drought m the mid 1930s for demonstratmg the superiority 
of malze hybr~ds over open-pollmated maize varletles 
Maize breeders m Wisconsin frequently would say that hy- 
brld malze was more qu~ckly adopted in the peripheral areas 
of the cornbelt than m the central cornbelt, presumably be- 
cause of the better tolerance of hybrlds to cold stress 

Dw~ght Tomes, at Pioneer, used the frequency of corn 
acres planted that were harvested as a measure of the supe- 
rior y~eld stability of hybrids During the 'normal' years in 
the 1920s and 1930s when open-pollmated varleties pre- 
dominated, about 85% of the corn planted was harvested 
Dur~ng the drought stress years of 1934 and 1936 harvest 
rates dipped to only 61% and 67% After widespread adop- 
tlon of hybrids (1940 and beyond), the proportion of har- 
vested hectares has fluctuated from 85 to 92%, regardless of 
the environment of any particular year However, the y~eld 
in each of these high stress years was lower than that re- 
corded In more normal years 

Superiority of sorghum hybrlds over rnbred l~nes In 
stress environments was reported by Qulnby in 1958 They 
found that the hybrid yleld Increase was 58 percent over the 
best parent under dry-land condltlons, but only 22 percent 
under irrigation conditions m Texas, U S The actual mean 
yleld mcreases were 612 kg ha under dry-land conditions, 
and 790 kg ha under Irrigation From the results of 39 1 tri- 
als carned out m four countrles Doggett concluded that the 
yield increases of the sorghum hybrids relat~ve to the open 
pollinated varletles are constant over a wlde range of grow- 
mg conditlons and management levels Under conditlons of 
low varietal yield levels, hybrids can glve more than double 
the variety yield In Sudan, Dr Ejeta ident~fied three e k e  
hybrids wlth a comblned mean y~eld of 50% over the best 
open-pollinated local varieties m a total of 27 y~eld trails 
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over four seasons One of these hybrlds was released (HD- 
1) as the first sorghum hybr~d in Sahellan Afrlca 

A recent experiment by Yahia Ibrahim m Gebisa Ejeta's 
laboratory confirms the superlorlty of sorghum hybrids 
across a wide range of environments Extensive resources 
from both publlc and prlvate sector institutions were utll- 
]zed to conduct thls experiment A total of 126 different sor- 
ghum genotypes were tested in an internat~onal y~eld trlal 
over 15 different envuonments In the U S , Africa, and 
South America Genotypes tested include 30 Inbred lines 
and thelr hybrids on each of three A-lines, commercial hy- 
br~ds, and B-lines 

The results showed that genotypic x environmental (G x 

E) interaction dld not alter the relatlve rank of cultivar types 
than inbred lines m all environments Differences between 
mean yleld of hybrids and their parental inbred lines were 
greater m stress environments than m favorable environ- 
ments They concluded that hybrid varieties were superlor 
to inbred llnes m all environments and sorghum hybrlds ap- 
peared to be more rellable than inbred var~eties m erratic en- 
vironments typical of sorghum growlng regions m the semi- 

arid tropics 

Research Approach and Project Output 

Sorghum Hybr~ds m Nzger 

A case hlstory of the development of the sorghum hybrid 
NAD-1 in Nlger was presented in last years annual report 
The report thls year will focus on recent experience of the 
productlon of hybrld seed m Nlger and under conditions 
prevalent m the Sahel The focus wlll be on a West Afi-ican 
hybrld sorghum and hybrid millet seed workshop whlch 
will be held in Nlamey, Nlger, September 28 through Octo- 
ber 2,1998 

Experimental seed production NAD- 1 seed productlon 
by INRAN grew from a 200 m2 plot m 1989 to several hec- 
tares today Under good management, the equivalent of 1 5 t 
ha of hybrld seed has been obtalned The repeatability of 
hybrld seed productlon 1s now in progress by Kapran and 
House wlth INTSORMIL, INRAN, McKnlght Foundation, 
ICRISAT and World Bank support 

Seed Busrness Actrvrty 

Having a hybrid that appeals to farmers and can be pro- 
duced are key elements for seed marketing For the first time 
in Niger, eight tons of hybnd seed was sold m 1996 at aprice 
elght times that of sorghum grain However, INRAN, as a 
public research organization, has no mandate for commer- 
cial seed activity We are actlvely approaching extension, 
farmer coops, and individuals that potentially could turn 
Into commercial seed producers 

It 1s concluded that heterosls can be used to lmprove agri- 
cultural productiv~ty m Nlger and simllar Sahellan coun- 
tries Sorghum hybrid NAD-1 also demonstrates the value 
of heterosis in other important crops like millet The mo- 
mentum created by thls hybr~d 1s today belng used by IN- 
RAN, INTSORMIL, and the Sahelian Center of ICRISAT, 
to educate policy makers and prlvate producers on the need 
for, and the advantages of launching a seed Industry m Ni- 
ger The role of the prlvate sector wlll be paramount, but the 
involvement of the publlc sector In appropriate activities 1s 
also essential 

Seed Industry 

The paradox 1s that m splte of the fact that sorghum and 
pearl mlllet are usually grown under stress conditions, agrl- 
cultural pollcy makers and sorghum researchers m many de- 
veloplng countrles have been reluctant to adopt sorghum 
hybrids They believe that hybrids are adapted to, and there- 
fore profitable only under high-ylelding favorable envlron- 
ments, where modern production practices are wldely 
employed and production Inputs are available 

The lack of a vlable pr~vate-sector seed Industry m many 
countrles 1s the major ~mpedlment to the utilization of hy- 
brlds in sorghum and pearl millet There are many reasons 
for t h~s  predicament It seems clear that the avallablllty of 
well adapted hybr~ds can be used as a tool to foster the de- 
velopment of a successful seed Industry m the prlvate sector 
wlth all of the accompanying benefits 

The best example of this 1s the Indlan experience of the 
last 40 years A Rockefeller team of 14 scientists lald the 
groundwork for the development of hybr~d maize and sor- 
ghum in Indla An indigenous seed Industry whlch now 
numbers over 35 companies has emerged with significant 
Impact on food productlon In India This 1s an aspect of the 
"green revolution" m India whlch is not well known outside 
Ind~a, but has Important lmplicatlons for other newly devel- 
oping countnes, especially m Afr~ca We all need to know 
more about thls experience, and the lndlvldual scientists, 
government policies, and entrepreneurlal businessmen who 
made lt happen At tlmes it seems the world has forgotten 
the importance of seeds and seed technology m delivering 
agricultural research to the farmers 

Develop Rapzd Screenrng Technrques for Breeders to 
Assess the New Hrgh Dlgestrbrhty Trart Recently D~scov- 
ered by Dr Hamaker m Germplasm from our Program 

A new rapid screening technique, whlch measures disap- 
pearance of alpha kafirin m sorghum grain has been devel- 
oped by Bruce Hamaker The test is rap~d and readlly 
distinguishes between normal sorghum and the hlghly di- 
gestible sorghum cultlvars Deta~ls of the assay can be found 
in this report in the sectlon by Bruce Hamaker It 1s slgnlfi- 
cant that we now have a screening technique that 1s rapld 
and accurate and can be applied to large populations of 
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breeding mater~als so that progress can be made in improv- 
mg the agronomic value of l~nes with hlgh protein digesti- 
bil~ty This has been a severe l~mitation in the past and we 
are now m a positlon to screen breeding populations and 
world collect~on l~nes of sorghum at a rate of approximately 
60 samples per day This should allow s~gnificant progress 
m breeding for t h~s  Important tralt for both human and ani- 
mal populations We are currently in the process of confirm- 
ing m vivo the results from ~n v~tro laboratory tests Test 
w~th  chicks have verified the in vivo value of highly digestl- 
ble sorghum Tests with swme and rummant an~mals is in 
progress at the current tlme 

Identlfcatron of Molecular Markers Lmked to High 
Protern Drgestrbrlrty and or Hrgh Lysne m Hrgh Lysme 
Sorghum Lrnes 

Lexington Nduulu is a graduate student from the 
Machakos Dryland Station m Kenya currently studying at 
Purdue The ~dentificat~on of molecular markers wh~ch can 
be used to tag the high digestibil~ty tralt in sorghum wlll 
comprise the bulk of h ~ s  Ph D thesls research He is now 
evaluatmg breedmg materials and character~zmg them for 
protein digestibility, lysme content, and ~dentification of 
linked molecular markers The most favorable makers for 
t h~s  study wlll be SSRs (Smgle Sequence Repeats) Data 
from Gary Hart, In Texas, has been used In these stud~es 
along with molecular markers, which he kmdly prov~ded to 
Purdue for these studies 

Improve Forage Qualrty of Sorghum Stover 
for Better Rumrnant Anrmal Nutrrtron 

Chemically mduced brown midrib (bmr) mutants of sor- 
ghum [Sorghum bzcolor (L ) Moench] were characterized 
w~th regard to phenotype, fiber composrtlon, and in vitro 
dry matter disappearance (IVDMD) several years ago The 
recesslve bmr genes produced brown pigmentation in the 
leaf midrib and stem of mature plants Pigmentation varied 
among mutants in mtens~ty, time of appearance, and degree 
of fadmg as plants matured Ten of the 13 mutants had s~g-  
n~ficantly less stem l ~ g n ~ n  than therr normal counterparts 
Reductions in lignm ranged from 5 to 51% m stems and 
fiom 5 to 25% in leaves In the case of other fiber compo- 
nents, only occasional d~fferences were observed between 
normal and mutant plants Increases in IVDMD and 
IVCWCD of as much as 33 and 43%, respect~vely, were as- 
sociated with the presence of bmr genes Seed company re- 
searchers have now Incorporated one of our low l ~ g n ~ n  
brown m~dnb genes mto both parents of a sorghum x sudan- 
grass hybr~d Results on Improved palatability and perform- 
ance of the brown midrib cultwar have been excellent and 
commercial studies have shown the brown mldrib hybrid 
seed is producible on a commercial scale Currently, m vlvo 
stud~es confirm the higher dlgest~b~lity for dairy and beef 
an~mals that were seen m our earlier stud~es usmg in vltro 
tests In 1996, approximately one mill~on pounds of seed of 

the brown m ~ d r ~ b  sorghum-sudan hybrid was produced by 
just one company Th~s  company will produce seed to plant 
750 thousand acres in 1999 Other companies are in the pro- 
cess of converting the~r sorghum-sudan hybrids to brown 
midr~b types 

Trarn LDC and U S  Screntrsts m Plant Breedrng and 
Genetrcs with Specral Emphasrs on Exposure of Gradu- 
ate Students to the U S  Seed Industry 

Graduate student education continues to be an Important 
and vital activity of our INTSORMIL program A part~al 
listing of graduate students who have completed degrees 
with Purdue INTSORMIL support (Axtell, Ejeta, and Ha- 
maker) was presented in last years annual report Students 
can be div~ded Into roughly four categories accordmg to 
thelr current employment activit~es 

Academ~c Appo~ntments 7 
National Program Scientists 17 
Seed Industry Sc~ent~sts 13 
International Center Scientists 9 

A wide variety of employment opportun~ties are avail- 
able to INTSORMIL graduates and the above 11st reflects 
the range of opportunit~es for our students Many of these 
students are now m key pos~tions In the prlvate sector, na- 
tlonal research programs, lnternat~onal centers, and acade- 
mia It is noteworthy that Dr Ronald Cantrell, an 
INTSORMIL collaborator at Purdue, has recently been 
named Director General of the International b c e  Research 
Inst~tute (IRRI) The tratnlng at Purdue prov~des basic re- 
search skills and appl~ed practical plant breedlng experi- 
ence For example, one of our current graduate students, Mr 
Carlos Carvalho, fiom Brazil, has recently reported the first 
successful experiment on sorghum transformation uslng the 
agrobacterzum system A report of h ~ s  act~vities is a good 
example of the depth of research trainmg at Purdue wh~ch 
accompanies the practical field experience In sorghum 
breedmg His research was reported m June 1998 at the 
Th~rd Latm-Amencan Plant Biotechnology Symposium in 
Havana, Cuba The report is as follows 

"Sorghum transgenic plants were produced from imma- 
ture embryos co-cult~vated w~th Agrobacterrum tumefacr- 
ens LBA 4404 (pTOK233) Stable mtegratlon, expression 

and ~nher~tance of the transgenes were demonstrated by mo- 
lecular analysis of transformants m Rg and R, generations 
Among various factors that affected transient expression the 
use of Pluronic F-68 significantly Increased translent ex- 
pression after co-cultivation Translent GUS expression 
was useful dur~ng protocol optimization, though ~ t s  pattern 
was not uniform ~n transgenic tissues Histochemical GUS 
act~vity was h~gher in younger leaf tissue than ln older leaf 
tissue, and it was not detected in roots Overall, floral tissues 
had higher GUS activlty than the other tlssues " 
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A second example of significant research results 
achieved by this project was presented and a Ph D thesis 
awarded to Dr Issoufou Kapran m January 1998 This also 
reflects the quality of traming received by INTSORMIL 
students at Purdue His abstract follows 

"Maturity is a critical trait for better adaptahon and pro- 
ductivity of sorghum [Sorghum bicolor (L ) Moench] m 
stress envlronments where this crop 1s usually grown De- 
spite accrued knowledge of how genotypes with different 
matunty respond to environments, breeding efficiency is 
still lmited by poor characterization of mdividual quantita- 
tive trait loci (QTL) affectmg this trait The objective of this 
research was to identify factors of sorghum maturity 
through DNA marker association, and to determme thelr re- 
lationships with other mportant agronomic traits The 10% 
earliest and 10% latest maturing sorghum lmes were identi- 
fied m FGxM90812 (Cross 1) and MMxSEPON72 (Cross 
2) Parents and progeny were evaluated at one temperate lo- 
cation rn the US and six semi-and tropical locations rn Ni- 
ger For each cross, maturity (days to anthesis), plant height, 
and gram yield data were statistically analyzed considering 
six alternative groupmgs of locations Genetic variability 
for maturity and plant height was hlgh For gram yield how- 
ever there was significant genetic variability only m Cross 2 
under rainfed conditions of Niger Seventy-three random 
amplified polymorphic DNA (RAPD) and six slmple se- 
quence repeat (SSR) markers m Cross 1, and 62 RAPD 
markers m Cross 2, were used in smgle marker analyses In 
Cross 1, 17 of the 79 markers (22%) detected maturity loci 
with stable expression across envlronments Most of these 
markers also identified plant height factors m all envuon- 
ments, but gram yield and mamty  were related only when 
the temperate location was mcluded In Cross 2 four mark- 
ers out of 62 (6%) detected maturity factors m all envlron- 
mental settings In this cross, maturity influenced plant 
height and gram yield especially under ramfed conditions m 
Niger A set of 121 recombinant mbred lines (RIL) inde- 
pendently developed from Cross 1 was used to confirm as- 
sociation of six of the above DNA markers with maturity 
factors Four RAPD and two SSR collectively explained 
47% of the phenotypic variation for maturity m the RIL 
They mapped to one genomic segment defmmg the position 
of a putative QTL for maturity m sorghum " 

Networking Act~v~tles 

Workshops 

The West African Hybrid Sorghum and Millet Work- 
shop will be held September 27 -October 2,1998 A steering 
committee met in January 1998 to develop the program and 
identify potential speakers and attendees A steerrng com- 
mittee in W Africa has been assembled by INRAN to react 
to and to modify the program accordmg to the needs of W 
African National Research Program Scientists The focus of 
the workshop will be to build on a successful seed produc- 
tion effort of sorghum hybrid NAD- 1 durmg 1997 A total 

of eight tons of seed was sold m Niger m 1998 NAD-1 and 
several new hybrids were produced m Mexico last winter 
for demonstration plots at the Workshop Dr Kumar, from 
ICRISAT, will also demonstrate some pearl millet hybrids 
developed by his ICRISAT Program at the ICRISAT Sahe- 
lian Center (ISC) The seed production effort m 1998 in- 
volved a major effort by Dr Lee House, with McKnight 
Foundation and World Bank support, under the auspices of 
the Purdue INTSORMIL Project (PRF-203 and PRF-209) 
Dr House made three extended trips to Niger m 1998 and 
has documented progress on hybrld seed production m trip 
reports on file at the INTSORMIL/Niger Office at Purdue 
(Katy Ibrahim) 

A second workshop activity durmg 1998 was a training 
program conducted at the ICRISAT Sahelian Center in the 
Spmg 1998 by Lee House and Issoufou Kapran Trammg 
was on elements of hybrid seed production for INRAN and 
World Bank technicians m Niger This activity was very 
useful and productive durmg the growrng season and will 
definitely be repeated m the Spring of 1999 A practical 
trammg manual on hybrid seed production m Niger was pre- 
pared in English and French 

Research Investzgator Exchange 

A number of sorghum scientists from the U S and 
throughout the world were involved m exchanges during 
1997-98 Dr Robert Schaffert from the EMBRAPA pro- 
gram in Brazil 1s spending a one year sabbatical leave as a 
visiting professor at Purdue University Support is provided 
by EMBRAPA One of our mam activities has been to host a 
conference on the development of sorghum hybrids which 
are tolerant to the acid high alummum savannas in Brazil 
(CERRADO), held during the Sprmg 1998 A major topic 
of discussion was how to transfer the very successful expe- 
rience m Brazil to many problem soil areas in A&ca This 
workshop was supported by the Rockefeller Foundation 

Germplasm and Research Informatzon Exchange 

Numerous requests for germplasm and information were 
received and distributed to collaborators in Africa, South 
Asia, and Latrn America This includes sorghum genetic 
stocks and breedmg lines, and reprmts from INTSORMIL 
research at Purdue An important "HOW TO" manual on the 
elements of hybr~d seed production for Niger was produced 
m both English and French 

Inter-CRSP support provided significant research equip- 
ment for the cereal chemistry lab in Niger This includes a 
pilot couscous apparatus and funds for Dr Adam Abouba- 
car to attend training in France and installation of the equip- 
ment with French technicians m Niamey, Niger 
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Publlcatlons and Presentations 

A very useful practical tralning manual on hybrid seed 
production was published in French and English for use in 
traming activities m Nlamey, Niger Other publications in- 
clude the following 

Axtell, J D I Kapran Y Ibrahlm G Ejeta. and D Andrews 1998 
Heterosls rn sorghum and pearl mlllet Coors J (ed )The Genetlcs and 
Exploltat~on of Heteros~s ~n Crops CIMMYT Press Mexrco City 
Mexlco 

Kapran I J Axtell G Ejeta, and T Tyler 1998 Expression of Heteros~s 
and Prospects for Marketing of Sorghum Hybr~ds m Nlger Coors, J 
(ed ) The Genetlcs and Exploltatlon of Heterosls a Crops CIMMYT 
Press Mexlca Clty, Mexrco 

Orla, M P , B R Hamaker and J D Axtell 1998 A hlghly dtgestlble 
sorghum cultrvar exh~b~ts  a unlque folded structure of endosperm 
protein bodres Proc Natronal Academy of Sciences USA (In Press 
1998) 

Weaver C B Hamaker, and J D Axtell 1998 D~scovery of gram 
sorghum germplasm wrth hlgh uncooked and cooked ~n vrtro proteln 
d~gest~b~llty Cereal Chem (In Press) 

Carvalho C H S U B Zehr N Gunaratna T K Hodges and J D Axtell 
1998 Genetlc transformation of sorghum vla Agrobacterrum 
tumefacrens Thlrd International Plant Brotechnology Symposrum 
Havana, Cuba 

Kapran Issoufou 1998 Quantltatlve tra~t locr for sorghum maturlty and 
then Influence on agronomic traits rn dlverse growing environments 
Ph D thes~s Purdue Unlverslty W Lafayette IN 

Hamaker B M P Orla C A Weaver and J D Axtell 1997 Improved 
sorghum nutrltronal qualrty In Proceedings lnternat~onal Symposium 
on Quality Protern Ma~ze 1964 1994 Sete Lagoas Brazll 

Hamaker B R J D Axtell, and J D Hancock 1997 Nutnt~onal qualtty of 
sorghum and pearl mrllet Proc Internattonal Conference on Genetrc 
Improvement of Sorghum and Pearl Mlllet Lubbock TX Sept 1996 
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Development and Enhancement of Sorghum 
Germplasm wlth Sustained Tolerance 
to Drought, Strzga, and Gram Mold 

Project PRF-207 
Geb~sa Ejeta 

Purdue Un~vers~ty 

Principal Invest~gator 

Dr Gebisa Ejeta, Department of Agronomy, Purdue University, West Lafayette, IN 47907 

Collaborating Scientists 

Dr Osman Ibrahim El Obeid, Sorghum Breeder, ARC, Sudan 
Dr Mohamed El Hilu Omer, Sorghum Pathologist, ARC, Sudan 
Dr Aboubacar Toure, Sorghum Breeder, IER, Bamako, Mali 
Dr Issoufou Kapran, Sorghum Breeder, INRAN, Niamey, Nlger 
Dr Ouendeba Botorou, Millet Breeder, INRAN, Niamey, Niger 
Dr Aberra Debello, Sorghum Breeder, IAR, Ethiopia 
Dr Aberra Deressa, Agronomist, IAR, Ethiopla 
Mr C K Kamau, Sorghum Breeder, KARI, Kenya 
Dr Peter Esele, Plant Pathologist, NARO, Uganda 
Mr Tesfamichael Abraha, Agronomist, DARE, Erltrea 
Dr John Axtell, Agronomy Department, Purdue University, West Lafayette, IN 
Dr Peter Goldsbrough, Department of Horticulture, Purdue University 
Dr Mitchell Tuinstra, Department of Agronomy, Kansas State University 
Dr Darrell Rosenow, Texas A&M Univers~ty Agricultural Research Center, Route 3, Lubbock, TX 
Professor David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr Kay Porter, Pioneer HiBred International, Plamvlew, TX 

Summary 

Breeding sorghum varieties and hybrids for use in devel- 
oping countries requires proper recognition of the major 
constraints limiting production, knowledge of germplasm, 
and an appropriate physical environment for evaluat~on and 
testlng Successful breeding efforts also requlre knowledge 
of mode of inheritance and association of traits that contnb- 
Ute to productlvity as well as tolerance to biotic and abiotic 
stresses Research and germplasm development activities in 
PRF-207 attempt to address these essential requirements 

PRF-207 addresses three major constraints, namely 
drought, Strzga, and grain mold that llrnlt productivity of 
sorghum In many areas of the world Over the years slgnlfi- 
cant progress has been made in each ofthese areas Superior 
raw germplasm have been identified, mode of Inheritance 
established, chemical and morphological traits that contnb- 
ute to productlvity and stress tolerance have been ldentlfied, 
and gene sources have been placed In improved germplasm 
background, many of which have already been widely dis- 
tributed 

In year 19, we report on the results of two major studies 
conducted under PRF-207 that were recently published 
The first study involves an evaluatlon of near-isogenic sor- 

ghum lines contrasting for quantitative trait loci (QTL) 
markers associated with drought tolerance Following our 
earlier findings of several QTL markers associated with 
drought tolerance, we developed isogenic lmes to test the 
phenotypic effects of three genomic regions associated with 
various measures of agronomic performance m drought and 
non-drought environments In most cases near-isogenic 
lines (NILS) contrasting for a specific locus differed in phe- 
notypes as predicted based on earlier QTL analysis Further 
analysis indicated that differences m agronomic perform- 
ance may be associated with a drought tolerance mechanism 
that also Influences heat tolerance 

In the second study we tested the use of molecularmark- 
ers to assess genetic diversity and taxonomic relationships 
m collections of sorghum germplasm Traditionally, sor- 
ghum germplasm are classified Into taxonomic groups 
based mainly on morphology of the inflorescence (grain 
shape, glume, and panicle shape) Considering that the pani- 
cle of sorghum is only a small portion of the total genome of 
the species, it is perhaps unwise to base total differentiation 
of the specles on such a limited component of the genome 
In an evaluation of 190 entries, we detected a hlgh level of 
genetic variation among genotypes Partitioning the genetlc 
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variation in cultivated sorghum revealed that 86% of the to- 
tal genetlc variation occurred among accessions and 14% 
among races Examlnmg the degree of association among 
accessions with their geographic areas of origin, we found 
that, contrary to our expectation, only 13% of the total ge- 
netic varlatlon was attributable to hvergence among re- 
gions This is perhaps due to our global samplmgthat lacked 
sharp differentiation of areas of special adaptation for the 
crop Desplte such lmited differentiation among races or re- 
glons, Random Amplified Polymorphic DNA (RAPD) 
markers successfully identified races and regions with 
maxlrnum genetic dlverslty We believe that molecular 
markers may optimize sampling ofgenet~cally divergent ac- 
cessions for lntrogression into breeding pools 

Traznrg Networkrng and lnstrtutronal Development 

To provlde graduate and non-graduate education of U S 
and LDC sclentists in the area of plant breedlng and ge- 
netics 

To develop liaison and facilltate effective collaboration 
between LDC and U S sorghum and millet sc~entists 

To encourage and facilitate positlve institutional 
changes in research, extension and seed programs of col- 
laboratlng countr~es involved in sorghum and mlllet re- 
search and development 

Research Approach and Project Output 
Objectives, Production and Utlllzatlon Constraints 

Research Methods 

Research 

TQ study the inhentance of traits associated with resis- 
tance to drought, Strzga, pests, and diseases of sorghum 
andfor mlllets 

To elucidate mechanisms of resistance to Strzga, drought 
and diseases of sorghum andlor millets 

To evaluate and adapt new blotechnological techniques 
and approaches m addressmg sorghum and millet con- 
stralnts for which conventional approaches have not 
been successful 

Germplasm Development Conservatron 
and Dzversrty 

To develop sorghum varieties and hybrids with m- 
proved yield potential and broader environmental adap- 
tation 

To develop and enhance sorghum germplasm with m- 
creased levels of reststance to drought, Strzga, diseases, 
and Improved quallty characterlstlcs 

To assemble unlque sorghum germplasm, and to encour- 
age and facilltate free exchange of germplasm between 
U S and LDC sclentists and lnstitutlons 

To assess applicability of various statistical and DNA 
fmgerprmting technologies for evaluating genomic slmi- 
larity or for discemmg genetic diversity of sorghum and 
mlllet germplasm pools 

The research efforts of PRF-207 are entlrely mterdlscl- 
plmary The on-campus research at Purdue IS m close col- 
laboratlon with colleagues in several departments We 
undertake basic research m the areas of biotlc and ablotic 
stresses where a concerted effort is underway in elucidating 
the biochemical and genetic mechanism of resistance to 
these constraints Fleld and laboratory evaluations of sor- 
ghum and millet germplasm are coordinated, the results 
from one often complimenting the other In addition, there 
have been collaborative research efforts wlth colleagues in 
Africa where field evaluation ofjolnt experiments are con- 
ducted 

Our germplasm development and enhancement program 
utllizes the wealth of sorghum and mlllet germplasm we 
have accumulated m the program Intercrosses are made in 
specific combmations and populations generated via con- 
ventional hybridization techniques, through mutagenesis, 
or through tissue culture in vitro Conventional progenies 
derived from these populations are evaluated both in the 
laboratory and m the field at West Lafayette, Indiana for an 
array of traits, including high yleld potentd, grain quahty, 
as well as certain chemlcal constituents that we have found 
to correlate well with field resistance to pests and diseases 
We also evaluate our germplasm for tropical adaptation and 
disease resistance during the off-season at the USDA Tropl- 
cal Agricultural Research Center at Isabella, Puerto h c o  
Selected progenies from relevant populations are then sam- 
pled for evaluation of specific adaptation and usefilness to 
collaborative programs m Sudan, Niger, and more recently 
Mali Evaluation of the drought tolerance of our breeding 
materials have been conducted at Lubbock, Texas in col- 
laboration with Dr Darrell Rosenow, m a winter nursery at 
Puerto Vallarta, Mexico, as well as the University of Ari- 
zona Dryland Station at Yuma, Arizona Over the years, as- 
sistance m field evaluation of nurseries has also been 
provided by industry colleagues particularly at Pioneer Hi- 
Bred and DeKalb Genetics 
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The tralnmg, networking and ~nstitutional development 
efforts of PRF-207 have been provided through graduate 
educat~on, organization of special workshops and symposia 
as well as d~rect and closer interact~on with research scien- 
tists and program leaders of NARS and associated pro- 
grams Much of the effort in thls area has been pr~marlly in 
Sudan and N~ger, wlth llrnited actlvlty in Mali and some in 
Southern Africa through SADC/ICRISAT 

Research Fzndings 

Development and Analys~s of Near-Isogen~c 
Sorghum L~nes  Contrasting for QTL 

Markers Assoc~ated w ~ t h  Drought Tolerance 

We have been conducting a genetlc research program di- 
rected at developmg a better understand~ng of drought toler- 
ance In sorghum We have ident~fied several QTL 
assoc~ated w~th  drought tolerance in a recombinant inbred 
population specifically developed for this purpose Never- 
theless, detalled analysis of QTL in such segregatmg popu- 
lations is hlndered by two problems Flrst, the mappmg of 
quantitative trait loci in segregatmg population has lim~ted 
resolution LOCI associated w~th  the expression of a QTL 
can be mapped with aprecision of some 10-20 cM, but addl- 
tional experments are requlred to obtaln more preclse map 
information Second, phenotypic evaluation of a trait condl- 
tioned by a QTL IS often confounded by variability resulting 
from segregat~on of other loci that influence the same trait 
Both of these problems can be addressed by utilizmg NILs 
The location of a QTL can be narrowed to a smaller interval 
by evaluatlng a series ofNILs that differ for overlapping re- 
gions ofthe genome mdicated by QTL analysis A compari- 
son of these NILs can be used to map a QTL to a smaller 
genomic interval NILs can also be used for phenotyp~c 
analysis of specific QTL, offering a common genetic back- 
ground in which direct comparison of two lines can be used 
to evaluate the phenotype conditioned by a QTL In this 
study, we report on the development and evaluat~on of near 
isogenic llnes with the objectlve of assessing specific ef- 
fects of QTL associated w ~ t h  pre- and post-flowering 
drought tolerance in sorghum 

In a series of experments, we identified loc~ associated 
with drought tolerance In sorghum by QTL analysis in a set 
of 98 recombmant Inbred (RI) lines derived from a cross be- 
tween two sorghum mbred lines with contrastlng reactions 
to drought stress RAPD and restriction fragment length 
polymorphism (RFLP) markers were scored for segregation 
according to standard procedures and the markers ordered 
into a linkage map uslng the MapMaker program The RI 
llnes were evaluated for phenotypic d~fferences In drought 
tolerance In pre-flowering and post-flowermg drought envi- 
ronments m Mexico and Yuma, Ar~zona QTL associated 
with drought tolerance durmg the pre-and/or post-flowermg 
stages were ~dentlfied by single factor analysis Several ge- 
nomic reglons associated w ~ t h  pre and post-flowering 
drought tolerance were identified We developed a set of 98 

heterogenous inbred family (HIFs) from the orlglnal RI 
llnes and were screened w~th  RAPD markers to ident~fy 
families segregatlng at marker l o c ~  assoc~ated with drought 
tolerance A RAPD marker associated with each target QTL 
was used to test eight progeny lmes from each of the HIFs 
Three HIFs with segregating progeny were identified for 
each of the three RAPD markers tested Four NILs were se- 
lected from the progeny of each segregatlng HIF so that both 
parental alleles of the segregatmg marker were represented 
by two llnes These NILs were further evaluated for the seg- 
regation of molecular markers flankmg the target marker to 
determine the extent of the genomlc region dlfferentiatlng 
each set of NILs 

QTL analysis indicated several genomlc reglons assocl- 
ated with pre-flowermg and post-flowering drought toler- 
ance Phenotyp~c evaluation of NILs indicated large 
differences in yield and seed weight assoc~ated with each 
QTL marker ( Table 1) 

Table 1 Mean y~eld and seed we~ght of NILS contrast- 
lng at three marker l oc~  

Yleldl Seed we~ght 
Marker Genotype' kg ha g (100 seed) 

NILs contrastlng at marker tM5175 d~ffered in average 
y~eld by more than 1 lOOkg per ha NILs contrastlng at 
tH19150 differed by more than 700kg per ha over the seven 
envlronments in this study NILs contrastmg for t3291132 
also differed m yield but differences assoc~ated with this 
marker were not as large NILs contrastmg for marker 
t3291132 differed ~n seed weight by more than 0 25g per 100 
seed These effects were consistent with results predicted 
from earher QTL analysrs As expected, envlronments and 
environmental interactions were mportant and significant 
sources of varlabllity We were particularly mterested m the 
significant genotype x envlronrnent Interaction observed 
for yield and seed welght In NILs contrastlng at tM5175 For 
a QTL assoc~ated w~th  drought tolerance, a genotype x 

marker lnteraction should be expected Llnes and HIFs were 
also significant sources of vanab~lity, particularly in NILs 
contrasting at markers tH19150 and t3291132 The marker 
genotype effect was of interest in thls study and was quite 
large for most markers, although the test for significance of 
the genotype maln effect was not stat~stically significant 
perhaps because of the smgle degree of freedom in our ex- 
perlment 

An analys~s of individual sets of NILs was more effec- 
tive for evaluatlng marker effects because a pooled error 
could be used to test the significance of the genotype main 
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effects NILs contrasting for markers tM5175 and tH19150 
differed conwently and signlficantly in yleld In each set of 
NILs, the B35 marker allele was assoclated with higher 
yield One set of NILs each contrasting at tH19150 or 
tM5175 also dlffered m seed weight These dlfferences were 
consistent with marker associations observed previously in 
our earlier QTL analysis Phenotypic differences associated 
w~th each marker were generally consistent across drought 
and non-drought environments (Table 2) NILs contrasting 
at tM5175 differed signlficantly in gram yield across envl- 
ronments In each case, the marker allele derived from the 
B35 parental line was associated with higher grain yield 
Differences in plant water status were evaluated in pre- 
flowering drought environments One set of NILs contrast- 
mg at the tM5/75 marker differed in xylem pressure poten- 
tial (XPP) under pre-flowering drought Slmilar differences 
in XPP were also noted in other sets of NILs contrasting at 
tM5175, but these were not significant In each case, a more 
favorable plant water status was associated with lower grain 
yield This suggests that the mechanism contributing to ~n 
creased gram yleld results in a less favorable water status 
Each set of NILs contrasting for this marker dlffered for a 
genomic region ~ncludlng tM5175 and tE81102 Consistent 
dlfferences m phenotype across NILs clearly indicate that a 
major QTL influencing yleld and XPP is contained m this 
genomic reglon NILs contrasting at tH19150 expressed dif- 
ferences in yleld, seed weight, stay green, and xylem water 
potential (Table 2) In each case, the B35 parental allele was 
agam assoclated with hlgher grain yleld NILs contrasting at 
t3291132 dlffered consistently in seed weight As expected, 
the largest dlfferences in seed welght were observed in the 
post-flowering drought experiments and in each case the 
B35 parental allele was assoclated with hlgher seed welght 

These dlfferences were consistent with the results of our 
previous QTL mapplng study 

Physiological changes involved m respiration and syn- 
them of ethylene durlng conditioning were compared in 
seeds that dlffer in basal moisture content before condltlon- 
mg The evolution of C02, ACC oxidase activity (penulti- 
mate enzyme in the ethylene synthetic pathway) and 
germination decreased for seeds when pre-conditioning 
seed moisture content was hlgh The actlvity of ACC oxi- 
dase decreased when seeds were soaked in water for long 
periods (3-5 months) The germination percentage ofStrrga 
seeds also decreased proportionately 

Thls study 1s one of the first examples in which QTL as- 
sociated wlth the expression of grain yield and agronomic 
performance under drought have been studied in near- 
isogenic llnes The expression of drought tolerance QTL 
was found to be strongly Influenced by the environment and 
the genetic background in whlch they were evaluated Nev- 
ertheless, we belleve that focusing research efforts on spe- 
cific genomic regions associated with drought tolerance 
holds promlse for developing a clear understanding of the 
physiology and blochemistry assoclated with this complex 
trait 

Assessment of Genetlc Dlverslty 
In Sorghum Uslng Molecular Markers 

Analyses of the extent of and dlstnbution of genetic 
variation m a crop are essential in understanding the evolu- 
tionary relationships between accessions and to sample ge- 
netic resources m a more systematic fashion for breeding 

- -- - - - - -- 

Table 2 Analys~s of y~eld, seed weight, stay green, and leaf water potentlal In NILS tested in non-drought, post- 
flowerrng drought, o r  pre-flowertng drought environments 

** ***  Stgn~ficant at 0 05 0 01 and 0 001 level respect~vely 
0 = B35 1 + TX7078 
Non drought = Imgated Mexlco and Anzona Ind~ana 

Marker H IF Cienotype1 
,MY75 I 0 

1 

2 0 
1 

3 0 
1 

1 0 
1 

2 0 
1 

3 0 
1 

1 0 
1 

2 0 
1 

3 0 
1 

Non droughtZ 
Y~eld Seed we~ght 
kg ha g (100 seeds) 
4417*** 2 83 
2851 2 71 
3649** 2 58 
2402 2 52 
5S05*** 2 78* 
4554 2 93 
3830*** 2 76*** 
2>33 3 15 

2938 2 42* 
2664 2 54 
4392 2 56 
4152 2 54 
4351*** 2 68*** 
3409 2 42 
3842 2 62 
3612 2 44 
3192** 2 64*** 
3792 2 39 

Post flowenng drought 
Y~eld Seed we~ght Sta green 
kg ha g (100 seeds) ?to 5 
3982** 2 77 2 66** 
3064 2 88 3 09 
3522* 2 58 3 06 
2549 2 68 3 03 
4600 2 66*** 2 75 
4287 3 30 2 69 
4172** 2 94' 3 34' 
2644 3 25 3 81 
2575 2 32*** 2 25** 
2503 2 68 2 72 
4176 2 72 2 75 
3735 2 56 2 75 
33481 2 56 2 84 
2636 2 42 2 56 
3606 2 81" 3 41 
3166 2 37 3 59 
2940** 2 71*** 2 75' 
3737 2 41 3 03 

Pre flowering drought 
Y~eld XPP 
kg ha ' MPa 
2826** 1 37 
2186 1 30 
2367* 1 56' 

1491 1 45 
3625 1 47 
3102 1 45 
2814** 1 55 
1360 155  
1934 147** 
1828 1 59 

3133 1 54 
2567 1 59 
2781** 1 63 
2073 1 53 
2696' 155  

2386 155  
2052* 
2456 1 57 
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and conservation purposes Traditionally, genetic resources 
in sorghum are classified by taxonomists based on morpho- 
logical markers However, these morpholog~cal tralts used 
in classification of sorghum to different races are condi- 
tioned by a relatively small number of genes On the other 
hand, important traits which are related to habitat adaptation 
and exhibit enormous variability among sorghum germ- 
plasm are complex and quantitatively inherited Hence, 
classifyrng germplasm accessions based solely on a few dis- 
crete morphological characters may not provide an accurate 
indication of the genetic divergence among the cultivated 
genotypes of sorghum In this study, we used molecular 
markers to analyze genetic diversity in cultivated races of 
sorghum We hypothesize that both natural and human se- 
lection efforts have contributed to current genetic differ- 
ences in sorghum, and hence landraces of the same race 
grown in different habitats may have greater genetic dis- 
sim~larity than those of different races from the same habi- 
tat 

We sampled 190 sorghum accessions from five major 
cultivated races of sorghum, namely bicolor, guinea, cauda- 
turn, kafir, and durra Thirty e~ght accessions representing 
each race were randomly selected from the world collection 
of sorghum maintained at the International Crop Inst~tute of 
the Semi-Arid Tropics (ICRISAT) Access~ons from bz- 
color caudatum durra guznea and kaJi~ represented 30, 
32, 3 1, 28, and 13 countries, respectively The 190 acces- 
sions were divided into 38 sets, in each of which five ran- 
domly selected accession from all five maln cultivated races 
of sorghum were included to ensure parallel comparison of 
races on gels and minimize biases while scoring marker 
products A total of 82 primers were used for DNA amphfi- 
cation but only 53 pnmers produced clearly scorable bands 
generating 220 bands across all sorghum accessions 

A high level of genetic variation was detected among 
sorghum accessions The results also Indicated that genetic 
diversity with~n a race was high for race bzcolor and guznea 
and low for race kaJir (Table 3) Partitioning the genetic 
variation further revealed that 86% ofthe total genetic vana- 
tion occurred among accessions and 14% among races We 
also examined the degree of association of accessions w~th  
their geographic areas of origin (Table 4) The results indi- 
cated that only 13% of the total genetic variation was attrib- 
utable to divergence among regions In spite of the lim~ted 
differentiation among regions, the extent of genetic d~ver- 
sity within and among regions showed some trends Though 
represented by a large number of accessions, Southern Afn- 
can germplasm exhibited the least amount of genetic diver- 
s~ty, suggesting a narrow genetic base of accessions from 
this region By contrast, West Africa exh~bited a high level 
of genetic diversity with a least number of accessions Ge- 
netic diversity in Central and Eastern Africa as well as ac- 
cessions from the Middle East was as high as that observed 
in accessions from West Africa In conclusion, our data sug- 
gest that molecular markers are suitable to assess genetic di- 
versity and to identify diverse sources in crop germplasm 
collections In particular, genetic distance estimates deter- 
mined by molecular markers help identify suitable germ- 
plasm for introgression into breeding stocks Selecting the 
most divergent accessions for introgression may increase 
the chances for extracting suitable inbred lines from back- 
cross populations Such inbred lines may, in turn, become 
useful sources of favorable alleles to improve the productiv- 
~ t y  of varieties and hybrids 

Table 3 Mean genetic d~stance est~mates calculated from 162 polymorph~c RAPD bands for all p a ~ r s  of accessions 
from e~ther  one o r  two cult~vated races of sorghum 

Races B~color Caudatum Durra Guinea Kaiir 
B~color 0 363bl 0 355b 0 349c 0 381c 0 35% 
Caudatum 0 355ab 0 330a 0 337b 0 362ab 0 339b 
Durra 0 349a 0 337a 0315a 0 367b 0 365c 
Gu~nea 0 381c 0 3621, 0 367d 0 354a 0 381d 
Kafir 0 358ab 0 339a 0 365d 0 381c 0 254a 

Means w ~ t h ~ n  a column followed by the same letter d ~ d  not d~ffer from each other at a = 0 05 level based on Tukey s honest slgntficant difference test Symmetrical 
dlstance estlmates were presented to fac~l~tate companson w~thln a column 

Table 4 Mean genet~c distance estimates calculated from 162 polymorph~c RAPD bands for all paws of accessions 

from e~ the r  one or  two geograph~c reglons of origln 

Regions Far and M~ddle East Central and Eastern Afr~ca Southern Afrlca Western Afr~ca 
Far and Middle East 0 350a1 0 357bc 0 356c 0 375b 
Central and Eastern Africa 0 357a 0 353ab 0 348b 0 365aq 
Southern Afr~ca 0 356a 03458a 0 305a 0 374b 
Western Africa 0 375b 0 365c 0 374d 0 358a 

Means w ~ t h ~ n  a column followed by the same letter &d not d~ffer from each other at o = 0 05 level based on Tuhey s honest s~gnlficant d~fference test Symmetr~cal 
d~stance estlmates were presented to fac~lltate compar~son w ~ t h ~ n  a column 
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Networking Act~vitles Germplasm Exchange 

Workshop and Program Reviews We contlnue to provide an array of sorghum germplasm 

Traveled to Eastern Africa to visit NARS in the region 
with INTSORMIL Dlrector, Dr John Yohe and held discus- 
sions leading to the establishment of an INTSORMIL Re- 
gional Collaborative Research Program in the Horn of 
Africa, June, 1997 

Served as chair of the organizing committee of an INT- 
SORMIL/ Horn of Africa Traveling workshop The week 
long traveling workshop was attended by three scientists 
from Kenya, two from Eritrea, one from Uganda, scientists 
from the Ethiopian Institute of Agricultural Research, four 
INTSORMIL prmcipal mvestigators, and an associate pro- 
gram dlrector 

Attended and participated In the 1997 World Food Prize 
Symposium, 16-17 October, 1997, Des Momes, Iowa 

Served as Visitmg Faculty, University of Wisconsm, 
Summer Institute for African Agricultural Research, June 
1998 

Participated in African Dissertation Internship Awards 
Selection, Rockefeller Foundation, November 1997, and 
April 1998 

Attended the American Society of Agronomy National 
Meetings, Anaheim, California, October, 1997 

Participated m Pioneer HI-Bred In-house Review of 
Pubhc/Private Plant Breedlng Programs, April 1997, Des 
Moines, Iowa 

Research Investigator Exchange 

Interactions with pubhc, private, and international sor- 
ghum research scientists continues to be an mportant M c -  
tion of PRF-207 The followmg mdlviduals v~sited our 
program or worked in our laboratory durlng the project 
Year 

A large number of sorghum scientists from the U S and 
around the world visited our sorghum research program, 
field and laboratory facilities, on the way to and from the In- 
ternational Sorghum and Millet Genet~c Conference in Sep- 
tember, 1997 

We were also visited by the new Dlrector General of IC- 
RISAT, Dr Shawki Barghouti, where current state of ICRI- 
SAT and future collaborative possibilities with Purdue were 
discussed 

from our breedlng program to national research programs m 
developing countries Our germplasm is provided m either a 
formally organized nursery that is uniformly distributed to 
all collaborators that show Interest or upon request by a na- 
tional program of specific germplasm entries or groups 
from or germplasm pool Germplasm was distributed to co- 
operators rn over 15 countries m 1997 

Refereed Papers 

Menkrr A P B  Goldsbrough and G Ejeta 1997 RAPD based 
assessment of genetrc drverslty ~n cultrvated races of sorghum Crop 
SCI 37 564 569 

Turnstra, M G Ejeta and P Goldsbrough 1997 Heterogenous Inbred 
Famrly (HIF) Analys~s A Method for Developrng Near Isogenrc Lmes 
that Drffer at Ouantrtatrve Tra~t LOCI Theor ADDI Genet 95 1005 . . 
1011 

Tumstra, M E Grote P Goldsbrough and G Ejeta 1997 Genetrc 
Analys~s of Post flowerrng Drought Tolerance and Components of 
Grarn Development In Sorghum Mol Breedlng 3 439 448 

Mohammed A H G Ejeta, L G Butler andT L Housley 1997 Morsture 
Content and Dormancy In Strlga aslatrca seeds Weed research (In 
Press) 

Turnstra, M G Ejeta, and P Goldsbrough 1997 Evaluat~on of Near 
Isogen~c Sorghum Llnes Contrast~ng for QTL Markers Assoc~ated w~th 
Drought Tolerance Crop Scr (In Press) 

Conference Proceedzngs 

Rosenow D T G Ejeta, L E Clark M I Grlbert R G Henzell A K 
Borrell and R E Muchow 1997 Breedlng for Pre and Post flowerrng 
drought Stress Resrstance In Sorghum p 400 41 1 InRosenow et al 
(eds) Proc Internatronal Conference on Genetlc Improvement of 
Sorghum and Mrllet, 22 27 September Lubbock Texas 

Andrews D J G Ejeta M Grlbert, P Goswamy A Kumar A B  
Maunder k Porter K N  Ral J F  Rajewskr B V Reddy W 
Stegmerer and B S Talukdar 1997 Breedrng Hybrrd Parents p 173 
187 In Rosenow et a1 (eds) Proc Internat~onal Conference on Genetlc 
Improvement of Sorghum and Mrllet, 22 27 September Lubbock 
Texas 

Turnstra, M R P Goldsbrough and G Ejeta 1997 Analys~s of Drought 
Tolerance In Sorghum Mapprng of Quant~tatlve Trart LOCI and Therr 
Evaluatron ~n Near Isogenrc Lrnes p 425 428 In Rosenow et a1 (eds) 
Proc Internatronal Conference on Genet~c Improvement of Sorghum 
and Mlllet 22 27 September Lubbock Texas 

House L R B N Verma, G Ejeta B S Rana, I Kapran A B Obrlana, 
andB V S Reddy 1997 Developrng Countr~esBreedrng andpotenbal 
of Hybr~d Sorghum p 84 96 In Rosenow et al (eds) Proc 
Internat~onal Conference on Genet~c Improvement of Sorghum and 
Mrllet 22 27 September Lubbock Texas 

Ejeta G L G Butler D E Hess T Obrlana, and B V S Reddy 1997 
Breedlng forshlga Resrstance In Sorghum p 504 5 16 In Rosenow et 
al (eds) Proc Improvement of Sorghum and Pearl Mlllet 22 27 
September Lubbock Texas 

Butler L G G Ejeta, A G Bab~ker and D E Hess 1997 Strzga Host 
Relat~onsh~ps and Therr Role rn Definlng Resistance p 490 504 In 
Rosenow et a1 (eds) Proc Improvement of Sorghum and Pearl Mrllet, 
22 27 September Lubbock Texas 

Axtell J D I Kapran Y Ibrahun G Ejeta, L House B Maunder and D 
Andrews 1997 Heteros~s In Sorghum and Pearl Mlllet Paper 
presented at the Internatronal Conference on the Genet~cs and 
Explo~tat~on of Heterosrs In Crops CIMMYT Mex~co 
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Published Abstracts 

Kapran I J Axtell G Ejeta, and T Tyler 1997 Expresston ofHeterosts 
and Prospects for Marketrng of Sorghum Hybrrds tnN~ger Presented at 
the Internatronal Conference on the Exploltatron of Heterosts and rn 
Crops CIMMYT Mextco 

Invzted Research Lectures 

Ejeta, G 1997 Strategtes tn breedrng sorghum for stress tolerance 
Presented atthe Summer Instttute for A~rrcultural Research June 8 14 - 
Unrv of Wlsconsln Madtson 

Ejeta, G 1997 Interdrsctpltnary collaboratrve research rn sorghum and 
mlllets Presented at the Greater Horn of Afrlca INTSORMIL 
Travelrng Workshop Sept 22 Oct 5 Nazret Ethropra 

Ejeta G 1997 Response to the Sasakawa Global 2000 Program 
Presentatron Presented at the 1997 World Food Prtze Symposrum 
Food Securrty and the Future of Sub Saharan Afrtca Oct 17 18 Des 
Momes Iowa 

Ejeta, G 1997 Agr~cultural Research Populatron and Global Food 
Productton Presented at the HOBY World Leadership Congress July 
21 Purdue Unlversrty West Lafayette Indrana 

Ejeta, G 1997 Breedrng for Shrga Resrstance rn Sorghum Specral 
Semrnar Purdue Unlversrty Dec 11 Purdue Untverstty West 
Lafayette Indrana 
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Germplasm Enhancement for Resistance 
to Pathogens and Drought 

and Increased Genetlc Divers~ty 

Project TAM-222 
Darrell T Rosenow 

Texas A&M Unlvers~ty 

Principal Investigator 

Darrell T Rosenow, Sorghum Breeder, Texas A&M Agricultural Experiment Station, Route 3, Box 21 9, Lub- 
bock, TX 79401-9757 

Collaborat~ng Scientists 

Mr Sidi Bekaye Coulibaly, Agronomy/Physiology and Breeding, INTSORMIL Host Country Coordinator, 
IER, B P 438, Sotuba, Bamako, Mali 

Dr Aboubacar TourC, Sorghum Breeder, IER, B P 438, Sotuba, Bamako, Mali (Post-Doc Fellow at Texas 
A&M/Texas Tech University, January, 1996 thru June, 1998) 

Mr Hector Sierra, Sorghum Breeder, Escuela Agricola Panamericana, PO Box 93, Tegucigalpa, Honduras 
Dr Aberra Debello, Sorghum Breeder, Nazret Research Station, PO Box 436, Nazret, Ethiopia 
Dr R A Frederiksen, Plant Pathologist, TAM-224, Department of Plant Pathology, Texas A&M University, 

College Station, TX 77843 
Dr G C Peterson, Sorghum Breeder, TAM-223, Texas A&M Research and Extension Center, Lubbock, TX 

7940 1-9757 
Dr W L Rooney, Sorghum Breeder, Department of Soil & Crop Sciences, Texas A&M University, College 

Station, TX 77843 
Dr L W Rooney, Cereal Chemist, TAM-226, Department of Soil & Crop Sciences, Texas A&M University, 

College Station, TX 77843 
Dr R D Waniska, Cereal Chemist, TAM-226, Department of Soil & Crop Sciences, Texas A&M University, 

College Station, TX 77843 
Dr G N Odvody, Plant Pathologist, TAM-228, Texas A&M University Agricultural Research and Extension 

Center, Corpus Chnsti, TX 78406 
Dr G L Teetes, Entomologist, TAM-225, Department of Entomology, Texas A&M University, College Sta- 

tion, TX 77843 
Dr Gebisa Ejeta, Sorghum Breeder, PRF-207, Department of Agronomy, Purdue University, West Lafayette, 

IN 47907 
Dr H T Nguyen, Molecular Biologist, Department of Plant and Soil Science, Texas Tech University, Lubbock, 

TX 79409-2122 

Summary 

The principal objectives of TAM-222 are to identify and 
develop disease resistant and drought resistant sorghum 
germplasm in genetically diverse backgrounds for use by 
host country and U S scientists, to identify, evaluate, and 
utilize new elite exotic germplasm, and to collaborate with 
host country scientists in all aspects of their crop improve- 
ment programs The disease and drought resistance breed- 
ing program continued to develop germplasm for use in the 
U S and host countries New cultivars were Introduced into 
the U S and evaluated for useful traits Thlrty new fully 
converted exotic lines and partially converted bulks from 
the cooperative TAMU-TAESIUSDA-ARS Sorghum Con- 
version Program were released in June 1998 

The Mali Sorghum Collection growout in Mali was suc- 
cessful with characterization completed on all but the late- 
maturing entries Selfed seed was obtalned on essentially all 
entries, and seed of most entries (over 2,000) has been sent 
to the NPGS in the U S Candidates for a small Working 
Group representative of the divers~ty were identified There 
was considerably more diversity in the Collection than ex- 
pected 

Performance of stay green vs non-stay green hybrids un- 
der severe post-flowering moisture stress showed that the 
stay green trait dramatically reduced lodglng and the stay 
green hybrlds produced an average of 1500 lb/acre more 
than the non-stay green hybrids Performance data of these 
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same hybr~ds under non-stress high yield conditions 
showed that the stay green hybrids have a yield potential 
equal to that of non-stay green hybrmds 

The white-seeded, tan-plant, guinea type breedmng culti- 
var named N'tenimissa continued to look prommsing for 
yield and adaptation In on-farm trlals in Mall Grain quallty 
evaluations indicate that the grain has good food qualmty 
traits for various products It should be useful in Mali and 
West Africa as an improved gumeense type sorghum wmth 
gram that has unproved quality for use in value-added com- 
mercial food products Several new white, tan true Guinea 
type breedmg lmes were identified, mnclud~ng 96CZF4-98 
and -99 and looked promising in yield trials 

Objectmes, Product~on and Utilmzatmon Constraints 

Develop agronommcally mmproved disease and drought 
resistant lmnes and germplasm and identify new genetic 
sources of desirable traits Select for drought resistance 
with molecular markers Evaluate new germplasm and 
mntrogress useful tralts into useable lines or germplasm 

Assist breeders in developing agronomically acceptable 
white seeded, tan plant Guinea type sorghum cultivars 

Characterize and describe the indigenous Mali origin 
sorghum collection and evaluate for useful traits and 
breeding potentmal 

Identify and assist in developing new germplasm with re- 
slstance to gram mold, drought, head bug, anthracnose, 
and Strlga 

Identify molecular markers for head bug resmstance to de- 
velop improved sorghums for West Africa 

Honduras 

Enhance germplasm base with sources of resistance to 
grain mold, foliar diseases and drought, and food type 
sorghums and lines for adapted commercial hybrids 

Horn and SADC 

Enhance drought resistance and disease resistance with 
Improved germplasm and ellte lines 

Drought is the major constraint to sorghum and millet 
productmon around the world Sorghum cultivars dmffer 

widely in thev response to drought West Texas has a semi- 
armd envmronment ideal for large scale field screening and 
breedmng for improved resistance to drought Sorghums 
with mdentified high levels of specific types of drought resis- 
tance in Texas have a smmmlar response under drought in 
other countries of the world, mnclud~ng Sudan, Mall, Niger, 
and Honduras Other adaptation tra~ts such as gram qual~ty, 
disease resistance, and grain ymeld must be combmed w~th 
drought resistance to make a new cultivar useful 

Diseases are important worldwide and are often region or 
site specific Most internationally important d~seases are 
present and are serious constraints m Texas, especially 
downy mildew, charcoal rot, grain moldweathermg, head 
smut, and head blmght Many other diseases such as anthrac- 
nose, leaf blight, rust, zonate, and gray leaf spot are also 
present in Texas The Texas environment, particularly 
South Texas, is ideal for screening and breeding sorghums 
with high levels of resistance to most mternationally impor- 
tant diseases 

Poor grain qualmty is a major problem in Mali and much 
of West Africa where guinea type sorghums are almost ex- 
clusively grown This quality problem IS pr~marily due to 
the head buglgrain mold complex Guinea sorghums have 
quite good resistance to thms complex, but thelr ymeld is not 
h~gh and they do not respond well to unproved production 
practices Also, they are difficult to handle m a breeding 
program Their unique gram qualmty essentially dmsappears 
m crosses to non-guinea types Head bugs are the major con- 
straint to the use of improved high yieldmg nongumeense 
type sorghums in much of West Afr~ca Head bug damage IS 

often compounded by grain mold resultmg in a soft and dis- 
colored endospem, rendering it unfit for decortication and 
traditional food products The early maturity of introduced 
types compound the grain deterioration problem Therefore, 
head bug resistance, grain moldJweathermng resistance, and 
proper matur~ty are essential In southern Mali, late matur- 
ing, photopermod sensitive sorghums are needed to assure 
grain maturity after the ramy season In the drier northern 
areas of Mali and in Nmger where drought stress is severe, 
earlier, less photosensitive material can be used, and 
drought tolerant Durra and Fetermta sorghums generally per- 
form well 

Mali and Niger are both drought prone areas with both 
pre- and post-flowering drought tolerance important Foll- 
age diseases such as anthracnose and sooty str~pe are impor- 
tant in the central and southern parts of Mali In Sudan, and 
much of East Africa, the major constramt 1s drought, and re- 
lated product~on problems Moisture-stress related charcoal 
rot and subsequent lodging are serlous problems Strlga is a 
major constraint in Mali, N~ger, and Sudan 

In Central America, d~seases are a major constramt, in- 
cluding downy mmldew, fol~ar diseases, acremonium wilt, 
and the grain moldweathering, food qualmty complex 
Drought is also important in the dner portions of the region 
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Improvement In the photoperiod sensitive, food-type mal- 
cillos cr~ollos grown In assoc~ation w~th  maize on small, 
hlllslde farms m southern Honduras (as well as in southeast 
Guatemala, El Salvador, and northwest Nicaragua) is a 
unique challenge Breedmg and selection must be done un- 
der the specific daylengths and environment m the host re- 
glon Improvement In the nonphotoperiod sensitive 
combme-type sorghum hybr~ds and varieties used over por- 
tions of Central America can result directly from mntroduc- 
tlon of Texas adapted cultivars or hybr~ds 

There is a constant need ~n both host countr~es and the 
U S for conservmg genetlc d~verslty and utilizmg new dl- 
verse germplasm sources with resistance to pests, diseases, 
andenvlronmental stress Many developlng countries are an 
important source of diverse germplasm m sorghum and mil- 
let The collection, preservat~on and utilization of genetlc 
diversity m sorghum is tremendously Important to long- 
term, sustainable sorghum lmprovement programs to pro- 
duce sufficient food for lncreaslng populat~ons in the future 

and breedlng materlals are screened and evaluated m Texas 
for new sources of reslstance to lntemationally important 
d~seases and reslstance to drought 

New sorghum germplasm is assembled or collected as 
opportunltles exlst, Introduced into the U S through the 
quarantlne greenhouse or the USDA Plant Quarantine Sta- 
tion In St Cro~x, and evaluated In Puerto h c o  and Texas for 
useful tralts Selected photopenod sensitive cult~vars are 
entered Into the cooperative TAES-USDA Sorghum Con- 
version Program Cultivars that are not photoperlod sensi- 
tive and with known merit are Incorporated dlrectly into the 
breedmg program We also work with NARS to assure the~r 
country's indigenous sorghum cultivars are preserved in 
long term permanent storage, as well as evaluated and used 
in germplasm enhancement programs Growouts of entlre 
collect~ons are sometimes grown m ther country of orlgin 
for character~zation, seed Increase and evaluat~on prior to 
mtroductlon Into the U S Ass~stance is provided In devel- 
oping smaller worklng or core collections for the NARS to 
actlvely maintain and use In ther Improvement programs 

Research Approach and Project Output 
Research Fzndmgs 

Research Methods 

Introductions from various countries wlth drought or dis- 
ease reslstance, or specific desirable gram or plant traits, are 
crossed in Texas to appropriate elite U S lines or elite 
breedmg materials Seed of the early generatlons are sent to 
host countr~es for selection of appropr~ate tralts and adapta- 
tion Technical assistance is prov~ded, as t~me  and travel 
permlts, In the selection and evaluation and use of such 
breedmg materlal In the host country 

New disease resistant breeding mater~al IS generated 
from crosses among varlous d~sease resistant sources, agro- 
nomically el~te Imes, and new sources of reslstance Ad- 
vance generatlons of breedmg lines also are selected each 
year Inltial screenlng 1s primarily m large dlsease screenlng 
nurseries utlllzlng natural infect~on m South Texas Se- 
lected advanced materials are sent to host countries as ap- 
propriate for evaluat~on and are also incorporated Into 
var~ous standard repllcated tr~als for extensive evaluation at 
several locatlons m Texas and host countries 

New breedlng crosses are made among vwous sources 
of pre- and post-flowermg drought resistance and elite, high 
yieldlng lmes Progeny are selected under field conditions 
for pre- and post flowermg drought reslstance, yleld, and 
adaptat~on at several locations in West Texas The locat~ons 
vary m thelr degree and time of moisture and heat stress Se- 
lected advanced materlals are Incorporated Into standard 
repl~cated trials for extensive evaluation at several locatlon 
m Texas and sent to host countries for evaluation and use 

Converted and partially converted lines from the Sor- 
ghum Conversion Program, exotic lines, new mtroductions, 

Thirty fully converted exotic llnes and 30 partially con- 
verted bulks from the cooperative TAMU-TAESKJSDA- 
ARS Sorghum Conversion Program were released m late 
June 1998 (Table of llnes on page 91, 1997 INTSORMIL 
Annual Report) The male sterile (A-lme) of 5 new female 
parental lines, (Al, A2-2(B), A35, A803, A807) were dls- 
tributed to pnvate companies through a pre-release maten- 
als transfer agreement Two, A807 and A 1 were selected for 
pilot Increase In 1998 Several additional A-B palrs and R 
llnes were selected for release as germplasm stocks These 
lmes contaln varlous desirable tralts, includmg reslstance to 
downy mlldew, head smut, grain moldlweathering, anthrac- 
nose, charcoal rot, both pre- and post-flowermg drought re- 
slstance, food type grain quality, and lodgmg reslstance 

Breedmg, selection, and screenlng for drought resistance 
and disease resistance continued usmg disease screening 
field nursenes In South Texas and field drought screening 
nursenes at Lubbock, Halfway, and Chillicothe Late sum- 
mer rams precluded post-flowenng stress at some locatlons 
but a dry early season allowed good pre-flowering stress on 
dryland plots at Lubbock Breedlng derivatives of the stay- 
green Ime, B35, and B 1, showed good stay-green and out- 
standmg lodglng res~stance Stenlizat~on of new B lines 
continued or was lnitlated Progeny from drought tolerant 
breeding llnes were backcrossed and mtercrossed with ag- 
ronom~cally elite lines Major d~seases lnvolved m the dls- 
ease resistance breed~ng were charcoal rot, grain 
mold/weathering, downy mlldew, head smut, anthracnose, 
and foliage diseases such as rust, zonate, and leaf blight De- 
rivatives involving the white-seeded, tan-plant, B-lme, 
BTx635, continued to show outstanding resistance to head 
smut m South Texas 
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The grain y~eld m 1997 under h~gh  y~eld, essent~ally non- 
stressed condit~ons of stay green versus non-stay green hy- 
bnds indicates that the y~eld potent~al of stay green hybrids 
1s equal to that of non-stay green hybr~ds The stay green 
trait 1s an extremely useful drought resistant tralt under se- 
vere post-flowering moisture stress and results in s~gn~fi- 
cantly h~gher grain yield, while also yield~ng well when 
under non-stressed cond~t~ons 

Molecular analysis usmg RFLP markers, along wrth 
drought evaluation was continued on 100 F8 recombmant 
Inbred llnes (RILs) each of  (B35*Tx430) and 
(B35*Tx7000) F~ve  QTLs were ident~fied for the stay 
green trait In the cross (B35*Tx7000) w~th  two appearmg to 
be the most important In the cross (B35*Tx430), the same 
QTLs were ~dent~fied for stay green along with two others 
Two hundred different RILs, each from two populat~ons, 
B35*Tx7000 and SC56*Tx7000, were evaluated for 
drought and lodging and DNA analyzed to attempt marker 
ass~sted select~on for the stay green tra~t uslng the Identified 
QTLs New crosses and backcrosses were made for molecu- 
lar analys~s ~nvolvlng stay green and greenbug res~stance 
(combmmg resistance using MAS), new sources of drought 
resistance with disease resistance, and crosses involving 
converted exotic llnes to ~dentify QTLs for yield and hetero- 
SlS 

Several breedmg progeny from crosses generated for 
Host County and U S use looked very good agronomically 
~n Southern Afr~ca m 1997-98 Var~ous progenies showed 
excellent drought resistance, gram quality, and sugarcane 
aph~d reslstance, combined with excellent y~eld potent~al 
The cross, Macia*Dorado, was espec~ally outstanding 
Many Macia denvat~ves look excellent Other l~nes glving 
good progeny included 87E0366, WSV387, TAM428, 
SRN39, and ICSV1079 

The Mali Sorghum Collect~on Growout in Mall was very 
successful Only a few plots of the mdlgenous cult~vars 
were blank, even though for some of the entnes, or~gmal 
seed from collections m 1982 was planted All lines except 
the late maturing entries were characterized (most by Dr 
J A Dahlberg) Selfed seed was obtained on essentially all 
entnes, was threshed, packaged, and a set carr~ed to the U S 
for the NPGS at NSSL m Fort Collins, Colorado It 1s proc- 
essed for a quarantine growout In St Cro~x There was much 
more diversity ~n the Collection than expected espec~ally 
among the Durra derlvatlve cult~vars Several potent~al new 
candidates for the Sorghum Conversion Program were iden- 
tified 

The gumea-type, white-seeded, tan-plant breeding prog- 
eny names "N'tenlm~ssa" (means 'no regrets' m Bambara) 
from the cross (Blmblri Soumale - a late matunng southern 
Mall gulnea *87CZ-Zerazera) continued to look good In 
IER and World Vis~on InterCRSP on-farm tr~als m Ma11 It 
was also included ~n the ROCARS (Sorghum Reg~onal Net- 
work) regional trials Its head bug reslstance is slightly mfe- 

rior to the local gulnea cult~vars, but appears to have an ac- 
ceptable level under on-farm conht~ons Farmers seemed 
happy with ~t gram qual~ty wlse, and also for yield, even 
though ~t exh~b~ts  some peduncle breakage 

Approx~mately two tons of N'tenlm~ssa grain was pro- 
duced In Increase plantmgs for use m various food qual~ty 
and food product tr~als Gram quality evaluations consis- 
tently show N'ten~missa as bemg superior to non-gumea 
breedlng materials, but not qulte as good as local guinea cul- 
t~vars in decort~cat~on y~eld (a measure of hardness of en- 
dosperm) The food products quahty, however, is excellent 
Select~on continued In efforts to pur~fy the llne and select 
the best of several sister lines 

Two outstandmg F4 progeny rows (96CZF4-98 and 
96C2F4-99) of the cross (N'ten~m~ssa*T~emarfing) were 
~dent~fied at C~nzana in 1996, and were tested extens~vely m 
1997 Their performance compared well w~ th  local gulneas 
They are tan-plant lmes w~th  excellent gulnea tralts, and are 
free of the peduncle breakage problem Selection and 
evaluation continued w~thm other tan-plant gumea type 
breeding materials, and among non-guinea type, tan-plant 
breeding lmes with improved levels of head bug tolerance 

Excellent segregation for head bug res~stance was appar- 
ent In the F3 progenies of the cross (Malisor 84-7*S34) 
evaluated m Mali in 1996 and agaln in 1997 This cross is 
being ut~l~zed by Dr Aboubacar Toure m h a  Post-Doc re- 
search to Identify markers for head bug resistance, wh~ch 
could be used to Improve the effic~ency of screening for 
head bug resistance Th~s  program 1s cooperative w~th  CI- 
RAD (A Ratnadass) and ICRISAT 

Networking Activlt~es 

Organ~zed a Workshop on Sorghum Germplasm and 
Character~zat~on held November 10-12, 1997, at the Cin- 
zana Stat~on, Cmzana, Ma11 The Workshop was held In 
conjunction with the workmg, harvest, etc of the Mali Sor- 
ghum Collect~on growout at Cinzana The Workshop was 
cosponsored by INTSORMIL, IER, ICRISAT, USDA- 
ARS, WCASRN (ROCARS), ORSTOM, and CIRAD Pre- 
sented a talk on Germplasm Ut~lization at the Workshop It 
was attended by over 40 sorghum sc~ent~sts, mostly from 
West Afi~ca Dr Jeff Dahlberg, USDA-ARS Sorghum Cu- 
rator, was a major contributor to the Workshop, and pro- 
vlded trammg on classification and descr~ptors 

Participated m the INTSORMIL PI Conference (June 
23) the Impact Assessment Workshop (June 24), and the In- 
ternational Ergot Conference, June 25-26, 1998 at Corpus 
Chr~st~,  Texas Also helped lead the field tour of research 
plots on June 26 
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Research Investcgator Exchanges 

Coordinated the procuring, assembly and planting of the 
Mali Sorghum Collection of indigenous cult~vars in Mali, in 
cooperation with IER, INTSORMIL, ICRISAT, ORSTOM 
(France), CIRAD (France), and USDA-ARS Seed was pro- 
cured from ICRISAT (Indla), ORSTOM (France), U S , CI- 
RAD (France), and IER The entlre growout of 2,543 plots 
was planted at Cinzana with a duplicate plantmg at the IC- 
RISAT slte at Samanko, near Bamako Coordmated the 
characterization, harvest threshing, and seed packaging at 
Cmzana, November 3-2 1, 1997 I also provided assistance 
to ICRISAT team m harvesting the Collect~on at their site 

Participated m the Sorghum Germplasm and Characten- 
zation Workshop, Cinzana, Mall, November 10-1 2, 1997, 
presented talk on Germplasm Utilization, asslsted with field 
tours, and interacted wlth key sorghum scientists from West 
Africa 

Traveled to Mall Nov 3-21, 1997 to evaluate the INT- 
SORMIL/IER collaborative research program, harvest and 
characterize the Mali Sorghum Collection, and participate 
in the Sorghum Germplasm and Characterization Work- 
shop 

Interacted w ~ t h  Host Country PIS, INTSORMIL PIS, 
U S public and private sorghum researchers, and mnterna- 
tional scientists at the INTSORMIL PI conference (June 
23), INTSORMIL Impact Assessment Workshop (June 24) 
the International Ergot Conference (June 25-26) and the 
SICNA F~eld Tours, June 26,1997 at Corpus Christi, Texas 

Participated m the Sorghum Crop Germplasm Commit- 
tee (SGC) as Ad Hoc member October 27, 1997, Anahelm, 
Cahfornia, and on June 24, 1998, Corpus Christl, Texas 

Participated m INTSORMIL Technical Committee (TC) 
meetmgs, October 20-21, 1997, and April 27-28, 1998 at 
Kansas City, Missourl 

Interacted w~ th  other U S sorghum scientists during 
travel to Puerto RICO to harvest Sorghum Conversion mate- 
rials and winter nurseries September 15-18, 1997 and 
March 23-Apnl5, 1998 

Toured nurseries and discussed breeding germplasm and 
procedures with Dr R G Henzell, QDPI, Australia and Dr 
Medson Chisi, Golden Valley, Zambia, June, 1998 

Partlc~pated m Sorghum Biotech Partnership meetlng 
(Cargill, Novartis, NC+, Crosbyton), March 2,1998, TAES 
Center, Lubbock, TX 

Coordinated the training (B S and eventually M S ) for 
Mr Niaba TemC (sorghum breeding technician) from Mall 

at Texas Tech University and TAES at Lubbock, beginning 
August, 1995 

Served as local coordinator for Dr Aboubacar Tome, 
Malian sorghum breeder, durlng a Rockefeller Foundation 
Post Doctoral Fellowship through Texas A&M Univers~ty, 
worklng on molecular markers for head bug resistance in 
Mall, in Dr Henry Nguyen's lab at Texas Tech University, 
Lubbock, TX 

Germplasm and Research Informatcon Exchaitge 

Germplasm Conservation and Use 

Arrangements were made to assemble all sorghums of 
known Malian origln from the ICRISAT CenterIIndia, OR- 
STROM/France, CIRAD/France, U S mtroductlons, and 
those currently stored or in use in Mali These were planted 
at the Cinzana Station in Mall m July, 1997, to evaluate, 
classify, describe, and increase seed A duplicate plant~ng 
was made at the ICRISAT Center near Bamako for insur- 
ance purposes The increased seed will be made available to 
all parties, and put into long term storage at ICRISAT, 
NSSL, and ORSTROM Working Collect~on candidates 
were Identified and will be evaluated further for mamte- 
nance and actlve use in Mali It was a joint effort among 
INTSORMIL, IER, ICRISAT, ORSTROM, USDA-ARS 
and CIRAD Some of the collections m the past never were 
received at ICRISAT and thelr only known source was OR- 
STROM in France There are approxunately 1,800 acces- 
sions with some duplicates from ICRISAT and ORSTOM 
maklng a total of 2,543 plots In the Collection Growout 
Seed of most Mali indigenous cultlvars was carried to the 
U S and given to the USDA's NPGS at NSSL for process- 
mg pnor to a quarantine growout in St Croix, USVI 

Thlrty new exotic sorghums were selected for entry mto 
the cooperatlve TAMU-TAESNSDA-ARS Sorghum Con- 
version Program m 1997-98 These included several cold 
tolerant llnes (potentially ergot resistant?) from East Ahca,  
along wlth selected elite introductions from Ethiopia, Zam- 
bia, Zimbabwe and Mali Marker assisted selection using 
maturlty and height molecular markers is being tried on se- 
lected Items m the Conversion Program to attempt to Im- 
prove efficiency and shorten the conversion time 

Several recent introductions from Southern Africa (Bot- 
swana, Zimbabwe, Zambia) Eth~opia, Mali and ICRISAT 
were grown and evaluated in Puerto Rico and seed m- 
creased Several new introductions were made, and planted 
in the quarantine greenhouse Approximately 700 photope- 
riod msensltlve sorghums from the Sudan Collection were 
evaluated for response to drought (Lubbock and Chlllico- 
the) 

Thirty fully converted exotic lines from the cooperatlve 
TAMU-TAESNSDA-ARS Sorghum Conversion Program 
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were approved for release m June, 1998 and seed placed in 
permanent storage at the NSSL at Ft Collms, Colorado 
Th~rty partially converted bulks from the Conversion Pro- 
gram also were released m June 

Seed Productron and Drstribution 

Several sets of previously released filly converted lines 
and partially converted bulks from the cooperative TAMU- 
TAES/USDA-ARS Sorghum Conversion Program were 
distributed The male ster~le version (A-lmes) of five new 
female parental lines contaming drought resistance and 
lodglng resistance were distributed via a pre-release distrl- 
but~on agreement Arrangements were made for pilot in- 
creases of two of those A lmes, A807 and Al, m 1998 A 
large number of sorghum breeding and germplasm lmes, in- 
cluding F2 to advanced generation breeding progeny, A, B, 
and R hnes, converted lmes, and experimental hybrids were 
increased and distr~buted to international and domestic col 
laborators These contained sources of desirable traits such 
as resistance to downy mildew, anthracnose, leaf blight, 
rust, and charcoal rot, pre- and post-flowering drought resis- 
tance, gram mold and weathering resistance, and lodg~ng re- 
sistance Seed was increased and many sets of standard 
repl~cated trlals contaming elite germplasm and source lines 
were packaged and distr~buted in the U S and mternation- 
ally These Include the ADIN (All Disease and Insect Nurs- 
ery), IDIN (International D~sease and Insect Nursery), 
GWT (Grain Weathering Test), DLT (Drought Llne Test), 
DHT (Drought Hybrid Test), and the UHSN (Un~form Head 
Smut Nursery) Countries to whlch large numbers of germ- 
plasm Items were distributed ~nclude Mali, Zimbabwe, Bot- 
swana, Z a m b ~ a ,  Ethiopia, Guatemala Honduras, 
Nicaragua, Mexico, and Egypt 

Assistance Given 

Joint evaluation of germplasm and nursery and test entry 
decisions was done collaboratively with natlonal scientists 
in Mali Training on dlsease and drought breeding method 
ology, as well as informat~on on sources of new useful 
germplasm and sources of desirable traits, was provided to 
several visitors Pollinating bags, coin envelopes, and 
breeding supplies were provided to the Mali breeding pro- 
gram 

Other Collaborating/Cooperatrng Scientists 

Cooperation or collaboration wlth the following scien- 
tists, in addition to the collaborating scientists previously 
listed, was important to the activities and achievements of 
Project TAM-222 

Mr Issoufou Kapran, Sorghum Breeder, INRAN, Ma- 
radl, Niger 

Dr A Tunde Obilana, Sorghum Breeder, SADCJICRI- 
SAT, Bulawayo, Zimbabwe 

Dr Chr~s Manthe, Entomologist, DAR, Gaborone, Bot- 
swana 

Dr B N Verma, Sorghum Breeder, Chilanga, Zambia 

Dr El Hilu Omer, Pathologist, ARC, Wad Medani, Su- 
dan 

Dr Jeff Dahlberg, Sorghum Curator, USDAJARS, 
Tropical Agriculture Research Station, Mayaguez, Puerto 
Rlco 

Dr L E Claflm, Pathologist, KSU-210, Kansas State 
Un~versity, Manhattan, KS 

Dr L M Gourley, Sorghum Breeder, Mississ~ppi State 
University, Mississippi State, MS 

Prof D J Andrews, SorghurnJMillet Breeder, UNL-2 18, 
University of Nebraska, Lmcoln, NE 

Dr J D Eastm, Physiolog~st, University of Nebraska, 
Lmcoln, NE 

Dr Bob Klein, Geneticist, USDAJARS - Texas A&M 
University, College Statlon, TX 

Dr John H Mullet, Biochemist, Molecular Biology, 
Texas A&M Univers~ty, College Station, TX 

Dr Andrew Paterson, Molecular Biology, Texas A&M 
Univers~ty, College Station, TX 

Dr P K Subudhi, Molecular Biology, Texas Tech Uni- 
verslty, Lubbock, TX 

Dr Medson Chisi, Sorghum Breeder, Golden Valley, 
Zambia 

Dr Fred Rattunde, Sorghum Breeder, ICRISAT, Ba- 
mako, Mali 

Dr Inoussa Aklntayo, WCASRN Coordinator, 
WCASRN, ICRISAT, Bamako, Mali 

Dr Osman Ibrahim Sorghum Breeder, ARC, Wad 
Medanl Sudan 

Publ~cat~ons and Presentations 

Abstracts 

Rosenow D T C A Woodfin K Schaefer and L E Clark 1997 
Performance of stay green sorghum hybr~ds under post flowering so11 
molsture stress Agronomy Abs p 88 

W~ltse C C W L Rooney R A Frederlksen and D T Rosenow 1997 
Survey of anthracnose resistance sorghum gemplasm llnes to ~dentlfy 
addlt~onal res~stance genes Agronomy Abs p 72 
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Journal Artccles 

Dahlberg J A D T Rosenow G C Peterson L E Clark F R Mrller A 
Sotomayor Rlos A J Hamburger P Madera Torres A Qulles Belen 
and C A Woodfin 1998 Reglstratron of 40 converted sorghum 
germplasm Crop SCI 38 564 565 

Toure A K Traore A Bengaly J F Scheurlng D T Rosenow andL W 
Rooney 1998 The potentlal of local cultlvars rn sorghum 
rmprovement ~n Mall Afi~can Crop Sclence Journal 6 1 7 

Pretsch D L Synatschk W L Rooney D T Rosenow and G C 
Peterson 1997 1997 Gram Sorghum Performance Tests in Texas 
Dept of So11 and Crop Sciences Department Techn~cal Report, DTR 
97-12 120 p 

Dahlberg, J A D T Rosenow, G C  Peterson and L E Clark 1997 
Release of 50 partially converted sorghum bulks from the Sorghum 
Convers~on Program Internat~onal Sorghum and Millets Newsletter 
ISMN 38 38-41- 

- 
Rosenow D T J A Dahlberg G C Peterson L E Clark A J Hamburger 

P Madera Torres and C A Woodfin 1997 Release of 30 converted 
sorghum llnes Internat~onal Sorghum and Millets Newsletter ISMN 
38 41 43 

Rosenow D T 1997 Sorghum germplasm ut~l~zat~on Presentation at the 
Sorghum Germplasm and Characterrzatron Workshop November 1 1 
1997 Cmzana, Mall 
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Germplasm Enhancement for Res~stance to Insects 
and Impmved Efficiency f ~ r  Sfistawable Agriculture Systems 

Project TAM-223 
Gary C Peterson 

Texas A&M University 

Dr Gary C Peterson, Professor, Sorghum Breedlng and Genetics, Texas A&M Agricultural Experiment 
Station, Route 3 Box 219, Lubbock, TX 79401-9757 

Ing Jorge Moran, Sorghum Breeding, Escuela Agricola Panamericana, P 0 Box 93, Tegucigalpa, Honduras 
Mr Hector Sierra, Sorghum Breeding, Escuela Agricola Panamericana, P 0 Box 93, Tegucigalpa, Honduras 
Ing Rafael Mateo, Sorghum Breedmg, Escuela Agricola Panamericana, P 0 Box 93, Tegucigalpa, Honduras 
Dr Aboubacar Toure, Sorghum Breeding, IER, Sotuba, B P 438, Bamako, Mali (Currently Rockefeller 

Post-Doctoral Fellow, Texas Tech University/Texas A&M University) 
Mr Sidi B Coulibaly, Agronomy/Physiology, IER, Sotuba, B P 438, Bamako, Mali 
Dr M D Doumbia, Soil Chemistry, IER, Sotuba, B P 438, Bamako, Mali 
Dr Y Doumbla, Entomology, IER, Sotuba, B P 438, Bamako, Mali 
Dr G L Teetes, Department of Entomology, Texas A&M University, College Station, TX 77843-2475 (TAM- 

225) 
Dr D T Rosenow, Sorghum Breeding, Texas Agricultural Experiment Statlon, Texas A&M Agricultural 

Experiment Station, Rt 3 Box 219, Lubbock, TX 79401-9757 (TAM-222) 
Dr A H Paterson, Molecular Biology, Department of Soil and Crop Sciences, Texas A&M University, College 

Statlon, TX 77843 

Summary 

This project is the breeding for resistance to insects com- 
ponent of the Integrated Texas A&M University sorghum 
improvement program Project objectives are to identlfy, 
characterize and utilize the genetic diversity of gram sor- 
ghum to develop lmproved cultivars or hybrids resistant to 
selected b~otic and abiotic stresses Research is conducted to 
determine the genetic factors responsible for resistance and 
their associated mechanisms Insect pests recelvlng major 
emphasis include sorghum midge (Stenodrploszs sorghz- 
cola), biotype E and I greenbug (Schzzaphrs gramznum), 
yellow sugarcane aphid (Szphaflava), and sugarcane aphld 
(Melanaphzs saccharr) Breeding and selection activities 
are done uslng conventional methodology Collaborative 
molecular b~ology research projects are mapplng and char- 
acterlzlng Insect reslstance tralts of economlc importance 
including reslstance to greenbug biotypes Another molecu- 
lar biology project IS uslng molecular markers to concur- 
rently select for greenbug and post-flowering drought 
resistance 

project, in collaboration with entomologists (TAM-225), 
released three A/B-line pairs (AIBTx639, AJBTx640, 
AIBTx64 1) whlch will be used as hybrld sorghum midge re- 
sistant seed parents In four years of trials each line pro- 
duced hybrids with grain yield significantly greater under 
high or moderate pest denslty than most resistant and sus- 
ceptible checks When the insect pest is absent, grain yleld 
of the expenmental hybrlds is comparable to that of suscep- 
tible hybrids in late plantings Sets of the lines were distrib- 
uted under a pre-release memorandum to private seed 
companies (7 U S and 1 Guatemalan) for evaluation in 
1997, and the lines were available for general distribution in 
October 1997 These are the first sorghum midge resistant 
Am-lme pars wlth the tralts needed for acceptable com- 
mercial resistant hybrids Prlvate companies are evaluating 
the lines as seed parents using proprietary llnes as pollen 
parents to determine thew use in commercial hybnds 

Objectives, Production and Ut~llzat~on Constraints 

Extenswe research to develop lines resistant to sorghum Objectrves 
midge that are suitable for hybrid production has been done 
In addition to pest resistance the lines and hybrids should Obtain and evaluate germplasm for resistance to arthro- 
possess excellent yield potential under high pest density, ac- pod pests Determine the resistance source or mecha- 
ceptable yield in the absence of the pest, and other needed nisms most usefbl to sorghum improvement 
traits for grain yield, adaptation, fol~ar quality, etc This 
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Determine the mheritance of msect resistance 

Develop and release high yieldmg, agronomically m- 
proved sorghums resistant to selected insects 

Utilize molecular biology to increase understanding of 
the genetics of plant resistance traits 

Identify and define sorghum genotypes with varying lev- 
els or tolerance to drought and chemical stress of Sahe- 
lian soils 

Constraints 

Sorghum production and yield stability IS constrained by 
many b~otlc and abiotic stresses including diseases and 
drought in addition to insects Insects pose a risk in all areas 
of sorghum production with damage depending on the in- 
sect and local environment To reduce stress impact, re- 
search is needed to develop crop genotypes with enhanced 
environmental fitness suitable for use in more sustamable 
production systems Cultivars are exposed to stress sequen- 
tially and genetic resistance to mult~ple stresses in a single 
genotype will further reduce environmental risk and con- 
tribute to improved productivity This is especially impor- 
tant as product~on ecosystems experience induced change 
due to cultivars andlor technology, the natural balance be- 
tween cultivars and biotic stresses also changing and insect 
damage becomlng increasingly severe 

Genetic reslstance may be utilized at no additional cost to 
the producer to meet the demands of increased food produc- 
tion in an economically profitable, environmentally sustain- 
able production system This requires a multi-disciplmary 
research program to integrate resistant hybrids Into the man- 
agement system Cultivars resistant to insects readily inte- 
grate with other requlred inputs as part of an integrated, 
ecologically sound production and stress control strategy 
with large potential benefits in subsistence and mechanized 
agriculture Host plant resistance to insects is a continual ef- 
fort m response to a dynamic evolving production agroeco- 
system 

Sorghum mldge, Stenodploszs sorghzcola, 1s the only 
ubiquitous sorghum insect pest and may be the Sorghum 
species most destructwe insect pest As LDC programs in- 
troduce exotic germplasm with improved agronomic traits 
into sorghum improvement programs, progeny and eventu- 
ally cultivars with less photoperiod sensitivity will be devel- 
oped and sorghum midge damage will become increasingly 
severe Dependmg on the environment other insect pests 
(includmg aphids, headbugs and borers) will damage grain 
sorghum For all of the insect pests genetic resistance exists 
and can be integrated into the production system in an ecol- 
ogically safe, economically mexpensive, and environmen- 
tally sustainable manner 

Among the major constraints to sorghum production m 
Sahelian Afnca are soil acidity, extremely deficient levels 
of N and P, spatially variable sol1 toxicity and limited avail- 
able water These factors frequently Interact w~ th  food 
shortages resulting Solut~ons to these problems must meet 
slte specific needs of soil, rainfall, resources, labor and capi- 
tal 

Research Approach and Project Output 

Research Methods 

The research approach 1s to conduct collaborative re- 
search m LDCs on specific problems On-s~te research is 
supported by participation in graduate education, germ- 
plasm exchange and evaluation, site visits, and research 
conducted at various nursery locations in Texas Pr~mary 
LDC involvement is in Mali for reslstance to headbugs and 
identification of sorghum genotypes resistantltolerant to 
soil toxicity A project located in Southern Africa to incor- 
porate resistance to sugarcane aphid into adapted cultivars 
is in development Establishment of a collaborative re 
search program with Nicaragua will provide the opportunity 
for additional research on sorghum midge (the most impor- 
tant production constraint in Nicaragua), drought, disease, 
and adaptation For the Unlted States, sorghum midge, bio- 
type E, I, and K greenbug and yellow sugarcane aphid resls- 
tant sources have been identified and used in developing 
elite resistant sorghums Through collaborative ties with 
other projects, genetic inheritance and resistance mecha- 
nisms are determined Molecular biology is used to map 
genes for greenbug resistance and conduct marker assisted 
selection 

Germplasm is evaluated for resistance to insects of eco- 
nomic importance in the collaborative breeding/entomol- 
ogy program in field nurseries or greenhouse facilities, 
depending on the insect mode of lnfestatlon Sources of 
germplasm for evaluation are introductions from other pro- 
grams (mcluding ICRISAT), exotic lines, and partially or 
hlly converted exotic genotypes from the sorghum conver- 
sion program New resistance sources are crossed to elite re- 
sistant germplasm, and to other germplasm lines with 
superior trait(s) Primary selection cnteria is for msect resis- 
tance Studies to determine the genetics of resistance and re- 
sistance mechanism(s) are conducted when possible The 
geographical diversity of Texas allows for growmg and 
evaluating breeding lines at diverse locations for adapta- 
tion, stability of insect resistance, and resistance to other 
stresses (disease and drought) Based on data analysis and 
phenotypic evaluation, crosses are made among elite lines 
to produce additional germplasm for subsequent evaluation 
The overall objective is to combine as many stress resis- 
tance genes into a single high yielding genotype as possible 

For insects important in LDCs but not in the U S , germ- 
plasm is provided to the LDC cooperator The germplasm is 
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evaluated for resistance to the specific insect under the local 
production system (fertilizer, tillage, plant population, etc ) 
and agronomic and yield data collected Based upon experi- 
mental results crosses are made to produce populations for 
inheritance and entomological studies These populations 
are provided to the cooperator for evaluation Molecular bi- 
ology IS used to study headbug resistance in Mali and the 
U S Resistance ratings are collected in replicated field trials 
m at least two Mali locations A duplicate trial is grown in 
the U S and tissue samples collected for analysis 

For soil toxicity research, diverse cultivars from the U S 
and other countries are evaluated in field nurseries at Cin- 
zana, Mali Lines which show promise are selected for fur- 
ther evaluation Research on so11 toxicity IS hindered by the 
slte specific nature of the problem and poor germination of 
experimental entries in nurseries planted for screening and 
evaluation 

Research Findings 

Research to broaden the genetic base of the sorghum 
midge resistance breeding program, to incorporate add1 
tional sources of reslstance Into elite hnes, and to identify 
new superior A- or R-lines continued Significant progress 
to Improve agronomic traits and gram yield potential of sor- 
ghum midge resistant germplasm has been achieved 

Breeding lines and hybrids were evaluated for sorghum 
midge resistance at three locations under high (Corpus 
Christi), moderate (College Station) and low (T~fton, GA) 
population density The converted exotic sorghum collec 
tlon was evaluated for resistance at Corpus Christi and Col- 
lege Station Diverse locations to screen for sorghum midge 
resistance are needed since l~nes and hybrids that perform 
well under moderatellow midge dens~ty may not perform as 
well under high sorghum midge dens~ty 

Sixty-three lines were evaluated for resistance to sor- 
ghum midge and agronomic desirability in the Midge Line 
Test (Table 1) Included m the test were three susceptible 
and six resistant checks, and 54 experimental breeding 
lines All resistant checks and most expenmental lines were 
significantly less damaged than the susceptible checks The 
most resistant checks, Tx2880 and Tx2883 [midge damage 
rating (MDR) of 2 0 and 2 3, respectively], were not signifi- 
cantly less damaged than several experimental entries The 
three newly released B-lines Tx639 (MDR=3 7), Tx640 
(MDR=3 2), and Tx641 (MDR=4 5), were not significantly 
more damaged than any resistant check This confmed 
data from the previous four years that each of the lmes had 
excellent seed set under high and moderate sorghum midge 
population density Most experimental entries were not sig- 
nificantly more damaged than resistant checks Tx2782, 
Tx2B0, Tx2882 or Tx2883 9orghum midge densitv was 
greater at Corpus Christi (MDR=4 1) than at College Sta- 
tion (MDR=3 2) Thirty-elght experimental entrles with re- 

sistance over locations and acceptable agronomic traits 
were selected for evaluation in 1998 

The prlmary sorghum midge resistance source is 
TAM2566 (SC 175-3  a partially converted zerazera 
(IS 12666) from Ethiopia Major research emphasis for sev- 
eral years has been to use other resistance sources to 1) di- 
versity the genetic base of the program for resistance and 2) 
attempt to improve the level of resistance Several midge 
line test entries derive resistance from two or three different 
sources These resistance sources mclude IS3390C (SC572- 
14E), IS12572C (SC62-GE), IS2579C (SC423-EE), - 
IS2549C (SC228-UE), and three lines from ICRISAT 
(PM11344, PM12713, and (IS12573C*PHYR)) Utiliza- 
tlon ofthese lines is allowing selections to broaden the resis- 
tance genetic base and select for other useful traits l~ke  tan 
plant, improved foliar quality (resistance to disease and in- 
secticide phytotoxicity), and larger kernel size Most of 
these lines have excellent resistance and agronomic traits 
Several were selected to test in hybrlds 

The converted exotic sorghum collection has formed the 
basis for the sorghum midge resistance breeding program in 
the United States However, the total collection has not been 
evaluated in one test and location The converted collection 
was evaluated m a non-replicated trial at Corpus Christi and 
College Station to evaluate for additional sources of resis- 
tance Based on resistance ratings and agronomic deslrabil- 
ity, 47 converted lines were selected for more extensive 
evaluation 

Combining ability for yield potential and sorghum midge 
reslstance was studied to evaluate advanced germplasm for 
use as hybrid parents A major constraint to production and 
use of sorghum midge resistant hybrids has been the lack of 
superior A-lmes which possess excellent resistance and 
grain yield potential under pest infestation, and excellent 
grain y~eld potential in the absence of the pest Release of 
ABTx639, ABTx640, and ABTx641 represent sign~fi- 
cant progress m development of sorghum midge resistant 
hybrids Improvement is now needed In R-lmes to prov~de 
additional heterosis and superior agronomic traits 

Grain yield and midge damage rating selected entries in 
the Midge Hybrid Test are shown in Table 2 The standard 
resistant check is ATx2755*Tx2767 (MDR=3 3 grain 
yield=4566 kg ha l )  and the standard susceptible check is 
ATx2752*RTx430 (MDR=8 0, grain yield=1363 kg ha l) 
Most experimental hybnds produced significantly more 
gram than the susceptible checks Three experimental hy- 
brids produced significantly more grain than 
ATx2755*Tx2767 Additionally many experimental hy- 
brids produced significantly more grain than the resistant 
checks although the differences were not significant High 
Dest densitwat Corpus Christi resulted in more damage (5 1) 
and lower grain yield (1492 kg ha and revealed greater 
differences between hybrids While the differences were 
not as large under moderate density (at College Station) the 
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Table 1 Mean mldge damage ratlng and agronom~c deslrablllty of entrles In the Mldge Llne Test at Corpus Chrlsti 
and College Statlon, TX, 1997 - 

94ML33/(Tx2877*86PL2119 20) BM22 LMBK CM2 CMI SMBK MLI SMBK 
94ML31MR126 BM5 BM2 LMBK CM2 LMBK SMBK ML2 
((SC228 14*Tx2767) 2 B2 BM2 LW1Tx2876) CM4 CM2 CMBK ML5 SMl 
(Tx2767*((SC572 14*SC62 14) B5 11 BMI CMI)) SM5 SMl CM2 CMBK 
(Tx2882*86E0374) CM9 SMl CMl CMl 

Mtdge Damage ~ a t l n ~ '  
Ped~gree Mean C C ~  CS 
(PM11344'15t2767) BM7 LMBK CMA CMBK CM2 CMBK 1 7  2 0  1 3  
((SC228 14*Tx2767) 2 B2 BM2 LM2*Tx2876) CM4 CM2 CMBK ML4 SM2 17  2 0  1 3  
((SC62 14*Tx2782) B12 CCl CCl*Tx2878) SM18 LMBK CM2 CM2 SMl CMBK 1 8  2 0  1 7  
Tx2883 2 0  2 0  2 0 
94ML69/(PM12713*Tx2866) CM2 CMI CMBK MLl CM5 2 0  2 0  2 0 

(Tx2880*Tx2882) BMI CMI CMl SM2 SMBK 2 0  2 7  1 3  
(MR118 3 R2 CC2 CSl CSI SMl*Tx2882) SMl5 SMI CM2 SM2 2 0  2 7  1 3  
((SC228 14*Tx2767) 2 B2 BM2 LM2*Tx2876) CM4 CM2 CMBK ML5 SMl 2 0  2 0  2 0  

Tx2880 22  3 0  1 3  

(PM11344*Tx2782) CS24 LMBK CM2 CMI CMI CMBK 2 2  2 0  2 3 

(PM12713*Tx2882) CM3 CM2 CM2 CM3 
Tx2882 
(PM12713*Tx2880) CM5 SMl CMl CM2 
(Tx2882*7eo366) CM7 SMl CMI CM3 
Tx2782 

Days to 50% 
Anthesls CC 

78 
75 
75 
75 
79 

69 
69 

77 

67 

84 

MR114 90Mll 2 7  2 7  2 7 
((SC62 14*Tx2782) B12 C11 Cll*Tx2878) SM17 SM2 CMI CM2 SM1 CMI 2 7  3 0  2 3 
(Tx2872*Tx2880) SMlO SM2 SMI SMBK 27  2 7  2 7 
(MR114 9OMll*Tx2880) SM5 LMBK SM2 CM2 CMI 27  2 3  3 0 
(MR118 3 R2 CC2 CSl CSl SMl*Tx2882) SM15 SMl CM2 CM3 2 7  2 0  3 3 

69 
7 1 
73 
79 
78 

(PM12713*Tx2882) CM3 CM3 CMI SM2 2 7  2 3  3 0 
(Tx2782*Tx2878) BM40 CM2 CMl CM2 CMBK 2 8  2 7  1 0  
94ML68/((SC228 14*Tx2767) 2 B2 BM2 LM2*Tx2876) CM4 CM2 CMBK ML4 3 0  3 0  3 0 
Tx6401892 3 3 2  4 3  2 0 
(MR112 90M5*87E0366) CM4 CM3 CMI SM2 3 2  4 0  2 3 

Mean CC CS 
2 6  2 6  2 6  

76 
73 
74 
72 
77 

(PM12713*Tx2880) CM5 CMI CMI CM2 3 2  27  3 7 
Tx2767 3 3  3 3  3 3 
(Tx2872*Tx2880) CM5 CMI CMI CM2 3 3  4 3  2 3 
(Tx2882'86E0374) CM8 SMI CM3 SMBK 3 3  3 4  3 0 
(MBIOSBIP G*MBllO 49 B2 CC2 CC1 LMBK) BMlO CMI CM2 SM3 SMBK 3 5  3 4  3 3 

Tx6391B91 6 
B94 3 
B94 7 
(Tx2882'89CC132) CM53 CM3 SMl CM1 
MBlO8BP G 

72 
79 
72 
76 
77 

Tx6411B93 6 
B94 17 
B95PR1017IMB126E 
(MB110 21 L1 BM2 CCl*Tx623) CM8 CMl SM2 PR2 PRBK 
(IS12573C*PHYR) *Tx2766) CM2 LMBK CMl CM2 SMBK 

(MBIOBBP G *MBI I0 49 B2 CC2 CCI LMBK) BM10 CMl CM2 CMI CMBK 3 8  5 0  2 7 
894 14 4 0  6 0  2 0 
(MI3110 21 L1 BM2 CClWTx623) CM8 CMl SM2 PRl PRBK 4 0  4 3  3 7 
B94 6 4 2  5 3  3 0 
(Tx2872*Tx2782) SM2=CM3 SMI SM3 SMBK 4 3  4 7  4 0 

74 
71 
75 
70 
74 

2 5  2 5  2 5  
2 4  2 4  2 3  
2 4  2 4  2 4  
2 5  2 5  24  
2 5  2 5  2 5  
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Table 1 Continued 

Rated on a scale of 1=0 10% 221 1 20% 9=81 100% of kernels that faled to develop ' Rated on a scale of l=most deslrable to 5=least deslrable 
CC=Corpus Chnstl CS=College Statton 

M~dge Damage ~ a t l n ~ '  
Ped~gree Mean C C ~  CS 
B94 15 4 8  5 3  4 3 
(Tu2782*Tx2876) BM13 CM2 SMBK MLl CMBK 5 0  3 3  6 7 
B94 16 5 2  5 7  4 7 
BQL4 1 5 7  7 3  4 0 
94M2/(Tx2877*86PL2119 20) BM22 LMBK CMl CM2 CMBK CM2 5 7  8 0  3 3 

TAM2566 6 0  7 0  5 0 
B94 13 6 3  6 3  
Tx378 7 8  8 3  7 3 
Tx430 8 3  9 0  7 7 
Tx3042 8 7  9 0  8 3 
Average 3 7  4 1  3 2 
LSD 05 1 0  1 1  1 0  

Days to 50% 
Anthests CC 

68 
77 
70 
73 
77 

72 
71 
73 
74 
64 

730 
4 0 

Table 2 Gram y~eld and m~dge damage ratlng of selected entr~es In the M~dge Hybr~d Test at Corpus Chrlstl and 
College Stat~on, TX, 1997 

Gram y~eld kg ha M~dge damage ratlngl 

~es~rab~l l ly '  
Mean CC CS 
2 4  2 4  2 3  
2 4  2 3  2 5  
2 4  2 5  2 3  
2 7  2 8  2 6  
2 5  2 4  2 6  

3 4  3 5  3 9  
2 6  2 6  0 0  
1 7  0 0  3 3  
1 3  0 0  2 6  
1 5  0 0  3 0  
2 5  2 5  2 6  
0 4  0 3  0 2  

Hybrld class2 Corpus Chrlstl College Stat~on Mean 
A94 6*Tx2767 RXR 2410 9155 5783 
ATx640*94M2 RXR 2944 8428 5686 

ATx640'94M3 RXR 2345 8801 5573 
ATx641*94M3 RXR 2503 7698 5101 
A94 10*Tx2880 RxR 2567 7634 5100 

A94 15*Tx2880 RxR 2765 7374 5070 

A94 lO'Tx2767 RxR 1791 831 1 505 1 
A94 6*Tx2880 RxR 2702 7209 4956 

ATx639*Tx2880 RXR 2430 7469 4950 
ATx64 1 *94ML33 RXR 2364 7259 4812 

Copus Chnstl College Stabon Mean 
3 0 1 0  2 0 
3 0 1 0  2 0 
4 0 1 3  2 7 
4 3 2 0 3 2 
3 0 1 7  2 3 

2 3 

4 0 
2 0 

3 7 
4 7 

A94 16*Tx2880 RXR 2787 6736 4761 
ATx640a94ML33 RxR 2213 7165 4689 
A94 7*Tx2880 RXR 2352 7012 4682 
ATx2755*94M3 RxR 1292 8053 4673 
A'Frt639*Tx2880 RxR 2101 7041 4571 

2 7 1 7  2 2 
4 7 1 7  3 2 
4 7 1 3  3 0 
6 3 2 7 4 5 
4 7 2 3 3 5 

ATx2755*Tx2767 RxR CK 1459 7673 4566 
ATx641tTx2882 RXR 2508 6572 4540 
A94 16*Tx2882 RxR 2154 6716 4435 
ATx641 *Tx2880 RxR 2495 6292 4394 
A94 17*Tx2882 RxR 2374 6192 4283 

5 3 1 3  3 3 
3 7 2 3 3 0 
4 0 2 3 3 2 
3 3 1 7  2 5 
4 0 2 7 3 3 

ATx640tTx2883 RxR 1648 6895 4271 
A94 13*Tx2880 RxR 2389 6134 4262 
ATx2755'94ML31 RxR 1543 6802 4173 
A94 3*Tx2767 RxR 1435 6812 4124 
ATx640*Tx2882 RxR 2110 6093 4102 

4 3 
3 0 
6 3 
4 7 
4 3 

A94 3*Tx2880 RXR 2315 5870 4092 
A94 lO'Tx2882 RxR 1632 6545 4088 
ATx640*Tx2880 RxR 1591 6453 4022 
A94 13*Tx2767 RxR 1453 6540 3997 
ATx64 1 *Tu2767 RXR 1429 6545 3987 

4 0 
4 3 
4 0 
4 0 
4 3 

ATx639*Tx2767 RxR 2060 5779 3920 
A94 7*Tx2882 RXR 2258 5348 3803 
A94 13*Tx2882 RXR 1713 5633 3673 
A94 7*Tx2767 RXR 1600 5647 3624 
ATx2755*Tx2882 RXR CK 1694 5552 3623 

4 3 2 0 3 2 
3 7 2 0 2 8 
4 3 3 0 3 7 
4 7 1 3  3 0 
5 3 2 3 3 8 
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Table 2 Continued 

Gram y~eld kg ha M~dge damage rating1 
Hybr~d classz Corpus Chnst~ College Statlon Mean 
A94 14*Tx2882 RxR 1737 5345 3541 

ATx2755*94ML33 RxR 719 6051 3385 

A94 6*Tx2882 RXR 1626 5087 3357 
A94 3*Tx2882 RxR 1592 4747 3169 

ATx641 *RTx430 RXR 79 1 5429 3108 

ATx2755*94ML69 RXR 998 5146 3072 
A94 15*Tx2882 RxR 1546 4342 2944 
ATx640*ATx430 RxR 881 4784 2833 

ATx27U1RTx430 RxS CK 588 4843 2716 

Corpus Chr~su College Stat~on Mean 
3 7 3 0 3 3 
7 3 2 3 4 8 

3 0 2 7 2 8 
4 7 2 7 3 7 

8 0 6 0 7 0 

6 3 4 0 5 2 
4 0 2 7 3 3 
7 7 4 0 5 8 

8 3 5 0 6 7 

ATx2755*Tx2883 RxR CK 286 3439 1863 
A35*Tx2864 SxS CK 142 3050 1596 
ATx2752*RTx430 SxS CK 203 2524 1363 

ATx64 1 *94ML38 RxR 168 2527 1348 

ATx2752*Tx2864 SxS CK 232 2271 1252 

' Rated on a scale of 1=0 10% 2=11 20% 9=81 100% of kernels that faled to develop 
R=Reststant S=Suscepttble CK=Check 

9 0 6 0 7 5 
9 0 5 3 7 2 

9 0 7 0 8 0 

8 3 6 7 7 5 
9 0 5 0 7 0 

Al*Tu2783 SxS CK 171 2025 1098 

ATx399*RTx430 SxS CK 180 1044 612 
- 
x 1492 5563 3528 

LSD os 512 1363 945 

experimental hybrids expressed better yield potential and 
resistance than previously available resistant hybnds or sus- 
cept~ble checks Differences at College Station (average 
gram y~eld of 5563kg ha l )  under moderate pest dens~ty rep- 
resent gram yield potential under conditions more llkely to 
be encountered in producers fields 

9 0 6 7 7 8 

9 0 8 3 8 7 
4 1 5 2 3 0 

1 3  1 1  1 0  

Selections were made to continue the development of 
germplasm resistant to biotype E I, and K greenbug New 
R-lmes resistant to biotype E contmued to produce high 
yielding hybrids The lmes represent a range of plant types 
ircludmg tart plant, whl:e perlcW x1u7d ta.11 pianr, rea peri- 
carp Other favorable traits mclude wide adaptation and re- 
sistance to several diseases Several lmes could be used to 
develop food type sorghums with improved biotic stress re- 
sistance 

The prlrnary sources of resistance to biotype I and K are 
PI550607 and PI550610 Both sources are used in develop- 
mg R-lmes, and PI550610 is used m B-lme development 
Selections to develop biotype I/K res~stant lmes were made 
m many populations Screenmg agamst biotypes I and K 
greenbugs identified several genotypes that contam moder- 
ate resistance to both biotypes Resistance to biotype I and K 
IS controlled by different genes and a moderate level of re- 
sistance to both biotypes is emphasized m the selection crl- 
terla Many crosses to mtrogress resistance gene@) into an 
array of elite germplasm were made 

Molecular blology research has identified markers resis- 
tant to biotype C, E, I, and greenbug This research was the 
dissertation study of C S Katsar For this study TAM-223, 
TAM-225, and the molecular biology laboratory of Dr 
A H Paterson, mteracted to provlde unlque trainmg Sig- 
nificant new understandmg of the nature of greenbug resis- 
tance resulted from this research Nme molecular markers 
on eight llnkage groups were Identified for resistance to 
greenbug Two markers on different llnkage groups were 
tdent~fied for biotype C resistance der~ved from SA7536-1 
For biotype C resistance derived from Capbam two markers 
on afferent linkage groups were identifierone marker for 
biotype C resistance was common to both SA7536-1 and 
Capbam For biotype E resistance derived from Capbam 
three markers on two linkage groups were Identified For re- 
sistance genes in PI550607 one marker for biotype C, three 
markers for biotype E, and three markers for biotype K were 
identified For PI550607 the markers for each biotype were 
on different llnkage groups Additionally, a low level of re- 
sistance to greenbug was Identified in a susceptible cross 
with BTx623 as a parent This could lead to identification of 
additional resistance genes wlth small effects that could 
eventually enhance to useable level of greenbug resistance 
The study concluded that resistance to greenbug is not slrn- 
ply ~nhented Resistance to greenbug is multigenic and 
mostly quantitative, the number of resistance loci found 
rangmg from one to five (dependmg on the population) The 
relationship between greenbug resistance in sorghum, 
wheat, and barley was also studled It was concluded that 
some correspondence exlsts between greenbug resistance in 
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the different species This could lead to strategies of gene 
management or deployment to improve durability of resis- 
tance Additional ~ooulations are in development to con- 
duct fine mapping activities as a prelude to cloning 

Crosses and backcrosses were made to incorporate 
greenbug resistance and post-flowering drought tolerance 
Into a single genotype Three sources of resistance to green- 
bug are used Capbam through Tx2783, PI550607, and 
PI550610 The source of post-flowering drought tolerance 
IS the cross B35*Tx7000 Molecular analysls using RFLP 
markers will be used to identify genotypes that contain 
greenbug resistance genes and QTLs for drought resistance 
The research is a collaborative project between TAM-223, 
TAM-222, and the molecular biology laboratory of Dr 
Henry Nguyen (Texas Tech University) Mr Sidi Bekaye 
Coulibaly (Mali) will conduct Ph D research in this project 

For soil toxlc~ty research at Cinzana a 17 entry paired 
plot experiment was developed and sent to Mali All entries 
in the test were specifically requested by Dr Mamadou 
Doumbia, IER so11 chemist The experiment was planted in 
the soil toxicity site on the Cinzana statlon and in a farmers 
field adjacent to the Cinzana station Research in soil toxlc- 
~ t y  continued to be hindered by poor germination in the sites 
selected for the study 

Head bug damage was rated at Sotuba and Samanko ln 
the population Malisor 84-7*S34 The populations were de- 
veloped in Texas and Puerto f ico and sent to Mali for 
evaluation Dr A Toure, IER sorghum breeder, is conduct- 
ing this research for a Rockefeller Foundation post-doctoral 
fellowship For 1997, the study was expanded to include 
progeny from the same cross that was developed by the IC- 
RISAT West African sorghum program 

Work with Malian collaborators to develop improved 
guinea type varieties with higher yield potential, superior 
grain traits, tan plant, and other needed plant traits contin- 
ued One tan plant, white seeded line named "N'Tenim~ssa'~ 
has consistently shown excellent grain yield and agronomic 

traits It is currently being tested on-farm and IS being re- 
leased 

Sugarcane aphld resistant breeding materials are in de- 
velopment to establish a research project with entomolo- 
gists and breeders in Southern Africa Resistance sources 
includlng TAM428, CE151 WM#177, Sima (IS 23250) 
SDSL89426, and FGYQ336 were intercrossed or crossed to 
locally adapted cultlvars to develop a range of populations 
for study Exotlc cultivars used include Segaolane, Maru- 
pantse, Macia, Town, SV1, and A964 The lines were also 
crossed to elite TAM-223 germplasm to introduce addl- 
tional favorable traits includlng foliar disease resistance 
Backcrosses of selected F IS to adapted cultivars were made 
Initial selections will be made at Texas nursery locations 
Selections provided to collaborators wlll contain wide adap- 
tation and potential resistance to several diseases 

Workshops 

Participated in the Sorghum Characterization Workshop, 
November 10- 1 1, 1997, Cinzana, Mali Participated In in- 
structing participants in the use of sorghum descriptors and 
moderated a discussion section 

Research Investgator Exchanges 

Honduras - August 25-28, 1997 Particlpated in discus- 
sions with representatives of the Escuela Agrlcola 
Panamerlcana (EAP), Zamorano, concerning future direc- 
tion of the collaborative sorghum research program 
Planned research for 1997-98 

Mali - November 3-21, 1997 Participated in the Sor- 
ghum Characterization Workshop at Cinzana Participated 
in characterization of the Mali Sorghum Collection planted 
at Cinzana Worked with IER breeding collaborators in use 
of computer software for breeding program management 
Evaluated cooperatlve IERIINTSORMIL research at So- 
tuba and Cinzana Rated plots at Sotuba and Samanko (IC- 
RISATIWASIP) for damage to headbugs for the molecular 
biology research conducted by Dr A Toure (currently 
Rockefeller Foundation Post-Doctoral Fellow) Met with 
ICRISATIWASIP scientists at Samanko to discuss future 
collaborative research on use of molecular biology for resis- 
tance to headbugs Developed future collaborative research 
plan for research on soil toxicity and resistance to Insects 

Honduras - February 1-4, 1998 Participated In discus- 
sions with representatives of the Escuela Agrlcola 
Panamericana (EAP), Zamorano, and the Direction de Ci- 
encia y Tecnologia Agropecuaria (D1CTA)IRecursos Natu- 
rales concerning future direction of the collaborative 
sorghum research program Planned research for 1998-99 

HondurasIN~caragua - May 2-9, 1998 Honduras - Par- 
ticipated in discussions with representatives of the EAP, 
DICTA, and USAID concerning future direction of the col- 
laborative sorghum research program Planned 1998-99 re- 
search with EAP Discussed organization of the December, 
1998 review by the External Evaluat~on Panel Nicaragua - 
Particlpated in discussions with representatives of the Instl- 
tuto Nicaragunese de Technologla Agropecuria (INTA) and 
USAID/Nicaragua to establish a collaborative research re- 
lationship between INTA and INTSORMIL Planned re- 
search to be conducted in Nicaragua during 1998-99 Met 
with representatives of the Union of Agricultural Producers 
of Nicaragua (UPANIC) to discuss possible collaborative 
activities 

Participated in meeting of the Sorghum Improvement 
Conference of North Amerlca (S1CNA)Board of Directors 
to plan the February, 1999, Blennial Sorghum Research and 
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Utlization Conference Currently serving as SICNA Board 
Chair 

Participated m the 1NTSOR.MIL Prmcipal Investigators 
Conference, June 23, 1998, Corpus Christ~, TX 

Participated in the INTSORMIL Impact Assessment 
Workshop, June 24, 1998, Corpus Chnsti, TX 

Participated m Sorghum Crop Germplasm Committee 
(CGC) meetmg, June 24, 1998, Corpus Christi, TX 

Partlc~pated in U S Ergot Conference, June 25-26,1998, 
Corpus Chnst~, TX Led field tour discussion on breed~ng 
for insect resistance 

Dr A Tour& IER, Bamako, Mali 

Mr Antonio J Cristiani, President of Cr~stian~ Burkard, 
Guatemala, October, 1997 

Dr Bob Henzell, Queensland Dep of Prlmary Indus- 
tries, Australia, June 1998 

Mr Tim Lust, National Gram Sorghum Producers Re- 
search Dlrector, and Mr Travis Taylor, Texas Grain Sor- 
ghum Board Executive Dlrector, several occasions 

Germplasm and Research Informatton Exchange 

Germplasm Conservatlon Use 

Accessions from the sorghum conversion program were 
grown for mcrease and evaluation Releases from the sor- 
ghum conversion program were deposited in the National 
Seed Storage Laboratory Germplasm was distributed to 
private companies as requested and to the followmg coun- 
tries, mcludmg but not llm~ted to Mali, Botswana, Chma, 
Argentina and Niger Entnes m the All Dlsease and Insect 
Nursery (ADIN) were evaluated at many locations domesti- 
cally and lnternat~onally 

Seed of ABTx639, AIBTx640, and ABTx64 1 was dis- 
tributed followmg release Seed was previously distributed 
to seven U S and one Guatemalan seed company under a 
pre-release memorandum to allow evaluation pnor to offi- 
cial release 

Cooperator in the release of forty converted sorghum 
l~nes from the sorghum conversion program 

Germplasm prev~ously developed and released by thls 
project is used widely used by commercial seed companies 
in hybr~d production B~otype E greenbug resistant R-lmes 
from this project are widely used in the production of green- 
bug resistant hybrids 

Provlded miscellaneous computer supplies to Mallan 
breeding collaborators Tramed Malian IER breeding col- 
laborators m the use of computer software 

Other Cooperators 

Collaboration with the following scientists was impor- 
tant m the activities of TAM-223 

Dr R A Frederiksen, Department of Plant Pathology 
and Microbiology, Texas A&M Universlty, College Sta- 
tion, TX 77843 (TAM-224) 

Dr L W Rooney, Cereal Chemistry, Department of Soil 
and Crop Sciences, Texas A&M Universlty, College Sta- 
tion, TX 77843 (TAM-226) 

Dr G N Odvody, Plant Pathology, Texas Agricultural 
Experiment Statlon, Texas A&M University Agr~cultural 
Research and Extension Center, Route 2 Box 589, Corpus 
Chn~ti, TX 78406-9704 (TAM-228) 

Dr R D Waniska Cereal Chem~stry, Department of 
So11 and Crop Sciences, Texas A&M Universlty, College 
Station, TX 77843 

Dr W L Rooney, Sorghum Breedng, Department of 
Soil and Crop Sciences, Texas A&M University, College 
Station, TX 77843 

Dr T L Archer, Entomology, Texas A&M University 
Agricultural Research and Extension Center, Route 3 Box 
219, Lubbock, TX 79401-9757 

Dr B R Wiseman, Entomology, Insect Biology and 
Population Management Research Laboratory, P 0 Box 
748, USDA-ARS, Tlfton, GA 3 1793-0748 

Dr J A Dahlberg, Sorghum Breedmg and Germplasm, 
USDA-ARS, Tropical Agriculture Research Station, 2200 
Avr Pedro Albizu-Campos, Suite 201, Mayaguez, PR 
00680-5470 

Dr C S Manthe, Ministry ofAgriculture, Department of 
Agricultural Research, Private Bag 033, Gaborone, Bot- 
swana 

Ing Laureano Pmeda, Institute Nicaragense de Tech- 
nologia, Edific~o Mar, Apdo 1247 Managua, Nicaragua 

Dr R G Henzell, Sorghum Breeding, Hermitage Re- 
search Station, via Warwick, QLD 4370, Australia 

Dr Henry T Nguyen, Molecular B~ology, Texas Tech 
University, Lubbock, TX 
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Publlcat~ons and Presentatlons 

Abstracts 

Katsar C S A H Paterson G C Peterson and G L Teetes 1998 
Molecular analys~s of reslstance to greenbug In sorghum In Proc of the 
Intemat~onal Conference on the Genetlc Imurovement of Sorghum and 
Pearl M~llet Lubbock TX Sep 22 27 1996 p 654 655 

- 
Rosenow D T J A Dahlberg L E Clark and G C Peterson 1998 

Sorghum converslon program InProc of the Intematlonal Conference 
on the Genettc Improvement of Sorghum and Pearl Mlllet Lubbock 
TX Sep 22 27 1996 p 671 672 

Teetes G L G C Peterson R M Anderson K Schaefer and J W Jones 
1998 Sorghum mldge res~stanthybr~ds for the 21S'century In Proc of 
the lnternatlonal Conference on the Genet~c Improvement of Sorghum 
and Pearl Mlllet Lubbock TX Sep 22 27 1996 p 677 

Dlarlsso N Y B B Pendleton G L Teetes G C Peterson and R M 
Anderson 1997 Relatlonshlp between sorghum glume closure and 
reslstance to sorghum m~dge Intematlonal Sorghum and Mlllets 
Newsletter 38 87 88 

Katsar C S A H Paterson G C Peterson andG L Teetes 1997 RFLP 
analys~s of greenbug reslstant sorghum germplasm Annual Plant 
Res~stance to Insects Newsletter 23 39 40 

Peterson G C G L Teetes J W Jones R M Anderson B B Pendleton 
and K Schaefer 1997 Release of sorghum ~nbred llnes reslstant to 
sorghum m~dge Intemat~onal Sorghum and Mlllets Newsletter 38 37 
18 

~et&on G C G L Teetes J W Jones R M Anderson B B Pendleton 
and K Schaefer 1997 Sorghum lnbred l~nes reslstant to sorghum 
mldge Annual Plant Reslstance to Insects Newsletter 23 36 37 

Peterson G C J W Jones G L Teetes B B Pendleton and R M 
Anderson 1998 Gram y~eld of sorghum mldge res~stant sorghum 
hybr~ds 1997 Arthropod Management Tests ( ~ n  press) 

Presentatlons 

Teetes G L B B Pendleton R M Anderson C S Katsar and G C 
Peterson Hybr~d~zatlon of sorghum mldge reslstant and susceptlble 
sorghums Intemat~onal Plant Reslstance to Insects 13th Blenntal 
Workshop 15 18 March 1998 Memphls TN 

Teetes G L B B Pendleton R M Anderson C S Katsar and G C 
Peterson Hybrldlzatlon of sorghum mldge reslstant and susceptlble 
sorghums 46th Annual Meet~ng of the Southwestern Branch of the 
Entomolog~cal Soctety of Arner~ca 9 12 February 1998 Corpus 
Christ1 TX 

Katsar C S G L Teetes A H Paterson and G C Peterson Comparatlve 
analysts of greenbug reslstance genes among the Poaceae 1997 Annual 
Meet~ng of the Entomolog~cal Soclety of Amer~ca 14 18 December 
1997 Nashville TN 

Refereed Journal 

Rosenow D T J A Dahlberg G C Peterson L E Clark F R Mlller A 
Sotomayor Rios A J Hamburger P Madera Torres A Qulles Belen 
and C A Woodfin 1997 Reg~strat~on of fifty converted sorghums 
from the sorghum converslon program Crop SCI 37 1387 1398 

Rosenow D T J A Dahlberg J C Stephens F R Mtller D K Barnes 
G C Peterson J W Johnson and K F Schertz 1997 Reg~strat~on of 
63 converted sorghum germplasm lmes from the sorghum convers~on 
program Crop SCI 37 1399 1400 

Dahlberg J A D T  Rosenow G C  Peterson L E Clark F R M~ller A 
Sotomayor Rios A J Hamburger P Madera Torres A Qulles Belen 
and C A Woodfin 1998 Regtstrat~on of forty converted sorghums 
from the sorghum converslon program Crop SCI 38 564 565 

D~arlsso N Y B B Pendleton G L Teetes G C Peterson and R M 
Anderson 1998 Floret morphology of sorghum m~dge reststant 
sorghum Southwestem Entomol 23 67 75 

Teetes G L C S Manthe G C Peterson K Leuschner and B B 
Pendleton 1995 (publrshed In 1997) Sorghum reslstant to the 
sugarcane aphtd Melanaphzs sacchari (Homoptera Aph~d~dae) m 
Botswana and Z~mbabwe Insect Scl Appilc 16 63 71 

Dtarlsso N Y B B Pendleton G L Teetes G C Peterson and R M 
Anderson 1998 Splkelet flowertng tlme cause of sorghum reslstance 

to sorghum mldge (Dtptera Cec~domy~~dae) J Econ Entomol (m 
press) 

Peterson G C G L Teetes B R Wlseman J W Jones R M Anderson 
K Schaefer and B B Pendleton 1998 Reglstratlon of Tx639 Tx640 
and Tx641 sorghum mldge res~stant sorghum lnbred llnes Crop Scl (m 
press) 

Books, Book Chapters and Proceed~ngs 

Henzell R G G C Peterson G L Teetes B A Franzmann H C Shanna, 
0 Youm A Ratnadass A Toure J Raab and0  Ajal 1997 Breed~ng 
for Reslstance to Panlcle Pests of Sorghum and Pearl M~llet p 255 
280 In Proc of the Genet~c Improvement of Sorghum and Pearl Mlllet 
Intemat~onal Conference Lubbock TX Sep 23 27 1996 

Peterson G C B V S Reddy 0 Youm G L Teetes and L Lambrlght 
1997 Breedlng for Reslstance to Follar and Stem Feedlng Insects of 
Sorghum and Pearl M~llet  p 281 302 In Proc of the Genetlc 
Improvement of Sorghum and Pearl Mlllet Intematlonal Conference 
Lubbock TX Sep 23 27 1996 

Peterson G C 1999 Sorghum In Encyclopedia of the Great Pla~ns Edlted 
by D J W~shart Un~verslty ofNebraska Llncoln (In Press) 

Teetes G L G C Peterson and K F Nwanze 1999 Genet~c Dlverslty of 
Sorghum Sorghum bzcolor(L ) Moench a Source of Insect Resistant 
Germplasm p 63 82 In Global Plant Genetlc Resources for Insect 
Res~stant Crops Ed~ted by Stephen L Clement and Sharron S 
Qutsenbeny CRC Press Boca Raton FL 

P~etsch D L Synatschk W L Rooney D T Rosenow and G C 
Peterson 1998 1997 Gram sorghum performance tests m Texas Dep 
of Sot1 and Crop SCI Technical Report No 97 12 120p 
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Breedlng Pearl M~llet and Sorghum for Stabll~ty 
of Performance Uslng Troplcal Germplasm 

Project UNL-218 
Dav~d J Andrews 

Unlvers~ty of Nebraska 

David J Andrews, Professor, Department of Agronomy, University of Nebraska, Lincoln, Nebraska 68583-0915 

Dr Chris Manthe, Cereals Coordinator, and Mr Peter Setimela, Sorghum Breeder, Department of Agricultural 
Research, P 0 Box 0033, Sebele, Botswana 

Mr Issoufou Kapran, INRAN, B P 429, Niamey, N~ger 
Mr Adama Coulibaly, Agronomist and Mod1 Diagouraga, Millet Breeder, Cinzana, BP 214, Segou, Mali 
Mr W R Lechner, Chief Sc~entific Officer and S A Ipmge, Millet Breeder, Ministry of Agriculture, Water 

and Rural Development, P 0 Box 144, Oshakati, Namibia 
Drs T Hash and K N Rai, Millet Breeders, J W Stenhouse and Belum Reddy, Sorghum Breeders, and 

Dr Paula Brarnel-Cox, Genetic Resources, ICRISAT, Patancheru P 0 AP 502 325, India 
Dr Anand Kumar, Millet Breeder, ICRISAT, Sahelien Center, BP 12 404, Niamey, Niger 
Dr J D Axtell, Sorghum Breeder, PRF-203, Department of Agronomy, Purdue University, West Lafayette, IN 

47907 
Dr Lloyd W Rooney, Cereal Chemist, TAM-226, Department of Food Science, Texas A&M University, 

College Station, TX 77843 
Drs G W Burton and W W Hanna, Genetlc~sts, USDAIARS, Coastal Plain Exp Station, P 0 Box 748, Tifion, 

GA 3 1793 
Mr W M Stegme~er, Mtllet Breeder, Department of Agronomy, Kansas State University, Hays, KS 67601 
Drs J W Maranville, Cereal Physiologist, UNL-214, and S C Mason, Cereal Agronomist, UNL-213, Depart- 

ment of Agronomy, University of Nebraska, Lmcoln, NE 68583 
Dr D T Rosenow, Sorghum Breeder, TAM-222, Texas A&M University, Lubbock, TX 79401 

Summary 

Sorghum and pearl millet are the major traditional cereal 
crops on whlch millions of people are dependent ~n exten- 
sive drought prone areas of low-resource agriculture in Af- 
rica and the Indian sub-continent These two cereals are the 
best adapted to most reliably produce food m the unpredict- 
able conditions of erratic ramfall, low soil fertility and nu- 
merous pests and diseases In such cond~tions, agronomic 
interventions such as the use of chemical fertilizers have 
dramatic effects but their costs and the risks Involved are 
still too high for most low resource farmers Seed of new 
cultivars 1s a h~ghly cost effective technology even w~thout 
agronomic support, but they are more effective w~th  and en- 
courage the use of other agronomic mterventions Where 
production increases have been obtamed m low resource 
cond~tions, they have always been dependent on new culti- 
vars Plant breeding is therefore the key, and the catalyst to 
improving food production m Africa, and has already done 
so in India 

Sorghum is w~dely used as a gram feed in mtenslve agri- 
culture, in north and south America, southern Europe, South 

Africa and Australia, w~ th  consequent high levels of breed- 
ing research, some results of which can be modified and 
used In research in developing countries The situation 1s 
different for pearl mlllet, which so far has only been utilized 
as a forage crop In intensive agriculture However, pearl 
millet has a more nutritious grain than sorghum, and so has 
the potential to become a high yieldlng feed grain with a 
somewhat different adaptation pattern than sorghum It has 
frequently been shown m India that pearl millet hybrids can 
produce 5 tons of grainha in 3 months, and the same yield 
has been obtained on a field scale in Kansas 

The goals of this project are several to develop parental 
material of higher yielding ability that can be used m col- 
laborative breedlng programs in developing countries, m 
the U S to increase the genetic diversity in sorghum and to 
produce the adapted plant type needed to grow pearl millet 
as a comblne feed crop, to Identify sources of useful traits 
and to develop methods to consistently select for them, and 
to prov~de students thesis topics from the on-going research 
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which are relevant to the problems they will face in their re- 
search programs at home 

Collaborative breeding with pearl millet was contmued 
in Mali and Namibia, the latter with the assistance of the 
SADCIICFUSAT Sorghum and Millet Improvement Pro- 
gram at Matopos, Zlmbabwe Collaborative breeding in sor- 
ghum in Botswana is also done with the partlclpation of the 
SADC/ICNSAT/SMIP program Breedingaterial and in- 
formation, mostly on pearl millet, is routmely exchanged 
with the ICFUSAT programs m India and the West African 
center m Niger Sorghum germplasm is exchanged wrth 
several African breeding programs 

In the U S , both applied and basic research is conducted 
on both crops In pearl millet applied research is pmcipally 
centered on developing hybrid parents which show high 
levels of heterosis, lodgmg resistance and early maturity 
Basic research is conducted on explormg the usefulness of 
the new A4 cytoplasmic male sterility system, and recently, 
m collaboration with ICRISAT, the A5 system which ap- 
pear to offer significant advantages in breeding and produc- 
ing hybrids both m the U S and tropical areas The mam 
thrust of the sorghum program IS to introgress new high 
yielding tropically bred food sorghums into U S grain sor- 
ghums and also use the resulting early generation segregat- 
ing populations for selection in Botswana In April, 1998, 
29 sorghum seed parent lines, N250A to N278A, and 33 
seed parent germplasms, N279A-N31 lA, were released 
principally for use m the U S Two very early maturmg male 
parent lmes N248R and N249R were also released These 
provlde new genetic diversity for producmg early and full 
season grain hybrids mcludmg white grain-tan plant food 
quality hybrids In May, 1998 five grain pearl millet seed 
parents and two male parents were released for the produc- 
tion of early maturmg pearl millet h y m  suitable for com- 
bine harvestmg in the mldwestlhigh plains region of the 
U S Each of the seed parents was released both m the Al 
and A4 cytoplasmic male sterlle systems, thus enabling a 
greater range of hybrids to be made Both male parents re- 
leased were restorers (R1) for the Al system (the project re- 
leased R4 germplasm earller) The project collaborates with 
the Kansas State sorghum breedmg program at Manhattan, 
Kansas, which is accessing new genetic variability from 
v l d  swghlms wt prevl~udy avadabb m the U S Work 
has commenced on using sources of genetic resistance to 
low and high temperatures at germmation and initla1 stages 
of seedling growth and on the development of screening 
techniques that will provlde effective selection for these 
traits 

To establish a diverse base of agronomically elite mbred 
and semi-mbred lines from crosses between U S stocks 
(including proven project stocks) and introduced tropi- 
cally adapted breeders germplasm The establishment of 
such a base of diversity with yield potential is fimdamen- 
tal to applied collaboration on genetic improvement m 
the long term, where populations from specific crosses 
between superlor project parents and collaborating coun- 
try stocks will be selected in that country It also permits 
hypotheses to be tested about the relative potential of 
various types of varieties and hybrids and parental breed- 
ing procedures and also enables the identification of par- 
ents torelease to make gram hybrids adapted to the U S 

Trarnmg LDC personnel m plant breeding and genetics is 
an important objective The above breeding approach 
provides opportunities and material for post-graduate 
student theses and visitmg scientist projects 

For Pearl Mzllet 

Because of its significant advantages compared to the A 1 
cytoplasmic male sterile (CMS) system, emphasis is be- 
ing given to development ofboth seed parents and restor- 
ers m the A4 CMS system, and to investigatmg its various 
attributes Some work on the newer A5 CMS system re- 
cently discovered at ICRISAT, has commenced 

Selection for AtrazineIPropachlor herbicide tolerance, 
since pearl millet is sensitive to most sorghum and maize 
herbicides 

Assessmg the adaptation of experimental millet hybrids 
in the U S with sorghum checks through the coordina- 
tion of a regional testing program 

For Sorghum 

Increased emphasis IS being given to food quality male 
parent development, uslng introgression of productive 
tropical germplasm 

A major constraint to sorghum m the Midwest/High 
Plains of the U S is its late planting date compared to 

_maize Earlier plantmg requires germination and seed- 
lmg cool tolerance Work has commenced in identifying 
tolerant sources and the transfer of these traits 

Because seedlmg heat tolerance is often needed m the 
tropics, the inheritance ofknown sources is bemg studied 
and sunplified screening methodology developed 

Objectmes, Production and Utilization Constra~nts 
Constraints 

The objectives of the breeding programs with slight 
changes in emphasis, remain as in previous years The fol- 
lowing objectives apply to both crops 

Constramts to pearl millet and sorghum production are 
both genetic and physical factors m the growing environ- 
ment and the effects of fragile indigenous food gram mar- 
kets In low resource semi-arid (LRSA) conditions m Africa 
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and Asia there are many environmental constramts to pro- 
duction, the principal of which are low nutrient levels, a 
variable and uncertam moisture supply and many severe 
pests and d~seases Actual production IS the mteraction of 
these constralnts on the genetic yield potential (the com- 
parative yielding ability under non-stress conditions) of the 
cultivar The tolerance of the genotype to the sum of these 
constralnts constitutes adaptation Good adaptation alone, 
however, is not enough, smce yield potential also has to be 
raised to increase production Though some constramts are 
more common than others, there are different combinat~ons 
of constramts m different regions, and hence there are dif- 
ferent areas of adaptatlon which need to be bred for sepa- 
rately Many exlstmg landrace varieties, though they are 
well adapted to low moisture and fertility situations and to 
the several pests and diseases m thelr locality, are not effi- 
cient in convertmg the dry matter they produce into gram 
Thelr b~omass productlon may be good but their harvest in- 
dex (HI) effic~ency is poor There are breedmg stocks whlch 
are twice as efficient m this process but they generally per- 
form poorly m Afr~can cond~tions because they have little 
adaptat~on or pest/d~sease resistance A combmation of 
traits conferrmg adaptat~on, growth rate, and gram produc- 
tion effic~ency is requlred through breedmg, as well as fur- 
ther improvement m basic breedmg stocks (particularly 
seed parents) for grain yield potential per se Combmations 
(lmes/plants) with good adaptation qualit~es can only be 
ident~fied In s ~ t u  in developing countries Thus, segregating 
material generated from crosses with stocks known to per- 
form well m the region concerned, to selected high HI lmes, 
are developed for select~on in collaborative projects For 
sorghum, many cultivars from ICRISAT's breeding pro- 
grams, while they have ra~sed yield potentials in many 
LRSA regions, have not, m general, involved much of the 
high yield potentla1 available from U S comblne sorghum 
parents In turn the genetic base of hybrid parents m the U S 
is very narrow m terms ofthe total range of genetic diversity 
available There is a fertlle breedmg area, therefore, that this 
project seeks to exploit, of crossmg higher yieldmg adapted 
food quality tropical sorghums and U S parents The result- 
mg segregatmg populat~ons are selected m s~ tu  in collabora- 
tive LRSA breedmg programs to the benefit of developing 
countnes, and segregates from the same crosses are selected 
for adaptation and combinmg abrlity in the U S broaden the 
genetic dlverslty in parental lmes 

The selection criterla used in developing unproved basic 
breeding stocks are numerous and Involve morphological 
and physlolog~cal traits and estunates of genet~c combining 
ability for performance Prmcipal morpholog~cal tralts In- 
volve determinants of seed number/m2 and seed size Per- 
formance data under moisture stress and lower soil fertility 
are needed Both spec~fic and general combinmg abllity es- 
t~mates are needed These are prlnclpally thought of in the 
context of hybrid parent development (for pollen and seed 
parents, respect~vely), but these estmates are also of use in 
~dentifymg parents for pearl millet varietles (synthetics), 

and poss~bly for Indicating parental worth, whlch is mpor- 
tant m generating collaborative mater~al for selection 

Hybrids use growth resources, particularly when they are 
in short supply, most efficiently While varieties in pearl 
mlllet are Internally heterotic, higher ylelds are given by hy- 
brids, even those where the best variety is used as a parent m 
topcross hybr~ds Increased yields at the small farmer level, 
often at low productivity levels without other inputs, has 
been the reason why pearl millet hybr~ds have been success- 
ful in Asia, and prov~ded they are of a stable and durable 
type, they can also perform in low resource agriculture m 
Afrlca The project, therefore, has been examlnmg aspects 
of top cross hybr~d development and productlon with con- 
ventional CMS or protogyny seed parents with this use in 
mmd 

Research Approach and Project Output 

Research Methods 

The general approach for both crops is to create diversity 
by crossing h~gh yielding U S stocks with new germplasm 
from developmg countries or ICRISAT (and m the case of 
sorghum, from the Kansas State introgression program) 
This diversity is then used In collaborative breedmg projects 
in host countries to select for per se adaptation, and also in 
the U S to incorporate new genetic diversity mto lines for 
release In both crops the prmcipal breedmg method is pedi- 
gree selection, comb~ned with test crosses and hybrid 
evaluation, to select for the parental lmes that make the best 
hybrids Winter nurseries are used to expedite the selection 
process In sorghum some select~on for host countries is for 
varieties also Seed parents are produced in Al cytoplasmic 
male sterile (CMS) system m sorghum but both A, (Tift 
23A1 cytoplasm) and mcreasmgly A4 CMS (monodii cyto- 
plasm) is belng used m pearl millet A4 male sterility has 
been transferred Into lmes derived from a Senegalese long 
headed dwarf pearl mlllet varlety, IBMV 840 1 These can 
be used then to detect A4 genes m adapted varietles in Sene- 
gal with the eventual alm of bemg able to produce top cross 
hybrids made with R4 derivatives or R4 verslons ofthe best 
varleties as male parents on IBMV 840 lA4 seed parents A 
similar approach is bemg used m a collaborative project in 
Namib~a (see SADC region report) 

Evldence of stability of performance and adaptation of 
pearl millet is lackmg m the U S A regional gram y~eld test, 
w~th  entries from UNL (Nebraska), KSU (Kansas) and ARS 
Tifton (Georgia) is conducted annually at 7-10 locations In 
seven states as far north as Oregon to provide this mforma- 
tion Pearl millet is sensitive to most sorghum herbic~des 
While "safenmg" seed might be poss~ble, genetic res~stance 
to Atrazme/Propachlor herbicide is bemg obtamed through 
repeated screenmgs and recurrent selection under h~gh  rates 
of herblcide appllcatlon 
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In sorghum sources of germination and seedling cold tol- 
erance and their cross performance are being evaluated by 
Iskender Teriyaki for his M S thesis, through growth cham- 
ber and early season field plantmgs The Inheritance of 
seedling heat tolerance, usmg a simplified lab screening 
technique is being studied by Peter Setunela for his Ph D 
dissertation A food quality B-line population based on ms7 
1s being produced by random matmg 

Research Findings 

Pearl Mzllet 

Five seed parent lmes (NM-1 through NM-5) and two 
male parent lines (NMdR and NM-7R) for the production 
of grain pearl millet hybrids adapted to the Midwest/High 
plams region of the U S were released Each seed parent 
was made available in two CMS systems, Al and A4 This 
greatly increases hybnd opportunities, and the capability of 
identifying more elite R4 pollen parents Both the male par- 
ents have unproved lodgmg resistance, an essential trait for 
midwest fall conditions 

Some twenty farmers, m Nebraska, Kansas, Colorado, 
Texas, Oklahoma and South and North Dakota, requested 
and received hybrid seed of 68A x NM-6R to make test 
plantings of 0 5 to 2 ha in May or June 1998 Arrangements 
were made with two seed companies for the 1998 pilot pro- 
duct~on of several hybrids each with NMdR and NM-7R 
Independent research results confirm that pearl millet is an 
excellent substitute m part or whole for maize m poultry di- 
ets, however, market channels will need development 

The production of new seed parents in both cytoplasms 
and particularly R4 restorers m A4 cytoplasm continued 
The results of two locations of the advanced pearl millet 
grain hybrid yield test are shown m Table 1 Exceptionally 
severe lodgmg conditions occurred in mid-October (1 5 cm 

Table 1 Pearl Mlllet Advanced Gram Hybr~d Trial 
1997 Mean of two locat~ons at UNL, Mead, 
Nebraska (Results of 11 of 25 entr~es) 

Mean (25 entnes) 4320 71 9 108 6 23 7 
LSDP=O05 1240 6 0 7 6 15 6 

Y~eld mcludes gram from lodged heads 
Check hybrld 

of wet snow and wind Sorghum hybrids in the same field 
also lodged 8-70%) However, the highest yieldmg millet 
hybrid NM-5A x NM-6R, showed excellent lodging resis- 
tance 

A research grant was obtained from the Maharastra Hy- 
brid Seed Company, Jalna, India, to compare the attributes 
of different cytoplasmic male sterility systems which will 
now mclude A5 CMS recently obtained from ICRISAT 
Though only one replicated test was conducted m 1997, it is 
clear that the tlme between stigma emergence and anthesis 
is reduced by 15% in hybnds with A4 cytoplasm, compared 
to the same hybrids m Al x R or B x R form, while pollen 
quantity is at least double that of the Al versions There was 
no difference, as expected, in open pollinated seed set (since 
all have the same pollen environment), and selfed seed set 
on A4 hybnds was good (80 + %, equalling the B x R hy- 
brids), but A, hybrids averaged only 11% seed set under 
bags In ordinary conditions such Al hybrids might show 
normal seed set, but where stress on pollination occurs, such 
as with cold or wet conditions, seed set may be easily af- 
fected 

The development and testmg of white gram hybrids also 
continued White grain provides the opportunity to produce 
attractive flour based and parboiled products, also milling 
recovery rates can be higher White grain hybrids have been 
found as shown m Table 2, which gave yields as good as the 
normal gram colored (grey) check hybr~d A larger planting 
of the best white grain hybrids will be made to produce 
enough gram for product testing 

Mean location grain yields in the 1997 Regional Pearl 
Millet Hybrid Test grown at seven sites m five states ranged 
from 2770 to 5290 kg ha with yields of individual hybrids 
reaching 6800 kg ha ' at Walsh, Colorado 

Table 2 Pear1 Millet W h ~ t e  Grain Hybrid T r ~ a l  1997 
UNL, Mead, Nebraska (Results of 10 of 42 en- 

Y~eld: Bloom He~ght Lodge 
~ ~ b n d '  kg ha days cm % 

Tnal Mean 42 entnes 4363 60 7 119 23 5 
LSDP=O05 900 3 0 8 8 14 6 

' ~ l l  parents are whlte gamed verslons except check 
'check hybnd 
'Yield lncludes gram from lodged heads 
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Sorghum 

A total of 29 seed parent lines (N250-N278), 2 early re- 
storer parent lines, (N248R, N249R) and a further 33 seed 
parent germplasms (N278-N3 11) were released These pro- 
vide new genetic diversity for producing hybrids m the U S , 
and since many ofthe parents were white gram tan plant, nu- 
merous food quality combmations can be made 

These parental lmes originated from the program, de- 
scribed m previous reports, to introgress tropical breeders 
food quality germplasm Into widely used U S seed parents 
Germplasm from I C R I S A T I I ~ ~ I ~  (originally derived from 
world wide sources, especially Ethiopia, Sudan, and Nige- 
ria), Botswana, Nigeria, Senegal, Zamb~a, and Zlmbabwe 
was ~nvolved in the breedmg of the released parents The 
characterization of the~r combming abilities [leadmg to the 
seed parent lme (excellent) and seed parent germplasm 
(good) classification] through multilocation hybrid testing 
was supported by a three year grant from the Nebraska 
Gram Sorghum Board Early m the development of these 
seed parents, segregatmg families were sent to Botswana, 
which through collaboration with SADC/ICRISAT/SMIP, 
resulted m the identification and pendmg release of 37 seed 
parents for Botswana and s~milar ecologies 

The development of further seed parents from subse- 
quent introductions and mtercrosses, continued in the report 
year Table 3 shows the yields of some of these parents in 
hybrid combmation Increased emphasis started several 
years ago, has been given to producing food quality male 
parents, through a srmilar program of introgression of tropi- 
cal breeders germplasm fiom India, Botswana, Zambia, 
Congo, and South Africa Yields involving some ofthe new 
male parents (R-lmes) are shown in Table 4 

The screening technique for seedling heat tolerance de- 
veloped by Peter Setimela m work for hls Ph D involves 
measuring the recovery growth of three day old seedlings 
returned to 28OC m the dark after receivmg a heat shock of 
50°C for 10 minutes The seedlmgs are held between per- 
spex plates to permlt photocopymg them every eight hours 
for two days Shoot recovery growth response varied fiom 
40% reduction m the most tolerant genotypes, to no further 
growth m the most susceptible In one genotype shoot 
growth resumed but not root growth, in others secondary 
root branching was halted Crosses and backcrosses be- 
tween the most and least tolerant will be used to estlmate 
hentabllities 

In the germination and seedlmg cold tolerance research 
conducted by Iskender Tiryaki for his M S degree, large 
differences in rate of emergence m cold soil conditions (10- 
15°C) were found both between genotypes and also m tester 
effect Tester N123A, though a very early lme, generally 
showed negative combining ability, but tester 144-3A 
showed good heterosis for cold tolerance with poor lmes 

Table3 Initial Grain Sorghum Hybrid Yield Trial 
1997 UNL, Mead, Nebraska Data of selected 
entries 

Y~eld: Plant He~ght Bloom Lodge 
Hybnd Parentage kg ha cm days Y 
9044A x 3 16R 8990 117 82 35 
026A x RTX9032 8930 130 76 76 
3 15A x RTX9032 8930 135 78 47 
N122A x RTX430 (Check 2) 8900 125 74 75 

699A x RTX9032 8790 132 80 68 
026A x RTX9032 8750 130 75 73 

2314NA x 3 17R 8700 117 78 60 

N148A x (WSV x 430) 8410 135 76 71 

599A x 320R 8370 120 77 69 

N122A x [PLI (KS4 x NPC?)] 7990 135 78 80 
N122A x @OR x 8503) 7990 120 79 68 

P8500 (Check 1) 7950 120 72 53 

Mean 44 entnes 7250 123 73 64 
SF3 715 4 1 2  9 

'Y~eld mcludes gram from lodged heads 

Table 4 Advanced Grain Sorghum Hybrid Trial 1997 
UNL, Mead, Nebraska Data of selected en- 
tries 

Y~eldi Plant Helght Bloom Lodge 
Hybnd Parentage kg ha cm days % 

618A x (DORx 348) 7940 125 75 46 
311Ax290R 7880 115 75 14 
026A x RTX2737 7850 125 77 74 
P8500 (Check 1) 7680 125 71 37 

N122A x RTX430 (Check 2) 7260 125 74 42 
599A x 1226R 6910 117 72 62 
N122A x317R 6910 130 77 63 
N122A x 337R 6850 117 72 43 

N122A x (WSV x 430) 6730 110 73 14 
311Ax316R 6060 117 77 3 1 
N122A x 320R 5980 122 77 52 
026A K 1226R 5640 107 72 47 

901A x 1226R 5190 95 77 8 
Mean of 17 entries 5969 118 75 41 
SF.+ 573 5 1 6 

' ~ d d  lncludes gram from lodged heads 

For example, PI550-666, Figure lA, however it did not 
improve the hybrids wlth llnes that already possessed good 
tolerance, for example PI550 586, Figure 1B Both these PI 
lmes are ofRussian origm The chance of seed parent lines is 
therefore very important for early seedling emergence in 
cool conditions 
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N123-A and 144-3A x 550666 

7 8 9 10 13 15 
Day after plantmg 

F~gure 1A Sorghum germlnatlon cold tolerance Rate of emergence of relat~vely susceptible l ~ne  PI 550666 and 
test crosses wlth N123-A and 144-3A 

N123-A and 144-3A x 550586 

7 8 9 10 13 15 
Day after planting 

F~gure 1B Sorghum germlnat~on cold tolerance Rate of seedl~ng emergence of relat~vely tolerant hne PI 550586 
and test crosses w~th N123-A and 144-3A 
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Workshops 

Contributmg author of "Heterosis in sorghum and pearl 
millet", Presentation given in The Genetics and Exploita- 
tion of Heterosis m Crops, August 1997, CIMMYT, Mex- 
ico 

Participant m Use of Molecular Markers m the Improve- 
ment of Pearl Millet In Developmg Countries Workshop, 
November 23-27, 1997, ICRISAT, Patancheru 

Participant m workshop m Seed Production and Farmer 
Participatory Breeding, March 26-29, 1998, OshakatlIMa- 
henene, Namlbia 

Participant in INTSORMIL PI and Sorghum Ergot 
Workshop, Corpus Chrlsti, Texas, June 22-26, 1998 

Protogyny based hybrid seed production method devel- 
oped by UNL-2 18 research in pilot project use to produce 
pearl millet topcross hybrids by IER, Mali PI visited seed 
production plots to advise on management techniques 

Production of R4 restorer versions of popular varieties, 
by use of the backcrossing in male sterile cytoplasm 
method, in Namibian breedrng program (In collaboration 
wlth SADCIICRISATISMIP) PI made vlsit 

Provided A4R4 donor parent to Zamb~an millet program 
to commence development of R4 versions of Zamblan va- 
rieties 

Breeding supplies (pollmating bags) provided to Bot- 
swana sorghum and Namib~a millet breedmg programs 

Publlcatlons and Presentations 

Research Investzgator Exchanges 

Dr K N Rai, Senior Millet Breeder, ICRISAT, 
Patancheru Vlsiting sc~ent~st at UNL Nebraska, January- 
December, 1998, pr~manly workmg on pearl millet CMS 
systems 

Mr S A Ipinge, Senior Mlllet Breeder, MAWRD, 
Okashsana, Namibia Visitmg research scholar, May-Octo- 
ber, 1998, hybrid breedmg techniques 

Prmcipal Investigator made trips m support of INT- 
SORMIL collaborative research (and jointly where mdi- 
cated(*), as Scientific Liason Officer for USAID to 
ICRISAT), 

October 7- 12, 1997 - SADC/ICRISAT/SMIP, Zim- 
babwe* 

Axtell J D  I Kapran Y Ibrah~m G Ejeta, L Hovle B Maunder 
Heteros~s In sorghuum and pearl mlllet The Genetlcs and Exploltat~on 
of Heteros~s In Crops August, 1997 CIMMYT Mex~co 

Journal Artccles 

Gupta, S C F R Musa and D J Andrews 1997 Reglstrahon of INFM 
95001 Flnger M~llet Genetlc Male Sterile Llne Crop SCI 37 1409 

Proceedcngs 

Andrews D J G Ejeta, M Gilbert P Goswam1 K Anand Kumar A B 
Maunder K Porter K N Rsu J F Rajewskl V S Belum Reddy W 
Stegme~er and B S Talukdar 1998 Breedlng hybr~d parents In D 
Rosenow et a1 (eds) Proc of Intematlonal Conference on the Genet~c 
Improvement of Sorghum and Pearl Mlllet Lubbock Texas 
September 23 27 1996 INTSORMIL Unlverslty of Nebraska 
Llncoln Nebraska 

November 23-27, 1997 - ICRISAT Center, Patancheru, Ra~ewskl J F and D J Andrews 1998 Summary of 1997 Pearl Mlllet 

India* Reg~onal Trlals 8 p Dept of Agronomy Unlvers~ty of Nebraska 
Lmcoln 

September 4- 12, 1997 - IER Mall, and ICRISAT, Mall, 
Samanko* 

March 26 - April 4, 1998 - Namlbia, SADCIICRI- 
SATISMIP, Zimbabwe*, and Botswana 

Germplasm and Informatcon Exchange 

Acqulred 60 pearl millet breeder l~nes fiom ICRISAT, 
India and 20 pearl millet breeder lines fiom ICRISAT ISC, 
Niger 

Release of 62 sorghum parent Imes/germplasms for U S 

Release of 7 gram pearl millet parent lmes for U S 
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Chemlcal and Physlcal Aspects of Food and 
Nutrltlonal Quallty of Sorghum and Mlllet 

Project PRF-212 
Bruce R Hamaker 
Purdue Unlverslty 

Dr Bruce R Hamaker, Department of Food Science, Purdue University, West Lafayette, IN 47907-1 160 

Mr Moussa Oumarou, Chemist, Dr Adam Aboubacar, Cereal Technologist, Mr Kaka Saley, Nutritionist, 
Ms Ramatou Seydou, Chemist, Moustapha Moussa, Cereal Technologist, INRAN, B P 429, 
Niamey, Niger 

Ms Senayit Yetneberk, Food Technologist, IAR, Nazret Research Station, P 0 Box 436, Nazret, Ethlopia 
Ms Betty Bugusu, Food Technologist, KARI, Katurnani National Dryland Farming Research Center, 

P 0 Box 340, Machakos, Kenya 
Dr John Axtell, Sorghum Breeder, Dr Gebisa Ejeta, Sorghum Breeder, Dr Robert Elkin, Poultry Nutntionlst, 

Purdue University, - West Lafayette, IN 47907 
Dr Brian Larkms, Plant Molecular Biologist, University of Arizona, Tucson, AZ 

Summary 

Our work this year covered couscous processing, devel- 
opment of a screenmg assay for high protem digestibility 
sorghum, porridge pasting properties of sorghum, and the 
effect of a sorghum grain fungal protease on analytical as- 
says The major achievement was the successful develop- 
ment of a rapid screening assay for identification of 
sorghum lmes with high protein digestibility The need for 
such an assay originates from our previous discovery of a 
sorghum mutant with high protein digestibility The screen- 
ing assay will allow breeders to use this material in their 
breeding programs 

Sorghum protem and starch dlgestibilities in livestock 
animals have been shown to be slightly lower than for other 
feed cereals, and are substantially lower in cooked porridges 
fed to children Previous work done m this laboratory (Kir- 
leis' and Hamaker's groups) showed that the protein bodies 
of sorghum, that encapsulate about 70% of total grain pro- 
tein, are difficult to digest and become even more resistant 
to digestion following cooking The hlgh proteln digestibll- 
ity sorghum found in this laboratory has dramatically d~ffer- 
ent, irregularly-shaped prote~n bodies resulting m easy 
access of proteases to the storage proteln called kafir~ns 
The screenmg assay 1s based on the prmclplethat the major 
storage protem, a-kafirin, digests away very quickly in the 
highly digestible sorghum Following an hour digestion 
with the protease, pepsin, the undigested proteins were ex- 
tracted, analyzed by electrophoresis (SDS-PAGE), and the 
amount of a-kafum visualized was inversely correlated to 
digestibility This relatively slmple approach has reduced 
the normal digestibility tlme down from 2 to 3 days for 
about 20 samples, to analysis of around 60 samples per day 

We are currently trying to improve this assay more by fur- 
ther simplifying the procedure and mcreasing the number of 
sampleslday that can be analyzed 

Work on sorghum and millet-based couscous continued 
both in Niger (see country report) and at Purdue A decorti- 
cation experiment showed that a 20-30% decorticatlon (de- 
hulling) degree for sorghum gram gave highest yield of 
optimum sized couscous particles, as well as improved 
color (more lightness) Although different size particle frac- 
tions are used for different foods in Niger (and other parts of 
West Africa), the most popular slze fraction is intermediate 
(1-2 mm diameter) Much progress has been made in opti- 
mizmg processmg conditions usmg the couscous unit m- 
stalled at INRAN/Nlger through this project 

A study on sorghum porrldge pastmg properties showed 
that liberation of free fatty aclds from triglycerides during 
whole grain flour storage has a large effect on warm paste 
viscosity (at around 50°C) A substantial increase in paste 
v~scosity was noted at two months of storage under ambient 
cond~tions Sorghum flour produced free fatty acids during 
storage much earlier than malze flour Thus, this study 
showed that whole gram sorghum flour changes in quality 
rather abruptly durlng storage at one to two months 

A fungal protease was identified in partially weathered 
sorghum grain that is highly active in protein extraction sol- 
vents, and, in some cases, breaks down proteins completely 
m as little as a two hour extraction This fmdmg was impor- 
tant primarily for analytical work on sorghum protems 
where breakdown changes results Proteolysis can be pre- 

Previous Page BB 
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vented by either decortlcatmgthe gram by 20% or by addmg 
a protease lnhlbitor Because the protease was present m 
significant levels even m gram that did not appear apprecla- 
bly weathered, lt could also have an effect on functional 
properties of sorghum flours used for food This aspect was 
not investigated 

Objectives, Production and Utilization Constraints 

Develop an understandmg of traditional village sorghum 
and millet food processmg and preparation procedures 
and determine the gram characterist~cs that influence the 
fbnctional and organoleptic properties of traditional food 
products 

Determine the relationships among the physical, struc- 
tural, and chemical components of the gram that affect 
the food and nutritlonal quality of sorghum and millet 

Determme the biochemical basis for the relatively poor 
protein and starch digestibility of sorghum gram and 
many cooked sorghum products 

Develop laboratory screenmg methods for use m devel- 
oping country breedmg programs to evaluate and un- 
prove the food quality characteristic~ of sorghum and 
mlllet gram 

Research on the food and nutritional quallty of sorghum 
and mrllet grams is of major Importance in developing 
countries Factors affecting millmg qualities, food quallty, 
and nutritlonal value critically affects other efforts to un- 
prove the crop If the gram is not acceptable to consumers, 
then gram yield and other agronomic unprovements to the 
crop are lost In addition, breeding grains that have superior 
quality traits will more llkely give rise to processed food 
products that can be successfully and competitively mar- 
keted This is especially true for sorghum whlch is per- 
celved m some areas to have poor quality characteristics 
The overall goal of this project is to Improve food and nutri- 
tlonal quality of sorghum and millet through a better under- 
standing of the structural and chemlcal components of the 
gram that affect quallty Thls knowledge will be applied to 
develop useful methodologies for screenmg germplasm for 
end-use quallty, develop techniques to make the grain more 
nutritious, and unprove gram utilization through process- 
ing 

Research Approach and Project Output 

Sorghum Couscous 

Work has continued both at Purdue and INRAN, Niger to 
optunize couscous processing procedures to achieve a high 
quality commercial~zable sorghum or millet couscous for 
the urban West Afncan marketplace At Purdue, Nigerien 
Adam Aboubacar completed his Ph D in December 1997, 
entitled "Physicochemical Properties of Flour and Flne 
Structure of Starch in Relation to Sorghum Couscous Qual- 
ity " The mam fmdmgs f?om his thesis were reported on m 
previous INTSORMIL annual reports ('95-97) Part of thls 
study is reported below In Niger, A Aboubacar mstalled a 
entrepreneur~al-scale couscous processing unit ('96 report) 
with the central mechanized agglomerator designed and 
fabricated at CIRAD, France by Jacques Faure The cous- 
cous unit and product produced were recently exhibited and 
demonstrated at a reglonal agricultural research exposition 
ln Ouagadougou, Burkma Faso by M Oumarou and M 
Moussa of INRAN As flour quallty is critical to obtaining 
hlgh quality couscous, and many other processed cereal 
products, a decorticator and hammer mlll are m the process 
of bemg purchased for INRAN/Nlger and IARIEthlopla 

Effect of Gram Decortzcatzon Rate on 
Sorghum Couscous Color and Yzeld 

Following a sensory study conducted in Niger last year, 
we reported that consumers accepted a wide range of cous- 
cous color, though there was a clear preference for light- 
colored couscous We also noted and reported that the man- 
ner of couscous consumptlon was dependent upon granule 
size There are three different types of couscous granules 
consumed in Nlger Couscous of fme granules also called 
'darnbuy is consumed with milk, vegetable, or sauce and 
couscous of mtermedlate granule known as 'burabusko' is 
eaten with sauce or mllk A third type of couscous called 
'degud' 1s mostly composed of large chunks of agglomer- 
ated, pregelatlnized flour This type of couscous is often 
mixed with spices and consumed wlth milk Studles were 
undertaken to determme the effects of extent of kernel re- 
moval on couscous color and granule size distribution 

Gram samples from seven sorghum cultivars were decor- 
ticated with a tangential abraslve dehullmg devlce to re- 
move 10,20, 30 and 40% of the kernel, and ground mto 
flour Flour ash and proteln content decreased with in- 
creased percent kernel removal Also, an Increase in flour 
lightness and a decrease in flour red color was observed as 
decortication rate Increased Couscous was prepared from 
the flours using a laboratory procedure Processing flour 
into couscous decreased the lightness and mcreased red and 
yellow color m couscous at all decorticatlon rates These 
changes m color became obvious upon water addition to 
flour and accentuated during steaming On the average, 
flour lightness values were 82 1,85 1,87 0, and 88 3 at 10, 
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20, 30, and 40% kernel removal, respectively After flour 
was processed mto couscous, the average lightness values 
dropped to 5 1 7,56 4,57 9, and 60 6 for 10,20,30 and 40% 
kernel removal, respectively For all the cultivars, couscous 
lightness increased with mcreased decortication rate The 
best couscous in terms of lightness were obtained w~th 
IRAT-204, SEPON, NAD-1 and SC283- 10, while the worst 
couscous were derived from Mota Maradi, P721N, and 
P721Q Couscous fiom IRAT-204 and SEPON were the 
best m yellow color andresembledthe color of durum wheat 
couscous Red color in flour was found to be the most un- 
portant parameter that influenced fmal couscous color This 
study also showed that, for some sorghum cultivars, sub- 
stantial improvement in couscous color can be achieved 
through appropnate decortication 

Dried couscous was sieved and separated Into three gran- 
ule sizes (< lmm, 1-2 mm, and > 2 mm) Couscous granule 
size distribution was different among the sorghum cultivars 
at all decortication rates For all the cultivars, high propor- 
tion of fine (< 1 mm) couscous granules was obtamed at 10% 
kernel removal As percent kernel removed increased, the 
proportion of fine (< lmm) granules decreased and that of 
intermediate (1-2 mm) and coarse (> 2mm) granules in- 
creased gradually (Figure 1) We observed that couscous 
granules prepared with flour from 10% decortlcated gram 
tended to break easily when dned, whereas couscous from 
40% decorticated gram gelatinized quickly during steammg 

and produced high proportion of large chunks of granules 
that were very hard after drying The best couscous gran- 
ules were obtamed when flours from 20 and 30% decortica- 
tlon rates were used Figure 1 shows that, as percent kernel 
removed increased, ash content in the flour decreased with 
concomitant decrease in fine (< 1 mm) and mcrease m 
coarse (> 2 mm) couscous granules 

Sorghum wzth Hzgh Protezn Dzgestzbzlzty 

We previously reported ('94-97 INTSORMIL annual re- 
ports) on the identification of sorghum lines w~thin J Ax- 
tell's high lysine population that have markedly higher 
uncooked and cooked protein digestibility levels compared 
to normal types Biochemical and microstructural studies m 
our laboratory showed that higher digestibility was due to 
altered morphology (folded structure) of the kafirin- 
containmg protein bodies, resulting m a more rapid diges- 
tion of the maln storage protein of sorghum, a-kafirin 

Rapzd Assay to IdentzfL Hzghly 
D~gestzble Sorghum Cultzvars 

The discovery in our laboratory of highly digestible sor- 
ghum cultivars prompted the need for the development of a 
rapid assay to screen breeders' lmes for protein digestibility 
This complementary work to INTSORMIL PRF-212 was 
funded by the Texas Grain Sorghum Board Protein d~gesti- 

% kernel removed 
I < l m r n  0 1  2 mrn 1 > 2 m m  +Ash 

F~gure 1 Effect of % kernel removed on flour ash content and couscous granule slze dlstr~but~on 
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bility of 16 sorghum cultivars was determined uslng stan- 
dard procedures (pepsin digestibility and pH-stat) and 
compared to a newly developedrapid electrophoresis-based 
assay The new assay is based on the rate of a-kafirin disap- 
pearance after pepsln digestion a-Kafuins are the major 
storage protein and make up about 70% of the total protein 
in the sorghum grain In the new assay, samples are fust di- 
gested w~th pepsin for one hour and undigested proteins are 
then analyzed by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) Figure 2 is a representa- 
tive SDS-PAGE of normal (N) and highly digestible (H) 
sorghum cultivars The mtensities of the undigested a- 
kafirin bands are then measured Higher band mtensity indi- 
cates lower protein digestibility Highly significant correla- 
tion coeffic~ents were obtained between values obtained by 
the new assay and the standard procedures (r=-0 96 and 
r=-0 85, with pepsin digestibility assay and with pH-stat 
procedure, respectively) This Indicates that the new assay 

is comparable to the existing procedures and can be used for 
screening sorghum llnes for protein digestibility 

The new assay was further tested using a larger sorghum 
population Fifty sorghum cultivars were used The culti- 
vars were derived from two populations of sorghum grown 
in Mexico during the 1996-97 crop season Two high lysine 
and highly digestible (P850115 and P851171) and two nor- 
mal (MR732 and SRN39) sorghum cultivars were crossed 
to generate the two populations Both are ofthe F 10 genera- 
tion Figure 3 shows a regression llne between proteln di- 
gestibility of the 50 sorghum cultivars determmed uslng the 
new assay and digest~bllity determmed by the standard pep- 
sm procedure Figure 3 represents results obtamed when 
samples where compared on same flour basis A slightly 
higher correlation (F-0 92) was obtained when compared 
on the same nitrogen (protein) basis The similarity be- 
tween the two determinations is of significance since it 

Figure 2 Electrophoresis gel (proteins separated by molecular mass) showlng the bas~s of the protein d~gestibility 
screening assay for sorghum grain Lanes (from left to nght) are 1) molecular weight standards, 2-4) nor- 
mal cultivars, 5-9) highly digestible lines The large protein band is a-kafirin and its band intensity is in- 
versely related to digestibility 
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HD' r =  087 

< .. n=50 

Net Intensity 

Figure 3 Regression line between standard pepsin digestibility assay and electrophoresis-based assay where net in- 
tensity 1s the a-kafirin band intensity after 1 hr digestion (HD=highly digestible, N=normal cultrvar) 

elmmates the extra step of nitrogen (protein) determination 
used in the two standard procedures More importantly, two 
distinct populations of highly digestible (H) and normal (N) 
sorghum types were obtained indicating that the new assay 
is highly efficient m differentiatmg the two populations 
Advantages of the new assay over the standard procedures 
include considerable reduction in analysis tlme and sample 
size requlred for the analysls For example, analysis time 
was reduced by about one quarter and sample size by one 
tenth when the new assay was used as compared to the pH- 
stat procedure We estlmate that about 60 sorghum cultlvars 
can be screened m a day by a slngle operator using the new 
assay For qualitative analysis to simply separate hlghly di- 
gestible from normal genotypes, the SDS-PAGE method 
can be used with visual scoring (+ or -) 

Production of Free Fatty Acids m Stored Sorghum 
Flour and thecr Effect on Paste (Porrcdge) Propertres 

is one of the most important sensory-related factors from 
which consumers base then judgements of quality and ac- 
ceptabllity In this study whole gram sorghum was ground 
to flour and stored under ambient conditions to examine the 
effect of flour storage on pastlng properties of porr~dges 
Paste viscosity profiles, as measured by a device called the 
Rapid ViscoAnalyzer, were measured, as well as produc- 
tlon of free fatty acids caused by enzymatic breakdown of 
trlglycerides (the native form in 011) Large Increases in 
cooling paste vlscoslties (at about 50°C) were observed 
when free fatty ac~ds were liberated from triglycerides at 
around month two of storage (Flgure 4) Further study (not 
shown) Indicates that the component Interactions that pro- 
duce this large change in viscosity, thereby affecting por- 
ridge texture, are based on a three-way interaction between 
fatty acids, starch, and probably proteln Stored sorghum 
flour showed breakdown of triglycerides to free fatty acids 
at a much faster rate than comparable stored maize flour 
The reason for thls d~fference is unclear 

Sorghum porridge is a popular staple food in many re- 
gions of Africa, particularly West Africa Porridge texture 
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Figure 4 Rapid VlscoAnalyzer paste v~scosity profiles of whole gram sorghum (P721N, '97) flours stored for 0,1, 
and 2 months 

Prote~n D~gestibzl~ty of Normal Sorghum 

ESfect of Drydown on Protezn Dlgestzbzlzty 

Research m our laboratory has shown that sorghum pro- 
tein digestibility decreases throughout development This 
decrease comcides with the formation of disulfide bonds m 
g-kafinm, a sorghum protem body protein, and possibly 
other related protems Sorghum reaches phys~ological ma- 
turity at approxmately 40 days after half bloom (DAHB), 
but IS allowed to field dry unhl approximately 90 DAHB 
(mo~sture content to about 14%) The formation of disulfide 
bonds has been speculated to be due to oxidation durmg dry- 
down In thls experment, sorghum samples (45 DAHB, 
moisture content = 3 1%) were drled under varymg envlron- 
mental conditions Samples were fieeze-dned irnrnedlately 
after harvest or allowed to air-dry at room temperature (1 8 
days) Additionally, several samples were dried under artl- 
ficlal envlronrnents To investigate the effect of oxygen 
durmg drymg, sorghum was dried at 0,21 (ambient), and 
42% oxygen, nitrogen made up the balance of the atmos- 
phere The digestlbilihes of all samples drled at 45 DAHJ3 

under the various envlronrnents had hlgher digestibility 
(approxmately 92%) than samples harvested at 90 DAHB 
followmg field drying (77%) These results mdicate that 
dry-down alone is not the cause of disulfide bond formation 
during development Another factor, posslbly an enzyme, 
may facilitate the formation of these bonds 

Fungal Protease In Sorghum Gram 

Sorghum gram, as well as millet, IS subject to weathenng 
prlor to harvest due to seed exposure on the panicle In this 
study, a fimgal protease present m even slightly weathered 
gram was shown to interfere wlth sorghum protem analysis 
by SDS-PAGE The protease was highly actlve m protem 
extraction solvent contalnmg SDS and 2-mercaptoethanol 
at alkaline pH of 10, and was mhiblted usmg 15 mM PMSF 
Thus, under the conditions of extraction, the foreign prote- 
ase effectively hydrolyzed the sorghum protem and resulted 
m marked loss of proteln bands on SDS-PAGE Moreover, 
the protease was actlve under electrophoresis conditions, as 
~t created a clear zone on a casem-mpregnated gel from mi- 
gration at the top of the separatmg gel to ~ t s  band formation 
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at about 45 kDa The protease was found only in the bran 
portion of weathered-sorghum grain In those cultivars 
most highly affected (e g , SRN39), proteolysis during 
alkalme-detergent extraction for 1 hour removed over 80% 
of sorghum proteins normally seen m an SDS-PAGE band- 
ing pattern Grain of sorghum cultivar SRN39 that was 
separated visually for weathered (darkened to any extent) 
versus clean grain showed high and no proteolytic activity, 
respectively, following a two hour alkaline-detergent ex- 
traction These findmg are significant due the interference 
that is caused by proteolysis in chemical studies on sorghum 
protems Interference can be avoided by decorticating grain 
or by addmg a protease inhibitor 

Networking Activlt~es 

Workshops 

B Hamaker participated m an East Africa regional work- 
shop held in Nazret, Ethiopia in September 1997 Collabo- 
rative projects were planned with S Yetneberk of IAR, 
Ethiopia and plans were finalized for B Bugusu of KARI, 
Kenya to come to Purdue for her M S degree studies Ms 
Bugusu arrived in January 1998 to begin her program 

B Hamaker also participated in a workshop for the new 
project ent~tled "Millet Promotion Through Improvement 
of Processmg Technologies" ofthe West and Central Africa 
Pearl Millet Research Network (ROCAFREMI), March 
1998 m Niamey, Niger The focus of the project is on proc- 
essing of locally grown millet to products for sale to urban 
consumers 

Research Investrgator Exchange 

A Aboubacar traveled to INRAN, Niamey, Niger in 
September-October 1997 to conduct sensory studies on sor- 
ghum couscous produced usmg the new couscous process- 
mg unit, and to meet with local entrepreneurs and an NGO 
active in processing of locally grown crops 

B Hamaker traveled to India m September 1997 to miti- 
ate a project funded by the Mahyco Research Foundation 
(Mumbai) designed to study the potential of introducing the 
high protein digestibility sorghum identified through INT- 
SORMIL PRF-2 12 mto Indian germplasm He also visited 
B R Barwale, chairman of Mahyco Ltd and Drs Usha and 
Brent Zehr of same company, Dr Rana of the All India Sor- 
ghum Program, and A Chandrashekar (collaborator) of the 
Central Food Technology Research Institute, Mysore 

B Hamaker traveled to CIMMYT, Mexico m April 1998 
to explore fhrther the possibility of settmg up a nutritional 
impact study on Quality Protein Maize 

was distributed within the Niamey area and at a regional 
exposition in Burkina Faso An entrepreneurial-scale de- 
corticator and hammer mill are in the process of being pur- 
chased for the INRANINiger and IARIEthiopia 
laboratories 

B Hamaker and students workmg on INTSORMIL- 
related projects (A Aboubacar, B Buckner, G Zhang) at- 
tended and presented research findings at the annual Ameri- 
can Association of Cereal Chemists meeting in San Diego, 
California in October 1997 

Publicat~ons and Presentations 

Abstracts 

Aboubacar A and B R Hamaker 1997 Variat~on m couscous properties 
among sorghum cult~vars Cereal Foods World 42 623 

Buckner R J and B R Hamaker 1997 Sorghum proteln d~gest~b~llty 1s 
not affected by artificial dry down Cereal Foods World 42 634 

Zhang G and B R Hamaker 1997 The effect of proteln on sorghum 
starch dlgest~blllty Cereal Foods World 42 646 

Journal Artrcles 

Weaver C A B R Hamaker and J D Axtell 1998 Discovery of grain 
sorghum germplasm with h~gh  uncooked and cooked in v~tro proteln 
d~gest~bll~t~es Cereal Chem in press 

Orla, M P B R Hamaker and J D Axtell 1998 A highly digestible 
sorghum cultivar exh~b~ts  a unlque folded structure of endosperm 
protein bod~es Proc Natl Acad Sci USA, In press 

Zhang G and B R Hamaker 1998 Lowa amylase starch dlgestibllity of 
cooked sorghum flours and the effect of protein Cereal Chem In 
press 

Book Chapters 

Hamaker B R M P Orla, C A Weaver and J D Axtell Improving 
sorghum nutr~t~onal quallty 1997 In B A Larklns and E T Mertz 
(eds ) Quality Protein Malz 1964 1994 Purdue University West 
Lafayette IN 

Hamaker B R and A Rahmanlfar 1997 QPM and nutr~tional needs of 
children in poor commun~tles In B A Larkins and E T Mertz (eds ) 
Quallty Proteln Maize 1964 1994 Purdue Unlverslty West Lafayette 
IN 

Proceedrngs 

Harnaker B R and J D Axtell Nutritional quality of sorghum and pearl 
m~llet In D Rosenow et al (eds ) Proceedings of the International 
Genet~c Conference on Sorghum and Millet September 23 27 1996 
Lubbock Texas 

Dwsertattons and Theses 

Aboubacar A 1997 Phys~cochem~cal properties of flour and fine 
structure of starch In relat~on to sorghum couscous aualitv Ph D dlss . - 
Purdue Unlverslty West ~a fa~e t t e -  IN 

Zhang G 1997 Sorghum starch hydrolys~s and digestlbillty M S them 
Purdue Unlverslty West Lafayette IN 

An information pamphlet was designed and printed by A 
Aboubacar to promote couscous processing for commercial 
markets The pamphlet was carried to INRANNiger and 
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Food and Nutritional Quality 
of Sorghum and Millet 

Project TAM-226 
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Dr Lloyd W Rooney, Professor, Food Science and Agronomy, Cereal Quality Lab, Soil and Crop Science 
Department, Texas A&M University, College Station, Texas 77843-2474 

Cooperator Dr Ralph D Waniska, Professor, Food Science, Cereal Quality Lab, Texas A&M University, 
College Stat~on, Texas 77843-2474 

Collaborating Scient~sts 

Ms A B Berthe, Food Technologist and Dr A Toure, Sorghum Breeder Institute Economlc Rurale, Republic 
of Mall, Bamako, Mali 

Mr Javier Bueso, Assistant Professor, CITESGRAN, Escuela Agricola Pan Amencana Departmento de 
Agronomia, Zamarano, Honduras 

Dr F Gomez, Sorghum Breeder, EAP/RN, Zamaranol Tegucigalpa, Honduras 
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Lubbock, Texas 
Dr Serglo Sema-Saldivar, Professor and Head, Food Science, Institute of Technology, Monterrey, Mexico 
Ms Trust Beta, Lecturer, Department of Food Science, University of Zimbabwe, Harare, Zimbabwe 
Professor John R N Taylor, Head, Food Technology Department University of Pretoria, Pretoria, South Africa 

Summary 

Jo-WSP,  Jowar Flour, pearled sorghum, several bak- 
ery mlxes and other products based on identity-preserved 
white food-type sorghums are available from a Texas- 
based company Our research provided the basis for this 
commercial activity White sorghums can be substituted for 
wheat and maize m a wide variety of products 

Flour from food sorghums can be used in Mexican-type 
cookles at levels up to 100% provided the flour is of high 
quality At 50% substitution of sorghum for wheat flour, 
differences are slight if any Millmg properties of food-type 
sorghums were superior to others in several nursenes grown 
m Texas 

Two methods to objectively evaluate texture of tortillas 
were devised, published and used to evaluate changes dur- 
mg storage Waxy sorghum (10 to 15%) Improved the flexi- 
bility of stale sorghum and corn tortillas A commercial 
tortilleria plans to test the concept in corn tortlllas using yel- 
low waxy corn White waxy sorghum could be used to ~ m -  

prove white corn tortillas since white waxy corn IS 

unavailable 

The Rapid Viscosity Analyzer (RVA) is usehl in study- 
mg how to prevent staling of other baked products as well as 
tortlllas We have initiated a strong collaborative relation 

with Mr Bueso at Escuela Agncola Panamericana (EAP) 
The EAP is expanding teachmg and research activities in 
food science and technology HIS research and teaching 
program on sorghum and maize tortlllas wlll transfer tech- 
nology to the students from Central and South America 

Variables affecting noodles from sorghum and use of 
malt to decrease the viscosity of weanmg foods from cow- 
peas and mlllet were elucidated m a M S and Ph D thesis 
respectively 

Grain mold resistance is critically Important, but very 
difficult to select for in breedmg programs Hence, a mo- 
lecular llnkage map for physical properties, kernel charac- 
terlstics, mllling quallty, antlfingal protems (AFP), and 
other sorghum charactenstics IS nearing completion Some 
inoculated mold-resistant sorghums responded by produc- 
ing hlgher levels of AFP whlle others dld not Once we un- 
derstand the role of AFP in molding, we may be able to 
Improve mold resistance of sorghum cultlvars more effi- 
clently 

The major constraint to utllizatlon of sorghum and millet 
in the world is lack of a constant supply of good quallty 
grain This concept was explamed to anyone who would 11s- 
ten Attempts to demonstrate the value-added properties of 
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N'Tenimissa in Mali to processors have been partially suc- 
cessful These efforts contmue 

Profitable systems to produce value-added products 
from good quallty gram are needed using existing or im- 
proved technologies 

Two Ph D and two M S graduates joined the food in- 
dustry andlor universities m the U S , Honduras and Colom- 
bia Short-term training programs were completed for 
personnel fi-om Honduras and Nigeria 

vars with good quality for value- added processmg at the lo- 
cal level In addition, we must promote a system of 
marketing identity-preserved grains as value-added prod- 
ucts for urban consumers 

Grain molds cause stainmg and significantly reduce the 
quality of sorghum for food and feeds Information on the 
factors that affect mold damage of sorghum and methods to 
develop mold resistant sorghums is needed This project ad- 
dresses those critical issues 

Research Approach and Project Output 
Objectives, Production, and Utilization Constraints 

Develop new food products from sorghum and mlllet us- 
ing appropriate technology for use in less developed ar- 
eas 

Develop slmple, practical laboratory methods for use In 
breeding programs to assess important grain quality 
characteristics 

Determine physical, chemical and structural factors that 
affect the food and nutritional quality of sorghum, and 
seek ways of modlfylng its properties or improving 
methods of processing 

Determine the factors that affect resistance to grain 
molds and field deterioration ln sorghum and devise- 
laboratory procedures to detect genotypes with resis- 
tance 

Constramts 

Factors affecting food quality, processing properties, and 
nutritional value of sorghum and millet critically affect the 
significance of other attempts to improve the crops If the 
grain cannot be processed and consumed for food, then the 
agronomic and breeding research has been wasted 

This project relates quality to measurable characteristics 
that can be used to select for sorghum and millet wlth ac- 
ceptable traditional and industrial utilization attributes It 
has defined quality attributes and incorporates those desir- 
able properties into new cultivars at early stages in the 
breeding and Improvement programs The project also 
seeks to find more efficient ways of processing sorghums 
and millets into new foods with better acceptability that can 
generate income for vlllage entrepreneurs 

The major constraint to development of profitable sor- 
ghum and millet foods 1s the lack of a consistent supply of 
good quality grain Until a source of identity-preserved, 
good quality gram can be produced, sorghum and millet 
products will continue to be inferior That is why it is im- 
perative that the plant improvement programs develop culti- 

Sorghum and millet grains grown locally and fi-om varl- 
ous areas ofthe world were analyzed for physical, chemical, 
structural, and processing properties Various food and feed 
products were prepared to test the quality of the different 
grain samples Some of these findings are summarlzed be- 
low 

Utzlzzatzon of Sorghum tn Noodles 

Ms Kunetz completed her M S thesis on sorghum utlli- 
zation in noodles We are following up on her activities by 
interacting with Dr Corke's laboratory at the University of 
Hong Kong where they have an extensive program on noo- 
dle quality We are sendmg our sorghum flour and ~solated 
starches to them for processing into noodles to compare 
with our procedures An undergraduate food science honors 
scholar is using this as part of her research project 

Ms Kunetz' method consists of cookmg the sorghum 
flour and water by stlrring the mixture over a hot plate fol- 
lowed by extruding the dough through a slmple extruder and 
drying the noodles by exposure to air for 12 to 24 hours The 
noodles have lower quality using this method of production 
but they can be cooked into a product with acceptable tex- 
ture and low dry-matter losses These techniques can be 
utillzed ln areas where sorghum and millet are produced to 
improve the products available to urban areas Modifica- 
tions of the techniques would be required 

Particle size, color, presence or absence of black specs 
and type of sorghum affected noodle properties signifi- 
cantly Whole gram flours did not produce acceptable noo- 
dles due to poor taste, dark color poor texture and high dry- 
matter losses during cooking 

Effect of Waxy Sorghum on Tortrlla Texture 

We contmue to evaluate sorghums for tortillas slnce they 
are used ln Central America alone or mixed with maize 
Staling is a major problem for corn and sorghum tortlllas 
We developed new methods of evaluating texture and stal- 
ing to sorghum and corn tortillas 

Sorghum tortlllas were prepared uslng fresh masas con- 
taining different levels of amylopectm by substituting 0, 10, 
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15 and 20% of a white food-type non-waxy sorghum with 
waxy sorghum Tortillas were also prepared wlth 100% het- 
erowaxy sorghum They were stored in polyethylene bags at 
25" C for 2 and 72 hours Tortillas were evaluated using 
bending and extensibility tests with a texture analyzer 
They were tested cold, and after reheattng in a microwave 

oven (30 sec) 

Inclusion of waxy and heterowaxy sorghum Increased 
tortilla softness at 2 and 72 hours of storage Less force was 
requued to deform these tortillas (Figure 1) The addition of 
waxy sorghum successfully modlfied and improved the 
texture of the tortillas When warmed, tortillas with a higher 
amylopectln content were softer and more extensible than 
warmed control samples 

We developed a method using the RVA to follow starch 
changes during stallng (Figure 2) Samples that had reduced 
peak v~scosity contalned more strongly retrograded starch 
that was not easily redispersed by the RVA After 72 hours 
of storage, tortlllas with an increased amylopectin levels 
(10,15 and 20% waxy sorghum) had a significantly higher 
peak viscosity than waxy tortlllas stored for only two hours 
This phenomenon appears to be caused by the retrograda- 
tlon of amylopectln durmg storage that allowed more hy- 
drogen bonding between amylopectln chains and thus 
increased the volume and viscosity 

After 2 hours of storage some water-soluble amylose and 
dextrms were present In the control and waxy tortlllas Af- 
ter 72 hours of storage only amylopectm was detected dur- 
ing the HPLC-SEC analys~s of all the samples (waxy and 
non-waxy) Indicating that this was the only water soluble 
carbohydrate (at 65°C) remalnmg in the staled tortillas 

The use of waxy sorghum (up to 20%) can improve tor- 
tllla properties signlficantly Reheating dramatically im- 
proved tortilla texture This corresponded to the melting of 
retrograded amylopectin 

The new RVA method of monitoring staling of tortlllas 
appears to be sensitive enough for use wlth other baked 
products It is faster and signlficantly more convenient and 
practical to use In staling studies 

We have found the subjective texture of waxy tortlllas is 
signlficantly improved, they can be easily wrapped around 
food after warming and are signlficantly more flexible after 
storage These results were reported at a Tortilla Industry 
Technical Conference A tortlllero is conductmg a trial us- 
ing yellow waxy corn substituted for normal corn Smce 
there are few if any white waxy corn hybrids, waxy sorghum 
could be used to Improve tortllla flexibility while malntain- 
ing a white color tortllla 

- -- - - - - , 

LSD (0 05) = 0 020 

Conrol Heterow axy 10% waxy 15% waxy 20% waxy 

Flgure 1 Texture analyzer bend~ng test Effect of heterowaxy and waxy sorghum on sorghum tortllla texture The 
results are the means of two replicates and SIX tortlllas wlth~n a repl~cate 
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+ Control T~me (sec) 
-m- 10% waxy 
+ 15%waxy 
+ 20% waxy 

Figure 2 Pastlng character~stlcs Sorghum tortlllas 2 and 72 hours after baking and cooling control (ATx631 x 
RTx436), 10,15 and 20% waxy (15% solidsj Values are means of two observations (sample was a compos- 
~ t e  of four defatted, ground and d r~ed  tortlllas) 

The methods of objectively measuring tortilla texture 
were developed and are in press and have been reported to 
the tortilla industry Several companies are using these 
techniques 

ghum or millet malt can be used to increase caloric density 
of cooked gruels Additional field studies are continuing m 
Mali to utilize these concepts to enhance weanmg foods 
made from local blends of millet flour, cowpeas and malted 
sorghum or millet to enhance the nutritional density 

Specialty Tortzlla Chps 
Sorghum Flour En Baked Products 

A black sorghum gram cooked in alkali produced tortilla 
chips with a very intense, blue (black) color The grain has 
the highest level of polyphenols we have found in sor- 
ghums It could be used as a niche market for production of 
reduced cost hlgh quallty "blue tortllla ch~ps and related 
products We are evaluatmg the effect of pH allcall level and 
other factors on color stablllty and lntenslty The black sor- 
ghum produces tortilla chlps with more Intense blue color 
than the best blue corn varieties available Several br~ght red 
sorghums are being evaluated for potential production of a 
bright red, natural tortilla chips 

Weanzng Food Systems 

Dr Sam Asante from Ghana completed his Ph D on fac- 
tors affecting weaning food caloric density The research on 
liquefication of weanmg foods clearly indicated that sor- 

Numerous inquiries concernmg use of sorghum flour in 
bakmg have been received from Mexican food processors 
Therefore we ln~tlated research on production of cookies 
and related products from 100% sorghum flour and blends 
w~th  wheat flour 

Sorghum flour was prepared from a white food-type sor- 
ghum with tan plant color The grain was decorticated and 
ground using a Brabender Quadramat Junior Mill and 
s~eved to obtain flour Cookies were preparedusmg a Mexi- 
can cookie formulation as well as the standard AACC sugar 
cookie testlng procedure In the Mexican cookies, sorghum 
was substituted at 10, 25, 50, 75, and 100% levels, with a 
100% wheat flour cookie as a control Sorghum flour was 
also toasted to see the effect on cookie texture In sugar 
cookies, both the white sorghum above and a red commer- 
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clal sorghum sample (red, heteroyellow endosperm, Plain- 
vlew, TX), were subst~tuted at 10, 50, and 100% levels 

As sorghum flour content Increased m the Mexican 
cookie formulation, the spread factor (w~dthlth~ckness) in- 
creased only slightly (Table 1) The color ofthe cookles be- 
came slightly darker and more yellow, but the differences 
were not significant The cookies became softer, and were 
more easily bent and broken, as the level of sorghum m- 
creased Cookles containing 50% or less of wheat flour 
were acceptable m flavor and texture Cookies prepared 
from 100% sorghum were palatable, but were crumbly, 
gr~tty, and easily broken 

For sugar cookles, up to 50% sorghum flour could be 
used (Table 1) Above that level, the grittiness became no 
tlceable and the crumb was too dry As the level of sorghum 
mcreased, the spread factor mcreased, more so than m the 
Mexlcan style cookie Cookles prepared from 100% sor- 
ghum were sllghtly darker and more yellow than those from 
wheat flour Coohies prepared from commerclal red sor- 
ghum flour were darker (browner) than those uslng the 
whlte food-type sorghum flour The AACC sugar cookle 
had hlgh sugar water and sugar flour ratios, maklng ~t less 
suitable for the evaluation ofthe role of flour in the formula- 
tion 

The addltlon of 5% pre-gelatmized corn starch to the for- 
mulatlon slgnlficantly Improved the texture of the cookies 
We are now seeking ways to gelatlnlze part of the sorghum 
flour to lmprove the texture of 100% sorghum cookies 
Problems in the cookie formulations relate to the grltty, 
sandy texture of the sorghum flour, the presence of black 
specks in the flour, and the level of molsture in the baked 
cookies Work continues to improve the charactenstics of 
the flour 

Our research demonstrating the potential for utlllzatlon 
of Improved quality sorghums m varlous food products has 
been the focal polnt for presentations m many areas of the 
world to Illustrate ~ t s  potentlal m sophlstlcated human foods 
ranging from snacks, ready-to-eat breakfast foods, compos- 
Ite flour baked products and tortillas The new lnformatlon 
on sorghum flour use m Mexlcan type cookies addresses 
speclfic questions raised by Mexican millers and bakers 
who have expressed interest m sorghum flour for use m 
cookies and related products It has been used in market de- 
velopment activltles sponsored by the Sorghum Producers 
Association and the U S Feed Grains Councll m Mexico 
and other areas 

Economics and availab~lity of sorghum flour are crltical 
factors llmitmg use of sorghum High prices for wheat 
stimulate Interest whlch sometimes is short llved when 
wheat prlces drop However, over the long term, sorghum of 
good quallty will be used m composite flour products be- 
cause lt has a bland flavor whlch does not mask other flavors 
llke the strong flavor of malze does 

Sorghum Starch, Maltrng and Brewtng Studres 

Dr Serna-Saldlvar, ITESM, Monterrey, Mexico, has 
completed a three-year research project on sorghum utlllza- 
tion hnded by CONACYT Six students completed M S 
theses on sorghum, maltmg, brewlng and starch isolation 
and conversion Food-type white, normal, waxy, and het- 
erowaxy types were compared to commerclal red sorghums 

Malting Studzes 

Malted waxy, heterowaxy and nonwaxy sorghums lost 
from 4 9 to 8 4% dry matter during maltlng due to modlfica- 
tlons of the proteln matrlx and starch granules Maxlmum 
dlastatlc activity was reached 4 5 days after steepmg and 

Table 1 White food sorghum flour substitution for wheat flour In a Mexlcan cook~e formula 

(10% toasted) 

a SF =sorghum flour WF= wheat flour 
Subjectlve hardness accordrng to force needed to bred cookle between the lndex and thumb 

5= Most res~stant to crumble 
4= Some resrstance to crumble 
3= Relatrvely easy to crumble 
2= Easy to crumble 
I =  Very easy to crumble 

Peak force (N) 
Bendrng Puncture commentsb 

119 15 0 Firm crrspy dry at first but then tt mo~stens and holds together ~n the 
mouth Subjectlve hardness 5 

11 5 12 8 Frm crlspy verf;slmilar rn texture to coolae wrth 100% wheat flour(con 
trol) Subjectlve ardness 5 

115  11 9 Flrm cns y dry but ~t sblls holds together In the mouth also s~mrlar to 
control Zardness 4 

9 4  10 9 Frrm crrspy a lrttle gritty but almost as good as control Hardness 4 
6 1  7 7 Softer but st111 firm a l~ttle crlspy gntty and dry It does not form a moist 

dough ln the mouth Hardness 3 
3 2  3 7 Soft st111 firm but less crispy than the rest of the cook~es Very dry and 

gntty texture ~t does not molsten lnstde the mouth Hardness 2 
3 8  7 5 Not as firm as control but more than the 100% SF cook~e cnspy dry and 

gntty It does not hold together In the mouth some nutty aftertaste 

Treatment (%) 

SF WF 
Oa 100 

10 90 

25 75 

50 50 
75 25 

100 0 

100 0 

Spread 
factor 
100 3 

91 1 

98 8 

98 7 
95 8 

96 1 

107 7 

Color 
L a b 

782 1 9  2 4 5  

774 2 4  264 

781 1 6  243 

773 2 2  245 
781 1 5  251  

770 2 6  266 

765 2 4  265 
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germmation Dorado had the highest diastatic activity and 
dry matter losses of the sorghums tested Dry matter losses 
were lowest in the waxy variety It 1s possible to replace part 
of the barley malt mixtures used in brewing with sorghum 
malt, and thereby reduce costs 

In another study, weanlng foods were prepared uslng 
quallty protein malze, maize and pearl millet At low sor- 
ghum malt levels (I%), the viscosity of the 15% slurries of 
weaning foods decreased significantly The result was a 
high caloric denslty nourishing food suitable for use in 
weaning 

Wet Mrllrng 

Two sorghums, a whlte waxy and a commercial red non- 
waxy, were wet-mllled to produce starch using sulfur diox 
ide and lact~c acid The waxy cultivar produced starch 
yields comparable to corn A cellulase enzyme mixture 
added to the steep solution, improved the starch yield from 
the nonwaxy sorghum, corn and waxy sorghum starch 
yields remalned unchanged In another experiment, white 
waxy, heterowaxy and nonwaxy sorghums, and commercial 
red sorghum starches were converted to glucose syrups us- 
ing a continuous enzymatic hydrolysis system Corn starch 
was degraded faster and had hlgher conversion rates than 
the sorghum starches The waxy sorghum gave the most 
promising results In glucose production, but required in- 
creased enzyme concentration andlor processing time The 
tan plant white sorghums produced starch with the l~ghtest 
color due to the lack of anthrocyanin pigments and the re- 
duced yellow of the endosperm Wh~te sorghum can be 
used as an alternative raw material for starch production 

Brewrng 

Whlte waxy, heterowaxy and nonwaxy sorghums and a 
red nonwaxy sorghum were decorticated to produce brew- 
er's grits Yields of the waxy and heterowaxy grits were 
highest and the control lowest The color of the grits from 
the white sorghums was significantly lighter During con- 
version, the waxy grits required less filtration time than the 
other varieties Under standard conditions, no slgnificant 
differences were found in wort pH, color and viscosity 
The whlte sorghum w~th  waxy endosperm had excellent 
properties as a brewers adjunct In all these experiments, the 
food-type sorghums performed better than or equal to the 
red sorghums The waxy and heterowaxy sorghums had an 

advantage for conversion during mash~ng over normal 
sorghum Hard waxy endosperm was deemed the best for 
production 

In general, the research done in Mexico confirmed that 
sorghum can be utilized in starch and sweetener production 
and brewing effectively Sorghum IS the second largest crop 
in Mexlco after maize Economics will decide its use 

Commercral Food Products Available rn U S  

Many commercial hybrid seed companies in the U S 
have expanded their efforts to produce white, tan plant, 
food-type hybrids We have reached the point where signifi- 
cant quantities of food-type sorghums are available Addi- 
tional hybrids are needed to increase the availability of food 
sorghums Jowar Food, Inc continues to market sorghum 
food products for ethnic and dietary groups The food-type 
hybrids are given a small premium by some feedlots in West 
Texas 

Dry Mrllmg Properties of Sorghum 

The milling properties of food-type sorghum hybrids 
grown under commercial production were compared wlth a 
standard red hybr~d (Table 2) The whlte food grains had 
slightly higher test we~ght, true denslty, reduced floaters 
and slightly higher yields of decorticated gram than the red 
sorghum However, the major difference was in the color 
which was significantly lighter and brighter for the food- 
type sorghums The red pericarp contributes slgnificant 
color to the flour which would have been worse 1f gram had 
been weathered sllghtly The heterowaxy hybrid produced 
grain with a smaller kernel and reduced test weight 

Sorghum samples from several performance trials were 
analyzed and evaluated for millmg characteristics The new 
food-type sorghums consistently had equal or improved 
grain and mtlling ylelds, and the color of the decorticated 
kernels was far superlor to those of white sorghums with 
purple plant color Certain parents improve the m~lling 
propertles of their hybrids significantly 

We evaluated the International Food Sorghum Trials 
grown at Lubbock, Texas during 1994 to 1997 for en- 
dosperm color and for mllling propertles Sorghum progeny 
from a Surefio (wh~te endosperm) x Tx430 (yellow en- 
dosperm) cross grown at College Station and Halfway were 

Table 2 Phys~cal and milling propertles of food-type sorghums grown commerc~ally In West Texas, 1997 

a Endosperm Type HW = Heterowaxy N = Normal HY= Heteroyellow 
Endosperm Color 1 = Whlte to 5 =Yellow 

Color 
L a b 

67 8 1 07 22 5 
65 3 2 24 24 3 
67 5 1 2  22 9 
62 8 3 82 24 4 

Endosperm 
Sample Typea Colorb 
Jowar 1 N 2 0 
NC+ Hybnd HW 3 0 
Warner 902 W N 2 0 
Normal Red HY 4 0 

Test Wt TKW Dens~ty Floaters Y~eld of 

Ibhu g g/cc % decort~cated % 

61 5 26 5 1375 32 83 0 
58 1 19 8 1354 52 84 2 
61 6 26 1 1371 28 83 6 
60 0 28 0 1 343 50 82 5 
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analyzed for physical and millmg properties, moldmg and 
levels of AFP The information is being used to produce a 
llnkage map of the chromosomes affecting quality and pa- 
rameters affecting mold resistance of sorghum 

Some expermental red, tan plant sorghum hybrids had 
good dry milllng properties and produced decorticated 
products with significantly reduced red stains The yield 
levels and bright red appearance of the grain and reduced 
color of milled products .from the tan red sorghum hybrids 
make them extremely promismg for areas that cannot grow 
white sorghums 

Role of AFP In Mlnim~zing Gram 
Molding of Sorghum 

Grain molds and weathering greatly affect utilization 
quality of sorghum We are contlnulng to evaluate the role 
of AFP m mold resistance Mr J Bueso completed a M S 
thesis on AFP with Drs Waniska, W L Rooney and Mr 
Raul Rodriguez (Ph D Candidate, Sorghum Breeding) 

Chitinase and sormatin are AFP found m developing sor- 
ghum caryopses We previously reported that AFP vary in 
concentration among cultivars, and were related to resis- 
tance to gram molding when measured in caryopses at 
phys~ologlcal maturity We conducted additional experi- 
ments to determine changes m AFP when selected resistant 
and susceptible cultivars were inoculated with molds and 
subjected to malting 

Sorghums were grown in the field, stressed with patho- 
genic fungi, caryopses were sampled durlng development, 
and chitinase and sormatin in the kernels were quantified 
Ten cultivars differing in mold resistance and accumulation 
of AFP were tested m a split plot design Panicles were in- 
oculated at anthesis with a solutlon ofF moniliforme and C 
lunata spores or with water Caryopses were collected 10, 
17,24,30 and 50 day after anthesis (DAA) Chitinase and 
sormatin were extracted, separated by PAGE, transferred to 
a membrane, and quantified by polyclonal AFP antibodies 
usmg western blots 

Sorghums exhibited different patterns of accumulation 
of AFP For these samples, chitmase and sormatin levels at 
physiological maturity were not correlated with grain mold 
resistance (Table 3) We expected they would not be corre- 
lated and designed the experiment to determine the changes 
that occurwhen they were exposed to different conditions 

Wetting of panicles significantly reduced or did not 
change levels of AFP in most sorghums (Figure 3) Wettlng 
caused levels of ch~tinase to increase in three sorghums 
SC719-1 lE, Malisor 84-7, and Hegan*Dobbs Sprinkling 
panicles wlth water every fifth day provided an envlron- 
ment favorable for fungal colonization and growth The in- 
creased fungal pressure andlor the "wet" environment 
caused levels of AFP to decrease 

Inoculation with fungal spores at anthesls caused sign~fi- 
cant reductions or did not change AFP levels of most sor- 
ghums (Figure 3) Two of the three moderately resistant 
sorghums, however, responded with increased levels of 
AFP after inoculation Hence, two cultivars with gram mold 
resistance had high levels of AFP m dry (control) environ- 
ments and levels of AFP increased after wetting andfor m- 
oculation wlth grain molds 

The combination of inoculation and wettmg mcreased 
chitinase in only Mal~sor 84-7 Other cultivars had reduced 
or no change in levels of AFP with the combmed stresses 

Further reductions in AFP occurred post physiological 
maturity The exceptions were 1) wetting of R9025 caused 
increased levels of sormatin, 2) all stresses on SC7 19-1 1 E 
caused increased levels of chit~nase 

Sorghums were classified into "responders" and "nonre- 
sponders" using this data The mold resistant variety, 
SC7 19- 1 lE, contaming a pigmented testa and tannins, is a 
"nonresponder" that has low levels of chitinase and sorma- 
tin The other "nonresponders", BTX638 and He- 
gan*Dobbs, were susceptible to grain molding Two 
positive "responders", Malisor 84-7 and R9025, were mod- 
erately resistant to grain molding Five negative "respond- 
ers" included one moderately resistant, Surefio, and four 

- - - - - - - - - 

Table 3 Character~zation of sorghums accord~ng to kernel traits and degree of mold resistance (1996-97 data) 
Mold Pencarp Sormatm Chltlnase 

Cult~var reast Flower color Testa Spreader Hardness (ugikernel) (uglkernel) 
SC719 11E 
Mal~sor 84 7 
R9025 
Surefio 
E35 1 
IS23 19 
RTx2536 
RTx430 
Btx 638 
Hegan*Dobbs 

HlEh 
Mod 
Mod 
Mod 
Low 
Low 
Low 
Low 
Low 
Low 

Early 
Med~um 
Med~um 
Medtum 
Late 
Late 
Med~um 
Medlum 
Medlum 
Med~um 

Red 
Wh~te 
Red 
Wh~te 
Wh~te 
Wh~te 
Wblte 
Wh~te 
Red 
Whlte 

Yes 
No 
No 
No 
No 
Yes 
No 
No 
No 
Yes 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 

Mehum 3 (e) 
H~gh  16 (de) 
Low 54 (ab) 

High 36 (c) 
Med~um 25 (d) 
Low 60 (ab) 

LOW 70 (a) 
Low 44 @c) 
Med~um 31 (cd) 

Medlum 46 @c) 

97 ( 4  
190 (de) 
650 (ab) 
484 (c) 
102 (e) 
587 (bc) 
240 (d) 
319 (d) 
506 (c) 
740 (a) 

Note Early maturlty = <60 days Medlum = 61 80% Late = >81% When spreader (S) gene 1s dom~nant tann~ns accumulate In pencarp and testa Hard = <30% 
decorbcabon Medlum = 30 50% Soft = >51% 
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F~gure  3 Changes in ant~fungal prote~ns In 10 kernels of 10 sorghum cultivars 30 days after anthes~s All values are 
compared to the control The grain was grown at College Station, TX In 1996 

suscept~ble sorghums The two moderately resistant "re- 
sponders" had pericarp colors of red and whlte 

The two moderately-resistant, white-pencarp sorghums, 
however, exhibited dlfferent responses to wettlng and m- 
oculatlon with fungal spores Optlmist~cally thls could m- 
dicate that two or more independent mechanisms relate to 
gram mold resistance The tannln containing sorghum 
SC7 19- 1 lE  probably has a different mechanism 

Addltlonal research on AFP will focus on comparing 

sorghums wlth resistance to mold that have whlte or red 
perlcarp wlthout a pigmented testa AFP may be Important 
m preventmg or reduclng mold~ng of some sorghums The 
grain must be Inoculated and tested for AFP We know that 
kernel character~st~cs, plant architecture, glume type, en- 
dosperm hardness a d  wan coeerrng of the Fer1ca-p affect 
moldmg and weathering 

Sorghum Improvement Research 

Thls project cooperates closely w~th  other members of 
the sorghum program to Incorporate the best quallty charac- 
terrstlcs ~nto new cult~vars Samples from the breedlng 
nurseries and from the food quallty tests grown at dlfferent 
locations are tested for kernel characteristics and for proc- 
essing properties such as decortlcatlon and nixtamalizatlon 
From this research, several inbreds that produce white, tan- 
plant sorghum hybrlds with excellent food and feed proc- 
essing quality have been released For example, recent 
work m Mex~co has confirmed that the new food sorghums 
had s~gnlficantly h~gher y~elds of grlts compared to exlsting 
commercial sorghum hybrlds In addlt~on, the color of the 
gnts from the whlte food sorghums was slgnlficantly un- 
proved These sorghums produce excellent quallty gram 

hen g-~awmder  dry cond~tlons Because of reduced an- 
thocyanln pigments, the gram can withstand some hum~dlty 



Crop Utrlrzatzon and Marketrng 

during and after maturation However, these sorghums 
need more resistance to molds and weathering to be grown 
in the hot humid areas of the world including the Coastal 
Bend of Texas and Tamaulipas In Mexico The need to un- 
derstand sorghum moldlng and weathermg is critical 

Southern Africa 

L W Rooney traveled to Botswana, Zimbabwe and 
South Africa to participate in the Southern African Interna- 
tional Food Science and Technology Congress at Pretor~a 
L W Rooney presented a paper on major constraints to 
utilization of sorghum and millet The conference was well 
attended by food scient~sts from Southern and Eastern Af- 
rica 

L W Rooney presented a seminar to food science and 
technology students at the University of Pretoria and dls- 
cussed the research projects of more than 10 students who 
are working on sorghum and millet post harvest projects 
Ms T Beta's research was reviewed along with a draft of a 
paper on Zimbabwean sorghum properties 

A specla1 discussion on sorghum quality improvement 
was conducted at the University of Pretoria by Professor 
J R N Taylor 

Foods Botswana and other processors confirmed that 
major constrarnts to sorghum utilization is the lack of a con- 
sistent supply of good quality grain Foods Botswana has 
spent considerable time and money to acqulre good quality 
sorghums with only limited success 

A research project by Ms Trust Beta, Lecturer, Univer- 
slty of Zmbabwe, was approved by INTSORMIL on sor- 
ghum and millet dry milling in Zimbabwe It is cooperative 
with SMIP and the Department of Research and Special 
Services (DRSS) m Zlmbabwe Ms Beta has utllized the 
SMIP laboratory in Matopos A poster paper was presented 
at the 1997 SAAFoST Congress in Pretoria Ms Beta is 
conducting Ph D research at the University of Pretoria 

Honduras, M m c o  and South America 

L W Rooney traveled to Honduras twice to assist Mr Ja- 
vier Bueso initiate research and teachlng activities at EAP 
Nixtamalizat~on of sorghum from advanced breeding nurs- 
eries has begun Sorghum and maize tortillas processed in 
the tortilleria at EAP were liked by students 

The EAP has restructured its curriculum and will empha- 
size food sclence and technology New courses and activi- 
ties are being developed for the food science program This 
provldes a unlque opportunity to transfer our sor- 
ghumlmaize technology Into Central and South America 

For example, Mr Bueso has a 4fh year student from Nicara- 
gua conducting sorghum and maize tortilla quality research 
usmg the tortilleria in the food service center at EAP 

A computer was provided to Mr Bueso along with small 
items of equipment and supplies to Initiate the alkaline 
cooking trials of advanced sorghum lines m the improved 
Maicillo nurseries Thls work prevtously done here in the 
Cereal Quality lab will provide a way of transferrmg tech- 
nologles into the region through the graduates of EAP 
Workshop(s) on grain quality are planned 

L W Rooney presented a lecture at EAP on nixtamallza- 
tlon products from maize - recent developments in the U S 
More than 60 food science and related students participated 

Mr Bueso may continue studies toward a Ph D in Food 
Science in 1999 

L W Rooney has a cooperative project with Dr S Sema- 
Saldivar, Professor and Head, Food Science, Instltuto Tec- 
nologico y de Estudios Superiores de Monterrey (ITESM), 
Monterrey, Mexico, to evaluate the usefulness of the new 
improved food sorghum hybrids m wet and dry milling and 
as adjuncts in brewing We have provlded samples of sor- 
ghum for planting and for analysis in addition to the use of 
our laboratory for analytical tests, 1 e, reducmg sugars, rapid 
viscosity analyses, color, texture, etc 

Malt 

NITenmissa (one new whlte, tan plant, locally adapted 
photosensitive sorghum cultivar specifically designed for 
value-added processing m Mali) has some agronomic prob- 
lems, but lt is apparently llked by farmers for its t8 quality 
Ms Berthe and others in the IER Food Technology labora- 
tory have been testing N'Tenimlssa in a wide variety of food 
products The real key is to produce large enough quantities 
of grain for value-added processing This year another large 
Increase is planned to permit large scale testing of value- 
added products 

NITenimissa has high yields with slightly softer grain 
than local cultivars so some adjustments in milling time are 
required It consistently has lighter color, provided it is not 
contaminated with off types Identity-preserved grain pro- 
ductlon 1s required 

N'Tenimissals panicle breaks off after grain fill and 
causes harvesting problems Sister selections and other ad- 
vanced breeding materials will be evaluated for production 
The increased yleld of grain may overcome the panicle 
breakage for the near term until an improved type is avail- 
able 

The laboratory in Mali provides information on milling 
and other quality attributes which can be used for selection 
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Dr A Toure, IER sorghum breeder, returned to Mali and 
will expedite the breeding and testing program 

Global 2000, World Vision and other groups are collabo- 
ratmg m Mali to evaluate maize and sorghum production 
and utilization 

Sorghum Market Development Activitzes 

The Grain Sorghum Producers Association has market 
development activities to capitalize on the new food sor- 
ghums for use m value-added products in Mexico, Central 
and South America Our research activities on composite 
flours, tortillas, snacks and other food products from sor- 
ghum was presented at U S Feed Grain sponsored value- 
added market development workshops in Mexico and Gua- 
temala The interest in sorghum flour use was stimulated by 
recent high prices in wheat flour Since wheat prices have 
decreased recently, short-term mterest is less, but, there is a 
long-term interest in sorghum for human food since it is a 
major crop m Mexico 

The concept of identity-preserved production and mar- 
ketmg of grains is expanding significantly in value-added 
corns such as high-oil corn hybrids The development of 
white food-type, waxy, heterowaxy and nonwaxy sorghums 
fits into these marketing schemes 

L W Rooney presented information to Mexican flour 
millers, bakers and dry masa processors who visited Texas 
as guests of the Sorghum Producers Association 

North Amerzca 

Several papers were presented at the annual American 
Association of Cereal Chemists conference in San Diego, 
CA L W Rooney presented sorghum quality1 utilization 
discussions to Texas Sorghum Producers Board Members, 
to sorghum production conferences in San Antonio and 
Edna, Texas, to U S Feed Grain Council market develop- 
ment teams and others, and to many visitors to our labora- 
tory from Mexico, Australia, Mali, Niger, Botswana, 
Honduras, Guatemala, El Salvador, China and Japan Our 
laboratory c o n d u b h o r t  courses on practical snack foods 
production and maize quality evaluation in which sorghum 
utilization quality was part of the program 

Traming, Educatzon and Human 
Resource Development 

Dr Omueti Obafemi Awolowo University, Institute of 
Agricultural Research and Training, Nigeria, spent six 
weeks in our laboratory to obtain ~nfonnation on practical 
snack food production from maize and sorghum She 
learned how to optimize the nixtamalization process to pro- 
duce masa for use m a variety of potential foods She be- 
came familiar with the extrusion of cereals into a wide 
vanety of snacks 

Monterrey Institute of Technology our collaboration 
with Dr Serna-Saldivar, ITESM, Monterey, Mexico has 
lead to completion of six M S theses that deal with sorghum 
quality They are 

Kathya Liliana Allende Range1 1995 Determi- 
nation of the Optimum Conditions for Malting of 
Sorghum 

Maria Luisa Barragan Delgado 1996 Production 
of liquified weaning food made from different ce- 
reals and sorghum malt 

Angelica Villasefior Medina 1997 Glucose syr- 
ups from sorghum starch using enzymatic conver- 
sion and membrane ultrafiltration 

Jorge Alberto Moheno-Perez 1994 White sor- 
ghums as raw materials for starch production 

Sara Gabriela Osorio Morales 1995 Production 
of brewers adjuncts and wort from waxy and nor- 
mal sorghums 

Martha Mezo-Villanueva 1997 effect of protein 
and fiber degrading enzymes on steep time and 
starch yields during sorghum wet milling 

These young scientists have joined the Mexican food In- 
dustry Thus knowledge of sorghum utilization potential 
has been transferred into the Mexican food industry along 
with the generation of useful knowledge Dr Serna's re- 
search was funded by CONACYT in Mexico Our role has 
been to provide samples of grain, analytical methodology, 
access to laboratory facilities and some interaction For ex- 
ample, Dr Serna-Saldivar visited the CQL in 1997 and 
1998 and L W Rooney conferred with ITESM program in 
1998 and presented a paper, "Cereals for the 2 1 st Century" 
at the Student Food Technology Symposium held at 
ITESM The students have usually spent time m the labora- 
tory at College Station 

Mr Javier Bueso, Honduran graduate student, com- 
pleted his M S degree in food science and technology He 
was hired as an assistant professor, CITESGRAN, Escuela 
Agricola Panamericana, Tegucigalpa, Honduras where he 
has initiated sorghumlmaize quality research and is teach- 
ing cereal qual~ty/technology classes 

Mr Rafael Mateo, Agronomist, EAP, Zamarano, Hon- 
duras, completed a two month INTSORMIL funded Eng- 
lish language and practical hands-on experience in sorghum 
breeding and improvement programs at Texas A&M Uni- 
versity He returned to EAP to conduct sorghum research 

Three graduate students worked on INTSORMIL related 
research, with partial financial support 



Crop Utzlzzatron and Marketzng 

Two Ph D , two M S and two short term trainees com- 
pleted their programs and returned to Honduras, Columbia, 
and Nigeria Two were employed m the U S food industry, 
the others in unlverslties Projects included steam flakmg, 
weanlng foods, milllng properties, snack foods, tortilla 
qual~ty and baklng propertles of wh~te sorghum flour 

Publ~cations and Presentat~ons 

Abstracts 

Rooney, L W , D T Rosenow, and W L Rooney 1997 Mill~ng propertles 
ofsorghums AACC 82ndAnnual Meet~ng October 12 16 SanD~ego 
CA Cereal Foods World 42(8) 629 

Bueso F , R D Wanlska, W L Rooney 1997 Actn~ty  of ant~fungal 
prote~ns aga~nst mold ln sorghum caryopses m the field AACC 82nd 
Annual Meetma October 12 16 San D~ego CA Cereal Foods World - - 
42(8) 625 

McDonough C M K Kunetz L W Rooney 1997 Structure and texture 
of sorgium noodles AACC 82nd ~ n n u a i  Meet~ng October 12 16 San 
D~ego CA Cereal Foods World 42(8) 666 

Kunetz C F H Alme~da Dom~nguez C M McDonough R D Wan~ska, 
and L W Rooney 1997 Cooklng character~shcs and qual~ty of 
noodles from food sorghum AACC 82nd Annual Meehng October 
12 16 San D~ego CA Cereal Foods World 42(8) 624 

Qulntero F X R D Wanlska, and L W Rooney TIA 1998 Effect of 
amylopectln level on texture dur~ng aging of malze and sorghum 
tort~llas 8th Annual TIA Technology Semmar May 10 14 Dallas 
TX 

Suhendro E L  H D Alme~da Dom~nguez L W Rooney and R D 
Wanlska 1998 An objectlve measurement of tortllla texture 8th 
Annual TIA Technology Sem~nar May 10 14 Dallas TX 

Journal Artrcles 

McDonough C B J Anderson and L W Rooney 1998 The effect of 
cond~t~onlng agents on the structure of tempered and steam flaked 
sorghum Cer Chem 75 (1) 58 63 

Suhendro E L H Alme~da Dom~nguez L W Rooney and R D Wan~ska 
1998 Objective rol labtl~ty method for corn to r t~ l la  texture 
measurement Cereal Chem 75(3) 320 324 

Suhendro E L H D Alme~da Dom~nguez L W Rooney R D Wan~ska 
and R G MoreIra 1998 Tort~lla bendmg techn~que an objectlve 
method for corn tort~llatexture measurement Cereal Chem (In press) 

Suhendro E S C M McDonough L W Rooney R D Wan~ska and S 
Yetneberk 1998 Effects of  processing cond~t~ons and sorghum 
cult~var on alkallne processed snacks Cereal Chem 75(2) 187 193 

Toure A K Traore A Bengaly J F Scheurlng D T Rosenow andL W 
Rooney 1998 The potent~al of  local cult~vars In sorghum 
Improvement tn Mall Afr~can Crop Sc~ence Journal Vol 6(1) 1 7 

McDonough C B J Anderson H AcostaZuleta, and L W Rooney 
1998 Steam flak~ng character~st~cs of sorghum hybr~ds and llnes w ~ t h  
d~ffe r~ng  endosperm character~st~cs Cereal Chem 75 ( ~ n  press) 

McDonough C B J Anderson and L W Rooney 1997 Structural 
character~st~csofsteam flaked sorghum Cereal Chem 74(5) 542 547 

Moheno Perez J A H D Alme~da Domlnguez and S 0 Sema Saldlvar 
1997 Effect of fiber degrad~ng enzymes on wet rnlll~ng and starch 
propertles of d~fferent  types of sorghums and malze Starch 
49(12) 480 484 

Seetharaman K E Wh~tehead Nancy P Keller R D Wan~ska and L W 
Rooney 1997 In vriro actlvlty of sorghum seed antlfungal protelns 
agalnst gram mold pathogens J of Ag and Food Chem 45 (9) 3666 
3671 

Books, Book Chapters and Proceedrngs 

Roonev Lloyd W 1997 Constra~nts to util~zat~on of  sorghum and mlllet 
~ r d c e e d i n ~ s  Harness~ng Cereal S c ~ e n c e  and l k h n o l o g y  for 
Susta~nable Development CSIR ICC SA Sympos~um Seotember 1 4 . . 
1997 Pretor~a south Afr~ca p 19 33 

Rooney Lloyd W R D Wan~ska  and R SubramanIan 1997 
Overcom~ng constrants to u t ~ l ~ z a t ~ o n  of sorghum and m~llet The 
Internat~onal Conference on Genet~c Improvement of Sorghum and 
Pearl Mlllet September 23 27 Lubbock TX p 549 557 

Rooney Lloyd W 1998 A p p l ~ c a t ~ o n s  of sorghum for human 
consumption US Feed Grams Counc~l Value Enhanced Grams 
Conference May 21 22 Guadalajara Jal~sco Mex~co 

Rooney Lloyd W 1998 Appl~cat~ons of sorghum for tndustnal uses US 
Feed Grams Counc~l Value Enhanced Grams Conference May 2 1 22 
Guadala~ara, Jallsco Mex~co 

Rooney Lloyd W 1998 Sorghum uses and food quallty INIFAP 
Internat~onal Sympos~um on Sorghum May 28 30 RIO Bravo 
Tamaul~pas, Mexico 

Rooney Lloyd W 1998 Value addedNalue enhanced sorghum 
varletles US Feed Grams C o u n c ~ l  Value Enhanced Grams 
Conference May 21 22 Guadalajara, Jal~sco Mex~co 

Rooney L W 1998 Sorghum Chapter In Handbooh ofcereal Sc~ence & 
Technology Marcel Dekker Inc Lorenz K J and Kulp K (ed ) (In 
press) 

Rooney L W 1998 The M~llets Chapter In Handbooh of Cereal Sc~ence 
& Technology Marcel Dekker Inc Lorenz K J and Kulp K (ed ) 
(accepted) 

Rooney Lloyd W 1997 U t ~ l ~ z a t ~ o n  of Food Sorghums ln Torttllas and 
Baked Products GSPA Value added Process~ng Sorghum and M~llets 
September 29 October l Lubbock TX 

Dmertatrons and Theses 

Acosta Harold August 1997 Process~ng and physlco chem~cal  
chara~ter~zat~on of steam flaked sorghum hybr~ds Ph D d ~ s s  Texas 
A&M Unlverslty College Stat~on Texas 177 p 

Asante Sam December 1997 Produchon of weanlng foods from cereal 
cowpea composites uslng trad~t~onal Afrlcan processes Ph D d ~ s s  
Texas A&M Un~vers~ty College Stat~on Texas 133 p 

Bueso Jav~er December 1997 Assessment of  the actlvlty of ant~fungal 
protelns aga~nst gram mold In sorghum caryopses In the field M S 
them Texas A&M Un~vers~ty College Stat~on Texas 126 p 

Kunetz Chr~stlne December 1997 Process~ng pardmeters affecting 
sorghum noodle qualdles M S thes~s Texas A&M Unlvers~ty 
College Stat~on Texas 100 p 

Qu~ntero Fuentes X~mena  August 1997 A method to determine 
~ngred~ent funct~onal~ty In baked tortilla ch~ps  76 p 

Miscellaneous Pubbcatrons 

Rooney L W 1998 Food and nutr~t~onal qual~ty of sorghum Project 
TAM 126 INTSORMIL Annual Report 1997 U n ~ v e r s ~ t y  of  
Nebraska, 113 B~ochem~stry Hall L~ncoln NE 68583 p 120 128 

Hugo L F R D Wanlska, and L W Rooney 1997 Product~on of bread 
from composite flours Proceed~ngs Hamesslng Cereal Sc~ence and 
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Dr Jupiter Ndjeunga, Research Fellow, ICRISAT, Sadore Sahelian Center, Niamey, N~ger 
Dr David Rohrbach, ICRISAT, Bulawayo, Zimbabwe 
Dr Tebogo Seleka, Botswana College of Agriculture, Gaborone, Botswana 

This INTSORMIL project began in early May of 1998 
The primary activities dunng the two months covered by 
this report were organizational activities necessary to inlti 
ate the research 

One major organizational task mvolved negotiations 
with ICRISAT over the employment of a co-pnncipal in- 
vestigator Dr Jup~ter Ndjeunga was employed by ICRI- 
SAT as a research fellow at the Sadore Sahelian Center 
outside ofNiamey, Niger His fellowship was scheduled to 
explre at the end of June, 1998 I wanted to retain Dr Ndje- 
unga at Sadore for at least the first year of thls project in or- 
der to get the project firmly established in West Africa Dr 
Ndjeunga's primary task during his two year fellowship in- 
volved studying the West African Seed Systems in order to 
better understand the failure to adopt varieties developed by 
ICRISAT 

An external evaluation panel recommended that ICRI- 
SAT devote more sociological and economic research to 
processing and utilization of sorghum and millet Smce 
they hadno social scientists or economists worklng on these 
issues, ICRISAT decided that it was in their Interest to em- 
ploy Dr Ndjeunga 

The negotlatlons resulted m an agreement to share the 
cost of Dr Ndjeunga's salary equally between INT- 
SORMIL and ICRISAT during the comlng year This INT- 
SORMIL project w ~ l l  supply half of Dr Ndjeunga s salary 
ICRISAT will supply the other half, as well as research 
overhead expenses such as office space and vehicle use 
This means that the objectives of this project have been in- 
cluded in the ICRISAT research plan for the commg year 
Dr Ndjeunga's work on these  objective^ will be monitored 
by Dr David Rohrbach, as well as myself Dr Rohrbach 
will also serve as a collaborator on the Southern Africa por- 
tion of this research project 

Research Objectives 

Identify and Analyze Constraints that Prevent Farmers 
from Adopttng and Marketing Varieties Preferred by 
Food Processors 

Identify and analyze constramts that limit the application 
of cash inputs m the production of varieties preferred by 
food processors 

Identify and analyze the constraints that prevent proces- 
sors from securlng a regular and reliable supply of qual- 
ity grain needed for processmg 

Identify, analyze, and Implement forms of marketing or- 
ganization that could support sustained cooperation be- 
tween farmers and processors 
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Central Amer~ca and Honduras 

Gary C Peterson 
Texas A&M Unlvers~ty 

Coordinators 

Dr Juan Carlos Rosas, Escuela Agricola Panamericana, Apdo 93, Tegucigalpa, Honduras 
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Ing Rafael Hector Sierra, Agronomist, EAP, Department of Agronomy, Apdo 93, Tegucigalpa, Hondu- 

rasMateo, Agronomist, EAP, Department of Agronomy, Apdo 93, Tegucigalpa, Honduras 
Ing M S Javier Bueso, Agronomist and Cereal Quality, CITESGRAN, EAP, Apdo 93, 

Tegucigalpa, Honduras 
Dr Raul Espmal, Cereal Scientist, CITESGRAN, EAP, Apdo 93, Tegucigalpa, Honduras 
Dr Ronald Cave, Biological Control, Plant Protection, EAP, Apdo 93, Tegucigalpa, Honduras 
Ing Jorge Moran, M S degree candidate, Texas A&M University, College Station, TX 77843 
Ing Johnson Zeledon, M S degree candidate, Mississippi State Universlty, Department of Entomology, 

Mississ~ppi State, MS 39762 
Ing Roberto Cordero, M S degree candidate, M~ssissippi State University, Department of Entomology, 

Mississipp~ State, MS 39762 
Ing Guillermo Cerntos, Asgrow of Central America, Honduras 
Ing Mark Wenholz, Agronomist, Pioneer of Central America, Honduras 
Ing Carlos Merlo, Agronomist, Carglll of Central America, Honduras 
Ing M S Alejandro Palrna, Breeder, DeKalb of Central America, Honduras 
Ing Laureano Pmeda, Agronomist, INTA, Nicaragua 
Ing Oscar Martmez, Agronomist, ICTA, Guatemala 
Agr Nivaldo de Gracia Agronomist, IDIAP, Panama 
Dr Rafael Chavez, Duector, DICTA, Honduras 
Dr Henry Pitre, Entomologist, Department of Entomology, Drawer EM, M~ss~ssippi State 

Universlty, Mississippi State MS 39762 
Dr Lloyd Rooney, Cereal Quality Laboratory, Department of Soil and Crop Sciences, Texas A&M University, 

College Station, TX 77843 
Dr William Rooney, Sorghum Breedmg, Department of Soil and Crop Sciences, Texas A&M 

Universlty, College Station, TX 77843 
Dr Darrell T Rosenow, Texas A&M Agricultural Experunent Station, Rt 3 Box 219, Lubbock, TX 79401 
Dr kchard Frederksen, Plant Pathologist, Department of Plant Pathology and Microbiology, Texas A&M 

Universlty, College Station, TX 77843 
Dr Thomas Thurow, Watershed Management, Department of Rangeland Ecology and Management, Texas 

A&M University, College Station, TX 77843 
Dr John Sanders, Economist, Department of Agricultural Economics, Purdue University, West Lafayette, IN 

47097-1 145 
Dr Allan Hruska Head of Plant Protection Department EAP Apdo 93 Tegucigalpa Honduras 

Collaborative Program 

Instztutzons Organzzahon and Management 

Panamerican Agr~cultural School (EAP)-Honduras The INTSORMIL Central American Regional Program 
Direction de Ciencia y Tecnologia Agricola (DICTA) is based at the Panamerican Agricultural School (EAP), Za- 

- Honduras morano, Honduras This central location provldes the op- 
Institute Nicaragense de Technologia (INTA) - portunlty to conduct sorghum research in Honduras, 

Nicaragua through outreach and networkmg to evaluate new technolo- 
Texas A&M University gles throughout Central America, mteract with prlvate seed 
Mississippi State University mdustry, and identify students from the EAP for advanced 
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degree tralnlng The EAP regarded as the premler reg~onal 
school, has excellent faculty and students, and prov~des an 
ideal locat~on from wh~ch  to conduct research and trainlng 
The Direction de Clenc~a y Tecnolog~a Agr~cola (DICTA) 
provides Government of Honduras support and research lo- 
cations (pr~marliy the LaLujosa Experimental Stat~on at 
Choluteca) All nurseries and trlals are planted at Zamorano 
and Choluteca The program is managed by Hector Sierra 
and Rafael Mateo m collaborat~on with Dr Juan Carlos Ro- 
sas, EAP Agronomy Department Head The Honduras pro- 
gram has extenslve tles with the prlvate seed Industry and 
developed the first multl-location sorghum performance 
test to provlde unblased data on hybrid performance in a 
range of env~ronments Texas A&M University 1s develop- 
mg collaborat~on wlth Chrlst~anl Burkard (Guatemala), the 
largest local seed company in Central Amer~ca 

Research 1s conducted m sorghum breeding, entomol- 
ogy, plant pathology and cereal quallty Primary support for 
the breedmg program 1s fi-om Texas A&M Unlverslty Ento- 
mology research is conducted by M ~ s s ~ s s ~ p p i  State Unlver- 
sity and the Department of Plant Protection Prevlous 
research has dealt prmarlly w ~ t h  msect complexes m the 
ma~cillos Research to study sorghum m~dge  (Stenodzplosrs 
sorghrcola) m Nlcaragua has been m~t~a ted  Pathology re- 
search has been conducted by Texas A&M University m 
collaborat~on with the Department of Plant Protection Dur- 
mg 1997-98 research m cereal qual~ty was ln~ t~a ted  between 
Texas A&M Unlverslty and the CITESGRAN program 

Three types of gram sorghum are grown m Central 
Amerlca Maiclllo cnollos, an md~genous landrace unlque 
to Central America, are grown on h~llsides primarily by very 
small producers In an lntercropplng system w ~ t h  maze  Pri- 
mary growmg region for the malclllos is the steep hills~des 
of the Pacific regions of Honduras, Nlcaragua, Guatemala, 
and El Salvador Research on ma~c~l los  is conducted by the 
Honduras program Small to medlum producers frequently 
grow varieties Many small producers m Nicaragua are In- 
terested m varletles The INTA sorghum program does re- 
search on ~mproved varieties Larger producers throughout 
Central Amerlca grow hybr~ds that are produced by prlvate 
industry 

INTSORMIL, in collaboration w ~ t h  the CLAIS network, 
strengthens research among Central Amer~can countr~es 
Thls collaboration has several aspects - trainmg, publicat~on 
of research results, and germplasm exchange The Gram 
Sorghum Performance Trial publ~cat~on offers to sorghum 
producers an evaluat~on of the cultivars ava~lable m Central 
Amer~ca as well as their performance in multiple local~t~es 
Prlvate seed companies have used thls trial to take advan- 
tage of the lncreaslng demand for hybr~ds by provid~ng bet- 
ter germplasm adapted to trop~cal cond~t~ons  

F~nartcral Inputs 

Prlmary financial support for the program 1s from the 
INTSORMIL Central A m e r ~ c a  reg~onai  budget For 
FY 1997-98, the reg~onal budget was $80 000 Funds In the 
amount In $47 000 were lnlt~ally transferred to EAP for op- 
eratlon of the program The funds supported all phases of 
the research program lncludlng supplies general opera- 
tlons, and salary Two partial scholarsh~ps for fourth year 
EAP students were also funded The students conducted 
thesis research on sorghum production The remaining INT- 
SORMIL funds remalned at the Management Entlty and 
were used for travel, suppl~es, equipment, repairs, and 
maintenance of the reglonal program INTSORMIL is col- 
laboratlng w ~ t h  the So11 Management CRSP on research on 
the steeplands of southwestern Honduras, the prlmary mal- 
cillo criollo growlng reglon The So11 Management CRSP 
transferred $10,000 to Honduras to support research actlvl- 
ties Funds were also generated through operation of the 
PCCMCA sorghum performance trial Thls fee entry trial 
was initiated and organ~zed by thls program with 12 testing 
sltes m 1997-98 EAP supports the research through faclli- 
tles, land, financial management and general supervlslon of 
the program operations DICTA supports the research by 
prov~ding land and facll~tles at the La Lujosa Evperlmental 
Statlon, Choluteca Although the sorghum program re- 
celved a slgnlficant level of USAID support (PL 480) m pre- 
v~ous  years, reduct~on in funds available to the mlsslon 
elmmated d~rect financ~al support of the sorghum program 
m 1995 

Collaboratron 

The Honduras sorghum program has collaborated wlth 
many organizations and has served as a catalyst for sorghum 
research In Central Amer~ca The program has been prov~d- 
ing seed to the LUPE (Land Use Productivity Enhance- 
ment) project funded by USAID for several years Slnce ~ t s  
lnceptlon the program has collaborated w ~ t h  organlzatlons 
lncludlng but not llm~ted to Assoc~ates in Rural Develop- 
ment (ARD-USAID), Center for Agr~cultural Development 
(CEDA-JapantGOH), Consol~dated Agranan Reform In the 
South (CORASUR- BelgmmIGOH), Integrated Rural De- 
velopment (DRI-Yoro-SwissIGOH), Escuela Naclonal de 
Agrlcultura (ENA-GOH), F r~eder~ch  Ebert Foundatlon 
(F E Foundatlon W German Soc~al Democrats), LUIS 
Landa Ag School, Rural small business development pro- 
gram (PER-INFOP-Dutch), COSUDE Cooperacion Sulza 
a1 desarrollo (Swiss), Lempira Rural Development Project 
(FAO) Rural Development Program (GTZ), Evangehst 
Comm~ttee on Nat~onal Emergency (CEDEN-PVO), Men- 
nonite Social Act~on Commlss~on (PVO), World Vlslon 
(PVO) Choluteca Support Project (PROAPACH-UN) San 
Jose Obrero (PVO) and World Neighbors (PVO) Seed of 
hvo varleties was dlstrlbuted In 1998 Extensive collabora- 
tion with the ICRISAT Latin America Sorghum Improve- 
ment Program (LASIP) was achleved prior to the closlng of 
that program 
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Consistent with mcreased regional activities an MOU 
with INTA, Nicaragua was slgned in May, 1998 Initla1 re- 
search mNicaragua will center on entomology and sorghum 
breedmg Nicaragua grows approx~mately 46,000 ha of sor- 
ghum The INTA sorghum program emphas~zes photope- 
riod insensitive germplasm Collaboration with INTA will 
broaden the impact of INTSORMIL activity m Central 
America by prov~dtng better access to the range of sorghum 
grown m the region 

Production and Utlllzation 
Constraints and Research Findlngs 

Sorghum is the third most important crop m Central 
America (El Salvador, Guatemala, Honduras, and Nicara- 
gua) after malze and beans The area devoted to sorghum m 
1997 was 283,202 ha with an average grain y~eld of 1 466 
kg ha (FAO, 1998) During the last decade sorghum grain 
yield in Central America increased due to Improved tech- 
nology available to producers The improved technology in- 
cludes improved cultivars and hybr~ds, herbicides, 
insecticides, planting date, minlmum tillage, seed treat- 
ments and fertilization 

Small-scale farmers m Central America are burdened 
with problems of low productivity and lmited land re- 
sources Intercroppmg provides these farmers w~th a means 
to Increase total productiv~ty per unit land area and reduce 
the r~sk  of being dependent on a monocrop The dominant 
croppmg system In the area is maize intercropped w~th  lan- 
drace sorghums called maicillos cr~ollos These tropical 
sorghums are three to four meters tall, drought tolerant, and 
sensitive to photoperiod Although ma~cillos have very low 
yield they are widely planted on 235,000 ha , or 67%, of 
the sorghum hectarage m Central America Ma~c~llos are 
cultivated along the Pacific side of the isthmus, from south- 
eastern Guatemala through El Salvador and southern Hon- 
duras and south to Lake Nicaragua Maicillo is the last 
remnant of tall, photoper~od sensltlve sorghums brought to 
the new world during the colonial penod Although of Afii- 
can descent, maicillos possess unique traits for adaptation to 
traditional maize mtercropplng systems and local food 
processing customs These changes have come about 
through allopatnc d~fferent~ation and art~ficial selection by 
small farmers m Central America As the need to boost sor- 
ghum productivity m Central Amer~ca increases, maicillos 
are slowly belng replaced by higher yieldlng but uniform 
cultivars 

National sorghum yield in Honduras has increased sub- 
stantially during the last several years but is still only about 
1 1 MTper hectare This low yield is due to the environment 
m which sorghum is grown and the preponderant use ofmai- 
cillos with low but stable yield The inability of ma~c~llos to 
respond to management practices with increase grain y~eld 
is a primary constraint to Increased production Before new 

technologies llke so11 and water conservation can improve 
soil fertil~ty and become economically feasible, the genetic 
potential of cultivars to respond w~th  increased gram pro- 
duction must be enhanced Increased sorghum yield and 
area is pr~marily due to the utilization of mproved cultivars 
(hybrids and variet~es), which are increasing Central 
American sorghum product~on The long-term maicillo lm- 
provement program is producing a sign~ficant amount of su- 
perior genetic combinations These novel genetic 
combinations are being introgressed mto maicillo popula- 
tions and superior lmes w~th  h~gher yield potential devel- 
oped 

Maicillo IS an old world crop adapted to neotropical slash 
and burn agroecosystems More than 60 percent of the sor- 
ghum planted m Central America is maicillos Intercropped 
with early maturing maize While maize is the preferred sta- 
ple, it is often intercropped with sorghum by small farmers 
in hot, erratlc rainfall areas as a hedge against drought Mai- 
clllo's sensitivity to photoperiod and its ability to w~thstand 
shading are essential for its adaptation to traditional maize 
intercropping systems Maicillos have an acute sensitivity 
to photoperiod and day lengths of 12 hours or less are re- 
quired for floral inlt~ation In Central America, floral initia- 
tion occurs durmg the first fortnight of October regardless 
of plantmg date The photoperiod response prevents maicil- 
10s from spreading beyond their defined agroclimatological 
range For maic~llos to produce good quality edible grain, 
dry cond~tions durlng maturity must occur Other high rain- 
fall areas with different precipitation patterns need appro- 
prlate sorghum types to take advantage of better 
environments for biomass production 

The traditional farming system of clearing the forest, in- 
tense grazmg durmg the dry season, and residue burning 
prlor to plantmg have all contributed to severe eroslon and 
runoff from the steeplands m southern Honduras This se- 
vere erosion reduces crop productivity by decreasing the 
amount of available nutr~ents necessary for plant growth It 
also increases the likelihood of crop failure due to drought 
by decreasing the amount of topsoil which reduces soil 
moisture storage In response to intensifying land use pres- 
sure on hillsides In southern Honduras, some farmers have 
adopted so11 conservation techniques but the majority still 
practice traditional agriculture Previous research of plant- 
mg enhanced maicillos on steepland areas with so11 conser- 
vation techniques showed dramatic Increases in sorghum 
yield 

Sorghum IS successfully replacing maize as an anlmal 
feed, releasmg white malze for human consumptlon Durmg 
the last 10 years the Increase in sorghum consumption by 
agro-mdustry IS estimated at 5732 MT per year This in- 
crease In sorghum consumptlon is estmated at 16 3 percent 
while maize increased at 7 2 percent Studies indicate that 
the Honduras poultry industry is the most important con- 
sumer of grain sorghum for meat and egg production Smi- 
lar trends are becomlng apparent in El Salvador and 
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Nicaragua During the 1988-94 period, poultry consump- 
tion m Honduras increased from 6 kg to 10 kg per person 
Estimated consumption for 1996 was 11 4 kg per person 

New alternative uses of sorghum need to be developed to 
encourage sustainable growth mcludlng both improved 
maicillos and commercial hybrids White gram, tan plant 
color sorghums are well adapted to Central American food 
and feed systems Innovative processmg systems to in- 
crease starch digestability and maximize net energy intake, 
like extrusion and flaking, need to be incorporated Into the 
system to produce better and more efficient animal ratlons 
based on sorghum Human consumption needs to be pro- 
moted, especially m tortilla related products and extruded 
snacks There are sufficient superior gram qual~ty sorghums 
to be used in human food systems and opportun~ties have to 
be identified and pursued 

Plant Breedtng Research 

The sorghum program contmued the commercial hybrid 
performance test for private seed companies Thls testing 
program provides an excellent source of information about 
the commercial hybr~ds available for Central American sor- 

ghum producers The performance test charges a fee for 
each hybrid entered in the test In 1997 the test was con- 
ducted at 10 locations in Central America and 2 m Mexico 
Choluteca, Comayagua, and Zamorano (Honduras), Mana- 
gua (Nicaragua), k o  Hato and El Ejido (Panama), Tiquiste, 
Asuncion, and Chiquimulilla (Guatemala), and Tapachula 
and Puerto Vallarta (Mexico) Seven companies partici- 
pated in the test Asgrow, Cargill, Cristiani Burkard, 
DeKalb, Pioneer, ICI, and Semmal Results are published 
annually in a bulletin and distributed to mstitutions and or- 
ganizations involved in sorghum production Increased use 
of hybrid and Improved cultlvars would have a tremendous 
impact on Central American sorghum production 

Hybnds tested In 1997 exhibited excellent grain yield 
potential averagmg 7 t ha (Table 1) Data was also ana- 
lyzed usmg AGROBASETM to deterrnlne statistical differ- 
ences The hybrids CB-897-5, ICI 770, DK68, Pioneer 
8346, MX 7124, AS 63155, Ambar, MX44977, and CB- 
897-1 had the highest and more stable grain yield across lo- 
cations ICI 770 was the most stable hybrid with a yield of 
6 1 t h a 1  

Collaboration has been developed with Cristiani 
Burkard, Guatemala, for germplasm evaluation This pro- 
vides INTSORMIL sorghum breedmg programs at Texas 

- - -  

Table 1 Average gram y~eld of 24 gram sorghum hybr~ds over 11 locat~ons In Mesoamerica durlng 1997 (t ha 
Hybnd Company Average Guatemala El Salvador Honduras N~caragua Panama Mex~co 
CB 2966 Cr~shanl 7 1 7 2 7 6 6 1 8 8 6 3 6 7 

DK 72 DeKalb 7 0 6 7 6 1 5 8 10 6 6 8 5 8 

82655 Ploneer 6 9 7 8 5 5 4 4 11 6 6 6 5 7 

DK 69 DeKalb 6 9 7 6 5 1 6 1 11 0 5 8 5 9 

Ambar Asgrow 6 9 6 8 6 7 5 6 9 4 6 3 6 5 

DK 68 DeKalb 6 8 6 6 6 4 6 0 10 1 5 6 6 0 

MX 7124 Asgrow 6 7 6 9 7 4 5 9 8 2 5 9 5 9 

ICI 770 Sernlnd ICI 6 5 6 9 5 3 5 7 9 1 6 2 6 2 

CB 897 1 Crlstlanl 6 5 6 7 6 1 5 7 8 8 5 8 6 1 

CB 897 2 Crlstlanl 6 3 6 6 5 8 5 3 8 8 5 9 5 8 

CB 897 5 Crlshanl 6 3 6 9 5 9 5 9 8 8 5 9 4 2 

DK 560 DeKalb 6 0 6 1 4 6 5 4 8 1 6 0 6 1 

Mx 44977 Asgrow 6 0 6 3 5 0 4 8 9 2 5 0 5 8 

8346 P~oneer 6 0 6 7 4 7 4 3 8 s 5 9 5 7 

AS 63155 Asgrow 5 8 6 4 5 4 4 6 8 6 4 2 5 6 

Tauro Carglll 5 8 6 4 5 7 4 8 7 5 5 4 5 1 

ICI 737 Seminal ICI 5 6 6 2 4 6 5 5 7 1 4 8 5 2 

SR 93 Seminal ICI 5 4 5 4 5 0 4 1 8 4 4 5 4 9 

Onon Carglll 5 3 6 0 3 4 5 3 7 3 5 2 4 7 

5560 Carglll 5 3 6 1 2 8 4 6 8 0 5 3 5 1 

DK 48A DeKalb 5 1 5 5 3 9 5 4 6 3 4 2 5 4 

ICI 730 Sernlnd ICI 5 0 6 3 3 6 4 5 6 8 3 8 5 1 
- 
x 6 1 6 5 5 3 5 2 8 7 5 5 5 6 

Locat~ons Guatemala = 3 Honduras = 2 N~caragua = 1 Panama = 2 Meuw = 2 EL Salvador = 1 
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A&M University the opportunity for additional evaluation 
of expermental germplasm and to obtain information on 
potential commercialization of U S developed germplasm 
m Central America In 1997, the All Disease and Insect 
Nursery (ADIN) was provided to Cristiani Burkard for 
evaluation Data was obtamed on reaction to four diseases 
(rust, zonate, grey leaf spot and anthracnose), overall desir- 
ability, and grain yield Released lmes identified with excel- 
!e;it po:e;;:,a! u s e w e  Central American hybrid seed 
industry include RTx430, TAM428, Tx7078, and BTxArg 
1 Experimental llnes with excellent potential use are 
91B2978, B9411, 95BRON13 1, 96GCP OBS152, 
95BRON15 1, and 96GCP OBS 167 In June, 1998 the fol- 
lowing tests were provided for evaluation ADIN, Grain 
Weathering Test (GWT), International Food Sorghum 
Adaptation Trial (IFSAT), Drought Hybrid Test (DHT), 
and Drought Lme Test (DLT) 

Enhanced Ma~czllos 

Since 198 1, the sorghum project has conducted research 
to improve maicillo cultivars Maicillos can not be replaced 
by photoperiod msensitive cultivars because cultivars are 
not adapted to the maize-sorghum mtercroppmg system 
Selections of advanced generation improved maicillos are 
evaluated in the International Improved Maicillo Yield 
Trial (EIME) Superior materials from the EIME are then 
evaluated m on-farm demonstration plots Last year the 
EIME consisted of 21 entries and was planted in three loca- 
tions in Honduras Zamorano, Choluteca, and Jutiapa (Ta- 
ble 2) 

Five enhanced maicillos DMV- 137, DMV-22 1, DMV- 
228, DMV-210, and DMV-219 averaged higher than 3 4 t 
ha These enhanced cultivars showed excellent grain yield 
potential and will be evaluated m on-farm demonstration 
plots Porvenlr Mejorado (DMV-198) averaged 3 5 t ha 
and Gigante Mejorado (DMV-179) only yield 2 3 t ha 
Both cultivars have been evaluated on farm plots since 
1991 

Steepland Research 

Honduras has seen increased demands for croppmg and 
grazing land These factors threaten the sustainability of 
hillside farmers, particularly m southern Honduras Slash 
and burn agriculture is the most common practice used by 
steepland farmers The prmcipal croppmg pattern is lan- 
&ace sorghum intercropped with early maturing maize va- 
rieties Traditionally a fallow period has been used to restore 
soil productivity, but fallow periods have been shortened 
due to increasmg land use pressure associated with in- 
creased population Susceptibility of steeplands to erosion 
is attributed to a combmation of factors mcludmg h~gh rain- 
fall erosivity, intense land use and absence of soil conserva- 
tion practices 

The Soil Management CRSP, m collaboration with INT- 
SORMIL, is conducting research on the steeplands areas of 
southern Honduras to measure the unpact of soil conserva- 
tion techniques on sorghum production Evaluation of an 
improved maicillo (DMV-198) m six different locations m 
the Choluteca region showed that enhanced maicillos 
planted on terraced areas produce 50% more grain than lan- 
&ace maicillos planted on unterraced areas (Table 3) Ac- 

Table 2 Average grain yield of 21 maicillo cultivars in the EIME m three locations in Honduras, 1997 

Ma~c~l lo  Zamorano Choluteca Jutlapa Average 

DMV 137 6044 4202 4066 4771 
DMV 221 
DMV 228 
DMV 210 
DMV 219 
DMV 198 
MC 
MC 
DMV 218 
DMV 213 
MC 
DMV 224 
DMV 222 
DMV 223 
MC 
DMV 225 
DxmI 179 

MC 
DMV 226 
DMV 239 
DMV 238 1763 942 2156 1620 
- 
x 3710 2747 2335 293 1 
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cordmg to this data the farmer can double sorghum yield 
with use of an Improved variety and soil conservation (MT) 
versus a local landrace variety and no soil conservation 
(UC) Although unproved maicillos produce higher yield 
than landrace maicillos when both are planted on unterraced 
areas, it will be necessary to use soil conservation tech- 
niques to obtam excellent yields Effective soil and water 
conservation strategies should be implemented in conjunc- 
tion with other technologies (unproved maicillos, fertilizer, 
pesticide) because unchecked soil erosion and water loss 
undercut the potential benefits that could be achieved 

Comparison of sorghum grain yleld between locations 
along thetransect m six different locat~ons is shown m Table 
4 There were significant differences m sorghum gram yield 
between locations withm the transect Sorghum grain yield 
was always greatest at the downslope location ofthe terrace 
Greater availability of soil, water and nutrients associated 
with deeper soils on the lowest part of the terrace may pro- 
vide enough additional resources to increase sorghum gram 
yield 

The transect was divided lnto five sections of two square 
meters The upper section corresponds to T5 and is the place 
where more soil erosion occur The lowest section of the 
transect is T1 and is the place where the eroded soil tends to 
accumulate Agaln the trend is about the same, sorghum 
grain yleld tends to be greater at the lowest part of the ter- 
raced field as compared with the upper part 

Entomology Research 

Insect damage is a serious constramt for sorghum and 
maize production A complex of lepidopterous defoliators 
includmg SpodopteraJi.ugzperda (fall armyworm), Spodop- 
tera latlfascra (black armyworm) Metaponpneumata 

roghenhoferr and Moczs lat~pes (grass loper) may cause se- 
vere damage durmg the early growth stages This complex 
annually damages or destroys gram crops on subsistence 
farms, thus requmg costly replantmg if resources are avail- 
able Studies on aspects of the biology, ecology, behavior 
and population dynamics of the three armyworm species m 
this complex have identified the role of these insects m crop 
productlon systems in southern Honduras A system was de- 
veloped for integrated management of this pest complex 
Recommended practices Include two low cost but labor in- 
tensive cultural practices, planting date and weed manage- 
ment Delayed plantmg (8-12 days) and weed control 12- 16 
days after crop emergence results m less crop damage A 
single ~nsecticide application may be required lf a 40% in- 
festation occurs Improved sorghum cultivars and early ma- 
turmg maize are recommended to escape or tolerate insect 
damage Seed treatment with insecticide provides some 
seedlmg protection Natural enemy parasitization did not 
appear to influence crop damage by the defoliators and 
weed management practices did not influence parasitold 
populations This mformation indicated the limited role that 
naturally occurring biological control agents might play in 
developmg mtegrated insect pest management strategies for 
this lepidopterous caterpillar complex on sorghum and 
malze durmg the early crop growing season m this agncul- 
tural ecosystem and may possibly relate to other areas m 
Central America with similar insect pest constraints to pro- 
duction of these grain crops m similar agricultural envlron- 
ments Sorghum production using the pest management 
system developed was mcreased 20% and maize 35% at the 
farm level In years when gram yields and market prices are 
high, the recommended practices could return $2 9 million a 
year to the southern Honduras production area and possibly 
similar returns in other areas experiencing Identical insect 
problems in Central America 

Table 3 Mult~ple Range Test for sorghum gram yleld (t ha -') In slx d~fferent localltles w ~ t h  four d~fferent technolo- 
gles ( p l  0 1) 

LOC l  LOC 2  LOC 3  LOC 4  LOC 5 Loc 6  
MT 2 9 A  2  5 A  2 3 A  3 5 A  2  0 A  3 4 A  
UM 2 1 B  2 3 B  1 9 B  2 4 B  1 6 B  2 0 B  
CT 1 6 C  1 7 C  1 1 C  1 9 C  0 9 C  1 6 C  
UC 1 3 D  1 4 D  1 OC 1 5 D  0  9  C  1 OD 

MT= unproved vanety terraced field 
UM= unproved varlety unterraced field 
CT= cnollo vanety terraced field 
UC= crlollo varlety unterraced field 

Table 4 Sorghum gram yleld of an Improved varlety(DMV-198) along a transect of a terraced field (t ha ') ( p l  0 1) 

LOC l  LOC 2  LOC 3  LOC 4  LOC 5 Loc 6  
TI 3  9 A  2 8 A  2 6 A  3 9 A  2 4 A  4 2 A  
T2 3  2  B  2 4 A B  2 4 B  3 8 B  2  3  A  3 9 A  
T3 2  6  C  2 8 A  2 3 C  3 7 A  1 9 B  3  1 B  
T4 2 4 C  2 3 B C  2 0 D  3 4 A  1 8 B  2 8 B  
T5 2 3 C  2 0 C  2 1 D  2 7 B  1 8 B  2 9 B  
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Plant Pathology Research Gram Qualtty Research 

Several diseases can threaten sorghum production m 
Central America These diseases include sorghum downy 
mildew (Peronosclerospora sorghr), anthracnose (Colleto- 
trrcum gramznrcola), leaf blight (Helmmthosporrum tur- 
czcum), and ergot (Clavrceps afrzcana) Ergot, a very 
aggressive disease with a capacity for rapld, wide spread 
dispersal, was initially reported at Zamorano in late 1996 In 
1997, honeydew was observed in sorghum panicles of hy- 
bnds in the PCCMCA sorghum tnals in Zamorano and 
Choluteca 

Collaborative research to study the response of sorghum 
to ergot has been mitiated between Texas A&M University, 
INTSORMIL and the Panamerican School of Agriculture 
(Zamorano) The study IS the M S thesis research of Mr 
Jorge Moran The main objectives ofthe study are a) Deter- 
mine if variation for response to ergot exists among and 
withm sorghum A-lines, B-lmes, R-lmes and hybrids, b) 
Characterize elite R-lmes and hybr~ds for pollen production 
and vigor and to determme if ergot Incidence is correlated 
with either trait, c) Determme if the duration of stigma re- 
ceptivity m elite A-lines 1s correlated with ergot incidence 
Three field experiments to determme ergot susceptibility 
were established at Zamorano, Honduras The first test m- 
cluded twelve Ah3 pars of sorghum mbreds and was used to 
determine if differences m ergot susceptibility exlst among 
different Ah3 pars The second test included twelve R-lines 
and twelve hybrids produced uslng the R-lmes as the male 
parent This test was used to determined if differences in er- 
got susceptibility exist among different R-lines andlor hy- 
bnds The thrd test was a four-parent complete diallel 
created to determme the inheritance of the duration of 
stigma receptivity This experiment was used to determine 
the relationship between the duration of stigma receptivity 
and ergot susceptibility Within each test pollen shed and 
anther exsertion were measured on fertile lines, and stigma 
exsertion was rated on male sterile lines The results ob- 
tained from this study will be compared with data collected 
from Puerto Vallarta, Mexico, and College Station and Lub- 
bock, Texas 

Gram sorghum is used by farmers m the Pacific Coast of 
Central America as a crop insurance for maize to ensure 
gram production for tortillas and forage, especially when 
drought becomes severe Malclllos criollos have been m- 
proved by farmers over centuries by selection for gram 
quality traits related to their ability to produce good tortil- 
las In the Honduras program, white sorghums with tan 
plant color have been released because they have excellent 
tortilla color (Surefio) Optmum quality sorghum for tortil- 
las must have a white pericarp, tan glumes and tan plant 
color The kernel should also have a high density (>I 30 
glcm3) and a thousand kernel weight of at least 25 g The 
anthocyanin pigments of the purple maicillo criollos pro- 
duce dark off color tortillas 

Sixteen advanced l~nes of improved maicillos from the 
1997 EIME are being tested for grain and tortllla quality 
compared to corn This research complements the agro- 
nomic evaluation of these materials performed by Rodolfo 
Pacheco in 1997 In addition, two white-tan commercial hy- 
brids (DeKalb DK 72 and Asgrow MX7 124) have been in- 
cluded in the study because of ther kernel quality traits and 
yield potential Surefio was mcluded because of its popular- 
ity among farmers for forage and tortillas 

All 19 cultivars showed a denslty over 1 37 glcm3 (1 38 
glcm3 m average) Kernel size was small (25 g m average) 
and endosperm hardness was appropnate (30% decortica- 
tion and 53% of floaters) Protein, fat and crude fiber con- 
tent of all cultivars ranged within normal values (9-1 1%, 
3 5-4, and 2%) for grain sorghum Variations for all these 
tralts were very low among all 19 cultivars Therefore, the 
16 maicillos and the two commercial hybrids can be consid- 
ered as good materials for food processing Jorge Medma 
Fonseca, a fourth year student from Nicaragua is testing 
seven of these cultivars (Table 5) for tortilla quality at a 
semi-commercial level, usmg the tortillerla located at Za- 
morano's cafeteria Two of the improved maicillos (DMV- 
179/Gigante Mejorado and DMV-198/Porvenir Mejorado) 
have been tested for tortilla quality at Texas A&M Univer- 
sity 

Table 5 Kernel qual~ty tra~ts of sorghum cultwars tested for tort~lla qual~ty 

Plant Gram Glume Test 1000 YO 70 YO % 
Cult~var color color color we~ght Kernel we~ght Decort~cat~on Floaters Prote~n Fat 
DMV 179 Tan Wh~te  Tan 910 25 0 21 7 32 10 5 3 8 
DMV 198 Purple Wh~te Purple 92 4 30 0 20 3 30 10 0 3 9 
DMV 224 Tan Wh~te Tan 887 21 3 30 7 32 9 9 3 9 
DMV 219 Tan Whlte Tan 873 18 0 24 8 44 11 4 3 8 
DMV 228 Tan Wh~te Tan 883 18 0 31 0 74 11 7 3 8 
Surefio Tan Wh~te Tan 91 1 27 0 
MX 7124 Tan Wh~te  Tan 910 25 0 27 0 42 9 0 3 9 



Host Country Program Enhancement 

Every cultlvar is also tested m comparison wlth corn 
(Hybrid H-29) for tortilla quality tram such as color, taste, 
texture, odor and rollabillty Also sorghum-maize masa 
combinations are tested at 4 levels 100-0,75-25,50-50 and 
25-75, with 100% corn as the control Prelunmary results 
show that tortillas made wlth 100% sorghum taste and have 
a rollability comparable to corn Tortilla color for tortillas 
made from DMV- 198 were unacceptable because of purple 
pigmentation introduced by the glumes Tortillas made with 
a 50-50 combination of sorghum and corn could not be dif- 
ferentiated from 100% corn tortillas for all quality traits 
tested 

A group of 54 Zamorano students were asked to rate tor- 
tillas made with 100% Sureiio All quality traits were rated 
usmg a 1-3 scale (Table 6 )  The results mdicate that when 
good quality sorghum 1s used for makmg tortillas the color 
1s acceptable A new fourth year student will be recruited m 
January 1999 to finish testmg the remammg 11 lmproved 
maicillos Further studles to be performed include stalmg 
tests comparing sorghum tortillas vs corn tortillas, continu- 
mg with acceptability tests using larger population samples, 
and development of a cookmg procedure for commercial 
production of sorghum tortillas 

Table 6 Qual~ty traits of tortillas made with 100% 
Sureiio 

Quallty Tralt Rabng* 
Taste 2 7 
Color 2 2 
Texture 2 4 
Rollab~llty 2 8 

* 1 = bad 2 = acceptable and 3 = very good 

raguan student, studied planting densities of sorghum hy- 
brids Marfil and CBX896-10 Both students graduated on 
April 1998 In 1998 two new scholarships were awarded 
Jorge Medina, a Nicaraguan student is working on the 
evaluation of five enhanced maicillos for tortilla quality 
Mr Medma will be workmg under the supervision of Javier 
Bueso, a cereal quality scientist The second student will be 
conducting research on plant protection working wlth Dr 
Allan Hruska 

Ing Rafael Mateo traveled to Texas A&M Un~versity 
from March to May, 1998 Ing Mateo attended English 
classes at the Texas A&M University Engllsh Language In- 
stitute (ELI) and participated In a trainmg course on plant 
breeding and nursery management 

Ing Jorge Moran is pursuing an M S degree at Texas 
A&M University Ing Moran 1s conducting research on 
host plant resistance to ergot 

Roberto Cordero and Johnson Zeledon, both from Nica- 
ragua are pursumg M S degrees in entomology at Missis- 
slppl State University Mr Cordero studled biological 
control strategies for M rogenhoferzr in southern Honduras 
Mr Zeledon is studying the occurrence, host plant relatlon- 
ships and management of sorghum midge (Stenodzplosu 
sorghrcola) on sorghum in Nicaragua 

Travel and Networkcng 

Hector Sierra and Jorge Moran traveled to Nicaragua in 
April to attend the PCCMCA meeting 

Jorge Moran traveled to Puerto Vallarta, Mexico m May 
to conduct research on ergot 

Mutual Research Benej7ts 

Many production constramts are slrnilar between Central 
America and the Un~ted States These constramts Include 
drought, several diseases, msects, and adaptabon U S 
based scientists can provide germplasm that could allev~ate, 
at least partially, the effect of some ofthese constramts The 
maicillo criollos are a unique type of sorghum Maicillos 
can potentially contribute usefhl food quality traits to U S 
germplasm Exchange of germplasm wlll contribute to de- 
velopment of novel genetic combmations w~th  multiple 
stress resistance, w~de  adaptation, and improved food qual- 
ity 

Institution Building 

Traincng and Educatcon 

In 1997, INTSoR.MIL awarded two Zamorano students 
a half tultion scholarship Rodolfo Pacheco, a Honduran 
student conducted research on the agronomic characteriza- 
tion of s~xteen enhanced maicillos Augusto Teran, a Nlca- 

Hector Slerra and Rafael Mateo traveled to Nicaragua m 
May with John Yohe and Gary Peterson They participated 
in discussions to develop INTSORMIL collaboration with 
INTA 

Rogelio Trabanmo traveled to Corpus Chnsti, Texas m 
June to attend the U S Ergot Conference 

Publicatcons and Presentatcons 

Bueso J 1997 Assessment of  the activlty of antlfungal protelns agalnst 
gram mold In sorghum caryopses In the field M S thew Texas A&M 
Unlverslty College Statlon Texas 

Moran J 1996 Genotype * environment interaction ~nthe 1996PCCMCA 
sorghum commercial hybrlds (In Span~sh) In 1996 proc PCCMCA 
Panama Panama March 17 21 1997 

Moran J and F Gomez 1997 Ergot In Central Amerlca Sorghum 
meetlng PCCMCA Panama Panama March 17 21 1997 

Moran J and R Mateo 1998 1997 Gram sorghum performance test for 
the PCCMCA (In Span~sh) Tech Rep No AG 9801 Escuela 
Agricola Panamer~cana El Zamorano Honduras 

Not~clas Official Newsletter of  the Latm American Comm~ssion of  
Sorghum Researchers Gomez E Ed~tor Zamorano 1997 

Pacheco R Agronomic characterlzatlon of slxteen enhanced ma~c~llos (In 
Spanlsh) lngeniero Agronorno thesls Escuela Agrlcola 
Panamer~cana April 1998 Zamorano 
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Term A C 1998 Evaluahon oftwo planting densities on sorghum hybrids 
Marfil and CBX896 10 (In Spanlsh) Ingenlero Agronomo them 
Escuela Agr~cola Panamericana Aprll 1998 Zamorano 

Tonnes A T L Thurow and H E Sierra 1998 Sustainable management 
of  troplcal steeplands an assessment of terraces as a soil and water 
conservation technology USAID/Soll Management ProjeCt/Texa~ 
ALM Unlverslly Technical Bulletin No 98 1 

Strong collaboration has developed between the Hondu- 
ras sorghum program, the Land Use Productivity Enhance- 
ment Project (LUPE), World V ~ s ~ o n ,  and other 

Table 7 Seed distributed during 1998 

Instltutlon DMV 198 (Lb) SureAo (Lb) 
Lupe 300 300 
World V~sion 200 200 
Mun~c~pal~ty Yauyupe 200 200 
Total 700 700 

organizations that unplement programs to improve the sus- 
talnability of steepland agriculture production A partial list 
of collaborators was listed previously in this report This 
collaboration has been on-gomg for many years and has 
been cr~tical to testmg of new technolog~es In producers 
fields Many producers have adopted the new technologies 
after workmg with the technical outreach program The pri- 
mary role of the Honduras sorghum program has been to 
provide seed of unproved varieties for use In cropping sys- 
tems research and demonstration (Table 7) 

ments D~ets were defic~ent in vitamin A, r~boflavm, and 
ascorbic acid 

Init~al releases from the breedmg program were the vari- 
ety Tortillero (1982), the hybr~d Catracho (1984), and the 
variety Surefio (1985) All are white seeded, food type sor- 
ghums that produce good qual~ty tortillas Surefio is a dual 
purpose variety with good disease resistance, tan plant, and 
grain with resistance to the malze weevil, grain mold, and 
weathering 

Extensive on-farm testing indicated that Sureiio and Ca- 
tracho produced higher grak yields that traditional maicillo 
criollo varieties The magnitude of thelr yield advantage in- 
creased considerably when seed was treated with a systemlc 
insectic~de (37% and 63% respectively) and when seed 
treatment was combined with 60kglha nitrogen (68% and 
113% respectively) 

Improved malc~llo advanced breeding l~nes performed 
well in yield tnals, includmg the EIME On-farm trials in 
1989 md~cated that the unproved maicillo llnes yielded 
sl~ghtly better that the traditional maicillo with traditional 
cultural practices, but had 30 to 50% higher yield when us- 
ing an msect~cide, seed treatment, and fert~l~zer Gram ofthe 
improved maicillos was supplied to the Texas A&M Uni- 
versity Cereal Qual~ty Laboratory, where extensive grain 
quality evaluations were performed A few of the improved 
ma~cillos had grain and tortilla qual~ty equal or superior to 
the local cultivars 

Summary of Research Accompl~shments Hybrid ma~cillos showed a large y~eld advantage over lo- 
cal ma~c~llo varieties 

INTSORMIL was instrumental In rejuvenatmg the Hon- 
duran Nat~onal Sorghum Program by lnitiatmg collabora- A s0rghum-sudangrass F1 hybrid (ATx623 Tx2784) to 
tive act~vit~es in 1981 INTSORMIL renovated the La be called Ganadero, for use as a forage for livestock was 
Lujosa Experiment Station near Choluteca planned for release m 1993 

A landmark study was conducted on the sorghum-maize 
Intercropping farmmg system, as well as nutritional studies, 
in the subsistence farm, hlllside agricultural area of southern 
Honduras Sorghum was ident~fied as an important r~sk 
averslon crop in the area because of its drought tolerance 
Sorghum serves as a multipurpose crop with the gram used 
to make tort~llas for human consumption, especially when 
the corn crop is poor, and gram and stover being fed to live- 
stock The major constramts to product~on and ut~lization 
were ~dent~fied and are the bas~s for the direct~on of the INT- 
SORMIWSRN collaborative program 

Extensive sociological and nutrit~onal field research 
studies were conducted in southern Honduras where sor- 
ghum n a staple food Although a substantial amount of 
malnutr~t~on exists (65 to 68% of ch~ldren suffermg some 
degree of malnutrition), it was determmed that with the use 
of sorghum in the diet, ~t is possible to grow enough malze, 
sorghum, and beans to meet energy and protein require- 

Research on grain quality Indicated that sorghum gram 
with certain traits can produce tortillas of comparable qual- 
~ t y  to those of maize Important tralts were found to be white 
grain with an absence of pigment or stammg, gram w~th  lit- 
tle or no grain mold or weathering, gram with a thick pen- 
carp to facilitate perlcarp removal, and grain which retains a 
l~ght color in the presence of aka11 Tan plant color and tan 
or straw colored glumes are also deslrable Quick quality 
tests and cooking trials have been developed to screen 
breeding mater~al for these traits Development of h~gh 
y~elding, food type sorghums w~th  these grain quality traits 
should have dlrect and s~gnificant application not only to 
Honduras but to surrounding countries such as El Salvador 
and Guatemala where sorghum IS a traditional food, as well 
as to Mexico and other countries of Central and South 
Amer~ca where sorghum can be used as a replacement or 
substitute for malze 

Surefio and some of the improved maicillo lmes produce 
tortillas superior in quality to the local landrace maicillo cri- 
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ollo cultivars, espec~ally those with tan plant and glume 
color, and enhanced gram mold/weathering resistance 

Diseases of sorghum in Honduras have been identified 
and their importance determined through incidence, sever- 
ity, and loss assessment studies Diseases of major impor- 
tance are downy mildew, MDM, gram mold, acremonium 
wilt, and foliar diseases such as gray leaf spot, rust, zonate 
ladder spot, and oval leaf spot Local and introduced germ- 
plasm has been screened for resistance, and resistance 
sources have been incorporated into the breeding program 

Downy mlldew was ldentlfied as a serlous dlsease m sev- 
eral areas m Honduras A new, vlrulent pathotype (P5) was 
ldentlfied m 1986 at Comayagua which attacks most of the 
commonly used sources of resistance in the U S New 
sources of resistance have been identified 

Studies on biological control of the fall armyworm and 
stem borers have been completed, and an exotic parasite ef- 
fective in controlling stem borers was mass reared and re- 
leased in Honduras and El Salvador and apparently has 
become established, at low number, in both countries Three 
effective native predators of fall armyworm were identified 
- fire ants, earwigs, and wasps 

The complex of insect pests, especially seed and seedling 
pests, on intercropped sorghum and corn in southern Hon- 
duras has been identified, studled, and control strategies de- 
veloped Important seed and seedling pests include several 
soil inhabitmg arthropods white grubs, wireworms, root- 
worms, ants, and millipedes The Langosta, a lepidopterous 
larval pest complex which ravages young sorghum and 
maize plants in southern Honduras m May and June, was 
ident~fied to include southern armyworm, fall armyworm, 
and two grass loopers A study of the ecology and popula- 
tion dynamics of these pests indicated that the presence of 
noncrop vegetation is Important m the buildup of msect in- 
festations prior to feeding on the crops A grass weed was 
observed to be a good oviposit~onal host plant Several na- 
tive maicillos criollos, AF28, and TAM428 were identified 
as possessing a good level of resistance (antibiosis) to the 
fall armyworm Midge resistant sorghums from the U S 
also show good resistance in Honduras 

Conservation of genetic diversity m-situ is a major 
thrust, and is bemg accomplished by the extensive use mai- 
cillos in breed~ng lines, and through the extensive use of on- 
farm trials where Improved malclllo are evaluated and then 
saved andused by farmers along with the landrace cultivars 

Over 200 native maicillos have been collected Over 75 
have been Introduced into the U S and44 have been entered 
into the Sorghum Conversion Program They should be very 
useful in broadenmg the sorghum germplasm base ava~lable 
in the U S and as sources of desirable gram quality and dis- 
ease and insect resistance 

Numerous U S derived sorghum germplasm lines have 
been evaluated in Honduras and provide the primary 
sources of disease resistance, high yield resistance, msect 
resistance, and weathermg resistance used in the Honduran 
sorghum improvement program 

A network of sorghum researchers was developed This 
was accomplished through five Latin American workshops 
(one each on pathology, quality, breeding, farming systems, 
and seed production) with ICRISAT/LASIP held at CIM- 
MYT, participating in and presenting research results at the 
annual CLAIS and PCCMCA meetmgs, particlpatlng in re- 
g~onal CLAIS sorghum trials and nurseries, through germ- 
plasm exchange 

A major regional workshop emphasizmg research on the 
maic~llos criollos was held in Honduras m Dec 1987, co- 
sponsored by INTSORMIL, SRN, and ICRISATICLAIS 

A growth analysis of anative maicillo and improved mai- 
cillo in pure stand and in association with malze ~ndicated 
that the late maturing native maicillo has tremendous poten- 
tial to produce biomass in the troplcs 

Shade tolerance has been Identified m several maicillos 
and unproved maicillos This trait could be very useful, not 
only m Honduras, but m other countries 

Seven Hondurans, plus two other Central American stu- 
dents, have been trained with most conductmg their re- 
search in Honduras Several Central American researchers 
have been involved in short term training missions to the 
U S  

An extensive farm-level analysis conducted m southern 
Honduras was used to estimate the effects of adoption, in- 
come impact, and constraints to new technology introduc- 
tion On the hillsides, once soil conservation practices (rock 
terraces) were m place, farmers were mterested m other new 
technologies The combined use of terraces and new culti- 
vars (Sureiio and Catracho) increased expected income by 
15% If price collapse in good rainfall years is avoided, the 
Income Increase would be 58% Estimates ofthe adoption of 
the new cultivars (primarily Sureiio) by hillslde farmers of 
southern Honduras range from 5 % to 13% of the sorghum 
area 

SureAo has found widespread acceptance throughout the 
sorghum growing regions in Honduras A study was con- 
ducted of farmers who tried Sureiio in 1988, and results 
showed that Sureiio had substituted for 28% of the maicillo 
area Much of its success is due to ~ t s  improved grain and ce- 
real quality (tan plant and glume color and gram traits), 
yield potential, and dual purpose for use as both a forage and 
grain 

Male-ster~le pearl millet lines were provided to support 
tropical pasture and forage research in the EAP Anlmal Sci- 
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ence department The lines were used to develop an mter- 
specific forage hybrid with elephant grass (P purpureum) 

Two broomcorn varieties, IS 1 1 and Acme, showed out- 
standmg fiber yield and quality In on-farm trial A sustained 
quality fiber supply, in conjunction with economic informa- 
tion, seed availability and technical support, with directly 
impact the national economies of Honduras and Nicaragua 
through an increase in broom manufacturmg, job creation 
(especially for women), and export earnings Both varieties 
have excellent resistance to pathotype 5 of Peronsclero- 
s p o ~ a  sorghz (Weston and Uppal) 

Final field evaluation of the hybrid ATx626 x R8502 
(named Zt3m-Roj0) was completed and the hybrid is ready 
for release An EAP student completed his thesis on ANlck- 
ing of ATx626 and R8503, and ATx623 and Tx27841t, a the- 
SIS problem oriented to foster seed production over a range 
of different environments and management conditions 

Worked with the NGO, "Poligono Industrial Copaneco" 
funded by the Belgium an Canadian governments, to pro- 
vide technical advice and seed for on-farm demonstrations 
on broomcorn production 

In 1992, two Improved ma~cillos have completed on- 
farm tests and were ready for release The cultivars Porvenlr 
Mejorado (DMV-197) and Gigante Mejorado (DMV- 179) 
has withstood farmers, housewives and extension personnel 
criticisms, as well as envlronrnental conditions durlng the 
course of evaluations 

A commercial performance test for hybrids was devel- 
oped The test was started at four locations in Honduras The 
tests gave farmers access to better sorghum hybrlds and 
helped companies to up-grade hybrids available for Hondu- 
ras 

CITESGRAN (International Seed and Grain Technology 
Center) received support from INTSORMIL in developing 
its research capability 

In May, 1995, CITESGRAN/Zamorano held the "Grain 
Standard for Central America Workshop" The workshop 
was cosponsored by INTSORMIL, FAO, Swiss Corpora- 
tion for Development, Collaborative Agnbusmess Support 
Project Canadlan Gram Commission Federal Gram In- 
spectlon System of USDA and others Participants worked 
on developing the grain standards that wlll regulate the 
gram trade among Central American countries 

Results obtained m 95 on-farm demonstration plots dur- 
ing 1992 through 1995 indicated that enhanced maic~llos 
out yielded malcillo criollos at all technological levels 
There is an average increase in grain yield of 0 45 t ha by 
replacing the malcillo cultivar with an enhanced malclllo 
Increased plant population as a result of controlling the 
"langosta" insect complex and expressed as the number of 

harvested heads, shows a significant relationship with gram 
and forage yield The application of 60 kg ha of N, clearly 
demonstrates the efficiency m N assimilat~on of improved 
maicillos over the criollos Maiclllo gram yield is easily 
doubled by planting the enhanced maicillos with langosta 
control and 60 kg of N ha 

Enhanced maic~llos show a height reduction of 0 5m 
with respect to maicillo criollos Forage quallty is substan- 
tially increased by 3-4O Brlx, which turns the stover more 
nutritious and palatable to cattle Maturity has been kept one 
week earlier than ma~c~llos criollos This earlmess is ade- 
quate for escaping late dry periods and mmlrnizing gram 
molds 

Maicillo sorghums were evaluated for thelr reaction to 
Colletotrzcum gramznzcola, the pathogen causing anthrac- 
nose Pathotypes attacking maic~llos genetically resemble 
those attacking johnson grass (Sorghum halepense) in the 
United States Anthracnose caused by Colletotrzchum 
gramznzcola was studied in private Imes, improved maic~l- 
los, and entries in the International Sorghum Anthracnose 
Virulence Nursery (ISAVN) TAM428 was identified as 
containing excellent resistance to anthracnose Most m- 
proved maicillos were resistant to anthracnose 

INTSORMIL participated In the deslgn, construction 
and equipment purchase for the seed plant at Zamorano 

In 1996, INTSORMIL and the So11 Management CRSP 
initiated jolnt research to promote new sorghum technolo- 
gles and soil conservation practices The premlse for this ef- 
fort is that in order to upgrade gram and forage yield in the 
maicillo area, both technolog~es should be deployed con- 
currently To exploit the yield potential bred mto the new 
enhanced maicillos enhanced so11 conservation practices 
are key to sustamable yleld The collaborative effort inter- 
acts with LUPE and NGOs Ing Hector S~erra obtamed an 
M S degree at Texas A&M University working with Dr 
Tom Thurow (Soil Management) and was located in Cholu- 
teca to direct the project 

Four troublesome weed to sorghum production (Cyperus 
rotundus, Melapodzum dzvarzcatum, Portulaca oleracea 
and Thrtonza tubaeformu) were used to evaluate the effec- 
tlveness of some old and new herbicides In sorghum Mr 
Juan Carlos Hidalgo conducted thesis research on the de- 
gree of control and phytotoxicity of these herbic~des A new 
herblclde Permit ' (halosulfuron) was ~dentlfied as an alter- 
native in early postemergence Halosulfuron can provide a 
broader spectrum of control w~th  the least toxicity to sor- 
ghum when applied with the traditional atrazine at preemer- 
gence 
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D T Rosenow 
Texas A&M Unlvers~ty 

Dr D T Rosenow, Sorghum Breeder, U S Country Coordinator, Texas A&M University, Texas Agricultural 
Experiment Station, Route 3, Box 219, Lubbock, TX 

Mr Sidi Bekaye Coulibaly, Agronomy/Physiology, Mali Host Country Coordinator, IER, B P 438, Sotuba, 
Bamako, Mali 

Collaborat~ve Program 

Program Structure 

The program in Mali is a coordinated effort between 
INTSORMIL and IER It is multi-disciplinary and multi- 
~nstitutional m scope and includes all aspects of sorghum 
and millet improvement, production, and utilization Each 
Malian scientist develops research plans cooperatively with 
an INTSORMIL counterpart and in concert with and as a 
part of the overall IER Mali research plan Major INT- 
SORMIL collaborators travel to Mali annually during the 
crit~cal penod of the crop year to consult, review progress, 
and plan future collaborative activities with their Malian 
counterparts Occasionally, IER scientists travel to the U S 
for research review and plannmg These plans are reviewed 
by the country coordmators, consolidated, and coordinated 
with IER research project plans for approval or modifica- 
tion This insures that the research fits mto the annual over- 
all IER strategic plan The plans then become part of the 
annual Amendment to the MOA The USAID sponsored bi- 
lateral IERJTexas A&M University SPARC project has as- 
sisted IER in research project development, execution, and 
research financial management for the entlre IER program 
including other donor f h d ~ n g  and agencies 

INTSORMIL country funds are allocated Approximately 
50% of the yearly Mali Country Budget is transferred di- 
rectly to Mali from the INTSORMIL Management Entity 
The remainder is retained at Nebraska and used for major 
equipment purchases, supplies, IER scientist travel, IER 
scientist short term training, or special needs as they arise 
Also, some individual U S INTSORMIL investigators 
transfer pass-through funds to Malian counterparts or pur- 
chase equipment or supplies for Mali dlrectly from their 
project funds 

Collaboratzng Instztutzons 

Institute of Rural Economy (ER), Bamako, Mali 
Texas A&M University 
University of Nebraska 
Purdue University 
Kansas State University 
USAIDIBamako 
ICRISAT/WASIP/Mali 
WCASRN (Regional Sorghum Network) (ROCARS) 
Soil Management CRSP (formerly TropSoils) 

Research Disczplcnes and Collaborators 
Memorandum of Agreement 

The origmal Memorandum of Agreement formally es- 
tablishmg INTSORMIL collaboration with IER and allow 
transfer of funds was signed in Mali on October 10, 1984 A 
revised MOA was signed in 1996 at the beginning of the 
current INTSORMIL five-year Project The annual Amend- 
ment to the MOA, which consists ofthe 1997-98 work plan 
and budget (Amendment #14), was developedjointly by the 
country coordinators m Apr~l-June, 1997, and approved by 
IER and INTSORMIL in July, 1997 

Fznanczal Input 

The USAID Mission has provided significant financial 
support to the total IER research program, of which sor- 
ghum and millet are a part, through the SPARC Project 
which ended m June, 1997 IER makes decisions on wh~ch 
specific project or locations are funded by SPARC, Ciba- 
Geigy, and World Bank dependmg on needs, and where 

Germplasm Enhancement - Sorghum - Aboubacar 
Toure, S B Coulibaly, Abdoulaye G Diallo, Mody Di- 
agouraga (millet), Keriba Coulibaly (Slkasso), IER, D T 
Rosenow, G C Peterson, G Ejeta, D J Andrews, INT- 
SORMIL A Toure was on a Rockefeller Foundatin sor- 
ghum biotech Post Doc with Texas A&M UniversityITexas 
Tech University, thru June, 1998 

Crop Protection Systems - Entomology - Yacouba 
Doumb~a, Mde Diarisso Niamaye Yaro, IER, G L Teetes, 
INTSORMIL 

Crop Protection Systems - Pathology - Mamourou Di- 
ourte, Mde Diakite Mariam Diarra, Ousmane Cisse, IER, 
R A Frederlksen, INTSORMIL 

Crop Protection Systems - StrzgalWeed Science - 
Bourema Dembele, Cheickna Diarrra, IER, G Ejeta, INT- 
SORMIL 
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Crop Product~on Systems - Agronomy/PhysiologylSoils 
- Adama Coulibaly, Sidi Bekaye Coulibaly, Abdoul Wahab 
Toure, Mamadou Doumbia (Soil Lab) IER, S C Mason, 
J W Maranville, INTSORMIL, Abdoulaye Traore, Univer- 
sity ofNebraska student, (IER)(Agronomy), Samba Traore, 
University of Nebraska student, (IER)(Weed Sci- 
enceIAgronomy) 

Utilization and Quality - Mde Aissata Bengaly Berthe, 
Mde Coulibaly Salunata Sidibe IER, L W Rooney, INT- 
SORMIL 

Economics - Bakary S Coulibaly, IER (Purdue student) 
ULSanders, INTSORMIL 

On-Farm Trials and InterCRSP - S B Coulibaly, Oumar 
Coulibaly, IER, Philippe Dembele, World Vision, D T Ro- 
senow, J W Maranville, INTSORMIL 

SorghumIM~llet Constra~nts Researched 

and use of new genetic materials in breedng programs to 
develop cultivars to lncrease or stabilize grain yields with 
desirable food quality 

New Opportunrtzes 

New tan-plant Guinea-type breeding cultivars, espe- 
cially N'ten~missa, have been tested on-farm and offer an 
opportunity to develop new food products and mdustrial 
products which could enhance demand and stabilize prices 
New commercial products using sorghum and millet are be- 
ing developed and marketed Work to develop Strzga resis- 
tant sorghums and photoperiod sensitive late maturing 
sorghums to escape head bugs and molds was expanded the 
last four years Extensive on-farm trials of new cultivars has 
been initiated wlth World Vision and with the InterCRSP 
Technology Transfer Project An MOU between INT- 
SORMIL and WCASRN (regional sorghum network) pres- 
ents opportunities for technology transfer m sorghum across 
West Africa A similar MOU with ROCAFREMI (millet re- 
gional network) offers similar opportunities in pearl millet 

Product~on and Utilrzatron Constraznts 
Research Progress 

Yield level and stability m sorghum/millet production is 
of major importance m Mali where food production is mar- 
ginal in the presence of a rapidly growing population Low 
and unstable ylelds are the result of complex interactions of 
low soil fertility (part~cularly nitrogen and phosphorus), 
drought stress, diseases, insect infestations, Strzga, and lack 
of availability of improved cultivars 

Head bugs and associated grain molds adversely affect 
sorghum yield and gram quality, and are a major constraint 
to the development of unproved high yielding sorghum cul- 
tivars Strzga is amajor constrant for both sorghum andmil- 
let Other major constraints are phosphorus and nitrogen 
deficiency, water stress, andmillet headminer infestations 

Lack of farm credit for mlllet and sorghum, compared to 
cotton and maize, discourages adoption by farmers of Im- 
proved millet and sorghum technology, especially in the 
higher rainfall areas Grain pnces which cycle between high 
and low yield-level years are a deterrent to adoption of im- 
proved technology 

Transformation of sorghum and mlllet gram Into new 
shelf-stable foods and mdustrial products IS needed to en- 
courage local product~on of grams and to enhance agribusi- 
ness actlvitles of food processmg, marketing, and poultry 
feedlng that would help stabilize prices 

Efforts are concentrated to strengthen research on breed- 
ing, crop physiology, soil and water relationships, entomol- 
ogy, pathology, Strzga, food processing and food 
technology, marketmg, and technology transfer An effort 
to develop new food products from cereals and legumes is 
emphasized Selection for enhanced drought resistance is a 
major concern Major activities involve the introduction 

Details of much of the research related to Mall are pre- 
sented in individual PI project reports in this publication 
This Mali Country Annual Report will emphasize research 
done by the IER m Mali 

Sorghum Breedzng 

The sorghum breedlng program m IER is a large and di- 
verse program With the departure of Dr Aboubacar Toure 
in January, 1996, for a two-year Rockefeller Foundation 
Post Doc Fellowship on sorghum biotechnology at Texas 
A&M University, the only persons in Mali with sorghum 
breeding experience were A Diallo (B S ) and some techni- 
cians Sidi Bekaye Coulibaly (Agronomy/Physiology) was 
named to head the IER sorghum breeding program, as well 
as the INTSORMIL Host Country Coordinator and the head 
of the national IERsorghum program To provide assistance 
to the breeding program, Dr Toure traveled to Mali for one 
week in May, 1997 (along with Dr Rosenow) to assist in 
plannmg the 1997 sorghum breeding activities, locations, 
test entries and locations, breedmg progeny locations, lines 
for crossmg, as well as on-farm tr~als and the increase of 
grain of N tenlmissa In November Dr Toure again trav- 
eled to Mali for four weeks and Drs Darrell Rosenow and 
Gary Peterson for three weeks, where they worked with the 
Mali Sorghum Collection characterlzatlon and harvest and 
assisted m makmg selections m breeding progenies planted 
at Samanko and Cinzana, evaluated yield trails, and on-farm 
trials and N'tenimissa increases Mr Charles Woodfin and 
Jerry Jones, Research Associates from Texas also traveled 
to Mali in November to coordinate the harvesting, threshing 
and packaging of the Collection Sidi Bekaye Coulibaly 
very capably coordmated the overall breeding program, 
with very little slowing of breeding progress 
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The IER sorghum breeding program does extensive 
crossmg and intercrossing among elite introductlons, im- 
proved non-gumea and guinea derived breedmg l~nes, and 
el~te local cultivars It utilizes genetically diverse germ- 
plasm from around the world result~ng in much genetic di- 
versity m the breeding program Extensive use is made of 
ICRISAT developed lmes and elite lmes from the U S Em- 
phasis in the program centers on improving the head 
buglgram mold resistance of high yielding tan-plant non- 
gulnea breeding lines, gumea by non-guinea intergrades, 
and on developmg tan-plant true guinea cultivars Breeding 
for the dry northern areas also lnvolves some crosses with 
local Durras from the area and early Caudatum derivatives 
from Senegal 

A standard system of moving progenies along at the dif- 
ferent locations is in place and understood by the techni- 
cians After the F2 progenies are separated into early, 
medium, and late maturing groups and then selected and ad- 
vanced at appropriate sites Early materials are selected at 
the lower rainfall, more northern sites of Berma and Cm- 
zana, while medium maturity mater~als are grown at Sotuba, 
Sougoula and sometimes Cinzana Late maturing progenies 

are evaluated manly in the southern, high rainfall sites of 
Farako (Sikasso) and Kita Yield trials of advanced breed- 
ing lines also are divided mto these three general maturity 
groups and correspondmg sites Y~eld tests typically in- 
volve Prel~mmary and Advanced Trials 

New breedmg crosses are made annually, sometimes in 
the winter off-season In 1997 F progenies F, evaluated at 
Sotuba, 55 were selected At Cinzana, 52 Fls, were evalu- 
ated and 36 selected New crosses were performed at Sotuba 
and Cinzana during 1998 off-season The Fls will be 
planted m the 1998 rainy season at Cmzana and Sotuba The 
F2s were evaluated at two locations (Cinzana and Sotuba) 
In this mult~locat~on evaluahon, 173 entries were grown in 
the 1997 rainy season There were 1021 panicles harvested 
at Sotuba within 173 fam~lies, along with 910 pan~cles in 
173 families at Cinzana In 1997, 123 1 F3 famil~es were 
evaluated at three locat~ons Withln 105 famil~es m each lo- 
cation, 137 heads were harvested at Sotuba, 35 panicles at 
Cinzana, and 105 heads at Bema The F4 generations were 
evaluated accordmg to maturity group The early F4 proge- 
nies were evaluated at Bema and Cmzana At Bema, 30 
panicles were selected among 102 entries, and 57 pan~cles 
in 27 famllies at Cinzana For the medium cycles 167 F4 
progenies were evaluated in 1997 E~ght famil~es were se- 
lected with 60 panicles at Sotuba The late F4s were evalu- 
ated at K~ ta  and Farako with only 13 panicles selected The 
evaluation of the F5 was also performed accordmg to the 
maturity group In the early F5s, there were 65 entries evalu- 
ated at both locat~ons (Cinzana and Bema) with four fami- 
lies saved Among the 169 medium maturity F5s, selected 
were 1 1 fam~lies at Sotuba, and 4 at Sougoula In the 76 late 
maturity F5s, five and three families were selected respec- 
tively, at K~ ta  and Farako 

Of special mterest are the breeding progenies to develop 
wh~te-seeded, tan-plant true guinea cultivars The tan-plant 
breeding cultlvar named N'tenimissa (B~mbln Soumale x 

87CZ-Zerazera) has been crossed extens~vely with local 
grulneas as well as with hlgh yielding, non-gumea breeding 
lines which lack the necessary head bug tolerance Two F4 
progeny rows at C~nzana of the cross [N'tenimissa * Tie- 
marfing (local guinea)] ~dentified m 1996 were advanced 
immediately and designated 96CZ-F4P-98 and 96CZF4-99 
m y~eld trials in 1997 where their performance was good 
They are tan-plant with true guinea grain, panicle, and plant 
characteristics, and appear to possess a high level of head 
bug resistance They may prove to be superior to N'teni- 
mlssa A large number of other tan-plant gulnea selections 
were made m the F2s, Fgs, and F g  

At Cinzana, the mean y~eld of the Early Trial was 2 07 t 
ha I, wh~le at Bema it was low (0 93t ha ), mainly due to 
postflowering drought The Med~um Matur~ty Trials were 
evaluated at Cinzana, Sougoula, Kolombada, and Sotuba 
At Sotuba the mean y~eld was 2 77 t ha with the h~ghest 
yield obtamed w~th 96-SB-CS-F6-14 (4 13 t ha I) The 
h~ghest y~elding entry at Clnzana was 94-EPRS-GII-1069 
(3 86 t ha l) Results from Kolombada showed that yields 
varied between 1 78 t ha for CEM-325111-5-1 and 0 60 t 
ha for 95-EPRS-GII-100 1 Highest yield was obtained at 
Sougoula with 95-EPRS-GII-1088 (3 00 t ha I) and 94- 
EPRS-GII- 1 136 had the lowest (0 90 t ha ) In the late Ma- 
turing Trial at Farako, 96-SB-CS-F6T-6 had the highest 
y~eld (2 00 t ha I) compared to the local Bimb~ri Soumale 
which had 0 73 t ha Yields were low at K~ ta  because of 
late weed~ng with a mean y~eld of only 0 79 t ha 

Millet Breedrng 

Mody Diagouraga, technician/breeder at Cmzana, con- 
t~nued the pearl millet breed~ng effort with some assistance 
from Dr Oumar Niangado, IER Director General, and D J 
Andrews A pilot hybrid seed production block was planted 
m 1997 with very encouraging results 

Entomology 

Studies were conducted on varietal resistance (preliml- 
nary and advanced trials) to head bugs and on the behavior 
of improvedvariet~es in on-farm tests In the prel~mmarytn- 
als, 93-EP-F6-GII-5 and 94-EPRS-GII-1077 had the same 
score as Malisor 84-7 (visual score=2) A local cultivar 
(Diebana) was also found resistant to head bugs Results ob- 
tamed in advanced trials showed resistance to head bugs of 
90-CZ-CS-TX-2,90-CZ-CS-TX- 12, and PR 2562 compa- 
rable to the local, CSM388 In the on-farm tests, N'teni- 
mlsa, N'Danla, and Dusu Suma were compared to Mal~sor 
84-7 in five villages (Ouendja, Sikouna, Seribougou, Segue, 
and Sangoue) In three villages (Sikouna, Segue, and San- 
goue), N'tenimisa had the lowest (best)visual score (2 8) 
But, in Seribougou, all the ~mproved varieties had a high 
head bug score above 5 
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Observations of head bug damage in on-farm trials agam 
indicated much less head bug damage than on Research Sta- 
tions N'tenlmmsa showed very little damage to only mild 
damage on-farm, while it was extensively damaged on the 
ICRISAT Station Sorghums, however, with high suscepti- 
bility to head bugs showed extensive damage on-farm even 
in the presence of apparently relatively low infestations 
More research on the head bug ecology and damage in farm- 
ers' fields is needed 

F3 head bug evaluation trials ffom the cross (Malisor 84- 
7-head bug resistant * S-34-susceptible) were planted at So- 
tuba, Cinzana, and at the ICRISAT Center The l 18 proge- 
nies were used by Dr Aboubacar Toure in his Post Doctrate 
research to identify molecular markers for head bug resis- 
tance Excellent segregation for resistance was present in 
the cross A 1 to 9 visual ratmg scale developed by George 
Teetes, in cooperation with Alain Ratnadass, was used in 
the visual scormg and worked well Thresh~ng out some 
grain by rubbing panicles greatly enhancedthe ease scoring 
Scores m 1997 agam were consistent among different per- 
sons, across replications, and across locations In 1997 addi- 
tional F3 progenies from CIRAD/ICRISAT were also 
evaluated at ICRISAT and Cmzana in a cooperative effort 
among IER, INTSORMIL, and CIRAD 

Pathology 

Studies were conducted on foliar diseases Anthracnose 
(Colletotrzcum grammlcola) and Sooty stripe (Ramulispora 
sorghz) Twenty seven breeding lines were used in these 
studles All of them showed some resistance with a severity 
score lower than 3 Studies were also conducted on covered 
kernel smut (Sphacelotheca sorghl) by using traditional 
fungicides It was found that the "Gon" (Canavalra ensrlo- 
formrs) used in seed treatment had the same effects as 
Apron@ Plus 50DS and Oftanol In terms of dose, there was 
an equivalence of 2,5,lO, 15, and 20 g of "Gon" powder for 
1 kg of sorghum seeds m reducing the effects of cover smut 
For long smut, some d~fferent moculation techniques were 
used It was found that plots innoculated artificially had 
higher infestation than those treated with distilled water 
The variety SAR-10 had less infestation than the other va- 
rieties 

Studles were conducted on sorghum based cropplng sys- 
tems and legume crops plus the evaluation of new sorghum 
varieties In the first study, a rotatlon study involving 
sorghum-corn-cowpea-dolichos-peanut was performed 
Results showed that sorghum after corn had a 71% y~eld in- 
crease under no fertilization conditions compared to sor- 
ghum after sorghum The benefit of those crops on sorghum 
depends on their growth duration which may also influence 
the nutrients available for the following crop In the second 
study, the mutation derived breeding cultivars were com- 
pared to their origm (CSM 388) Some evidence of the supe- 

riority of the mutants compared to CSM 388 was found Re- 
sults were the same with N'tenimisa and CSM 388 The 
screening for drought and high temperature resistance at the 
seedling stage usually carried out at Cinzana Station was not 
successful because of a one day rain of 110 mm 

Rotation of pearl millet with cowpea in Mall agam in- 
creased gram and stover yield of pearl millet as reported m 
previous years Seven-year averages show that crop residue 
lncorporat~on sllghtly Increased pearl mlllet grain and sto- 
ver yields, while crop residue removal adversely effected 
cowpea yields The increases in crop and stover yield over 
time, and the better maintenance of soil nutrient levels as re- 
ported previously, suggest that leaving crop resldues in the 
field and using crop rotation increases sustainability and 
productivity of pearl millet cropping systems 

Weed Scrence/Strzga 

In a screening study of sorghum breeding lines the lowest 
number of Strrga was found with the resistant check SRN 
39 The breeding lines 94-EPRS-GII-1123 and 94-EPRS- 
GII-1054 also showed good resistance with (5 to 15 Striga 
plants/m2 and 7 to 18 Strlga plants/m2, respectively) CSM 
388 was the most susceptible to Strlga (52 to 85 Strrga 
plants/ m2) In on-farm trials involving Malisor 84- 1, Mali- 
sor 92-1, and Seguetana and the local, Seguetana showed 
the lowest infestation and had the highest yield (2 26 t ha ), 
therefore it was the most appreciated by farmers 

Pearl millet cultivars from the CMDT millet collection 
were evaluated for Strzga resistance, but infestation was low 
with no significant differences among varieties Yield var- 
ied between 2 3 8 t ha for CMM-CMDT 39 and 0 7 1 t ha 
for CMM-CMDT 6 1 

Visual observation of some of Strrga resistant lines from 
INTSORMIL/Purdue mdicated excellent Strzga resistance 
at Cinzana, but the cult~vars had some gram quality prob- 
lems 

Grarn Quality/Utrllzatlon 

INTSORMIL programs in the Food Laboratory con- 
sisted of characterization of gram samples from research 
stations and sub-stations, sorghum diversification, and utili- 
zation The food laboratory obtained about five tons of 
N'tenlmisa gram from a farmers assoclatlon at Madlna 
(Bougouni) Sorghum commercializat~on trials with food 
industr~es (GAM) and small entreprenors (UCODAL and 
ULTRA) were implemented The promotion and market~ng 
of sorghum was funded by USAID Work was also done 
w~th  bakers to make bread and confectioneries 

Samples from advanced yield tnals from Sotuba, Cm- 
zana, Bema, Ouelessebougou, and Mara were characterized 
by analyzing them for t6 consistency, color, vitreousness, 
thousand kernel weight, density, and ash In general, pa- 
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rameters affect~ng gram quality were good but the decorti- 
cation y~eld vaned greatly between 85% and 14% Gumea 
cult~vars and derivatives gave the h~ghest decort~cation 
yield T6 cons~stency and color were also good for the ma- 
jority of the samples 

Regardmg the test with bakers in pastry preparation, the 
quality of the cake was not affected with the substitution of 
30% sorghum flour With 50% substitution, the flavor and 
texture were good, but there was a problem w~th  shelf life 

In a study of sorghum crunch, it was found that crunch 
produced for a 200g sample of sorghum gram has a net 
benefit of 150 FCFA Many women associations are pro- 
ducmg this snack and sell it in the supermarkets and m the 
open markets It was found that larger slze sorghum gram 
and semi-v~treous endosperm gave a good yield of crunch 

Prelunmary tests on the use of compos~te flour wlth 
GAM (Sorghum flour from N'tenimlsa and Wheat flour) 
showed that up to 30% of flour from this sorghum varlety 
can be added to wheat flour (70%) for b~scu~ t  processing In- 
dustr~al production is proceeding and data will be ava~lable 
soon 

The major constramt to mcreased utilizat~on of the flour 
from whlte, tan-plant sorghums m various products is a con- 
slstent supply of good quality gram This will requlre some 
consistent slzeable production and a system to preserve the 
Identity of that gram m marketmg and processmg 

On-Farm Trrals 

Three earlylmaturing improved varieties (89-CZ-F4- 
2 1 AF, 89-CZ-F4- 137AF, and 93-EARSP-29) were com- 
pared to farmers variety at C~nzana and Bema The mean 
y~eld was 0 87 t ha Although it has long cycle, 93- 
EARSP-29 was appreciated by women because of the h~gh 
percent at dehulling The men's choice was 89-CZ-F4-2 1AF 
(b~gger seed slze and h~gher yield) 

Three medmm-maturing improved cultivars (Dusu 
Suma, N'Dar~la, and 93-EPRS-GII-11) were compared to 
the farmers var~ety at Koullkoro and Bagumeda Even 
though lt matured later than the others, 93-EPRS-GII-I 1 
was appreciated by farmers because ofh~gher grain y~eld, its 
reslstance to lodgmg, and the stay green characterist~cs 

In the late-maturity on-farm tests, three unproved culti- 
vars (Foulatieba, Sariaso 1, and 93-EPRS-GII- 1027) were 
compared to the farmers variety at Kita and Sikasso In the 
first location, Foulatieba and the local check had the highest 
grain yleld (2 33 t ha and 2 25 t ha respectively,) In SI- 
kasso, Foulatleba (1 17 t ha l) and Sar~aso 1 (1 10 t ha l) 
yielded more than 93-EPRS-GII-1027 and the local check 
Foulatleba was appreciated by farmers because of higher 
gram y~eld wh~le for Sariaso 1 ~t was because of the good 
taste m makmg local meal 

Verbal communication wlth farmers m the World V~sion 
InterCRSP on-farm tnals near Bla Indicated that farmers 
liked N'tenimissa grain quality and it y~elded well but had 
some concerns over it's lodglng The head bug reslstance of 
N ' t en im~ssa  looked good In other trlals,  non- 
photosensitive sorghum with compact panlcles had severe 
damage by pan~cle fad~ng bugs 

Technology Transfer 

Two surveys in the Segou region showed that the tech- 
nology adopted to the greatest extent was use of the seed 
treatment Apron@ Plus on pearl millet which improves 
stand establishment and reduces downy mildew problems 
In one of the surveys the communities were uslng unproved 
techn~ques to produce and collect quality anlmal manure for 
appl~catlon to fields In both surveys, only 16-17% of the 
farmers indicated use of improved pearl mlllet cultivars It 
was concluded that greater future success m technology 
adoption would be promoted by proposing a technology 
package that includes unproved cult~vars, appropnate man- 
agement practices, and use of organlc andlinorganlc fertiliz- 
ers 

Mutual Benefits 

All research results reported should benefit Mali, and 
surroundlng countries of West Africa where s~milar produc- 
tion constramts occur The use of the tan plant N'tenunissa 
should have benefit m the Gumea growlng areas of West Af- 
rica Informat~on on sources of improved food qual~ty and 
food type sorghums should be useful In lmprovlng overall 
qual~ty of U S sorghum gram Several Malian breeding 
llnes show excellent grain yield potent~al, leaf d~sease resls- 
tance, and excellent gram quality m Puerto k c o  and South 
Texas 

Institution Budding 

INTSORMIL prov~ded various field and laboratory re- 
search equipment lncludlng computers, prmters, pollmatmg 
bags, and breedmg supplies to the IER collaborate program 
Trammg m computer use was provlded by G C Peterson 

Several Malian students at INTSORMIL mstitutions 
should make Important contributions upon thew return to 
Mall Dr M Dlourte m pathology at Kansas State Univer- 
sity and Dr N D~arisso m entomology at Texas A&M Unl- 
versity returned to Mali in 1997, and Dr A Traore m 
agronomy at the University of Nebraska returned m the 
summer of 1998 to strengthen the IER research program 
Mde Sal~mata Sid~be Coulibaly returned with an M S in 
food technology from North Carolma A&T Un~versity and 
1s now work~ng m the cereal technology lab The so11 re- 
search component In IER has been strengthened with the re- 
turn of Dr M Doumbia (M S and Ph D - Texas A&M 
Unlvers~ty, So11 Management CRSP), who IS now Director 
of the IER Soil Laboratory 
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New students m trainmg include Mamadou N'Dlaye at 
Ohio State University in pathology and Niabe Teme, who 
completed his B Sc and 1s currently an M S student at 
Texas Tech University Dr A Toure has just completed a 
two year Post Doc Fellowship in sorghum biotechnology at 
Texas A&M University Adama Coulibaly (M S at Kansas 
State University) assumed the responsibility of Minamba 
Bagayoko in millet agronomy, and is the Nat~onal Coordi- 
nator m Mali for pearl millet 

The contribution of INTSORMIL trained Dr Moussa 
Traore (Ph D at the University of Nebraska) former physl- 
ologist and Mali Country Coordmator, and former Perma- 
nent Secretary to Mmister of Agriculture, was huge in the 
reorganization and current operation of IER The contnbu- 
tion of Dr Oumar Niangado, Director General of IER, has 
also been significant He is a former INTSORMIL collabo- 
rator and millet breeder, and was mstrumental fiom the be- 
glnnlng in INTSORMIL workmg in Mali Dr Aboubacar 
Toure, Ph D from Texas A&M University In breeding (cur- 
rently on a sorghum blotech Post Doc at Texas A&M Uni- 
versity and Texas Tech University ) is a sorghum breeder 
with IER, and has served as INTSORMIL Country Coordi- 
nator, a member of the INTSORMIL Technical Committee, 
and has served as Head of the Mali national sorghum pro- 
gram Mr Sidi Bekaye Coulibaly (M S - University of Ne- 
braska) is currently serving as the INTSORMIL Host 
Country Coordmator, is the head of the Mall national sor- 
ghum program, and is also serving as the head of sorghum 
breeding in IER m the absence of Aboubacar Toure 

INTSORMIL travelers to Mali durlng the year included 
Drs D T Rosenow and G C Peterson, sorghum breeders, 
Dr L W Rooney, food scientist, Dr G L Teetes, ento- 
mologist, all from Texas A&M Univers~ty, Drs J D 
Maranville and S C Mason, agronomists and Prof D J An- 
drews from Nebraska, Dr J H Sanders, economist, from 
Purdue Dr Tom Crawford, INTSORMIL Associate Direc- 
tor, and Dr Jeff Dahlberg, Sorghum Curator, USDA-ARS, 
Puerto RICO also traveled to Mali 

Mr Sidl Bekaye Coulibaly traveled to the U S for an 
INTSORMIL Technical Committee meetmg and to attend 
the INTSORMIL PI Conference and Impact Assessment 
Workshop m June, 1998 Dr Aboubacar Toure partlc~pated 
In one INTSORMIL Technical Committee Meet~ng and 
traveled twlce to Mall to assist in plannlng harvesting and 
selectmg m the IER sorghum breedmg program 

Networking 

The research accomplishments m Mali are immediately 
and directly transferable to most countries in West Africa 
Work on sorghum and millet food technology applies to Af- 
rica and many areas of the world Head bugs are common to 
West Africa while drought and gram mold are world-w~de 
problems Exchange of elite germplasm with useful traits IS 

an excellent means of networkmg among breeders 

Efforts are underway to utilize existing networks to ex- 
tend technology to the reglon in both sorghum and millet 
Steve Mason has participated in the ROCAFREMI (pearl 
millet network) meetings to develop collaborative activities 
with the millet network Jerry Maranville has represented 
INTSORMIL at the WCASRN (sorghum network) General 
Assembly meetings, and Darrell Rosenow has vislted with 
the Steering Comm~ttee and Coordmator These contacts re- 
sulted in a MOU between INTSORMIL and WCASRN be- 
ing signed in mid 1997 establishing guidelines on 
collaboration The new tan plant Guinea cultivar developed 
in Mali was entered in the WCASRN trial over West Africa 
in 1996 and 1997 The Steermg Committee Chalr, Dr Ya- 
goua N Djool fiom Chad, attended the Genetic Improve- 
ment Conference in Lubbock 

There has been a long history of collaboration with ICRI- 
SAT in Mali, and collaboration has been excellent with Drs 
H F W Rattunde, J C Chantereau, and A Ratnadass Ar- 
rangements were worked out to procure seed for the plant- 
ing, seed increase, and characterization of the Mall 
Indigenous Sorghum Collection m Mali in 1997, in a col- 
laborative effort among INTSORMIL, IER, ICRISAT, OR- 
STOM (France), CIRAD (France) and USDA-ARS Seed 
was obtained from ICRISAT (India), ORSTOM (France), 
U S , CIRAD, and Mali programs (IER and ICRISAT), ar- 
ranged, and packaged and planted at both the Cmzana Sta- 
tlon and Samanko (ICRISAT Center) in 1997 The 
Collection was characterized, and selfed seed harvested, 
and seed carried to the U S for mtroduction and quarantine 
growout 

A Workshop on Sorghum Germplasm and Characteriza- 
tion was heldNovember 10-12,1997 at the Cmzana Station, 
Cinzana, Mali The Workshop was held m cooperation with 
the workmg, harvest, etc of the Mali Sorghum Collection 
grown at Cinzana The Workshop was co-sponsored by 
INTSORMIL, IER, ICRISAT, USDA-ARS, WCASRN, 
(ROCARS), ORSTOM, and CIRAD It was attended by 
over 40 sorghum scientists, mostly from West Africa Dr 
Jeff Dahlberg, USDA-ARS Sorghum Curator, was a major 
contributor to the Workshop and provided traming on clas- 
sification and descr~ption 

The identificat~on of molecular markers for head bug re- 
slstance IS another collaborative actlvity involv~ng the 
Rockefeller Foundation (which is fund~ng Dr Aboubacar 
Toure as a Post Doc wlth Texas A&M University, but work- 
ing In a biotech lab at Texas Tech), INTSORMIL, CIRAD, 
and ICRISAT (A Ratnadass) The CIRAD component m 
France util~zes a biotech lab m France The populations are 
screened for head bug resistance at Cinzana, Sotuba, and 
Samanko, and jointly evaluated by IER, INTSORMIL, and 
ICRISATICIRAD scientists The identification of useful 
markers should have a major Impact across West Africa 
where head bugs are a serious problem 
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World V~sion conducted a large number of on-farm tr~als 
m 1996 using N'tenun~ssa as well as some Strrga resistant 
lmes from Purdue Collaboration w~th  World Vision in- 
creased in 1997 with the implementation of the new In- 
terCRSP (INTSORMIL, Bean-Cowpea) West Afr~can 
Project on Technology Transfer Newly developed cult~vars 
will be broadly d~stributed and evaluated in on-farm trials 
World Neighbors is cooperatmg with IER scientists and ex- 
tension agents m 20+ communities m the Segou region m- 
volving seed distr~bution of both m~llet and sorghum and 
various crop production practices mcludmg rotation, mnter- 
cropping, fallow systems, cover crops, and manure manage- 
ment 

Research Accompl~shments 

INTSORMIL has been m Mall informally slnce Novem- 
ber of 1979 with a formal MOU signed with IER m 1984 
The program has ~nteracted w~th  ICRISAT-WASIP, TROP- 
SOILS, IER, Ciba-Gelgy, and CIRAD USAIDMali has 
supported the program with moral and fmancial support A 
significant accomplishment has been a major mprovement 
in the capability of IER to conduct sorghum/millet research 
in Mali IER IS recognized as hav~ng one of the best overall 
sorghum/millet research programs m Sub-Saharan Afiica 
Accomplishments for the entire life of the project have been 
detailed m previous annual reports w~th some key items 
highlighted here along with new results 

The Mali Sorghum Collect~on (2,543 plots) of mdige- 
nous cult~vars from Mali was successfully grown m 1997, 
was characterized and seed mcreased and packaged for dis- 
tribut~on A smaller tentabve Working Collection was iden- 
tified There was greater diversity in the collection than 
anticipated 

The new white-seeded, tan-plant Gumea type breeding 
cultivar, N'ten~missa, performed well in on-farm trials It's 
yield 1s equal to or sl~ghtly superior to the local checks It 
had good farmer acceptance regardmg y~eld and food use, 
even though it does show some peduncle breakage It is not 
quite as good as local cult~vars m head bug resistance, but 
based on observation m on-farm tr~als ~t appears to be good 
enough at the on-farm level 

Gram quality analysls ofN'tenimissa shows ~t to be inter- 
mediate in decortication yield and hardness between local 
cultivars and non-gumea breeding 11nes T8 color and con- 
sistency were equal to that of locals 

Two new wh~te, tan, true Gulnea breedmg lmes were 
identified, 96CZ-F4-98 and 96CZ-F4-99, from the cross 
(N'tenimissa * Tiemarfmg), and seed mcreased for on-farm 
evaluation in 1998 These appear equal to locals m gram 
traits, but w~th  tan plant color 

Several mutant-derived Gu~nea type, breeding lines de- 
veloped by the Dr Alhousseini Bretoudeau, a geneticist at 

the Agriculture School at Katiabougou, showed promise for 
nitrogen-use-efficiency and grain yield 

Rotation of pearl millet with cowpea again increased 
grain and stover yield as reported in previous years Crop ro- 
tation combined with low amounts of n~trogen fertil~zat~on 
results in the most efficient use of fertilizer nitrogen 

Seven-year averages show that crop residue incorpora- 
tion slightly ~ncreased pearl m~llet gram and stover yields, 
while crop res~due removal adversely affected cowpea 
ylelds 

Crop rotatlon wlth cowpea and leaving crop resldues m 
the field (either incorporated or on the surface) mcreases the 
sustamab~lity and product~vity of pearl m~llet cropplng sys- 
tems 

World Neighbors employees indicate w~despread adop- 
tion of an early season unproved (mass selected) sorghum 
(CSM2 19) and three improved pearl millet cultivars 
(IBV800 1, Composite Souna Sagnon, and Benkadmyo) m 
the Segou area They also reported farmer use of improved 
manure management and improved ~ntercropping systems 

Bread made with 5-10% N'ten~missa sorghum flour was 
preferred over wheatlcom flour Cook~es made with 5% and 
10% N'tenmissa flour by GAM were good quality regard- 
ing taste, but the manager had some concern over black 
specs m the product, apparently due to some mixture with 
gram from non-tan plants Some women associations and 
small entrepreneurs are processing sorghum crunch for sell- 
1% 

Several Strrga resistant lines from Purdue evaluated In 
Mali showed good Strrga resistance, but had inferior gram 
quality compared to local cultivars 

F3 progeny of the cross (Mal~sor 84-7 * S-34) for mo- 
lecular marker analysis of head bug resistance showed ex- 
cellent differentiat~on for head bug damage 

Nme new sorghum breeding progeny showed head bug 
resistance equal to that of Malisor 84-7 

Observat~ons md~cate that head bug infestations m on- 
farm trials is much lower than m Station Nurseries This 
means that sorghum w~th  somewhat lower levels of head 
bug res~stance may well work at the farm level, even though 
they may show s~gnificant damage under certam Station m- 
festations 

INTSORMIL tramees are now m key adrnmistrative and 
research positions m Mall 

The adverse effect of head bugs on the gradfood quality 
of sorghum across the gulnea type sorghum growlng area of 
West Africa was first recognized and documented In Ma11 
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Head bugs and grain molds combine to cause devastatmg 
loss in grain yield and quality especially of introduced 
types 

Malisor 84-7, developed in the IERJICRISAT, USAID 
sponsored bilateral program in Mali, was identified to pos- 
sess excellent genetic resistance to head bugs Resistance 
can be genetically transferred to its progeny, but its mhen- 
tance is quantitative and primarily recessive 

An easy, efficient method of screening for head bug re- 
sistance using bagged vs non-bagged heads has been devel- 
oped and can be used to evaluate a large number of entries 
w~th  little effort 

New whlte-seeded, tan-plant, tan-glume guinea-type 
breeding cultivars, have good potential for use m develop- 
ing new high quality, value added food products They pos- 
sess excellent gulnea traits and yield potential 

Strlga resistance using lab screening to S asratrca in the 
U S works under field conditions to S hermonthrca In Mali 

Genetic tolerance to low pH related soil toxicity prob- 
lems has been demonstrated, and tolerant varieties identi- 
fied (Bagoba, Babadia Fara, and Gadiaba) 

Crop rotation of pearl millet (or sorghum) with cowpea 
(or peanut) enhanced gram y~eld of pearl millet (or grain 
sorghum) = 25% (17 to 30% Range), and cowpea (or pea- 
nut) = 5% (0 to 16% Range) 

Intercroppmg pearl m~llet (or sorghum) with cowpea (or 
peanut) increased land use efficiency by 14% (9 to 37% 
Range) 

Without fert~lizer application, all tested cropping sys- 
tems (including legume rotations) mine the soil of nutrients 

Application of N fertilizer and P fertilizer increases pearl 
millet (and sorghum) grain yields [Example 40 kg ha N 
increased pearl m~llet gram yield at Cinzana by 17% (6 to 
35% range)] 

Nitrogen use efficiency (NUE) of Improved sorghum 
cultivars has been better than local cultivars at hlgher N 
rates, while local cultivars had better NUE at zero and very 
low N rates 

The combination of cowpea and millet flour (1-3) sig- 
nificantly Improved the nutritional status of young children 
This technology has been transferred to villages, especially 
in the Cmzana area 

M~leg, a weaning food using primarily mrllet flour has 
been developed by private enterprise and marketed in stores 
in the Bamako area The product was developed using tech- 
nology developed in the IER Cereal Technology Labora- 
tory 

The lack of a consistent supply of high quality sorghum 
and millet grain is the major constraint lim~tlng value-added 
grain processing 

Lack of farm credlt for millet and sorghum, compared to 
cotton and malze, discourages adoption by farmers of im- 
proved millet and sorghum technology, especially in the 
Sudano-Guinean (higher ramfall) zone 

Parboiling can convert sorghum and m~llet into accept- 
able shelf-stable products 
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John Axtell and Issoufou Kapran 
Purdue Un~versity and INRANlNiger 

Coordinators 

Dr Samba Ly, Scientific Dlrector and INRANIINTSORMIL Coordmator B P 429, Niamey, Niger 
Dr Issoufou Kapran, INRANIINTSORMIL Coordmator, B P 429, Nlamey, Niger 
Dr John Axtell, Professor & Niger Country Coordinator, Agronomy Department, Lllly Hall, Purdue 

University, W Lafayette, IN 47906 

Descrlptlon of Collaborat~ve Program Sorghum/MlIlet Constraints Researched 

This program continues to be an interdisciplinary and 
multi-institutional program involving INRAN, ICRISAT 
and U S IINTSORMIL institutions (Un~versity of Ne- 
braska, Texas A&M Unlverslty, and Purdue University ) 
Activities include development of the new sorghum hybrid, 
NAD- 1, Strzga research using INTSORMILIINRAN tested 
Strrga resistant varieties, millet breeding and production, 
farm level studies on the effect of tled-rldging and fertiliza- 
tion, pearl m~llet/cowpea cropplng systems, productlon of 
sorghum and mlllet couscous and analyzmg changes in 
relative prices of millet and sorghum to determine then ef- 
fect on diffusion of new technologies 

Partla1 support for Dr Lee House, INTSORMIL consult- 
ant, was provided by World BankINiamey, to assist INRAN 
in developing a seed multiplication unit 

ICRISAT 1s an active collaborator on the seed produc- 
tlon of a new INRAN sorghum hybrid designated NAD-1 
Participants mclude Drs Anand Kurnar, S C Gupta, and 
D S Murty In addition, Dr Ousmane Youm is supervising 
an INRAN graduate student m conducting field biology and 
laboratory studies on millet head miner 

A Regional Hybrid Seed Workshop is scheduled for Fall 
1998 in Nlger, which is also being supported by the 
McKnight and Rockefeller Foundations as well as Wlnrock 
International, the W African Regional Sorghum (RO- 
CARS) and Millet (ROCAFREMI) Networks This work- 
shop will Include seed productlon specialists from 
developing countries as well as seed experts from the devel- 
oped world There is urgent need throughout Africa for a 
seed workshop, which is the major luniting factor constrain- 
mg the adoption of new technologies m Africa accordmg to 
studies by ICRISAT (D Rohrbach) and by USAIDIAfrlca 
Bureau 

There are several interdisciplinary activities lnvolved m 
this program These Include sorghum and millet breeding, 
agronomy, pathology, physiology, food quality, and eco- 
nomics U S INTSORMIL Principal Investigators and thelr 
INRAN collaborators develop research plans on an annual 
basis The host country collaborators submlt a budget which 
1s then incorporated withm the total country program 

Productcon and Utlllzatlon Constramts 

Drought, msect pests, long smut and Strzga are the major 
constraints m Nlger Extremely high soil temperature leads 
to difficult problems in crop establishment Sand blastmg of 
young seedlmgs 1s also a complicating factor Plant breed- 
ing for tolerance to these major constramts is one ofthe most 
feasible solut~ons New cult~vars must be acceptable for 
couscous and tuwo preparatton 

Research Methods 

The collaborative research program in Nlger includes the 
following sorghum and millet breeding, entomology, 
agronomy, pathology, phys~ology, food quality, and eco- 
nomics Research methods appropriate for each of these dis- 
ciplmes are used for this research program 

Examples of Research Progress 

Cereals Quality and Process~ng - 
M Oumarou, M Maiga, A Aboubacar, 

and B Hamaker 

The couscous processing unit fabricated at CIRAD, 
France, is Installed m the Cereal Quality Laboratory (LQC) 
at INRAN The unlt consists of a flour agglomerator (roul- 
eur), a solar dryer, a couscous steamer, and a plastic sealer 
for packaging The unit 1s being used to improve processing 
techniques to produce good quality couscous from millet 
and sorghum and mixture wlth peanut and other legumes 
The unlt has also been used as a demonstration and test~ng 
tool to local entrepreneurs who are interested in commercial 
production of couscous 

Studies on sorghum and mlllet couscous using the cous- 
cous processing unit continued this year Two studies were 
conducted the first, on the mfluence of flour-to-water ratio 
on couscous granule size d~stnbution, and the second on im- 
provement of flour and couscous color through fermenta- 
tlon Flours from two sorghum cultlvars (NAD-2 and 
Sepon-82) and two millet cultivars (Souna I11 and HKP) 
were used Flours were produced manually using a mortar 
and pestle - decortication and millmg at commercial mllls 
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were avoided because of the difficulty in obtaining pure 
flour due to contamination by flours from other sources 

Results of the first study indicate that the proportion of 
couscous of a particular granule size that can be obtained 
with the rouleur (flour agglomerator) is strongly influenced 
by the amount of water used for agglomeration and by culti- 
var type It was prev~ously reported (1997 report) that the 
manner of couscous consumption used in Niger varies ac- 
cordmg to granule size The findmgs of this study suggest 
that by controlling the amount of water for flour agglomera- 
tion, couscous of deslred granule size can be produced and 
marketed separately 

In the second study, fermentation was found to cons~d- 
erably improve the color of couscous from the millet culti- 
vars and Sepon-82, whereas it had little effect on the color of 
NAD- 1 couscous 

With fundlng fiom INTSORMIL, a grain decorticator 
and flour mill fabricated at URPATA (Senegal) are in the 
process of belng purchased and hopefully will soon be in- 
stalled at the INRAN Cereals Laboratory 

Mutual~ty of Research Benefits 

Use of drought tolerant materials from Sahelian coun- 
tries, including N~ger, have been used extensively by the 
private and public sectors in the U S The prlncipal benefit 
to Niger will be an efficient and productive research pro- 
gram at INRAN through trainlng and collaborative research 
activities of INRAN staff 

Research Suppl~es and Support 

The Niger program did not purchase any major equip- 
ment this fiscal year, minor equipment (screens for the seed 
cleaner) were purchased and shipped to Niger The Cereals 
Laboratory at INRAN is in need of a flour mill and grain de- 
corticator Equ~pment author~zation and Request to Pur- 
chase is still pending slnce these have to be custom ordered 
in W Africa 

Tralncng of Host Country Researchers 

When INTSORMIL first began collaborative research 
relationships with MRAN there were relatively few hlghly 
trained Ph D level scientist in their organlzatlon Over the 
past 16 years this situation has changed dramatically within 
INRAN INTSORMIL has played some part through train- 
ing and through collaborative research efforts In the instltu- 
tional development of INRAN INTSORMIL scientists 
have also grown during this period in terms of thelr collabo- 
rative research capab~lities in sorghum and millet research 
and technology The collaborative research relat~onship 
now 1s an effective system for delivering excellent research 

and for the application of this research for the benefit of 
farmers in Niger and in the U S INRAN now has excellent 
leadership, excellent scientific direction and excellent sci- 
entists, either fully trained or in the final stages of their M S 
or Ph D training programs They now have a critical mass 
of excellence in research capability for the agricultural sci- 
ences When one looks at progress In inst~tutional develop- 
ments over a longer time fiame, ~t is easy to be optimistic 
about the future of INRANIINTSORMIL collaborative re- 
search 

Issoufou Kapran, Rockefeller Fellow, completed h ~ s  
Ph D at Purdue University and returned to INRAN as a sor- 
ghum breeder He has been nomlnated as INRAN/INT- 
SORMIL coordinator 

Mamane Nouri completed his M S degree at the Un~ver- 
slty of Nebraska He is now assigned to the Kollo Research 
Station 

Host Country and U S  Sc~ent~sts V~slts 

Several U S PIS and INRAN tralnees traveled to Niger 

September 22-October 2, 1997, Issoufou Kollo 
September 22-October 2, 1997, Heriberto Torres 
September 27-October 18, 1997, Adam Aboubacar 
October 23 November 22, 1997, Lee House 
November 19-2 1, 1997, Thomas Crawford 
November 19-2 1, 1997, Jerry Maranville 
March 12-2 1, 1998, Bruce Hamaker 
March 12-21, 1998, Steve Mason 

Human Resource Development Strategy 

Currently, there are four Nigerien students being trained 
in U S institutions These lnclude 

Adam Aboubacar, Post-doctorate food sciences, with B 
Hamaker at Purdue 

Kadi Kadi, M S entomology, with F Gilstrap and 
George Teetes at TAMU 

Kollo, Ph D pathology, with R Freder~ksen at TAMU 

Abdooulaye Tahirou, Ph D agricultural economics w~ th  
J Sanders at Purdue University 

Networking 

The major constraint for adoption of new technologies in 
W Africa is the lack of a v~able seed industry to dellver el~te 
genetlc materials to the farmers in a timely fashion and at a 
reasonable cost A major contribution of INTSORMIL will 
be a Regional Hybrid Seed Workshop to be held in Niamey, 
September28 to October 2,1998 This will highlight the m- 
portant contribution that can be made by a seed industry and 
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will offer opportunities for W African countries to share ex- large differences m genetic background, had much smaller 
periences One of the major focl of the meetrng wlll be hy- impacts on gram yield, dry matter N uptake and NUE than 
bnd seed production for sorghum and millet as well as other dld the year (environment), and management level effects 
crops 

Agronomy - Seyni Sirifi and Jerry Maranvrlle 
Research Accomplrshments 

The main objectives were (I) on-farm testing on the ef- 
Agronomy - M Noun and S Mason fect of tied-ridging and fertilization on sorghum growth and 

productivity m comparison with the traditional cultural 
A two-year expertment to determme the dry matter accu- practices, (2) determining the effect of ridgmg in combina- 

mulation and nutrient uptake of pearl millet cultlvars Herni tion w~th  organic and chem~cal fertilizer on so11 structure 
K~rei (local), Zatib (unproved tall) and 314HK (Heini Kret- and texture, and (3) water and nutrients use efficiency of 
improved short) grown under Low Management with no fer- sorghum under these cropplng conditions 

- - 

tilizer application and plant population of 10,000 hillsha, 
and Hlgh Management of 5 Mg ha manure, 23 kg ha ni- Due to the nature of the 1997-1998 cropplng season 
trogen, 18 kg ha phosphorous, and plant population of (short ln some zone and long but droughty in others), it may 
20,000 hills per ha was completed, and was part of M not be accurate to make any conclusion from this year's 
Nouri's M S thesis Plots were sampled bi-weekly, plant study Nevertheless, tied ridging and fertilization has shown 
parts separated, dried and weighed, and nutrient levels de- interestrng results on germmation, stands, growth and pro- 
termmed Data were analyzed to determine differences in duction of sorghum m the three research regions (Thylacme, 
grain yield, nutrlent concentration, dry matter and nutrient Konni and Bengbu) The results also tend to Indicate a good 
uptake and particlonmg, and crop growth and nutrient up- performance of the hybrid NAD-I ln biomass and gram 
take rates yleld compared to the two other sorghum varieties used m 

the study (90SN7 and local variety) 
Gram yield was 0 4 to 0 8 Mg ha greater and dry matter 

production was 0 02 to 0 13 kgm2 greater in 1995 than in Sorghum Breedzng Program 
1996 largely due to rainfall differences (Table 1) The 
pearly m~llet cultivar 314HK produced less dry matter than 
the other cultivars, and Hemi Klrei produced the greater 
grain yleld than other cultivars m 1995 Management level 
had a large unpact on dry matter production m both years 
with high management mcreasmg dry matter production 
0 33 km/m2 m 1996, and increased grain yield 0 4 to 0 5 Mg 
ha both years Nitrogen uptake and NUE was slmilar for 
varieties, except Heini Krei took up less N and had lower 
NUE than other varieties in 1996 Management level had no 
effect on NUE m 1995, but in 1996 high management m- 
creased NUE Pearl millet cultivar differences, m spite of 

The sorghum breedlng program IS being contmued by 
INRAN technical staff while Kapran is completing his 
Ph D studies A major effort during the past year has been to 
demonstrate the producabillty of the sorghum hybrid NAD- 
1 in Niger 1NTSOR.MIL and World Bank have collaborated 
to provide Dr Lee House as a consultant to accomplish this 
objective Significant progress was made m the off-season 
and a strong record of seed production durlng the 1997 crop 
season appears to be on track Thls will provlde a strong ba- 
sis and example for participants rn the Seed Workshop 
scheduled m the Fall of '98 

Table 1 Grain yield, dry matter production, nitrogen uptake and use efficiency (NUE) of pearl mrllet varreties with 
hrgh and low management at Kollo, Niger rn 1995 and 1996 

Treatments Gram y~eld (Mg ha ') Dry matter (kglm) N~trogen uptake (mglm) B~omass NUE (g DMIg N) Gram NUE (g ramdg N 
1995 1996 1 1995 1996 1 1995 1996 1 1995 1996 ( 1995 1996 

Management Level 
Low 0 9 0 3 

Htgh 1 4  0 8 
F test and contrast 

probabllltes 
Vwety (V t* NS 

V1 vsV2+V3 *t NS 
V2 vs V3 NS NS 
Management Level (ML) 1 1 8** 

V x ML NS NS 

C V (%) 20 17 
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Southern Africa Reg~on 
(Botswana, Nam~b~a ,  Zambia, Z~mbabwe) 

David J Andrews 
Unlverslty of Nebraska 

Mr Medson Chisi, Member, SADC Research Steering Committee and Sorghum Breeder, Golden Valley 
Research Station, Fringila, Zambia 

D J Andrews, INTSORMIL Coordinator for SADC Region and Pearl Millet and Sorghum Breeder, University 
of Nebraska, Lmcoln, Nebraska 

Collaborators 

Dr Gary Odvody, Plant Pathologist, Texas A&M Unlverslty, Corpus Christi, TX 
Dr Lloyd Rooney, Cereal Qual~ty Scientist, Texas A&M University, College Station, TX 
Dr Chris Manthe, Host Country Coordinator, Entomologist, Department of Agr~cultural Research, Gaborone, 

Botswana 
Mr Peter Setimela, Sorghum Breeder, Department of Agricultural Research, Gaborone, Botswana 
Mr W R Lechner, Chief Ag Officer, Ministry of Agnculture, Water and Rural Development, Oshakati, 

Namibla 
Mr S A Ipmge, Pearl Millet Breeder, Ministry of Agriculture, Water and Rural Development, Tsumeb, 

Namibia 
Dr A J Taylor, Department of Food Science, University of Pretoria, South Africa 
Dr Janice Dewars, Research Scientist, CSIR, Pretoria, South Africa 
Ms Trust Beta, Food Utilization Lecturer, Univers~ty of Zimbabwe, Mt Pleasant, Harare 
Dr Tunde Obllana, Sorghum Breeder, SADCIICRISATISMIP, Bulawayo, Zimbabwe 
Dr Emmanuel Monyo, SADCIICRISATISMIP, Pearl Millet Breeder, Bulawayo, Zimbabwe 

Collaborative Program 

Organizatzon 

Each sub-project (breeding, pathology and food quality) 
is planned in conjunction with NARS collaborators Where 
SADCIICRISATISMIP (called SMIP hereafter) has scien- 
tists in the research disc~pline, these are also involved 

Frnancial Inputs 

The MOU wlth SMIP has been finalized and will be 
signed in August 1998 To date therefore, regional funds 
have been used to obtain and send appropriate equipment, 
suppl~es, and for travel and conference attendance 

Collaboratzon wzth Other Organizations 

Research on pearl millet and sorghum breeding 1s organ- 
ized with NARS in collaboration with the SMIP center at 
Matopos, Zimbabwe, which ensures complementarity to 
existing SMIP and NARS programs 

Grain quality research is collaborative with the Unlver- 
sity of Zimbabwe, University of Pretoria, CSIR (South Af- 
rica), Agriculture Research Corporation, South Africa, and 
SMIP The CSIR has strong interactions with the private 

sectors in the region which will assist in transfer of informa- 
tion to help private entrepreneurs 

The Planning Process 

Research projects m breeding, pathology and food qual- 
~ t y  were based on ongoing llnkages The future program wlll 
be shaped by priorities decided by SADCNARS (SADC = 

Southern Africa Development Community), and the avail- 
ability of matchlng INTSORMIL resource persons and 
funds In future INTSORMIL collaborative research in 
SADC will be developed as part of the SMIP Research and 
Technology Transfer program to ensure full integration 
w~th  other sorghum and pearl millet research m the reglon 

Sorghum and Pearl Mlllet Constraints Researched 

Production and Utzlzzatzon Constraints 

Sorghum and pearl millet are major food crops in the 
SADC region Sorghum is also used to make opaque beer 
Sorghum is the major cereal in Botswana and parts of Zam- 
bia, Mozambique, Malawi and Tanzania, and pearl millet is 
the major cereal in Namibia and parts of Tanzania, Mozam- 
bique, Zambia and Zimbabwe Most of the usual constraints 
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associated with low resource agr~culture are present These 
mclude low yield potential, infertile sods, variable moisture 
availabillty, numerous pests and diseases, and poor market 
facil~ties Genetic ~mprovement can, to some extent and 
very economically, address some of these constraints 
through Increasing yield levels and matching gram qual~ties 
to meet end-use requlrements However, market channels 
still need development, since there are sorghum varieties 
with the requlred qual~ty to meet commercial consumer re 
quirements, but production has been inconsistent The 
availabillty of a consistent supply of Improved quality sor- 
ghum and millet for processing Into value added urban 
products is a major problem l~miting utilization Foods Bot- 
swana and other companies cannot acqulre sufficient quan- 
titles of h~gh  qual~ty sorghums for processmg A strong need 
exists for developing a system of identity preserved produc- 
tion, marketmg and processing Drought stress and charcoal 
rot are major constraints to sorghum product~on in Bot- 
swana, together with sugar cane aphid damage In Zambia, 
leafpathogens (leaf blight, anthracnose and sooty stnpe) are 
severe 

Research Methods 

Breedzng 

Llnes selected from segregating germplasm supplied 
from UNL were selected over several years in Botswana 
conditions, princ~pally for drought stress resistance, correct 
maturity and gram appearance Through collaboration with 
Dr Tunde Obilana m the SMIP program, the best of these 
lmes (36) were converted into seed parents, whose combm- 
ing abil~ty worth was determined, and evaluated for other 
character~stics des~rable In seed parents Drought tolerant 
food quallty seed parents developed In this way are poten- 
tially useful in other SADC countries wlth similar agroeco- 
logical sorghum production environments Pearl millet 
breedlng continued with three-way research collaboration 
between Namib~a, SMIP and INTSORMIL almed at pro- 
ducing adapted A4 tropical hybr~ds from local varieties in 
Namib~a, with probable spill-over effects in other SADC 
millet producing countries 

Plant Pathology 

Sorghum disease nurseries and other sorghum nurseries, 
selected sorghum lines and advanced generation breeding 
germplasm are evaluated at two sltes in Botswana (Sebele 
and Mpandamatenga) to Identify sorghums with Improved 
drought tolerance, and resistance to sugarcane aphids and 
disease Prev~ous selections were re-evaluated agam in 
1997-98 at Sebele Sorghum disease nurseries pr~marily of 
llnes and advanced generation germplasm are being evalu- 
ated at two sites each in Zambia and Z~mbabwe to Identify 
those having the best resistance to one or more foliar dls- 
eases (anthracnose, leafbhght, and sooty stripe) and the best 
adaptation to the reglon 

Food Qualzty 

An important regional use of sorghum for food in the 
SADC reglon 1s the preparation of Sadza Small and large 
scale commercial milling of sorghum 1s spreading Grain 
and flour properties that contr~bute to acceptable Sadza 
need to be defined The project w~ th  the University of Zim- 
babwe w~l l  be to examine the dry rnlll~ng properties of sor- 
ghum and pearl m ~ l l e t  Important parameters are 
decortication percentage and flour characterist~cs, mclud- 
lng consistency for making acceptable Sadza 

Examples of Flndings 

Breedzng 

The Botswana sorghum breeder, Peter Setimela, com- 
menced a Ph D at the University of Nebraska During his 
absence, breeding was in abeyance, as no other sclent~st was 
available to do sorghum breeding However, the seed par- 
ents produced earlier were increased and evaluated in sev- 
eral tests in preparation for release by Dr Tunde Obilana of 
the SMIP program at Matopos, Zimbabwe Two 1997-98 
trials were conducted to determine the inbred line levels of 
the seed parents (a measure of seed yields in hybrid seed 
production) Ind~vidual line y~elds ranged from 3 47 to 6 04 
t ha These lines were also found to have good m~lllng 
y~elds, up to 84 2% - a trait very desirable m resulting hy- 
brids Individual hybrids made these seed parents uslng six 
testers gave yields between 4 56 and 10 0 t ha 

The work on developing pearl millet hybrids for Namib~a 
continued at SMIP Matopos by Emmanuel Monyo, and at 
UNL Nebraska by David Andrews Extreme drought, and 
lack of irrigation facilit~es at Okashana Research Station in 
Namibia prevented any crossing work there At Matopos, 
Emmanuel Monyo expanded the A4 work considerably 
Two further backcrosses were made in developing the A4 
version of seed parent ICMB88006, and testcross hybr~ds 
were made Eighteen lines with complete restoration of 
male fertility from various SADC germplasms were Identi- 
fied Six of these came from crosses with R4 sources from 
UNL-218 These are belng made into a random mating 
population and hybr~ds have been made by crossing all the 
llnes onto female 88006A4 A search among the SADC 
germplasm collection identified a further 136 llnes carrylng 
R4 genes These have the potential to produce further male 
parents Thls work will increase the diversity for the produc- 
tlon of future hybrids based on the A4 CMS system in the 
SADC reglon At UNL R4 versions of Okashana derlved 
llnes in A4 cytoplasm were developed by continued back 
crossing Fertility levels varied between backcross progeny, 
but importantly one llne showed 100% male fertility, and 
hybrids made w~th  86006A4 were 100% male fertile, mdi- 
cating the R4 transfer method is feasible 

In 1997-98, four sorghum dlsease nurseries (prov~ded by 
TAM-222 and B Rooney, TAES) were planted at Golden 
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Valley and Mansa, Zambia to evaluate response to anthrac 
nose, leaf blight, and sooty stripe At both locations leaf 
blight occurred at mlnimal levels and sooty stripe incidence 
and severity were moderate Anthracnose was generally 
low at Golden Valley but both follar and seed anthracnose 
were moderate at Mansa Sooty strlpe has become an in- 
creasingly prevalent disease at the Mansa location where 
anthracnose normally predommates Several sorghums in 
these nurseries continued to show good adaptation to the re- 
gion and good overall resistance to the major foliar patho- 
gens mcluding leaf blight (at a Zlmbabwe location) The 
importance of general leaf disease resistance in many areas 
of Zambia (and Zlrnbabwe) was demonstrated by the diver- 
gent response of some cultivars to the foliar pathogen(s) 
prevalent at each location Some cultivars had minimal 
damage by any foliar pathogen at one location due to low 
disease pressure but had a high incidence and severity 
caused by one or more pathogens at other locations Suscep 
tibility to mlnor pathogens was apparent in a few cultivars, 
especially at Mansa where a few had moderate severities of 
zonate leaf spot (Gloeocercospora sorghr) or ladder spot 
(Cercospora fusimaculans) SC 146 appeared particularly 
vulnerable to ladder spot However, cultivar vulnerability 
to minor foliar pathogens goes unnoticed at these sites un- 
less they have res~stance to one or more of the major foliar 
pathogens The variable disease pressures and environ- 
ments across s~tes in the same year and at the same slte in 
different years demonstrates the value of strategic, multilo- 
cational testing of cultivars for more than one season 

Several sorghum disease nurseries, other nurseries, se- 
lected sorghums, and advanced generation breeding germ- 
plasm developed or introduced in conjunction wtth TAM- 
222 and TAM-223 were evaluated at Sebele, Botswana 
The objectives were to identify those w ~ t h  improved 
drought tolerance and resistance to sugarcane aphids and 
disease Several materials from the Drought Line Test 
agaln showed good response to the drought but only a few 
had corresponding agronomic desirability Advanced gen- 
eration materials generated primarily by TAM-222 mn- 
cluded cultivars previously demonstrating good adaptation 
to Botswana plus a large number of new entries selected for 
evaluation based on drought response and agronomic char- 
acteristics at Corpus Christ1 in 1997 This nursery of 171 
cultlvars experienced severe but variable drought stress at 
the Sebele station Macia derivatives were predominantly 
the best throughout the test but of individual crosses the 
most consistently outstanding cultivars were those from 
Macia*Dorado and 87E0366*WSV387 (Kuyuma) 

Food Quality 

Food Quality and Utilization Research, by Ms T Beta, 
on characterization of Zimbabwean sorghums continued at 
the University of Pretoria, University of Zimbabwe and 
SMIP She presented a poster on Phenol~c Compounds and 
Kernel Characteristics of Zimbabwean Sorghums at the 
Fourteenth SAAFoST and ICC Congress held in Pretoria 

South Africa In addition, Ms Beta has made excellent 
progress in evaluating the milling, malting and general 
processing properties of selected Z~mbabwean sorghums 
Changes that occur ~n phenolic compounds when the grain 
1s treated with various agents and processes have been char- 
acterized This is part of her Ph D dissertation at the Unl- 
versity of Pretoria, which is continuing 

Ms T Beta spent a short term research assignment at the 
University of Hong Kong in Dr H Corke's lab where she 
charactenzed the starch properties of a large number of sor- 
ghum l~nes from Southern Africa This study, although 
funded from University ofHong Kong sources, provides ad- 
ditional informat~on on the properties of sorghum In addi- 
tion, while she was there she learned how to produce 
noodles from starch based ingredients 

A manuscript from Ms T Beta's work on the phenolic 
compounds of sorghum has been submitted to Journal of 
Science Food and Agriculture 

Ms Leda Hugo, Ph D graduate student, University of 
Pretoria, summarlzed some of her work on composite 
sorghum-cassava breads at the Congress in Pretoria Her 
work showed that a combination of cassava and sorghum 
flours could be made into a bread like product that had better 
texture and flavor than expected A portion of thls work had 
been done as part of her M S thesis in Food Science at 
Texas A&M University earlier 

There is a significant amount of utilizat~on research on 
sorghum and millet underway at the Department of Food 
Sc~ence, University of Pretoria, by Professor John Taylor's 
group He has students from all over the SADC region who 
are actlvely working on post harvest utilization projects 
This affords a unique opportunity to transfer information 
and technologies directly to students who will become lead- 
ers m the area ofpost harvest technology in the Southern Af- 
rlca region 

The major problems limiting sorghum utilization relate 
to the lack of consistent supplies of acceptable quality grain 
for processing There is a clear need to develop systems in 
whlch the Improved quality cult~vars can be delivered to 
processors or stimulate producers to implement processing 
of their sorghum production into value added products 

The productivity and utilization of both sorghum and 
pearl millet will ultimately be improved both in SADC 
countries and the U S through joint research Germplasm 
flow is usefbl in both directions Basic research from the 
U S can often be adapted for use in developing countnes, 
where y~eld potential, along with adaptation need to be in- 
creased U S pathologists and entomologists can become 
familiar with diseases and insects not yet present in the U S , 
or find new resistance to existing pests Sorghum ergot dts- 
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ease, which recently entered the U S from South America, 
is a case m polnt Prior research m South Africa on sources 
of resistance and environmental conditions conducive to 
disease spread and methods of research are now of vital in- 
terest to U S scientists Nutrit~onal components of food 
quallty researched m collaborative projects are often syn 
onymous with aspects of livestock feed values 

Fundzng Support 

Progress was made m developing an MOU directly w~th  
the SMIP program but ~t could not be completed durlng the 
report year This 1s needed to allow INTSORMIL funds to 
be expended m the SADC region for budgeted costs How- 
ever funds were used to purchase equipment and suppl~es 
and for travel and subslstence costs to enable SADCNARS 
representatives to participate m scientific meetlngs 

Four computers and two printers are each being pur- 
chased for collaborators in Zambia and Botswana 

Tralnrng of Host Country Researchers 

Ms Trust Beta, Zimbabwe, contlnued a Ph D program 
in food quallty research In the Unlvers~ty of Pretoria, Ha- 
rare, Zimbabwe under Dr Taylor, co-adv~sed by Dr Lloyd 
Rooney Research equipment and part subslstence costs 
were provided by INTSORMIL 

Mr Peter Setlmela, sorghum breeder, Department ofAg- 
rlcultural Research, Sebele Research Station, Botswana, 
contlnued hls Ph D program on the genetlcs of seedling 
heat tolerance in sorghum at the University of Nebraska 
wlth Dav~d Andrews under project UNL-2 18 

Mr S A Ipinge, pearl millet breeder in Northern Na- 
mibia, commenced a six month vlsitlng research program 
wlth David Andrews at the University ofNebraska in May, 
1998 working on selection methods and breeding tech- 
nlques 

Host Country and U S  Sczent~t Vzsits 

Lloyd Rooney traveled to Zimbabwe, Botswana and 
South Afr~ca He presented a paper on Constraints to Utih- 
zation of Sorghum and Millet for Food as part of the 14th 
SAAFoST Congress w~th  the ICC and ECSAFoST held m 
Pretona, South Africa The 550 participants included food 
scientists and post harvest technology personnel from 
Southern and Eastern Africa, plus many food science stu- 
dents from South Africa A large number of students partici- 
pated by givlng posters The theme was "Harnessmg Food 
Science and Technology for Sustainable Development", 
whlch was discussed from numerous viewpoints 

Ms Trust Beta, Proiessor John Taylor and I co-authored 
a poster entitled ' Propert~es of Zimbabwean Sorghums 
Ms Leda Hugo presented a paper on Production of 
Sorghum Cassava Bread which was from her M S thesis 
here at Texas A&M Unlverslty She IS currently working 
on a Ph D program at the University of Pretoria 

L Rooney presented a seminar to 25-30 students from 
the University of Pretona, Department of Food Sclence 
They were from all parts of the SADC reglon and beyond 
Individual conferences to revlew research of graduate stu- 
dents worklng on sorghum and mlllet projects were com- 
pleted 

Gary Odvody hosted Medson Chisi, sorghum breeder 
from Zambia, at Corpus Christ1 June 27-July 5, 1998, for 
Interaction with other sorghum scientists in South Texas 
sorghum nurseries following INTSORMIL and Ergot con- 
ferences and to collaboratively evaluate sorghum cultivars 
in South Texas nurseries for future testlng in Zambia 

Gary Odvody traveled to Southern Afrlca April 1-24, 
1998 to evaluate nurseries and determine future collabora- 
tive research activities in the region Locations vlsited In- 
clude SMIP scientists and Zimbabwe nat~onal sorghum 
breeder In Bulawayo (Matopos), Zimbabwe, PPRIIRSS m 
Harare, Zimbabwe, sorghum program scientists in Mt Ma- 
kulu, Golden Valley, Mansa, Zambia, and DAR in Sebele 
and Pandamatenga, Botswana 

David Andrews attended the SMIP Reglonal Technol- 
ogy Transfer Steering Committee meetlng in October, 
1997, and discussed INTSORMIL's involvement through 
an MOU directly with the SMIP program with the next 
phase of fundlng for sorghum and pearl millet m the SADC 
region The Technology Transfer program will effectively 
become the SADC Reg~onal Sorghum and Pearl Millet Re- 
search network 

In March, 1998, David Andrews attended the Seed Pro- 
duction workshop in Namib~a, vislted Drs Obllana and Mo- 
nyo at SMIP program, Matopos in connection with 
collaborative research and hrther developed the MOU with 
SMIP In BotswanaDav~d Andrews vis~ted w ~ t h  Chris Man- 
the, Head of Cereals Research, DAR, Dr Ndunguru at 
SACCAR, and Mr Albert Merkel, Agricultural Develop- 
ment Officer at USAID's Center for Southern Africa 

The travel costs and expenses were provided for Dr 
Medson Chisi from Zambia and Dr Neal McLaren from 
South Africa to attend the INTSORMIL PI and Ergot Con- 
ference 22-26 June, 1998 at Corpus Chnstl, Texas 

Human Resource Strategy 

In the past, through a reglonal USAID program, INT- 
SORMIL has trained a large number of sorghum and millet 
sc~entists from the SADC reglon Human resource develop- 
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ment contmued with support for Ms Trust Beta's Ph D pro- 
gram in sorghum gram quality research at the University of 
Pretoria and Mr Peter Setimela7s Ph D program in plant 
breedmg at the University of Nebraska Mr S A Ipinge 
commenced a six month visiting researcher program w~th  
the pearl millet breeding program at the University of Ne- 
braska This program was timed to fit between the field re- 
search seasons in Namibia 

Networking 

An efficient sorghum and millet research and technology 
transfer network exists in the SADC region conducted by 
the SMIP program The Memorandum of Understanding 
will allow INTSORMIL to be a component of the SADC 
sorghum and pearl millet research and technology transfer 
network, so that INTSORMIL7s SADC collaborative re- 
search program is completely integrated on a regional basis 
The emerging mteraction of the University of Zimbabwe, 
University of Pretoria, Council for Science and Industrial 
Research, South Africa and SMIP in conductmg sorghum 
and millet utilization research is a positive one that effi- 
ciently utilizes scarce resources and personnel A workshop 
on Sorghum Food Quality is bemg jointly planned for 1998 
at the University of Pretona and CSIR in South Africa 

Research Accompl~shments 

The variation m physical, chemical and processing prop- 
erties of major Zimbabwean sorghums varied from soft and 
floury to hard kernels with various levels of tannins and phe- 
nols Kernels w~ th  ptgmented testa had the highest levels of 
tannins and phenolic compounds 

Milling properties varied significantly Abrasive decorti- 
cation gave the highest yield of acceptable light colored 
milled products from the harder white kernels of sorghum 

The emergence of strong research programs involving 
students from SADC and other areas in A h c a  at the Univer- 
sity of Pretoria and collaboratively with CSIR is an out- 
standing development This provides strong collaborators 
for our INTSORMIL interactions 

Sorghum hybrid tests, with seed parents developed at 
SMIP Matopos from BotswanaJUNL germplasm, have 
identified seed parents and hybr~ds for wide testing in the 
SADC reglon In pearl millet three-way collaboration be- 
tween Namibia, SMIP and INTSORMIL advanced the de- 
velopment of parents for A 4  hybrids in Namibia 

Publications 

Hugo L F R D Wanlska, and L W Rooney 1997 Product~on of bread 
from composite flours Proceedlngs Harnesslng Cereal Sc~ence and 
Technology for Sustamable Development CSIR ICC SA Symposlum 
September 1 4 1997 Pretorla, South Afrlca, p 100 114 

Rooney Lloyd W 1997 Constraints to utlllzat~on of sorghum and mlllet 
Proceedlngs Harnesslng Cereal Sc~ence  and Technology for 
Sustainable Development CSIR ICC SA Symposlum September 1 4 
1997 Pretorla, South Afrlca p 19 33 

Set~mela, P C S Manthe L Mazhan~ and A B Obllana 1997 Release of 
three sorghum pure llne varlet~es In Botswana S Afr J Plant So11 
14 137 38 

Further information on sorghum d~sease patterns and se- 
verity in Zambia was obtained Drought testing in Botswana 
identified a number of tolerant lines from TAM-222, par- 
ticularly those from Macia x Dorado and 87E036C x WSV 
387 (Kuyuma) crosses 
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Horn of Africa 

Geblsa Ejeta 
Purdue Unlvers~ty 

Program Coordinators 

Gebisa Ejeta, Regional Coordinator, Purdue University, Department of Agronomy, West Lafayette, IN 47907 
Katy Ibrahim, Administrative Assistant, International Programs in Agriculture, Purdue University, West 

Lafayette, IN 47907 
A G T Bablker, Sudan Country Coordmator, Gezira Research Station, P 0 Box 126, Wad Medani, Sudan 
Aberra Debello, Ethiopia Country Coordmator, Nanet Research Stat~on, P 0 Box 436, Nazret, E th~op~a  
C K Kamau, Kenya Country Coordmator, Katumani National Dryland Farming Research Center, P 0 Box 

340, Machakos, Kenya 
Semere Amlesom, Eritrea Country Coordinator, Divislon of Ag Research and Extension Services, P 0 Box 

1043 8, Asmara, Eritrea 
Peter Esele, Uganda Country Coordinator, Serere Agricultural and Anlmal Production Research Institute, 

Serere, P 0 , Soroti, Uganda 

Collaborative Program 

INTSORMIL/Horn of Africa is a new initiative proposed 
to regionalize our collaborative research efforts in Eastern 
Africa Before the start of the current regional effort, INT 
SORMIL had had a productive collaborative program with 
the Agricultural Research Corporation (ARC) in Sudan 
This collaboration has resulted m an array of technical de- 
velopments that have impacted on sorghum agriculture in 
Sudan Sudanese scientists have been trained in INT- 
SORMIL institutions U S scientists have traveled exten- 
sively in Sudan and worked alongside their Sudanese 
counterparts Joint workshops and conferences were organ- 
ized and attended Results of joint research efforts have 
been published and distributed widely Evtenstve raw and 
improved germplasm have been identified, assembled, and 
catalogued for the benefit of U S and Sudanese agriculture 

Under the Horn of Africa initiative, new memoranda of 
agreements have been signed with NARS in Ethiopia, Eri- 
trea, Kenya, and Uganda to go with the existing relationship 
with the Agricultural Research Corporation of Sudan With 
these MOA, INTSORMIL now has collaborative relation- 
ships with five countries in the Horn of Africa region A 
two-tier program has been under development in the Horn 
of Africa With each national program, we have initiated a 
traditional collaborative program between a NARS scientist 
and a U S principal investigator(s) on a topic of common 
concern and interest with at least one disciplmary project 
identified in each country A scope of work is jointly devel- 
oped and submitted for review and approval by the NARS 
country coordinator, NARS research director and the Horn 
of Afnca program coordinator before becoming the INT- 
SORMIL/Host Country workplan Each workplan has its 
own funding Funds are forwarded directly from Purdue 
University or the INTSORMIL Management Entity at the 
University of Nebraska, and are then disbursed in-country 
to each collaborating scientist to cany out the research proj- 

ect With limited funds available to the INTSORMIL/Horn 
of Africa, it has not been possible to mitiate a full range of 
collaborative projects with each of the NARS in the region 
Instead the intent has been to establish a full complement of 
collaborative partnerships with the Institute of Agricultural 
Research m Ethiopia and to use this program as a hub from 
which to network with the other member countries of the 
Horn A line item for networking has been built into the 
budget of the INTSORMIL/Horn of Africa program to cata- 
lyze exchange of information and ideas among member 
NARS and INTSORMIL scientists A major mitiative that 
has been under consideration is the identification of major 
regional constraints upon which considerable research may 
have been undertaken by one or more ofthe NARS in the re- 
gion There has been great Interest among scientists in the 
region to identify such research projects and undertake re- 
gional evaluation and verification with the hope of generat- 
ing technologies that could have regional application We 
continue to have dialogue on the feasibility of implementing 
such a regional mitiative Once agreed upon, collaborative 
research projects among NARS in the region will be devel- 
oped, in consultance wlth appropriate INTSORMIL scien- 
tists, on a priority research agenda of regional importance 
Inputs from concerned scientists in the region will be solic- 
ited m developing the research agenda as well as in refining 
the research protocol on a timely basis Collaborative scien- 
tists will be encouraged to meet regularly (preferably once a 
year) to exchange ideas and to sharpen the focus of the re- 
gional research agenda 

Annual fieldllaboratory touring workshops will be or- 
ganized alternately at a site in one ofthe host countries in the 
region Participation In the tour wlll be based on interest and 
the topic of the workshop for that year These tours will pro- 
vide INTSORMIL PIS opportunlties for lnteractlon with 
very many scientists in the region Scientists from the region 



Host Country Program Enhancement 

will also have opportunity to pick up useful germplasm, re- 
search techniques, or potentially transferable technologies 
that they may come across during these tours 

Sorghum Utilization - Senait Yetneberk, Aberra Debelo, 
IAR, Lloyd Rooney, Bruce Hamaker and Gebisa Ejeta, 
INTSORMIL 

Opportunities for collaboration with other organizations 
such as ASARECA, ICRISAT/East Africa, World Vlsion 
International, Sasakawa Global 2000, and the IPM CRSP 
have been good and there are initiatives under development 
with each of these organizations Discussions have also 
been underway to determine possibilities of buy-ms from 
USAID Missions in the various countries in the Horn of Af- 
rica Contacts have also been made with the new USAID 
initiative, the Greater Horn of Africa program as well as 
REDSQEzist tc d e c k  f ~ r  p ~ r ~ i h l e  financial assicltance to 
INTSORMIL/Horn of Africa program 

Research Extension - Beyene Seboka, Aberra Deressa, 
IAR, Gebisa Ejeta, INTSORMIL 

Pathology - Girma Tegegne, IAR, Larry Claflin, INT- 
SORMIL 

Kenya 

Sorghum Breeding - C K Kamau, KARI, Gebisa Ejeta, 
INTSORMIL 

Food Quality - Betty Bugusu, KARI, Bruce Hamaker 
and John Axtell, INTSORMIL Research Daclpllnes and Collaborators 

Sudan Uganda 

Cooperative Sorghum Breeding and Genetic Evaluation 
- Osman I Ibrahim, ARC, Gebisa Ejeta, Darrell Rosenow, 
INTSORMIL 

Sorghum and Millet Pathology - Peter Esele, NARO, 
Richard Frederiksen, INTSORMIL 

Strzga Management - Peter Esele, NARO, Gebisa Ejeta, 
INTSORMIL Cooperative Millet Breeding - El Haj Abu El Gasim, 

ARC, David Andrews, INTSORMIL 
Erztrea 

Plant Pathology Program - El Hilu Omer, ARC, Richard 
Frederiksen, INTSORMIL Sorghum Breeding - Tesfamlchael Abraha, DARE, Ge- 

bisa Ejeta, INTSORMIL 
Entomology Program - N Sharaf Eldin, ARC, Henry Pi- 

tre, INTSORMIL Entomology - Asmelash Woldai, DARE, Henry Pitre, 
INTSORMIL 

Food Quality Program - Paul Bureng, ARC, Bruce Ha- 
maker, INTSORMIL Striga Management - Asmelash Woldai, DARE, Gebisa 

Ejeta, INTSORMIL 
Economics Program - Hamid Faki, Abdel Moneim Taha, 

ARC, John Sanders, INTSORMIL Sorghum/Millet Constraints Researched 

Strzga Research -A G T Babiker, ARC, Gebisa Ejeta, 
INTSORMIL 

Sorghum and millet are Important crops m all of the 
countries in the Horn of Africa (Table I) ranking first or sec- 
ond in cultivated area among the major cereal crops of the 
region Sudan and Ethiopia are the indisputable centers of Ethzopza 
origm for sorghum and are major centers of genetic diver- 
sity for both crops In addition, a wealth of improved sor- 
ghum and millet germplasm has been made available in 
both of these countries as a result of association with INT- 
SORMIL and ICRISAT Collaborative research between 
Sudan and INTSORMIL has also resulted in research and 
production technologies that can be shared by other mem- 
bers of the Horn of Africa 

Agronomy - Abuhay Takele, IAR, Jerry Maranville, 
INTSORMIL 

Strzga Management - Gebremedhin Woldewah~d, IAR, 
Wondemu Bayu, MOA, Geblsa Ejeta INTSORMIL 

Entomology - Tsedeke Abate, IAR, Henry Pitre, INT- 
SORMIL 

According to the sorghum and millet scientists In the 
Horn of Africa region, "the major sorghum and millet pro- 
duction and utilization constraints are generally common to 
all countries" (Table 2) 

Agricultural Economics - Yeshi Chiche, IAR, John 
Sanders, INTSORMIL 
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Table 1 Sorghum and m~llet production 

Table 2 Product~on constralnts of sorghum and millet across eastern Afr~ca countries 

Sorghum 
Area Y~eld, Product~on 

Countries 1000 ha kg ha 1000 mts 

Er~trea 60 842 5 1 
Eth~opta 89 1236 100 

Kenya 120 745 90 

Sudan 4684 785 2386 

Uganda 255 1498 382 

- - -  

Erltrea Ethlopta Kenya Sudan Uganda 

M~llet 
Area Yleldl Product~on 

1000 ha kg ha 1000 mts 

15 546 8 

280 1000 280 

85 682 58 
1150 192 22 1 

407 1602 652 

Var~etal development 
Slrzga 
Crop Protectton 

Pest 
Dlseases 
Drought 

Productlon 
Technology Transfer 
Training Long term 

Short term 
S O C I O ~ C O ~ O ~ I C S  
Utlllzatlon 
Information exchange 
Germplasm tntroduct~on 
Sotl/Water Conse~at ton  
Seed productlon and marketing 

These constraints mclude lack of unproved germplasm, 
drought, Strrga, ~nsects and diseases (anthracnose, leaf 
blight, grain molds, smuts, ergot in sorghum, blast, downy 
mildew, and ergot m pearl millet) Other problems in the re- 
gion Include lack of adoptlon of new productlon and utiliza- 
tion technologies by farmers, soillwater management 
techniques, as well as the infi-astructure and technology for 
production and marketmg of seeds and other essential in- 
puts 

Agronomic research on so11 and water conservation tech- 
niques have not been extensively evaluated m any of the 
countries m the reglon Lack of moisture and soil nutrients 
and poor husbandry are primary constralnts of sorghum and 
millet productlon Breeding efforts currently in use to mcor- 
porate drought tolerance traits to genotypes with hlgh yield 
potential are limited by lack of a field screening procedure 
and lack of knowledge of sources of appropriate germplasm 
with useful traits The lack of absolute defin~tion of good 
food quality parameters and good screening methods for 
food quality to some extent also llmit the utilization of hlgh 
ylelding sorghum and millet varletles Very little research 
has also gone m developing germplasm with resistance to 
the major insect pests and diseases Strzga, a major parasitic 
weed of sorghum and mlllet, constitutes a major constraint 
to the production ofthese crops There IS very little sorghum 
and millet germplasm with resistance to Striga and the 

mechanisms that render resistance to Strrga are not well un- 
derstood Knowledge about inheritance of many of these 
tralts is also lacking In many of these areas, the croplbush 
fallow system of production has traditionally been used to 
provide enough nutrients and posslbly some moisture for a 
period of crop years (5 to 10 years fallow/Z to 4 years crop- 
ping) In some areas, other crops are often grown m an mter- 
cropplng system with millet and sorghum to maxlmize 
production Over the last two to three decades, ramfall in the 
Horn of Afrlca region has declmed, thus reducing the so11 
recovery rate durlng fallow Fallow periods have also de- 
creased due to higher human and anunal pressure on plant 
cover, resulting in hrther reduction of sorghum and millet 
yields m the reglon Research on all of these aspects IS 

needed to improve sorghum and mlllet productlon and ut111- 
zatlon in the Horn of Afrlca 

Research Methods 

Research conducted by participating scientists of NARS 
m the Horn of Afrlca 1s primarily applied research In each 
ofthe NARS, research scient~sts appear to be closely In tune 
w~th crop production, protection, and utilization constraints 
encountered by farmers and farm communities in the sor- 
ghum and mlllet growing areas There are establishedproto- 
cols for assessing and prlorltizing research constraints on a 
regular bas~s often annually in conjunction with a nat~onal 
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research andlor extension conference organized to take 
stock of emerging technologies and to publicize develop- 
ments in research Such fora have also been used to ex- 
change ideas and concerns across discipl~nary lines, and 
tend to lead to development of interdisciplmary initiatives 
Collaborative projects that have been agreed upon by par- 
tlcipating NARS and INTSORMIL scientists would be pre- 
sented to a national committee that would evaluate the merit 
and relevance ofthe research before formal approval and lo- 
cal research support is granted Field research facilities at 
most of the NARS are excellent Machinery and equipment 
have not been always adequate or appropriate Technical 
support and capabilities vary from country to country ARC, 
Sudan and IAR, Ethiopia have been the strongest sorghum 
and mlllet research programs in the area with a full comple- 
ment of technical assistance particularly in field research 
As a newly independent nation, the Eritrean national pro- 
gram needs further strengthening in human capital at all lev- 
els Wet-lab facilities are very modest in all NARS of the 
region, with technical expertise most limitmg In general, 
sufficient effort is committed to summarizing research re- 
sults for subsequent sharlng of information with production 
agencies and extension services 

Research Progress 

Beglnnlng with the 1997 crop season, a full range of col- 
laborative research projects has been initiated m Ethiopia 
between INTSORMIL and Ethiopian Scientists The fol- 
lowing is a summary of the progress report of each of these 
disciplmary research projects from experiments undertaken 
m 1997 

Sorghum Breedlng - Aberra Debello, Zenbaba 
Gutema, and Geremew Gebeyehu 

Strzga Reszstance 

Strzga infestation continues to be a significant produc- 
tion problem in many of the major sorghum growing envi- 
ronments of Ethiopia The northern lowlands have become 
particularly endem~c and appear to need immediate inter- 
vention An integrated Strzga control package, with host- 
plant resistance as a primary component, has been contem- 
plated With availability from INTSORMIL of high yield- 
ing drought tolerant Strzga resistant sorghum cultivars, 
Initial effort has focused on adaptlve testing of these varie- 
ties in major sorghum growlng environments ofthe country 
Seven Strzga resistant varieties with one local check were 
tested m Strzga prone areas of the lowlands of Tlgray and 
Gojam Most of the varieties performed well in these areas 
Yield data was not yet compiled by the time of this particu- 
lar report In additlon about 25 lmes were tested at Sheraro 
in Tlgray Clear difference in terms of Strzga resistance was 
observed among these varieties The objective ofthese trials 
was to evaluate the adaptation and performance of Strzga re- 
sistant sorghum varieties developed by Purdue Un~versity 
and to recommend an mtegrated Strzga control package for 

on-farm demonstration and distribution From these trials, 
three of the most promising varieties were advanced for 
seed multiplication and on-farm demonstration during the 
1998 crop season Seed multiplication of three St) rga resis- 
tant varieties developed by Purdue Univers~ty (P9401, 
P9403, and P9404) were undertaken during the off-season 
at Melkawerer, Meklassa and Meki using irrigation facili- 
ties A total of 15 Quintals of seed were produced for distrl- 
butlon to farmers by SG2000/Ethiopia in Tlgray, Amhara 
and Oromia Regions Enough seed was generated for seed 
distribution and on-farm testing in over 300 farms 

Evaluatzon of Introduced Germplasm 
fiom INTSORMIL 

Several A and B lines and pollinators with different agro- 
nomic and genetic merits were introduced and evaluated at 
Melkassa Research Center Seed for these lines arrived late 
in the season and planted past the recommended sowlng 
date for Nazret Hence, they may not have been properly 
evaluated for adaptation Nevertheless, eleven A and B lines 
were selected for crossing program at Melkawerer off- 
season Forty two lines were also selected for further testing 
and are m the intercropping program 

Development of Long Cycle Sorghum Varzetzes for 
Mozsture Stress Lowland Areas of Ethropza 

The objective of this particular program was to develop 
long maturing sorghum varieties, whlch when planted in 
April, resist the dry spell in May and resume growth in the 
main rainy season to complete thelr cycle m October or No- 
vember Our entire sorghum working collection of entrles 
with long maturity period was planted the previous year and 
about 27 selections were advanced for further observation 
across our lowland testing sites of Melkassa, Miesso and 
Kobo The trlal at Kobo was exposed to severe drought 
which resulted in complete crop failure m the region About 
20 entries were selected at Melkassa and Miesso for prelimi- 
nary variety trial In addition, 48 landraces that we recently 
collected from various regions in the country were planted 
for preliminary observat~on Th~rty entries were selected for 
further study We also received 200 landraces from the Bio- 
divers~ty Institute of Ethiopia for screening vmetles that re- 
sist early drought About 41 entries were selected for further 
evaluation and study 

Sorghum Agronomy - Abuhay Takele 

Seedlzng Establzshment and Growth of Sorghum 
Varzetzes under Varzable Sozl Mozsture DeJiczt 

A pot experiment was conducted under glass house con- 
dltion uslng sandy loam soils to study the germination and 
seedlmg growth of sorghum varieties under variable soil 
molsture deficlts (20-30%, 40-SO%, 60-70% and 80-90% 
field capacity) The varieties tested Included M-36121, (148 
x E-35-1)-1-4-1 x CS 3541 der~ve-5-3-2, 12 x 34/F4/3/E/1, 
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IS 2284 and 76 TI #23 Percent germination, seedling shoot 
and root length (cmlplant) were measured Germination 
percentage was not significantly affected by the moisture 
deficit levels while germination of sorghum seeds was sig- 
nlficantly affected by varietal differences Data on seedling 
shoot and root length (cmlplant) as well as shoot and root 
dry weight (gmJplant) showed that the effect of moisture 
deficit levels was highly significant The highest value for 
measured variables were recorded at 80-90% moisture level 
whereas the lowest value was recorded at 20-30% field ca- 
pacity moisture deficit levels In general, varieties 76 T, #23 
and (148 x E-35-1)-1-4-1 x CS 3541 derive-5-3-2 had the 
lowest overall seedling shoot and root dry weight 
(gmlplant) wh~le the other three had comparable high va!- 
ues 

Nztrogen Use Eficzency Dry Matter Accumulatzon 
and Part~tzonrng by Sorghum Under Raznfed 
Condrtzons 

This field experiment evaluated the N use efficiency 
(NUE) of five sorghum varieties grown at five levels of N 
(0 23, 46, 69 and 92 kg ha IN) Sorghum varieties were 
grown dunng the wet season (June to November, 1997) 
Plant and soil samples are being analyzed for N uptake, and 
W E  for these varieties will be computed and results will be 
included in the 1998 report 

Sorghum Pathology - Glrma Tegegne 

Management Study on Sorghum Covered Kernel 

Traditional management practice for the control of sor- 
ghum covered smuts routinely employed by subsistence 
farmers in Ethiopia were evaluated for their efficacy, both 
on station and on farm, and compared with commercial seed 
treatment chemicals (Thiram and Apron@ plus) These 
treatments employ the use of a preparation from a local plant 
and livestock urme Application of a powder form of the 
plant preparation as seed treatment at the rate of 33glkg and 
sockmg sorghum seeds for 20 mmutes m livestock urme di- 
luted with water (1 1 V N )  effectively controlled covered 
smut incidence The efficacy of the traditional treatment 
was as good as commercial seed treatment chemicals It was 
also found that the treatments had no adverse effect on seed 
germmation and emergence both in green house and field 
growing conditions Different rates, on a volume basis, were 
evaluated and no significant difference was observed, sug- 
gesting that rate determmation may requlre knowledge of 
active compounds involved in the control of smuts m these 
preparations Hence further research is needed to mvesti- 
gate the possible chemical ingredients responsible for cov- 
ered smut control both in our plant preparation as well as in 
the treatments 

Sorghum Entomology - Tsedeke Abate and 
Selome Tibebu 

The main emphasis of entomological research on cereals 
(sorghum and maize) is on developing an mtegrated pest 
management (IPM) agamst stalk borers, the spotted stalk 
borer Chllo partellus, m particular Our strategies for stalk 
borer IPM focus on the following areas 1) Integration of 
sowing date and pesticidal control measures, 2) Establish- 
ing baseline mformation 3) Identifying areas of emphasis 
(strategies) to develop and Implement IPM, and the even- 
tual implementation of IPM under farmers' conditions 

Integrating Sowrng Date and Insecticidal Control 

An experiment consisting of four sowlng dates and three 
insecticide treatments (application in the whorls of cyper- 
methnn granules at four and six weeks after seedling emer- 
gence, and an untreated check) were conducted at Melkassa, 
Ziway, Arsi-Negele, and Mieso during the 1997 crop sea- 
son The extended drought did not allow sorghum to grow 
over the intended times of planting at Ziway and Mieso and 
therefore no useful data were obtained at these two loca- 
tions At Melkassa, sowing date had significant effects on 
the number of stalk borers per plant (P<O Ol), percent 
chaffy head (P<O Ol), percent peduncle damage (PC0 01) 
and seed yield (P<O 01) In general, number of borers per 
plant, percent chaffy heads and peduncle damage were 
highest and seed yields were lowest m the last sown plots 
On the other hand, differences among msecticide treatments 
were significant for borers per plant (P<O 05), percent 
chaffy head (P<O 05), and percent peduncle damage 
(P<O 05) but nonsignificant for grain yield Two apphca- 
tions showed consistently superior control to the check and 
one application At Arsi-Negele, only the sowing date 
showed a significant effect (P<O 05) for seed yield The 
lowest yield was obta~ned from plots sown last but it did not 
appear that the low yield was due to stalk borer damage as 
the insect counts and infestation levels were very low 

Establzshzng Baselzne Informatzon 

Work along this line concentrated on elucidatmg the sig- 
nificance of stalk borers and their natural enemies in major 
sorghum growing areas of the country Thus intensive sur- 
veys were conducted between 1996 and 1997 in many parts 
of the country and useful mformation has been obtained 
Borer density and species composition of the three stalk 
borers at various altitudes were determined We found out 
that Mieso and Asebot in Western Harage, Kobo, Gen- 
bober, and Tis-Abalima In Wello, and Welenchiti m Eastern 
Shewa are the hot spot areas for stalk borers on sorghum 
Chzlopartellus was found to be the dommant species m all 
of these areas A good number of natural enemies (paras1 
toids and predators) have also been collected and sent 
abroad for expert identification The braconid wasp Cotesza 
sesamzae was the major larval parasitoid Earwigs (perhaps 
more than one species) were the major predators We also 
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tr~ed to see the reaction of selected genotypes to stalk borer 
damage at various locations It appeared that several factors, 
includmg location, crop genotype, and cultural practices 
play important roles m the economic unportance of stalk 
borers on sorghum Percent mfestat~on per se did not seem 
to be an important factor 

Populatron Dynamrcs of Stalk Borers 

A study on the populat~on dynamics of stalk borers and 
thew natural enemies has been conducted at Melkassa be- 
gmnlng in January 1997 Seeds of the short duration vane- 
ties 76 T1#23' (sorghum) and ACV-3' (ma~ze) were sown 
at monthly intervals in five rows of four meters long The 
experiment was laid out In an RCBD in spllt plots, crops 
(sorghum and maize) as main plots and control treatments 
(untreated check, neem seed powder applied m whorls at 4 
and 4+6 wae) as subplots, In two replicat~ons Significant 
differences were observed among planting time, crop, and 
neem treatments in terms of stalk borer numbers per plant 
recorded at vanous growth stages of the crops The mflu- 
ence of these factors on percent pupation was dependent on 
the crop and the growth stage of the crop Pupat~on on maize 
was sign~ficantly greater than on sorghum Larval and pupal 
parasitism were also studled, a large number of paras~to~ds 
and predators have been collected and sent for ~dentifica- 
tion 

IdentrJLrng Areas of Emphasrs and IPM 
Implementatron 

Results obtamed so far indicate that, although a good 
number of parasitolds and predators attack stalk borers un- 
der natural condit~ons, thew ~nc~dence is lower than ex- 
pected and they do not seem to keep pest numbers below 
economic levels However, t h~s  was site specific - 1 e , pest 
numbers and the accompanying damage levels were very 
high In a few areas whereas the pest d ~ d  not seem to be the 
limiting factor for crop production m the majority of areas 
surveyed Var~etal effects and cultural practices also 
showed differences Thus, m the immediate future, stalk 
borer IPM should attempt to Integrate cultural practices 
Biolog~cal control wrth introduced natural enemies can be 
tested in llrnited areas in the Intermediate term and the use of 
host plant resistance can be entertained as a long term strat- 
egy 

Based on studies carried out so far the followrng general 
conclusions can be made Stalk borers are widely dlstr~b- 
uted in sorghum growing areas of Ethiopla that have been 
surveyed so far Several factors (alt~tude, crop vanety, and 
cultural practices) appear to mfluence stalk borer Incidence 
and abundance Chrlo partellus 1s the most important pest 
of sorghum (especially below 1800 m) Busseola fusca 
commonly occurs at altitudes above 1700 m, but does not 
appear to be of economlc importance on sorghum A good 
number of natural enemies attack stalk borers in Ethiop~a 
The braconid Cotesra sesamzae IS the most important larval 

parasitold, others Include the pupal parasitoids Pedrobus 
fentus (Euloph~dae) and Euvrpro rufa (Braconldae) Paras~t- 
Ism levels are usually low (introduction and release of effec- 
tlve parasitoids may be cons~dered once the survey is 
completed) Several species of eanv~gs, spiders, and ants are 
important predators 

Food Science - Senay~t Yetneberk 

Evaluatron of Sorghum Varretres for Maltrng Qualzty 

Our major act~vitles during the 1996-97 season included 
some efforts to ident~fy sorghum varieties w ~ t h  good 
malting quality and to assure the potential for using sor- 
ghum and malt as a substitute for Imported barley-malt A 
significant amount of tlme was spent In puttlng in place the 
necessary log~stics for the initiative Arrangements were 
made with Assela Malt Industry soliciting their collabora- 
tion and assistance with malt~ng of sorghum Due to unex- 
pected raln during harvest the samples received were 
molded and appropriate experiments were not ln~tiated 

Varrabrlrty Among Sorghum Varretres rn 
Injera Keeprng Qualrty 

Our objectives were to establish sorghum varietal differ- 
ences m injera keepmg quality and to identify sorghum l~nes 
that are superior In injera keeplng quallty m cooperation 
wlth scientists In the sorghum breeding program Though 
mater~als required for injera storage were purchased and the 
experiments could have been underway, the work has not 
yet started because of badly molded grain samples follow- 
ing the heavy rams rece~ved towards the end of the crop sea- 
son in 1997 

Research Extension - Aberra Deressa and 
Beyene Seboka 

Communrty-based Secondary Sorghum Seed 
Multrplrcatzon and Dgffusron Network 

Our objectives were to train farmers interested In im- 
proved sorghum seed production techniques and enable 
them to become secondary source of improved seeds It was 
also our goal to alleviate shortage of unproved sorghum 
seeds by establishmg a seed diffusion network m the farm- 
ing communities through formation of farmers' peer group 
as well as soclal andlor family-ties One early and one rne- 
dlum maturing sorghum varieties were selected for use m 
the program in Western Haraghe and North-east Shoa 
zones From farmers lnvolved in the program, y~elds ob- 
tained by 88 sample farmers were recorded These farmers 
were able to harvest 138 22 qt of seeds The mean produc- 
tivity level, however, did not exceed 9 qtlha mainly due to 
low rainfall In the maln season followed by bird damage of 
the crop prlor to harvest 
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Agricultural Economics - Yeshi Chiche 

Factors Aflectzng Adoptton of Improted Sorghum 
Technologzes zn Major Sorghum Growzng Areas of 
Ethzopia 

Once a package of technologies 1s put together and rec- 
ommended to farm communities, an assessment of the po- 
tential economics benefit of these recommendatlons is 
essent~al Recent collaborative effort with INTSORMIL has 
resulted m an on-farm testlng of an integrated Strzga control 
package including the use of host-plant resistant, nltrogen 
fertilizer, and tied ridges Our Economics Unlt is interested 
to evaluate the potential economic benefits of these tech- 
nologles lndlvidually and in combination Plans have been 
underway to inltlate this project m 1998 This project will be 
undertaken as ajolnt effort wlth INTSORMIL Our collabo- 
rator from Purdue Unlverslty, Professor John Sanders, spent 
four and half days earlier m the year and held d~scussions on 
how to unplement t h ~ s  new mltlative During his stay dif- 
ferent mput supply and distrlbutmg agencies were vlslted 
We also vislted the extension office of Oromia as well as the 
Global 2000 and USAID offices to obtain information on 
current status of input (fertihzer and seed) dlstrlbutlon pat- 
terns We made plans to collect hrther lnformatlon on sor- 
ghum prlces and adoption patterns of farmers A checklist 
was prepared for discussion wlth farmers Prlce data ob- 
tained from the Ethiopian Gram Marketmg Board 1s cur- 
rently being analyzed in preparation for the planned field 
work in the crop season of 1998 INTSORMIL collabora- 
tors, Drs John Sanders and Gebisa Ejeta plan to visit farmer 
fields where these tests will be conducted in September 
1998 We hope to gather sufficient data and observe re- 
glonal differences durmg the vlsit 

Institution Building 

Research Equtpment 

No major research supply or equipment was purchased m 
1997 m support of INTSORMIL/Horn of Africa program A 
request by Dr Tsedeke Abate, Ethiopian entomologist, for 
payment to get Insect predator and parasites (collected as 
part of an Integrated stalk borer control project) identified 
by a laboratory in England was approved 

Host Country Sczentrsts who vzszted the U S  

INTSORMIL scientists, Drs G Ejeta, B Hamaker, J 
Lesley, H Pitre and T Crawford attended and part~c~pated 
m the first Traveling Workshop held in Ethiopia and Eritrea 
Dr John Sanders vislted Ethiopia In early 1998 to establish 
a collaborative unpact assessment of an Integrated Strzga 
control project to be implemented beg~nnmg with the 1997 
crop season 

Networking 

Commodity based reglonal research networks have been 
operating m Africa with support provided by several donor 
agencles Prlmary support for sorghum and millet networks 
have been provided, untll recently, by USAID through 
SAFGRAD through ICRISAT untll USAID funding termi- 
nated in 1993 Durlng its operations, the EARSAM network 
served as a forum to brmg sorghum and millet scientists m 
the region to work together on research issues that transcend 
politlcal boundaries Under the auspices of EARSAM, re- 
gional priorities were set, lead centers (countries) were 
ldentlfied for regional prlorlty projects, and results from 
such research projects were reported and shared at blannual 
reglonal meetlngs Monitoring tours were organized to fa- 
miliarize NARS scient~sts with the array of challenges and 
research opportunities in the reglon 

Since the end of SAFGRAD funding for commodity net- 
works, regional collaboration continued with alternatlve 
fundmg m Western and Southern Afilca but not in Eastern 
Afrlca Consequently, senlor sorghum and millet research 
scientists m Eastern Africa, wlth encouragement and sup- 
port from ICRISAT, gathered in Nairobi on October 8-9, 
1993 to evaluate and discuss the Importance of a reglonal 
network and to assess ways and means for generating long- 
term support for such a regional collaborative venture The 
scientists unanimously agreed to form a new network for 
continued interaction and cooperation in the reglon The 
new network 1s expected to draw from experiences gamed 
from the years of operation under EARSAM and bulld upon 
the results achleved so far part~cularly m the areas of varietal 
development and exchange of sclentlfic and programmatic 
information The scientists in the region also agreed to have 
the new sorghum and mlllet network operate under the um- 
brella of anewly formedregional organization, the Associa- 
tion for Strengthening Agricultural Research m Eastern and 
Central Africa (ASARECA) 

The formation of ASARECA has been a rather informal 
lnltiatlve Directors of research from a number of Afiican 
countries, having wrtnessed the benefit occurred from re- 
glonal ventures such as the SADC program, agreed to form 
a sunilar but less formal program in the reglon As the name 
lmplies they wanted to make ASARECA an association of 
natlonal programs in the eastern and central Afrlca reglon 
ASARECA includes all of the countries m the Greater Horn 
ofAfrlca (Ethiopia, Sudan, Eritrea, Kenya, Somaha, except 
Djibouti) and some Central African countries (Rwanda, Za- 
ire, Burund~, Uganda) plus Madagascar Djibouti has been 
recalcitrant about joining ASARECA, presumably because 
it has been the headquarters for IGADD (another regional 
development project) and the formation of this new assocla- 
tion may have been perceived as a threat to the more formal 
(read politlcal) IGADD 

INTSORMIL and ICRISAT jointly supported and or- 
ganize a regional workshop m Kampala Uganda in Novem- 
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ber 1995 to discuss the need for a reglona11zed sorghum an$ 
mlllet f o m  m the regaon The workshop was as success m 
many regards It re ed the meed for a network LIB the re- 
gion to strengthen tles among NAW, to promote fiee md 
tlrnely exchange of mfomataon and gemplasm, to develop 
collaborahve research projects on pnonty productnon and 
uhltzahom constram& of regtonal n p o m c e ,  and to share 
expnences on effective transfer of tecbcslogaes to farm 
communmes The workshop dso prwaded for a better un- 
derstandmg of the asprations of each natloml sorghum and 
mtllet mprovement programs m the aegnon a well as the 
modes of operatnons of both HCNSAT and INPdTSOMHL In 
addit~on to country reports, members of IGRISAT and INT- 
SO= also made presentations Pmtacapants h m  INl"lT 
SORMIL mcluded Dave Andrews, L m y  Butler, &chard 
Fredenksen, John Leshe, and Gebrsa Ejeta WTSOMIk 
presentatnons focused on how collaborat~ve ventures are ml- 
tlated and mplemented between INTSOMIL mstltutlons 
and NARS usmg specific examples m sorghum and m~llet 
breedmg, plant pathology, utihmtiom, and b~otechology 
Many ofthe features the INTSOMIL CRSP provides, such 
as graduate mmmg, staff exchange, ajomt research agenda, 
a mentonng program for newly tramed staff, equ~table shm- 
mg of lmlted resources, md the oppoxtmity for techmacal 
backup by some of the best sorghum and mallet research 
programs m the world were very appealmg to the NARS sca- 
entists m the ASARECA regnon Leaders of many of the 
NARS expressed a deslre to slgn an MOU with INT- 
SOMIL Unfortunately, Imitatnons of resources does not 
permit signmg of MOU with every NARS 

In 1996 we signed MQUs w~th Ethiopia, Kenya, and En- 
trea followmg discussions mtiated d m g  the workshop m 
November Thls gave INTSOIRMIL an excellent nucleus m 
which to operate an effectwe regnonal research network m 
the Greater Horn of Ahca The USAID M~ssnons m Eho-  
pla and Entrea have identlfied crop research and product~on 
as targets for development mlhatlares Leaders of the En- 
trean program are particularly exc~ted about the opportxmty 
for workmg wath CRSPs because as a new nat~olon, they have 
ldentlfied human capital development as as pnonty and they 
see U S wiversltles providmg graduate educataon opportu- 
nihes 

As part of the agenda developed for the 1995 workshop, 
NARS scientists m the ASARECA regaon developed a draft 
proposal to solicit fiundmg for revitalamt~on and opemtlon 
of a sorghum and mlllet research network m the ASAlRECA 
reglon Both INTSOR.MIL and ICRISAT expect to be key 
participants m such a network ma the Greater Horn of Ahca 
Proceedings of the workshop, tmcludmg the proposal 
drafted by NARS sc~enhsts m the regnon, have been pub- 
lished at Purdue Unlverslty We cemmly hope that donor 
h d m g  for support of sorghum and mlPBd network m east- 
em Abca wall be fodcommg A network m the regon wall 
greatly enhance anteractaon md dissemmat~on of research 
results among NAaS It will also fac~litate I[PdTSQRMHL's 
efforts m the Greater Horn of Ahca However, with or 

wathout addltlonal fiindmg, INTSORMIL activities m the 
Horn, by necessity, wlll be based on regional netwcfrlang 
among, at tbe mmmurn, NARS wrth whch we already have 
s~gned Memom& of Understandmg 

In September 1997, a successful Travelmg Workshop m- 
volvmg sorghum and m~llet sctenhsts from INTSORMIL 
md the Horn of Akca countries was held m Eth~opta The 
week-Bong workshop was attended by three scientms from 
Kenya, two &om Enha, one &om Uganda, several men- 
Qsts &om the Ethlopsan nahond program, and four WT- 
S O M I L  pr~ncagal nnvest~gators Workshop activities 
mcluded round-table d~scussion, visit to experiment sta- 
bons, tour of farm communitpes, as well as vislts to sorghum. 
and mallet mlllnng and bakmg factones The workshop was 
useful m enhancmg a better understandmg of sorghum and 
rnlllet research as well as the produrnon and uhllzation en- 
vnroments m EQh~opla It also provrded a forum for ex- 
change of ~deas and mformabon among collaboratmg 
scientists D m g  the Travelmg Workshop, jomt workplans 
were developed adentlfymg slpeclfic research projects m 
each of the partacapatmg NARS with at least one dtsc~pli- 
nary project already identified m each country Further- 
more, one of the purposes of the workshop was to develop 
specific regaonal research pnyects to be undertaken plntly 
by NARS saenbsts on the reglon and thelr INTSORMIL 
collaborators an common areas of great mportance After 
lengthy d~scussion, workshop participants identified five 
such projects These reglonal research projects are expected 
to be undertaken an addhon to the mdvidual bilateral proj- 
ects already m place Implementation ofthese regional proj- 
ects, however, was tabled unbl addihonal funds are made 
avalable to the INTSORMIL - Horn of Ahca program 

Although the Horn of A h a  regional project is a new mi- 
tlatlve, HhTTSOML has had a strong collaboratwe pro- 
gram m the region with Sudan as a p m e  site Much of the 
collaborative effort has been m workmg with the Apcul- 
hard Research Cohporatron (ARC) of the Sudan The col- 
laborahve research relationship between the Agricultural 
Research Corporation (ARC), Sudan and INTSORMIL that 
started m 1980 was developed mto a strong, mutually bene- 
ficld partnership that produced several excellent msults 
Tanglble results mgmg from trmmg to development of 
useful technolog~es and ellte germplasm have been gener- 
ated 

Even before the advent of INTSORMIL, ARClSudan 
had a "cnhcal mass" of well-thamedmanpower m place Su- 
c h  IS urque m Ahca m this regards Over decades ~t had 
mvested its own scant resources anto developmg a sufficient 
cadre of apcultura1 manpower However INTSORMIL 
has also mmed several Sudanese sc~enhsts who have re- 
turned and filled in key posltlons particularly m sor- 
ghdmsllet research related areas Sudanese graduates of 
I N T S O ~ I L  mshtutions currently provlde service m sor- 



Host Country Program Enhancement 

ghum breedmg (2), plant pathology (I), entomology (I),  
agronomy (I), food sclence (I), and agricultural economics 

(1) A few Sudanese tramed and sponsored by MTSORMIL 
currently also serve MRCs and natlonal programs else- 
where Of significance has been the contnbution made by 
MTSORMIL m mentonng of young graduates as they re- 
turned to ARC Furthermore, several ARC sclentlsts have 
spent valuable tune in the laboratones of thelr counterparts 
m the U S Some have done this more than once In some of 
these cases, signlficant research fmdmgs have come out of 
these expenences and the results have been published as 
jomt contrrbutions of ARC and lNTSORMIL 

On numerous occasions, and at tunes on a regular basis 
annually, INTSORMIL and ARC scientlsts have held round 
table discussions on assessmg and reevaluating production 
and ubllzation constramts m sorghum and millets m Sudan, 
assessing of research fmdmgs and uhlity technologles 
jomtly developed, and more significantly m settmg pnon- 
bes The ARC has used these dellberatlons to assess pnon- 
ties and progress and to sharpen the focus in the 
sorghum/millet research m Sudan ARC has often mvolved 
INTSORMIL PIS m settmg the nahonal agenda around sor- 
ghumlmillet research as well as m fmdmg better ways ofex- 
tendmg technologies denved fiom research 

Tanglble technolog~es that resulted from ARC/INT- 
SORMIL partnership include 

Development, release, and drstnbutlon of Hageen Dura- 
1, as the first commercial sorghum hybnd 

Identlficatlon, wide-testmg and release of SRN39 and 
IS-9830 as the fust Strrga resistant sorghum releases 

The development of an mfant seed mdustry that began 
wtth the pllot project around HD- 1 seed production Today 
some 500,000 acres of sorghum fields are targeted for HD-1 
productton 

The testmg and recommendation of use of composlte- 
flour for bread makmg and the better quality mix obtamed 
wlth use of HD- 1 gram 

The economlc evaluation on the mpact of HD-1 (the so- 
cial returns to research mvestments) 

The development of a technology to produce "mstant 
nasha" as a weanmg food Establishmg fermentation (a tra- 
dltlonal process as an effectwe method to alleviate prob- 
lems of protem digestibility associated with sorghum 
m) 

Benefits accrued to MTSORMIL scientlsts and U S ag- 
nculture fiom ARCIINTSORMIL collaboration mclude the 
following 

Contribution of germplasm tested m Sudan m enhancmg 
drought tolerance of matenal developed for the U S seed 
mdustry Recently 10 drought tolerant lmes were denved 
&om crosses between U S and Sudan sechons were re- 
leased to the seed mdustry m the U S 

Raw gemplasm from Sudan for potenha1 use m the U S 
Recently over 3080 Sudanese land races were contributed 
by ARC to the USDA 

The development and refmement of new technolog~es 
with potentla1 use m the U S For mstance Long Smut IS not 
a disease of economlc unportance m the U S However, 
should it become one, screemg technology NTSORMIL 
scientists helped develop m Sudan, wtll come m handy 

The fmdmg that tradrtlonal process of fermentahon as a 
means to alleviate the protem dlgestlbility problem m sor- 
ghum laid the foundat~on for the sc~ent~fic understandmg of 
factors that mfluence protem dlgeshb~bty m gram sorghum 

The excellent field demonsmoon program by Global 
2000 and the pemstent efforts of ARC/INTSOIPMIL m as- 
sistmg the seed production programs have estabhshed 
Hageen Dura-l as an ARC generated technology with s~g-  
nificant mpact to sorghum agncultwe m Sudan Added to 
other research technologles which have been generated by 
ARC, lncludmg those llsted above, ARC has been recog- 
nlzed by the GOS and other agencles operatmg m Sudan 
For mstance, the USAID mlsslon wlth proddmg fiom INT- 
SORMIL PIS, granted a substantla1 amount ofPL-480 funds 
to ARC m support of sorghdm~llet  research In return, 
that encouraged the Mmlstry of Planmng to contmue to pro- 
vlded unprecedented level of support specifically for sor- 
ghumlmillet research m Sudan Ind~vldually, pmcularly 
ARC scientlsts m the area of Stnga, pathology, and cereal 
quallty, have produced signlficant results that have gtven 
them due recognition m the sorghum/millet research com- 
munlty The collaborative partnership between INT- 
SO= and ARC has clearly demonsmd that sustained 
support and focused research efforts would produce tangl- 
ble and useful results It also showed that an effectwe ubh- 
zabon of research generated technolog~es would m return 
eventually bnng due recognition to sctenhsts and research 
programs, and generated mcreased and sustamed support 
for agricultural research, even m a nahonal program of a de- 
velopmg country wlth numerous, seemmgly msunnount- 
able problems 

Promlsmg results have emerged fiom the new collabora- 
tive research projects between MTSORMU, and the Instl- 
tute of Agncultural Research m Ethlopia 

New Singa resistant sorghum culbvars mtroduced fiom 
PurdueANTSORMIL and tested m Strzga endemic areas 
with excellent results These outstandmg h e s  (P9401, 
P9403, and P9404) were selected Seed of these varretles 
was multiplied durmg the off-season m a jolnt effort with 
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Global 2000 About 1 %ton of seed was produced to be dis- 
tributed to about 200 farmers 

An integrated Strrga control study including the three 
Strrga resistant selections, nitrogen fertilization, and tied- 
r~dges was planned for implementation starting with the 
1998 crop season 

Formulation of a local plant product and an animal by- 
product traditionally used by Ethiopian sorghum farmers 
for the control of covered smut was tested and confirmed 

A comprehensive integrated pest management study for 
control of stalk borers was initiated and the necessary base- 
line data generated 

We also held a Traveling Workshop in Ethiopia and En- 
trea for our reg~onal collaborators The workshop allowed 
for exchange of ideas and establish understanding for un- 
dertaklng regional sorghum and millet research collabora- 
tively 
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TRAINING 
INTSORMIL gives high priority to tra~ning host country All 55 students worked directly with INTSORMIL princi- 

scientists who wlll have major respons~bilities for sorghum pal investigators on INTSORMIL projects These students 
and millet research m their home countries Traming is also are enrolled in graduate programs in SIX disciplinary areas, 
provided for young U S scientists who plan for careers m agronomy, breeding, pathology, entomology, food quality, 
international development work and economics 

The most frequently used mode of trainmg is graduate 
study for advanced degrees, with the students' research 
formmg an mtegral part of an INTSORMIL project During 
the year covered by this report, 55 students from 23 different 
countries were enrolled in an INTSORMIL advanced de- 
gree program Approximately 78% of these students come 
from countries other than the U S which shows the empha- 
s ~ s  placed on host country institut~onal development (Figure 
1) 

INTSORMIL also places a high prlority on traming 
women which is reflected in Figure 2 In 1998, 16% of all 
INTSORMIL graduate participants were female Twenty- 
three of the total 55 students received full INTSORMIL 
scholarships An additional 15 students received part~al 
INTSORMIL funding and the remamlng 17 students were 
funded from other sources as shown m Figure 3 

The number of INTSORMIL funded students has de- 
creased gradually over the years Th~s  is related to de- 
creases in program budget and the loss of U S Principal 
Investigators In 1993-1994 there were 25 U S PIS w~th the 
program and in 1997- 1998 this has decreased to seventeen 

In addition to graduate degree programs, short term tram- 
ing programs have been designed and implemented on a 
case by case basis to suit the needs ofhost country scientists 
Five post doctoral scientists and seven visiting host country 
scientist were prov~ded the opportunity to upgrade their 
sk~lls in this fashion during 1997- 1998 

The following table 1s a compilation of all INTSORMIL 
tralning activities for the perlod July 1, 1997 through June 
30,1998 

Honduras 
3 7 

Women 

Sudan 7 
3 

Flgure 1 Partlclpants by Country 

L INTSORMIL 
23 

F~gure  3 Source of Fundlng 

F~gure  2 Part~c~pants  by gender 

Entomology Econom~cs 

Food Quallty ' Breedlng 
14 16 

Pathology Agronomy 
6 4 

F~gure  4 I )~sc~pl~ne  Breakdown 



Year 19 INTSORMIL Tra~n~ng Part~cipants 

Name 
Traore Abdoulaye 
Klm S Young 
Stockton Roger 
Traore Samba 

Carvalho Carlos H S 
Kapran Issoufou 
Ndulu Lex~ngtons 
Ibrah~m Yah~a 
Melakebrhan Admasu 
Mohammed, Abdalla 
Mulatu Tadesse 
R~ch Patr~ck 
Tulnstra M~tchell 
Katsar Catherme Susan 
Rodriguez Hererra, Raul 
Teme N~aba 
Ip~nge S A 
Ral K N  
Setlmela, Peter 
T~ryak~ Iskender 

Ahmed Mohamed M 
Coul~baly Bakary 
Kaz~anga Harounan 
Kebbeh Mohamed M 
S~dlbe Mamadou 
Tahrrou Abdoulaye 
V~tale Jeff 

Bo~re Soual~ka 
Kadl Kadr Hame 
Calderon Pedro 
Cordero Roberto 
Johnson Zeledon 
Vergara, Oscar 
Jensen Andrea 
L~ngren Scott 

Aboubacar Adam 
Bugusu Betty 
Zhang Genyl 
Acosta, Harold 
Asante Sam 
Barron Marc 
Bueso Francrsco Javler 
Kunetz Chr~stlne 
Lee Jae K 
Leon Chapa, Martha 
Mateo Rafael 
M~randa Lopez Rrta 
Omuet~ Olusola 
Qulntero Fuentes X~mena 

Narvaez Darlo 
Jurgenson Jim 
Hanson Amy 
Zeller Kurt P 
Kollo Issoufou 
Torres Montalvo Jose H 

Country Un~v  Discipl~ne Adv~sor Degree Gender 
Mall UNL Agronomy Maranvllle PHD M 
Korea UNL Agron/Phys~ol Maranv~lle MSC M 
U S  UNL Agronomy Mason PHD M 
Mall UNL Agronomy Mason PHD M 

Bra211 
N~ger 
Kenya 
Sudan 
Ethrop~a 
Sudan 
Ethropla 
u s  
us  
u s  
Mex~co 
Mall 
Nam~b~a  
Ind~a 
Botswana 
Turkey 

PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
PRF 
TAM 
TAM 
TTU 
UNL 
UNL 
UNL 
UNL 

Breed~ng 
Breedmg 
Breed~ng 
Breedlng 
Breedlng 
Breedmg 
Breedlng 
Breed~ng 
Breedlng 
Breed~ng 
Breedlng 
Breedmg 
Breedlng 
Breed~ng 
Breedlng 
Breed~ng 

Axtell 
Axtell 
Axtell 
Ejeta 
Ejeta 
Ejeta 
Ejeta 
Ejeta 
Ejeta 
PetersonITeetes 
RosenowRooney 
Rosenow 
Andrews 
Andrews 
Andrews 
Andrews 

PHD 
PHD 
PHD 
PHD 
P D ~  
PHD 
MSC 
P D ~  
P D ~  
PHD 
PHD 
MSIC 
VS 
VS' 
PHD 
MSC 

Sudan PRF Economics Sanders P D ~  M 
Mall PRF Economics Sanders MSC M 
Burk~na Faso PRF Econom~cs Sanders PHf M 
Gamb~a PRF Econom~cs Sanders VS M 
Senegal PRF Econom~cs Sanders PHD M 
N~ger PRF Econom~cs Sanders PHD M 
U S  PRF Econom~cs Sanders PHD M 

Mall 
Nlger 
Honduras 
N~caragua 
N~caragua 
Ecuador 
U S  
U S  

N~ger 
Kenya 
Chlna 
Colomb~a 
Ghana 
U S  
Honduras 
U S  
Korea 
Mex~co 
Honduras 
Mex~co 
N~gena 
Mexlco 

TAM 
TAM 
MSU 
MSU 
MSU 
MSU 
TAM 
TAM 

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

Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 
Entomology 

Food Quallty/Uhl 
Food QualltyNhl 
Food Qual~tyNt~l 
Food Qual~tyIUt~l 
Food QualltyNt~l 
Food Qual~tyNt~l 
Food Qual~tyNt~l 
Food Qual~tyNtrl 
Food Qual~tyNtll 
Food Qual~tyNtll 
Food Qualt~yIUhl 
Food QuahtyNhl 
Food Qual~tyIUt~l 
Food Qual~ty/Ut~l 

Gllstrap/Teetes 
Gllstrapfleetes 
P~tre 
P~tre 
P~tre 
P~tre 
Teetes 
Teetes 

Hamaker/Axtell 
Hamaker 
Hamaker 
Rooney 
Rooney 
Rooney 
RooneyiWan~ska 
RooneyiWanrska 
RooneyiWanlska 
RooneyiWan~ska 
RooneyiWan~ska 
RooneyiWan~ska 
RooneyiWan~ska 
Rooney 

PHD 
MSC 
MSC 
MSC 
MSC 
MSC 
PHD 
PHD 

PHD 
MSC 
MSC 
PHD 
PHD 
BSC 
MSC 
MS,C 
VS 
MS,C 
VS 
PHf 
VS 
PHD 

CoIomb~a KSU Pathology Clafl~n MSC M 
U S  KSU Pathol/Genet~cs Leslle VS' M 
U S  KSU Pathol/Genet~cs Leslle MSC F 
U S  KSU Pathology Lesl~e P D ~  M 
N~ger TAM Pathology Freder~ksen PHD M 
Mex~co TAM Pathology Freder~ksen PHD M 

Funding* 
I 
0 
P 
0 

* I = Completely funded by INTSORMIL 
P = Part~ally funded by INTSORMIL 
0 = Other source 

'VS = V ~ s ~ t ~ n g  Sc~enhst 
'PD = Post Doctoral 

KSU = Kansas State Un~verslty 
MSU= M~ss~sslpp~ State Un~vers~ty 
PRF = Purdue Un~vers~ty 
TAM= Texas A&M Unrvers~ty 
TTU = Texas Tech Un~vers~ty 
UNL = Unlverslty of Nebraska L~ncoln 
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INTSORMIL Sponsored and 
Co-Sponsored Workshops 1979 - 1998 

Name Where When 

Internattonal Short Course tn Host Plant Resistance 
INTSORMIL PI Conference 
West Africa Farmtng Systems 
Sorghum Dtsease Short Course for Lattn Amertca 
Internatlonal Sympos~um on Sorghum Gram Qual~ty 
Internattonal Symposium on Food Qualtty 
Agrtmeteorology of Sorghum and Mtllet tn the Semi Arid Troptcs 
Lattn Amertca Sorghum Qualtty Short Course 
Sorghum Food Quahty Workshop 
SorgkttRtDowny Mlldew Workshop 
Plant Pathology 
Strtga Workshop 
INTSORMIL PI Conference 
INTSORMIL ICRISAT Plant Breedtng Workshop 
Hybrtd Sorghum Seed Workshop 
Stalk and Root Rots 
Sorghum In the 80s 
Domtntcan Republtc/Sorghum 
Sorghum Productton Systems tn Lattn Amertca 
INTSORMIL PI Conference 
Prtmer Semtnarto Nat~onal Sobre Produccton y Ut~llzacton dei Sorgo 
Evaluat~ng Sorghum for A1 Toxicity In Tropical So~ls of Lattn Amertca 
First Consultative and Rev~ew on Sorghum Research m the Phlltpptnes 
INTSORMIL Graduate Student Workshop and Tour 
Internattonal Sorghum Entomology Workshop 
INTSORMIL PI Conference 
Ntger Prtme Stte Workshop 
Sorghum Seed Product~on Workshop 
Internattonal Mtllet Conference 
Matcillos Crtollos and Other Sorghum In M~ddle Amertca Workshop 
INTSORMIL PI Conference 
2nd Global Conference on SorghurnIM~llet Dtseases 
6th Annual CLAIS Meetlng 
Internatlonal INTSORMIL Research Conference 
INTSORMIL Graduate Student Workshop and Tour 
ARC/INTSOR.MIL Sorghum/Mlllet Workshop 
Workshop on Sorghum Nutr~honal Gram Qualtty 
Improvement and Use of Whtte Gram Sorghums 
Sorghum for the Future Workshop 
INTSORMIL PI Conference 
Soctal Sclence Research and the CRSPs 
Seminarto Internaclonal Sobre 10s Culttvos de Sorgo y Matz 
sus Pr~nclpales Plagas y Enfermedades 
Workshop on Adaptat~on of Plants to Soil Stresses 
Lat~n Amer~ca Workshop on Sustatnable Productton Systems for Actd Sotls 
Lattn Amertca Sorghum Research Sctenttst Workshop (CLAIS Meettng) 
D~sease Analysts through Genettcs and Blotechnology An Internahonal 
Sorghum and Mtllet Perspecttve 
INTSORMIL PI Conference 
Internattonal Conference on Genet~c Improvement of Sorghum and Pearl Mtllet 
Conference on the Status of Sorghum Ergot In North Amertca 
Prtnctpal Invest~gators Meetlng and lmpact Assessment Workshop 

College Statton Texas 
Lmcoln Nebraska 
West Lafayette Indlana 
Mextco 
ICRISAT 
Hyderabad Indla 
ICRISAT 
El Batan Mex~co 
El Batan Mextco 
Corpus Chrtstt Texas 
CIMMYT 
Raleigh North Carol~na 
Scottsdale Arizona 
CIMMYT 
Wad Medani Sudan 
Bellagto Italy 
ICRISAT 
Santo Domlngo 
CIMMYT 
Scottsdale Artzona 
Santo Domtngo Domtntcan 
Call Colombta 
Los Banos Philtpp~nes 
College Stat~on Texas 
College Statlon Texas 
Lubbock Texas 
Ntamey Niger 
CIMMYT 
ICRISAT 
Teguctgalpa, Honduras 
Kansas C~ ty  Mlssourt 
Harare Z~mbabwe 
San Salvador El Salvador 
Scottsdale Arizona 
College Station Texas 
Wad Medant Sudan 
West Lafayette Indtana 
El Batan Mextco 
Call Colombta 
Corpus Christt Texas 
Lexington KY 
Colomb~a 

Lincoln NE 
V~llav~cencto Colombta 
Vtllav~cenclo Colomb~a 
Bellagto Italy 

Lubboch Texas 
Lubbock Texas 
Corpus Chrtstl Texas 
Corpus Chrtst~ Texas 
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Acronyms 

AAAIS FAA 

ABA 

ADC s 

ADlN 

ADRA 

A I D  

AI DIH 

ALDEP 

APHIS 

ARC 

ARGN 

ARS 

ASA 

ASARECA 

ATlP 

BAMB 

BIFADEC 

BFTC 

CARE 

CAR0 

CARS 

CATlE 

CEDA 

CEDlA 

CENTA 

CGlAR 

CIA6 

ClCP 

ClDA 

C IAT 

ClLSS 

ClMAR 

ClMMYT 

ClRAD 

CLAlS 

CNPQ 

CNRA 

American Anthropologtcal Assoc~attonISoctety for Applted Anthropology 

Absctslc Acid 

Advanced Developtng Countries 

All Dtsease and Insect Nursery 

Adventlst Development and Rellef Agency 

Agency for lnternat~onal Development 

Agency for lnternat~onal Development In Honduras 

Arable Lands Development Program 

Anrmal and Plant Health lnspectlon Servlce U S 

Agrtcultural Research Corporatton Sudan 

Anthracnose Reststant Germplasm Nursery 

Agrlcultural Research Servlce 

American Soc~ety of Agronomy 

Assoclatton for Strengthening Agrtcultural Research tn Eastern and Central Afrlca 

Agrtcultural Technology Improvement Project 

Botswana Agr~cultural Market~ng Board 

Board for lnternatlonal Food and Agrlcultural Development and Economlc Cooperation 

Botswana Food Technology Centre 

Cooperative for Amertcan Remittances to Europe Inc 

Chlef Agricultural Research Ofticer 

Central Agrtcultural Research Statlon Kenya 

Centro Agron6mtco Troplcal de lnvesttgactbn y Ensetianza Costa Rlca 

Centro de Enseiianza y Adiestramlento SRN Honduras 

Agrlcultural Document and Information Center Honduras 

Centro de Technologla de Agrtcola El Salvador 

Consultative Group on lnternatlonal Agrtcultural Research 

Agrtcultural Research Center of the Lowlands Mexlco 

Consortium for lnternattonal Crop Protectton 

Canadian lnternatlonal Development Agency 

lnternattonal Center for Tropical Agrtculture Colombla 

Interstate Commtttee to Combat Drought In the Sahel 

Centro de Invest1gact6n en Ctenctas del Mary Limnologla Costa Rica 

lnternattonal Maize and Wheat Improvement Center 

Centre International en Recherche Agronomtque pour le Developpement 

Consejo Lattn Amertcana de lnvestlgadores en Sorgho 

Conselo Naclonal de Desenvolvimento Cienttfico e Tecnologtco 

Nattonal Center for Agrtcultural Research Senegal 



Acronyms 

CORASUR 

CRSP 

CSlR 

CSlRO 

DAR 

DICTA 

DR 

DRI Yoro 

EAP 

EARSAM 

EAVN 

ECHO 

EEC 

EEP 

ElME 

ELlSA 

EMBRAPA 

EMBRAPACNPMS 

EN A 

EPIC 

ERSllEC 

EZC 

DRA 

FA0 

FEDEARROZ 

FENALCE 

FHlA 

FPX 

FSR 

FSRIE 

GASGA 

GMB 

GOB 

GOH 

GTZ 

HlAH 

IAN 

IANR 

IAR 

IARC 

Consolidated Agrar~an Reform In the South - Belg~um 

Collaborative Research Support Program 

Counc~l for Scientific and lndustr~al Research 

Commonwealth Scientific and Industrial Research Organizat~on Australla 

Department of Agricultural Research Botswana 

D~reccion de Ciencia y Tecnologia Agricola Mexico 

Dom~nican Republic 

Integrated Rural Development Project Honduras Switzerland 

Escuela Agricola Panamer~cana Honduras 

East Africa Regional Sorghum and Millets 

Extended Anthracnose Virulence Nursery 

Educational Concerns for Hunger Organlzatlon 

European Economic Community 

External Evaluat~on Panel 

Ensayo lnternac~onal de 10s Maicillos Enanos 

Enzyme-linked lmmunosorbent Assay 

Empresa Brasileira de Pesqu~sa Agropecuar~a Braz~l 

EMBRAPA Centro Nac~onal para Ma~ze e Sorgo 

National School of Agriculture Honduras 

Erosion Product~vlty Impact Calculator 

Economic Research Serv~cellnternational Economlc Development 

Ecogeographic Zone Council 

Div~s~on de la Recherche Agronomique IER Mali 

Food and Agriculture Organization of the United States 

Federacibn Nacional de Arroceros de Colombia 

Federac~on Nacional de Cultivadores de Cereales 

Fundac~on Hondurena de lnvest~gac~on Agricola Honduras 

Federation of Agricultural and Agro lndustr~al Producers and Exporters 

Farm~ng Systems Research 

Farm~ng Systems ResearchIExtens~on 

Group for Assistance on Systems Relating to Grain after Harvest 

Gram Market~ng Board 

Government of Botswana 

Government of Honduras 

German Agency for Technical Cooperat~on 

Honduran Institute of Anthropology and H~story 

lnstitute Agronomia Nac~onal Paraguay 

lnstitute of Agr~culture and Natural Resources Univers~ty of Nebraska - Lincoln 

lnstitute of Agr~cultural Research - Ethiop~a 

lnternat~onal Agriculture Research Center 



Acronyms 

IBSNAT 

I CA 

ICAR 

ICARDA 

ICC 

ICRISAT 

ICTA 

IDlAP 

IDIN 

l DRC 

IER 

IFPRl 

IFSAT 

IHAH 

llCA 

IlMYT 

l ITA 

l LCA 

INCAP 

IN ERA 

INFOP 

INlA 

INlAP 

INlPA 

INRAN 

l NTA 

INTSORMIL 

I PA 

IPlA 

IPM 

IRAT 

IRRl 

ISAVN 

ISC 

ISRA 

ISVN 

ITA 

ITAT 

ITESM 

ITVAN 

lnternat~onal Benchmark Soils Network for Agrotechnology Transfer 

lnst~tuto Colomb~ano Agropecuarro/Colomb~an Agr~cultural lnst~tute 

lnd~an Counc~l of Agrrcultural Research 

lnternat~onal Centre for Agrrcultural Research In the Dry Areas 

lnternat~onal Assocrat~on for Cereal Chernrstry 

lnternat~onal Crops Research lnstrtute for the Sem~ar~d Troplcs 

lnst~tuto de C~enc~as y Technologla Agr~colas Guatemala 

Agrlcultural Research lnst~tute of Panama 

lnternatlonal D~sease and Insect Nursery 

International Development Research Center 

lnstrtute of Rural Economy Malr 

lnternat~onal Food Polrcy Research lnstrtute 

lnternat~onal Food Sorghum Adaptat~on Trral 

lnst~tuto Hondureno de Antropologra e Hlstor~a 

lnstrtuto lnterarnerlcano de Cooperaclon para la Agrrcultura 

lnternat~onal Improved Malc~llo Y~eld Tr~al 

lnternat~onal lnst~tute of Troprcal Agrrculture 

lnst~tuto lnteramerlcano de Cooperaclon para la Agrlcultura 

lnstrtuto de Nutrlc~on de Centro Amerlca y Panama 

lnst~tut d Etudes et de Recherche Agrlcoles Agrlcultural Research lnstltute 

Nat~onal lnst~tute for Professronal Development 

lnstrtuto Naclonal de lnvestlgac~ons Agrlcola Mexico 

Natronal Agrrcultural Research lnstltute Ecuador 

Nat~onal Agrlcultural Research lnstrtute Peru 

lnstltute Nrger~en du Recherche Agronomic N~ger 

lnstltuto N~caraguense de Technologla Agropecuarra 

lnternatlonal Sorghum/Mrllet Collaborative Research Support Program (CRSP) 

lnst~tuto de Pesqursas Agronomlcas Brazrl 

lnternat~onal Programs rn Agrrculture Purdue Un~vers~ty 

Integrated Pest Management 

lnstrtute of Troplcal Agr~culture and Food Crop Research 

lnternatronal Rlce Research lnstltute Phll~pplnes 

lnternat~onal Sorghum Anthracnose Virulence Nursery 

ICRISAT Sahel~an Center 

lnstrtute of Agrlcultural Research Senegal 

lnternat~onal Sorghum Vlrus Nursery 

lnst~tut de Technolog~e Allmentarre Senegal 

lnternatronal Trop~cal Adaptat~on Tr~als 

Monterrey lnstltute of Technology Mexlco 

lnternat~onal Tall Varrety Adaptat~on Nursery 



Acronyms 

JCARD 

KARl 

KlRDl 

KSU 

LASIP 

LDC 

LlDA 

LIFE 

LUPE 

LWMP 

MAFES 

MC 

ME 

MFC 

MlAC 

MlPH 

MNR 

MOA 

MOA 

MOALD 

MOU 

MRN 

MSU 

NAARP 

NARO 

NARP 

NARS 

NCRP 

NGO 

NSF 

NSP 

NSSL 

NU 

OAS 

0 AU 

OlCD 

PCCMCA 

PI 

PL480 

PNVA 

Jolnt Committee on Agrlcultural Research and Development 

Kenya Agrlculture Research lnstltute 

Kenya lndustrlal Research and Development lnstltute 

Kansas State Unlverslty 

Latln Amerlcan Sorghum Improvement Project Mexlco 

Less Developed Country 

Low Input Dryland Agrlculture 

League for lnternatlonal Food Education 

Land Use and Productlvlty Enhancement 

Land and Water Management Project 

M~ss~ss~pp~ Agrlcultural and Forestry Experiment Statlon 

Malclllo Crlollo 

Management Entlty 

Mechamzed Farmlng Corporatlon Sudan 

MldAmerlca lnternatlonal Agrlcultural Consortium 

Honduran Integrated Pest Management Project 

Mlnlstry of Natural Resources Honduras 

Memorandum of Agreement 

Mlnlstry of Agrlculture Botswana 

Mlnlstry of Agrlculture and Livestock Development Kenya 

Memorandum of Understanding 

Mlnlsterlo de Recursos Naturales Honduras 

Mlss~ss~ppl State Unlverslty 

Nlger Applled Agrlcultural Research Project 

Natlonal Agrlculturall Research Organ~zatlon Uganda 

Natlonal Agrlcultural Research Project 

Natlonal Agrlcultural Research System 

N~ger Cereals Research Project 

Non Government Organlzatlon 

Natlonal Sclence Foundation 

Natlonal Sorghum Program 

Nat~onal Seed Storage Laboratory Fort Collins CO 

Unlverslty of Nebraska 

Organlzatlon of Amerlcan States 

Organlzatlon of Afrlcan Unlty 

Office of lnternatlonal Cooperation and Development 

Programa Cooperatlvo Centroamer~cano para el Mejoram~ento de Cultlvos Al~ment~c~os 

Prlnc~pal lnvest~gator 

Publlc Law No 480 

Mallen Agrlcultural Extenslon Sewlce 



Acronyms 

PRF 

PRlAG 

PROMEC 

PSTC 

PVO 

RADRSN 

RARSN 

RFP 

RllC 

ROCAFREMI 

RPDRSN 

SACCAR 

SADC 

SAFGRAD 

SANREM 

SARI 

SAT 

SDM 

SDMVN 

SlCNA 

SlDA 

SMlP 

SPARC 

SRCVO 

SRN 

TAES 

TAMU 

TARS 

TC 

TropSorls 

UANL 

UHSN 

UNILLANOS 

UNL 

UPANIC 

USAlD 

USDA 

USDlVTARS 

VCG 

Purdue Research Foundation 

Reg~onal Program to Strengthen Agronomlcal Research on Baslc Grams In Central Amerlca 

Program for Research on Mycotox~cology and Experrmental Carclnogensls South AfrrcanMed~cal Research 
Council 

Program In Sc~ence & Technology Cooperat~on 

Prlvate Volunteer Organlzatlon 

Reg~onal Advanced Disease Resrstance Screenrng Nursery 

Regronal Anthracnose Resrstance Screenlng Nursery 

Request for Proposals 

Rural Industry lnnovatlon Centre Botswana 

Reseau Ouest et Centre Afrlcarn de Recherche sur le MII Nrger 

Reglonal Prel~mlnary Drsease Resistance Screenrng Nursery 

Southern Afrrcan Centre for Cooperatlon In Agrrcultural Research 

Southern Afrrca Development Conference 

Sem~ Ar~d Food Grams Research and Development Project 

Sustainable Agrlculture and Natural Resource Management CRSP 

Savannah Agr~cultural Research lnstrtute Ghana 

Semr-And Tropics 

Sorghum Downy Mlldew 

Sorghum Downy Mildew Vlrulent Nursery 

Sorghum lmprovement Conference of North Amerlca 

Swedlsh lnternat~onal Development Agency 

Sorghum and Mlllet lmprovement Program 

Strengthening Research Planning and Research on Commod~t~es Project Mall 

Sect~on of Food Crops Research Mall 

Secretarra de Recursos Naturales Honduras 

Texas Agr~cultural Experiment Statlon 

Texas A&M Unlverslty 

Tropical Agrrculture Research Statron 

Technical Comm~ttee 

Tropical Sorls Collaboratrve Research Program CRSP 

Unrvers~dad Autonoma de Nuevo Leon Mexrco 

Un~form Head Smut Nursery 

Unrvers~dad Technologlca de 10s Llanos 

Unlverslty of Nebraska Lrncoln 

Un~on of Agr~cultural Producers of N~caragua 

Unrted States Agency for lnternat~onal Development 

Unlted States Department of Agrlculture 

Un~ted States Department of Agr~culture/Trop~cal Agrlculture Research Statron 

Vegetative Compatrbllrty Group 



WAS AT 

WAS l P 

WSARP 

W I  

Acronyms 

West Afrlcan Sem~ Ar~d Troplcs 

West Afrlca Sorghum Improvement Program 

Western Sudan Agricultural Research Project 

World V~s~on lnternatlonal 


