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Introduction and
Program Overview

The Collaborative Research Support Program (CRSP)
concept was created by the U S Agency for International
Development (USAID) and the Board for International
Food and Agnculture Development (BIFAD), under the
auspices of Title XII of the Foreign Assistance Act, as a long
term mechanism for mobilizing the U S Land Grant Uni-
versities mn the international food and agricultural research
mandate ofthe U S Government The CRSPs are communi-
ties of U S Land Grant Universities working with USAID
and USAID Missions, other U § Federal Agencies, devel-
oping country National Agricultural Research Systems
(NARS), developing Country Colleges and Universities, In-
ternational Agricultural Research Centers (1ARCs), private
agencies, industry, and private voluntary organizations
(PVOs) The Sorghum and Millet Collaborative Research
Support Program (CRSP) 15 one of nine CRSPs currently in
operation

Agricultural scientists of the Sorghum and Miliet Col-
laborative Research Support Program (INTSORMIL
CRSP), or simply INTSORMIL conduct collaborative re-
search using partnerships between U S University scien-
tists and scientists of the National Agricultural Research
Systems (1e, NARS) INTSORMIL is programmatically
organized for efficient and effective operatton and includes
most of the public sorghum and millet research expertise in
the United States The INTSORMIL nussion 1s to use col-
laborative research as a mechanmismto develop human and
institutional research capabilities to overcome constraints
to sorghum and nullet production and utilization for the
mutual benefitof US and LDC agriculture Collaborating
NARS and U S scientists jointly plan and execute research
that mutually benefits developing countries and the United
States The Global program of INTSORMIL 1s maintained
1n the agroecological zones of western southern and east-
ern Africa, and in Central America These sites support the
general goals of building NARS institutional capabilities,
creating human and technological capital for solving sor-
ghum and millet constraints with sustainable global impact
promoting economic growth, enhancing food security and
encouraging entrepreneurial activities The universities
which are active in the INTSORMIL CRSP are Kansas
State University Mississippt State Umiversity, University
of Nebraska Purdue University and Texas A&M Univer-
sity

Sorghum and millet are important food crops in moisture
stressed regions of the world They are staple crops for mil-
hons in Africa and Asia which, 1n their area of adaptation
cannot be reliably substituted by other cereals The develop-
ment of food sorghums and sorghums with improved feed-
ing properties such as increased digestion and reduced
tannin content has contributed to sorghum becoming a ma-
jor feed gramn 1n the U S, countries m Central and South
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America, and 1n Africa Pearl millet 1s becoming an impor-
tant feed source i poultry feeds i the southeastern U S

The new food sorghums produce grain that can be used for
special ethnic and dietary products as well as for traditional
food products Special white sorghums in Mal1 have the po-
tential for allowing farmers’ wives to process sorghum mto
high-value food products for sale in village and urban mar-
kets which can compete with wheat and rice products The
traditional types of sorghums cannot make effective food
products that can compete with wheat and rice products

Pearl millet also has great potential for processing mnto high-
value food products which can be sold in village and urban
markets that can compete with wheat and rice products

These developments have occurred because of the sigmfi-
cant mnteraction that INTSORMIL scientists U S and Host
Country, have in conducting research from grain production
through processing and marketing

Although significant advances have been made in 1m-
provement and production of sorghum and millet in the re-
glons which INTSORMIL serves, population continues to
exceed production capacity There remains an urgent need
to continue the momentum of our successes m crop 1m-
provement as well as our efforts in strengthening the NARS

INTSORMIL continues to maintain a flexible approach
to accomplishing 1ts mission

The success of the INTSORMIL program can be attrib-
uted to the following strategies which guide the program mn
1ts research and linkages with technology transfer entities

Developing mstitutional and human capital INT-
SORMIL promotes educational outcomes 1 collaborating
host countries The outcomes include mnstitutional strength-
ening development of collaborative research networks
promoting and linking to technology transfer and dissemi-
nation, mfrastructure development, and enhancing national,
regional, and global communication linkages A mayor in-
novative aspect of the INTSORMIL focus 1s to maintain
contfinuing relationships with collaborating host country
scientists upon return to thetr research posts in thew coun-
tries They become members of research teams of INT-
SORMIL and NARS scientists who conduct research on
applications of existing technology and development of
new technology This wntegrated relationshup prepares
them for leadership roles m regional networks in which
they collaborate

Conserving birodiversity and natural resources Re-
search outcomes of the collaborative research teams include
development and release of enhanced germplasm, develop-
ment and improvement of sustamable production systems,
development of sustainable technologies to conserve biodi-
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Introduction and Program Overview

versity and natural resources and to enhance society’s qual-
ity of Iife, and enlarge the range of agricultural and
environmental choices Thus, INTSORMIL promotes con-
serving millet and sorghum germplasm, conserving natural
control of sorghum and mullet arthropod pests and diseases,
developing resource-efficient cropping systems develop-
mg mtegrated pest management programs, developing cul-
tivars with improved nutrient and water use efficiencies,
and evaluating impacts of sorghum/millet technologies on
natural resources and biodiversity

Developing research systems Collaboration n the eco-
geographical regional sites have been strengthened by using
U S and NARS multi-discipliary research teams focused
on common objectives and unified plans INTSORMIL sci-
entists provide global leadership 1 brotechnology research
on sorghum and millets The output from these disciplinary
areas of research are linked to immediate results Biotech-
nology and other tools of science mtegrated with traditional
science will contribute to alleviating production and utiliza-
tion constramts in sorghum and pearl millet within the me-
dium term of 5 to 10 years New technologies are then
extended to farmers’ fields m developing countries and the
United States through further collaborative efforts In addi-
tion, INTSORMIL plays a part in inttiating consideration of
economic policy and processing constramnts to regaming the
competitiveness of sorghum and mullet as a basic food sta-
ple

Supporting mformation networking INTSORMIL
research emphasizes working with existing sorghum and
millet networks to promote effective technology transfer
from prime sites to local and regional mstitutions Technol-
ogy transfer 1s strengthened by continued links with re-
gional networks, International Agricultural Research
Centers, and similar local and regional institutions Empha-
s15 15 placed on strong linkages with extension services, ag-
ricultural production systems, private and public seed
programs, agricultural products supply businesses, and non-
profit voluntary organizations, such as NGOs and PVOs for
efficient transfer of INTSORMIL generated technologies
Each linkage 1s vital to development, transfer and adoption
of new production and utilization technologies

Promoting demand driven processes Development of
economic analysis for prioritization of research and farm-
level industry evaluation, development of sustainable food
technology, processing and marheting systems, are all
driven by the need for stable markets for the LDC farmer
INTSORMIL seeks alternate food uses and new processing
technologies to save labor and tune required 1n preparation
of sorghum and pearl millet for food Research products
transferred to the farm will seek to spur rural economic
growth and provide direct economic benefits to consumers
INTSORMIL researchers assess consumption shifts and so-
cloeconomic policies intended to reduce effects of price col-
lapses and address methods for reducing processing for

sorghum and millet Research 1s aimed at reducing effects of
price collapse in high-yield years and creating new mncome
opportunities INTSORMIL socioeconomic projects meas-
ure impact and diffusion of sorghum and pearl millet tech-
nologtes and evaluate constraints to rapid distribution and
adoption of mtroduced new technologies

The INTSORMIL program addresses the continuing
need for agricultural production technology development
for both the U S and the developing world, especially the
sermarid tropics There 1s iternational recognition by the
world donor commumity that the developing country agri-
cultural research systems must assume ownership of their
development problems and move toward achieving resolu-
tion ofthem The program 1s a proven model that empowers
the NARS to develop the capacity to assume the ownership
of therr development strategies, while at the same time re-
sulting 1n significant benefits back to the U S agricultural
sector and presents a win win situation for international ag-
ricultural development

Admnistration and Management

The University of Nebraska at Lincoln (UNL) provides
the Management Entity (ME) for the Sorghum/Millet CRSP
and 1s the primary grantee of USAID UNL subgrants are
made to the participating U S Universities for the research
projects identified n the overall research plan of the pro-
gram Country project funds, managed by the ME and U S
participating nstitutions support collaborative research to
the benefit of both the US and country programs The
Board of Directors (BOD) of the CRSP serves as the top
management/policy body for the CRSP The Technical
Commuittee (TC) External Evaluation Panel (EEP) and
USAID personnel advise and guide the ME and the Board in
areas of policy, technical aspects collaborating host coun-
try coordmation, budget management, and review

Several major decisions and accomplishments were
made by the ME, BOD, and TC during the past year

e The TC BOD and ME mstitution interviewed and se-
lected a candidate who was hired by the ME for the Asso-
ciate Program Director position within INTSORMIL

e The TC and the ME finalized the RFP for a new project
on Sorghum/Millet Marketing Economics

e The BOD approved a budgeting process developed by
the TC This involves the TC considering P1 workplans,
PI budgets, PI previous annual report discipline budget
recommendation and the TC discipline representatives
Justificatron for budget recommendations A project
evatuation form has been developed for testing

e The BOD of Directors approved the EEP Rotation sched-
ule for the period of 1998-2002
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The mayor publications organized and published by the
ME office during the year included

s INTSORMIL CRSP Directory update, INTSORMIL
Publication, July, 1996

s INTSORMIL Annual Report 1996, INTSORMIL Publi-
cation No 96-1

o INTSORMIL Annual Report 1995, Executive Sum-
mary, INTSORMIL Publication No 96-2

The 1996-97 Technical Commuittee (TC) was elected
The TC members are Dr Stephen Mason, University of
Nebraska, Dr George Teetes, Texas A&M University, Dr
Lloyd Rooney, Texas A&M University, Dr Darrell Ro-
senow, Texas A&M University, Professor David Andrews,
University of Nebraska, Dr Gary Peterson, Texas A&M
University, Dr Aboubacar Toure, [IER/Mali and Dr Fran-
cisco Gomez, EAP/Honduras

The announcement for the International Conference on
Genetic Improvement of Sorghum and Pear] Millet, in Lub-
bock, TX, September 23-27, 1996 was distributed world-
wide INTSORMIL and ICRISAT were the co-sponsors for
this event with contributions from the Rockefeller Founda-
tion, the Overseas Development Administration (ODA), the
National Gramn Sorghum Producers Association, the Texas
Seed Trade Association, Texas Tech University and Texas
A&M University There were 248 persons who participated
1n the conference from 38 countries

INTSORMIL partnered with the Bean/Cowpea CRSP
and World Vision International for a project on technology
transfer in West Africa under the West Africa NRM In-
terCRSP project managed by the [IPM CRSP on behalf of the
CRSP Council This project was initiated during this year

INTSORMIL signed MOUs with the Kenya Agricultural
Research Institute (KARI), the Uganda National Agricul-
tural Research Organization (NARO) and the Division of
Agncultural Research and Extension (DARES), Eritrea
during the 1996-97 time frame

Traming

Traming of host country scientists contributes to the ca-
pability of each host country research program to stay
abreast of environmental and ecological changes which al-
ter the balance of sustamable production systems The
strengthening of host country research institutions contrib
utes to their capability to predict and be prepared to combat
environmental and ecological changes which affect produc-
tion and utilization of sorghum and pearl millet A well bal-
anced mstitution will have to be prepared to priontize and
blend 1ts operational efforts to accomplish the task of con-
serving and effictently utihzing its naturai resources To this

end traming 1s an extremely critical component of develop-
ment assistance

During 1996-97, there were 56 students from 21 different
countries enrolied in an INTSORMIL advanced degree pro-
gram and advised by an INTSORMIL principal investiga-
tor Approximately 80% of these students came from
countries other than the U S , which 1llustrates the emphasis
placed on host country mstitutional development INT-
SORMIL also places importance on training women which
1s reflected in the fact that 16% of all INTSORMIL graduate
students were women

The number of students recerving 100% funding by INT-
SORMIL 1n 1996-97 totaled 18 An additional 21 students
recerved partial funding from INTSORMIL The remamnng
17 students were funded from other sources but are working
on INTSORMIL projects The number of students recerving
100% funding from INTSORMIL has dropped from a high
of 711n 1986 downtoalow of 1710 1993-94 This s, m part,
due to trainmng taking place under other funding sources, but
an even more significant factor 1s that budget flexibility for
supporting traming under INTSORMIL projects has been
greatly dimnished due to reductions in our overall program
budget and because of mflationary pressures

In addition to graduate degree programs, short-term
traming programs have been designed and implemented on
a case-by-case basis to suit the needs of host country scien-
tists Several host country scientists were provided the op-
portunity to upgrade their skills in this fashion during 1996-
97

Networking

The Sorghum/Millet CRSP Global Plan for Collabora-
tive Research includes workshops and other networking ac-
tivities 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 networking within ecogeographic zones and
where relevant between zones The Global Plan

Promotes networking with IARCs NGO/PVQOs Re-
gional networks (ROCAFREMI ASARECA, ROCARS
SADC and others) private industry and government exten-
sion programs to coordinate research and technology trans-
fer efforts

Supports participation in regional research networks to
promote professional activities of NARS scientists to fa-
cilitate regional research activities (such as multi-location
testing of breeding materials), promote germplasm and n-
formation exchange, and facilitate impact evaluation of new
technologies

Develops regional research network short-term and de-
gree training plans for sorghum and pearl millet scientists
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Over the years, established networking activities have
been mamtamed with ICRISAT, SADC/ICRISAT, SMIP,
SAFGRAD, ICRISAT Sahehan Center, ICRISAT West Af-
rica Sorghum Improvement Program, ROCAFREMI,
EARSAM of ICRISAT, ICRISAT/Mexico CIAT and
CLALIS of Central and South America There has been ex-
cellent collaboration with each of thesc programs in co-
sponsoring workshops and conferences, and for coordina-
tion of research and long-term traming INTSORMIL cur-
rently cooperates with the ICRISAT programs mn East,
Southern, and West Africa and the ROCAFREMI (Reseau
Ouest et Centre Africain de Recherche sur le Mil, Niger) of
West/Central Africa Sudanese collaborators have provided
leadership to the Pan African Striga Control Network INT-
SORMIL plans to strengthen linkages among the NARS
with which 1t collaborates, as well as international and re-
gional organizations and networks INTSORMIL will con-
tinue to promote free exchange of germplasm, technical
mmformation, improved technology, and research tech-
niques

Benefits to Host Countries
Realized 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 frustion
with improved programs, economic benefits to producers
and consumers, and maintenance or improvement of the en-
vironment Others are at intermediate stages (in the pipe-
lmme) that do not allow quantitative measurement of the
benefits at present, but do merit identification of potential
benefits m the future The collaborative nature of INT-
SORMIL programs have built positive long-term relation-
ships between scientists, citizens and governments of host
countries and the United States This has enhanced univer-
sity educational programs and promoted understanding of
different cultures enriching the lives of those involved, and
hopefully making a small contribution to world peace 1 ad-
dition to improving sorghum and pear]l millet production n
developing countries and m the United States 1n sustainable
ways

International
Screntific by Technical Thrust
Germplasm Enhancement and Conservation
Germplasm exchange movement of seeds in both direc-
tions between the U S and host countries has mnvolved
populations, cultivars, and breeding lines carrying genes for
resistance to insects, diseases, Striga, drought and soil acid-

ity, as well as elite materials with high yield potential which
can be used as cultivars per se or used as parents in breeding
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programs Specific germplasm releases (including breeding
lines) for host country use include the following

* Improved yield (for all host countries)

* Improved drought tolerance (Africa and drier
areas of Latin America)

* Acid so1l tolerance

* Striga resistance (West Eastern Africa and
Southern Africa)

* Midge and Greenbug resistance (Latin America)

* Downy mildew resistance (Latin America and
Botswana)

* Anthracnose resistance (Latin America and Mali)

* Charcoal rot and lodging resistance (Africa and
drier areas of Latin America)

* Head smut and virus resistance (Latin America)

* Folar disease resistance (for all host countries)

* Improved grain quality characteristics for food
and industrial uses (for all host countries)

The hybrid sorghum success story in Sudan traces to IC-
RISAT/INTSORMIL/ARC 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 1ts wide adapta-
tion high yield potential and drought resistance It currently
15 produced on about 12% of the sorghum area in the Sudan
Gezira Irrigation Scheme, the largest in the world under one
management Impact studies show that the internal rates of
return to this research without further extension of the pro-
ductron area in Hageen Dura-1 were 23% for low fertilizer
levels and 31% for high fertilizer use levels With the pres-
ent rate of diffusion, the investment on this research would
pay approximately $1 million of annual benefits

The Central America/Honduras sorghum program 1s rm-
proving sorghum research and production throughout the
regton through research traming, and outreach activities
Research based in Honduras 1s extended throughout the re-
gion in both the maicillo criollo enhancement program and
hybrid performance testing Small-scale hillside producers
benefit through the maicillo criollo enhancement while
larger producers through the hybrid performance test The
hybrid performance test allows commercial industry and
producers access to unbiased yield data and comparison of
hybrids mtheregion Central America s the only location m
the world where sorghum has evolved to fit the cropping
systems of the steepland hillsides Collaboration with proj-
ects such as LUPE (Land Use Productivity Enhancement)
allows hillside producers to see the benefits of a total man-
agement package for improved sorghum production The
INTSORMIL/Honduras sorghum project has assumed the
responsibility for conserving this sorghum gene pool The
goal of the conservation effort 1s to create a mosatc of mai-
cillo enhanced maicillo and improved variety fields 1n
which genes flow freely among these different kinds of sor-
ghum Ostensibly, an informal network of village level land
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race custodians will care for this germplasm as they have
cared for maicillo The creation of enhanced maicillo culti-
vars and their subsequent deployment on-farm, 1s not only
intended to increase genetic diversity n situ, but to stave off
replacement of maicillos by introduced cultivars There are
four 1improved dwarf maicilio varieties ready for release
which will stabilize sorghum production through stress re-
sistance and excellent quality grain characteristics

In Central America sorghum utilization patterns are
shifting as the demand for poultry rapidly mcreases (8 4%
annually in Honduras) For the time period of 1990-1993
sorghum production in Central America grew 18 percent at
arate of 4 42% per year In 1994, seventy six percent of the
sorghum was utilized for animal consumption and 17% for
human consumption in Honduras For human consumption
6% was for on-farm use and the other 11% was sold With
the rapid expansion of poultry feeding, sorghum has been
filling much of the mcreased demand for feed grains Ofthe
cereal component in Honduran commercial feeds, sorghum
increased 1ts share from 4% 1n 1985 t0 26% 1n 1993 Allover
Central America there has been a rapid growth of hybrid
sorghum seed sales for use n production of sorghum gram
for feed It 1s estimated that 35% of the sorghum area was
planted to hybnds m 1995 Sorghum 1s successfully replac-
mg maize in ammal feed and releasing an equivalent
amount of white 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 1n the
SRN/EAP/INTSORMIL program m Honduras Secondly,
the assessment team looked at the impacts and production
systems 1n other principal sorghum producing countries in
the region, El Salvador and Nicaragua The primary re-
search output 1n all three countries was the selection of new
higher yielding white seeded varieties of sorghum Conclu-
stons reached from this impact assessment of the Sor-
ghum/Millet CRSP research m Central America indicate
that benefits from the varietal research in the three countries
ranged from $437,000 per year in Nicaragua, $600 000 1n
Honduras (low side estimate), to $1 900 000 per year 1n El
Salvador The two new cultivars introduced m El Salvador
were introduced with more extension and public policy sup-
port for improved seed production and credit Estimates 1n-
clude only the benefits accrumg from the adoption of
cultivars developed by the public research systems Note
that only the Honduras benefits can be totally credited to the
SRN/EAP/INTSORMIL program In Honduras improve-
ments n the quahity and availabihity of seed of varieties will
continue to be critical for small- and medium-scale farmers

Researchers of the INTSORMIL CRSP have developed
a new drought tolerant sorghum hybrid designated NAD-1
(NAD-1 = Tx623 x MR732) has proven to be highly pro-
ductive and well adapted in Niger The grain quality 1s ac-
ceptable for local food preparations and the yields reported
from 100 on-farm demonstration plots in 1992 were ap-

proxmmately twice the yields of local varieties Overall, the
average yield of NAD-1 between 1986 and 1994 152758 kg
ha ! on-station, ten times the average yield of the farmer m
Niger (273 kg ha 1) In 1993 the farm level plots showed the
average farmer yield for the Konni and Jirataoua region was
2365 kg ha ! for NAD-1 In 1994 NAD-1 yielded an esti-
mated 1725 kg ha ! (Say), 3500 kg ha ! (Jirataoua) 3800 kg
ha! (Cerasa), and 4600 kg ha! (Konni) for an overall
farmer yield of more than 3000 kg ha ! Thus 1s compared to
the national average of 273 kg ha ! In 1995 farmer demon-
stration trials were conducted 1n an area extending from
Konni to Zinder eastward and as far north as Dakora The
1995 trials compared the NAD-1 hybrid yields to one of the
best local landraces, Mota Maradi (MM) The objectives
were to check the extent of NAD-1 supertority over locals
under as diverse conditions as possible with farmer manage-
ment, and assess its area of best performance A prelimmary
yield analysis showed that, overall, NAD-1 yielded an aver-
ageof 1 6tha ! comparedto 1 1 tha ! for MM This 1s about
50% better yield for the hybrid Thus is especially important
because 1995 was not a good year Farmer interest has been
very igh Head size and grain yield have been impressive
This 1s the first sorghum hybrid that has actually reached
farmer fields in Niger In early 1996, a seed program consul-
tancy sponsored by INTSORMIL was put into place The
draft report indicates that the hybrid NAD-1 and the country
of Niger fulfill three basic requirements for the establish-
ment of a seed industry, 1 e, (1) 1t 1s important that a cultivar
be 1dentified that has significant yield, good grain quahty
and 1s not more susceptible to pests than local vaneties (2)
the area 1n the country should be large enough to support a
seed industry, and this exists in Niger (area sown to sor-
ghum 15 1n excess of one million hectares) and (3) the culti-
var involved should be a hybrid in order to permit the
establishment of a suitable market and the hybrid should be
readily producible Results of Regional Trials indicate a
wide adaptation of NAD-1 1in other countries of the region,
indicating the opportunity for an international market The
experience of developing a private seed industry 1n Niger
would be immedsately valuable to other countries of the re-
gion with the production and marketing of hybrid seeds as
they realize superior hybrids from their research

Through the integrated cooperation of sorghum breeders
and food scientists we now understand many of the factors
necessary to improve the nutritional value of sorghum lo-
cally processed in villages Sorghum flour 1s less digestible
than most cereal flours unless 1t 1s processed using local vil-
lage procedures which have evolved over hundreds of years
We now understand the scientific reasons why processing 1s
important This knowledge will help modify and improve
the traditional processing methods and to develop improved
processing methods for utilization 1n other countries in the
world where sorghum 15 used as a feed for food graimn The
1996 annual report noted for the first time that a genetic so-
lution may be possible for the digestibility problem In
1996-97 Dr Bruce Hamaker, INTSORMIL scientist in the

Food Science Department at Purdue University identified
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modified sorghum lines with a high protein digestibility
trait that have good fill of vitreous endosperm and improved
milling characteristics compared to softer grains

The INTSORMIL goal for the parasitic weed, Striga, 1s
to exploit the unique life cycle and parasitic traits of Striga,
especially the chemical signals required for germmation,
differentiation, and establishment The genetic inheritance
the low production of the Striga germination stimulant 1n
SRN39 has been 1dentified The low production of the ger
mination stimulant in this line 1s mherited as a single nu-
clear, recessive gene which i1s largely additive
INTSORMIL project PRF-213 also has reported on the de-
velopment of an 1n vitro assay for post-infection Striga re-
sistance This assay will allow for 1dentification of genetic
variants that discourage infection of Striga as a hypersens-
tive reaction where penetration 1s followed by necrosis, or
slowed development of the parasite after penetration as
well as mcompatibility resulting i stunted growth or even-
tual death of the parasite It was reported mn 1996 that eight
tons, one ton each of eight high-yielding Striga-resistant
food gram sorghum varieties were released by Purdue Uni-
versity to the PVO, World Vision, for use in nine countries
m Africa During the first eleven months of operation, these
Striga-resistant food quality sorghums have been tested on
field stations or in farmers fields, or both, m the following
countries Ghana, Senegal, Mali, Niger Sudan, Rwanda,
Mozambique, and Entrea The Ethiopian Sorghum Im-
provement Program has selected two of the eight varieties
for large scale seed multiplication and dissemination 1n
1998

Excellent progress has been made m Mali to develop
white-seeded, tan-plant guinea cultivars Emphasis 1s being
placed on intercrosses using the experimental gumnea-type
white-seeded, tan-plant cultivar named N’tenimissa (Bim-
biri Soumale x 87CZ-Zerazera) with elite local guineas and
with other high-yielding non-guinea breeding hines which
lack the necessary head bug tolerance They have good
guinea plant, gram, glume, and panicle characteristics, and
some have Juicy stems Two new lines were selected in 1995
for on-farm testing 1n the rainy season of 1996 Graimn of
N’tenimissa will be increased on about five ha in 1996 for
use m utilization and value-added product development
The PVO, World Vision, distributed N’ tenimissa and Striga
resistant culttvars in 20 on-farm trials in 1996-97 In North-
ern Mali, CARE 1s cooperating with IER and testing new
sorghum cultivars at about 20 sites World Neighbors has
provided mmproved cultivars of millet and sorghum with a
package of improved production technologies to more than
20 communities 1 the Segou area of Mali

In Mali, lines developed by Dr Bretoudeau at the Agri-
cultural School at Katiabougou and evaluated in a 32-line
Advanced Early Test produced the highest yield These
lines have good grain milling qualities and will be evaluated
m the IER Food Quality Laboratory
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Sustainable Production Systems

In agronomy and soil/crop management, a major INT-
SORMIL mmpact has been understanding the soil/cropping
system/genotype interactions Research i Niger has shown
small and large production practice differences on pearl
mullet grain yield production dry matter accumulation, and
nutrient uptake Research results support recently published
recommendations of 20 000 hills/ha, 40 kg ha ! nitrogen
and 18 kg ha ! phosphorus for optimizing pearl millet gram
yield , even i dry years In Mal, research indicates pearl
millet/cowpea rotations resulted n the highest grain yield,
stover nitrogen concentration and agronomic use effi-
ciency of mitrogen INTSORMIL research results have
demonstrated 18 to 203% y1eld enhancement of pearl millet
and gram sorghum yzelds in Africa by use of crop rotation
with legumes, and a 20 to 50 kg ha ! N equivalent contribu-
tion to cereals following legumes In Mali and Niger, inter-
cropping has shown land use efficiency increases of 14 to
48% over sole crops and also enhanced yields of succeed-
mg crops when ntercrop legume yields are high Obviously
legume production no matter the system 1s unportant to
producing optimal sorghum and pearl millet yields when N
fertilizer 1s miting, especially for improved cultivars Crop
residue treatments had no effect on gramn yield, but residues
left on the surface had greater soil phosphorus and potas-
sium levels than with residue removal or incorporation after
five years Cropping increased sotl pH and carbon, but de-
creased potassium and cation exchange capacity INT-
SORMIL has supported IER scientists who have worked in
cooperation with the PVO World Neighbors and the
Malien Extension Service(PNVA) over the past five years
to extend technologies developed by IER World Neighbors
workers report wide adoption of early-season grain sor-
ghum and pearl millet cultivars, improved mtercropping
practices, and improved manure management through ani-
mal corralling and composting with crop residues

Sustainable Plant Protection Systems

In crop protection a wide range of sources of resistance
to msects, diseases and Striga have been 1dentified and
crossed with locally adapted germplasm This process has
been improved immensely by INTSORMIL collaborators
developmg effective resistance screening methods for sor-
ghum head bug sorghum long smut, grain mold leaf dis-
eases and Striga

Several Striga resistant lines from Purdue University,
evaluated in Mali showed good Striga resistance, but had n-
ferior grain quality compared to local culiivars Work 1s
continuing to improve the gram quality of these lines

F; progeny of the cross (Malisor 84-7 * #-34) for molecu-
lar marker analysis of head bug resistance showed excellent
differentiation for head bug damage Nine new sorghum
breeding progeny showed head bug resistance equal to that
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of Malisor 84-7 Observations indicate that head bug mfes-
tations 1 on-farm trials 1s much lower than 1n experiment
station nurseries This means that sorghum with somewhat
lower levels of head bug resistance may well work at the
farm level, even though they may show significant damage
under certamn Station conditions

Sorghum lines resistant to sugarcane aphid have been
identified in Botswana and Zimbabwe, and the mechanism
of resistance has been assessed Genes for resistance have
been 1dentified, confirmed, and initially utilized Efforts are
now being made to move the resistance genes into parental
limes which are used m hybrid combinations for combine
height, early maturing genotypes with acceptable agro-
nomic trans

In Maly, efforts are being continued toward the establish-
ment of a National Sorghum and Millet Disease program
This includes evaluation of INTSORMIL nurseries forreac-
tion to the prevalent pathogens in Mali INTSORMIL pa-
thologists (NARS and U S ) are collaborating with program
entomologists to study the interaction of head mold and 1n-
sects (head bug) on gramn deterioration 1n the field

The INRAN/INTSORMIL pathologist from Niger 1s in
long term training at Texas A&M University He s conduct
ing field trials and laboratory experiments on acremonium
wilt of sorghum This research 1s part of the work for the
Ph D degree Field trials were conducted at the Konni Re-
search Station and m farmers fields His research focuses on
the association between nematodes and acremonium wilt

In Honduras, ergot appeared and data was obtamed on
the level of disease in selected nurseries and collateral hosts
Smmularly, INTSORMIL scientists helped organize meet-
ings on ergot in Brazil in collaboration with ICRISAT and 1n
collaboration with the National Grain Sorghum Producers
m Amarillo TX The advent and rapid spread of ergot
forced INTSORMIL scientists to focus on the problems of
management of this disease As of June 30 1997, the dis-
ease had spread throughout southern Texas and as far north
as Victoria and west to the San Antonio area The DNA fin-
gerprinting of head smut 1solates from maize and sorghum
indicate that differences among these fungi are much
greater than those within suggesting parallel evolutionary
development

Pear] millet head miner (Heliocheilus albipunctella) or
MHM 1s a sertous 1nsect pest of West Africa and infestation
sometimes approaches 95% with a collective gran loss of
60% MHM has been found to be an excellent candidate for
control strategies emphasizing effective natural enemies
1 e, biological control MHM supports a relatively large
guild of natural enemies, 1t occupies a predictable habitat in
an ecosystem with relatively consistent annual presence
and has one generation per year Two major predators and
two commonly encountered parasites have been 1dentified
and are bemng studied During 1995/1996, two NARS scien-

tists from West Africa were admitted as graduate students in
the Department of Entomology at Texas A&M University
In 1996-97 they began their graduate degree research at the
ICRISAT Sahelian Center Their research objectives and
results will butld on findings for MHM biological control
reported by INTSORMIL scientists 1n 1994, 1995 and 1996
Annual reports When this research 1s complete, the key
mortality sources, including natural enemies of MHM, will
be identified and methods of manipulation will be described
for those that can be effectively managed for optimal mor-
tality to MHM populations The INTSORMIL MHM re-
searchers continue to work closely with other pearl millet
scientists of the West Africa ROCAFREMI millet network
INTSORMIL participated 1n the three ROCAFREMI net-
work meetings during this program year

A bactenal disease of pearl millet first observed in South-
ern Zimbabwe mn 1995 and tentatively identified as Pseudo-
monas syringae by D Frederihsen at the University of
Zimbabwe was later 1dentified as Pantoea agglomerans by
D Frederickson Several sorghum disease nurseries, other
nurseries, selected sorghums, and advanced generation
breeding germplasm developed or introduced in conjunc-
tion with INTSORMIL collaborators were evaluated at Se-
bele Botswana Cultivars with good sugarcane aphid
resistance and good agronomic characteristics were 1denti-
fied and 1dentified for further evaluation

In Central America, sorghum and maize are damaged
each year by soil-inhabiting msects stem borers and
panicle-feeding mnsects that contribute to reduced yields of
both crops on subsistence farms in Honduras, as well as in
other countries in Central America, however the major in-
sect pest constraint to these crops 1s foltage feeding mnsects
The pest complex has been identified by INTSORMIL proy-
ect MSU-205 to consist principally of three armyworm spe-
cies and a grass looper Insect pest management tactics have
been mvestigated as independent control practices on sub-
sistence farms 1n southern Honduras Recommendations for
planting dates weed control and insecticide applications to
manage the lepidopterous defoliators have been developed
This mformation will assist subsistence farmers in Hondu-
ras and surrounding countries with similar insect constraints
n producing grain crops with mcrease yield with mmimum
cost for pest control with reduced risk to human health

Crop Utilization and Marketing

Many quality and utilization studies were done 1n the
food quality laboratory in Sotuba Mali including evalua-
tion of grain from yield trials In genera!l the local guinea
type cultivars and checks and the Bretaudeau mutation
derived, true gumea lines of Dr Bretaudeau had the best
quality, based on decortication yield and grain hardness In
laboratory-scale studies with GAM (Generale Alimentaire
du Maly, the mayor bread and cookie producer in Bamako)
cookies made with 5% and 10% N tenimissa flour (substi-
tuted for flour from imported wheat) were good quality taste

13
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and texture Bread made by GAM with 5-10% sorghum
flour was acceptable and was preferred by consumers over a
wheat/corn flour mix There was some concern about black
specks n the flour from the N’tenimissa grain produced un-
der open pollmation conditions The major constramt to in-
creased utilization of the flour from white, tan-plant
sorghums 1n various products 1s the lack of a consistent sup-
ply of good quality grain This will require some consistent,
sizeable production and a system to preserve the 1dentity of
that gramn m marketing and processing “Crunch” was made
from sorghum, and the varieties of Wassoulou and Lakaher:
produced supertor crunch compared to N’tenimissa Some
womens associations and small entrepreneurs are process-
ng crunch for local markets

The Cereal Quahty Laboratory (LQC) at INRAN 1n Ni-
ger has conducted several surveys to determine the effect of
crop selection and pearl millet varieties on couscous prepa-
ration in Niger Sorghum, pearl millet, and durum wheat all
produced acceptable couscous m this study Work contin-
ues with INRAN/Niger scientists on sorghum and millet-
based couscous The processing unit consists of a decortica-
tor/mill, agglomerator/siever (designed by CIRAD,
France), steamer, solar drier, and packaging sealer This
equipment 1s being used for research purposes, and also as a
demonstration and testing unit to encourage local entrepre-
neurs to commercialize millet or sorghum couscous A
commercial-type product will also be tested i the market
place Cultivars of sorghum and millet have been 1dentified
that make good quality couscous Initial efforts have been
made to bring 1n entrepreneurs to use the unit and then to
market test the couscous resulting from those efforts

Benefits to the U S
Germplasm Enhancement and Conservation

INTSORMIL PIs have developed numerous germplasm
fines resistant to biotype C, E, and/or I biotype greenbug
which have been distributed to private seed companies for
use m their breeding programs Gene mapping has shown
that genes conferring resistance to different greenbug bio-
types are slightly different, but probably control the same
resistance process Genetic markers co-segregating for
greenbug resistance i sorghum were detected on four sepa-
rate lmkage groups Two genetic markers are linked to
greenbug biotype C resistance, three to biotype E two to
biotype I and one to biotype K resistance Efforts to assess
the genetic diversity among populations of greenbug have
been mitiated as companion research to the plant biotech-
nology research Agronomically viable greenbug biotype |
parental lines were selected for release

INTSORMIL research has confirmed that sorghum
midge abundance the subsequent year 1s reduced when sor-
ghum residue containing overwintering larvae 1s shredded,
disked, and deep plowed after harvest, compared to when
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residue 1s only shredded or shredded and disked Sorghum
midge resistance in sorghum 1s caused by early (during day)
flowermg spikelets with glumes that tightly close before
ovipositing sorghum midges are in the field Germplasm re-
sistant to sorghum midge, developed through INTSORMIL
support, has served as the foundation for many similar
breeding programs throughout the world Three female
(male sterile) sorghum midge-resistant parental lines were
released to commercial seed companies Seven sets of the
lines were distributed under a pre-release memorandum to
private seed companies (s1x U S and one Guatemalan) for
evaluation mn 1997 Hybrid seed has been distributed to
commercial seed companies and extension personnel to
evaluate hybrid performance n a large range of environ-
ments with or without sorghum midge present These will
be the first sorghum midge resistant A/B pairs with the traits
needed to produce commercially acceptable resistant hy-
brids

Matenals from the INTSORMIL/USDA/Texas A&M
University Sorghum Conversion Program and selected
breeding cultivars from other projects are evaluated regu-
larly for resistance to internationally important diseases and
msects 1n a cooperative/collaborative program throughout
the sorghum growing world The conversion program con-
sists of substituting a recessive maturty gene for a dommant
one and either two or three recessive height genes for domi-
nant ones Backcrossing 1s done until the short, photoperiod
converted line looks like the tropical line when grown 1n the
tropics except for being shorter This allows mtroducing ex-
otic germplasm from the tropics with potentially desirable
characteristics for utilization 1n the temperate regions of the
world Forty fully converted exotic lines and 50 partially
converted bulks from the conversion program were released
n 1996 The male sterile (A-line) of five new female paren-
tal lines were distributed to private companies through a
pre-release materials transfer agreement Several additional
A-B pawrs and R lines were selected for release as germ-
plasm stocks These lines contain various desirable tratts,
mcludmg resistance to downy mildew, head smut, gran
mold/weathering, anthracnose charcoal rot both pre- and
post flowering drought resistance, food type grain quality
and lodging resistance

In January 1995 INTSORMIL/Purdue University re-
ported a breakthrough n sorghum digestibihity research Ir-
regularly shaped protein bodies discovered i sorghum
kernels under the electron microscope may signal improved
human nutrition in some developing countries and higher
quality livestoch/poultry feed worldwide In 1996-97 new
Iines were 1dentified with improved gran quahity where vit-
reous central portion of the grain was more filled out Mill-
ing and food qualities of the modified vitreous-core
sorghum lmes with the high protem digestibility trait are be-
ing examined

l
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INTSORMIL project UNL-218 released three sorghum
seed parents mthe U S for private sector use and eight more
are being prepared for release Three pear! millet seed par-
ents and three restorer parents are also bemng prepared for re-
lease

Sustainable Production Systems

Studies to develop an agronomic production practices
package for dwarf pearl millet as anew alternate crop for the
U S have been initiated Narrow row spacing, nitrogen ap-
plication, and good weed control were 1dentified as impor-
tant practices Western Nebraska has lower rainfall and a
shorter growing season than Eastern Nebraska In Western
Nebraska, pearl millet yielded less than gran sorghum at
early planting dates, but more at later planting dates Early
planting increased pearl millet yield 10 to 15% and gram
sorghum by 72% Narrow row spacing produced higher
yields for both crops, but the increase of 26% for gran sor-
ghum was much greater than for pearl millet with 6-10% n-
crease In Eastern Nebraska planting date had a small effect
on gramn yield of both crops across very different years envi-
ronmentally and soil types Narrowing rows increased
yields of both crops, but less than 1n Western Nebraska

Sustainable Plant Protection Systems

Disease evaluation studies are condueted primarily in
large research nurseries 1n South Texas Several uniform
nurseries are grown m locations where sorghum/mullet dis-
eases are tmportant These include the International Sor-
ghum Anthracnose Virulence Nursery (ISAVN) 1n
collaboration with ICRISAT, the Uniform Head Smut
Nursery (UHSN), the Sorghum Downy Mildew Virulence
Nursery (SDMVN), the International Virus Nursery
(ISVN), and also a uniform nursery for gram mold (GWT)
Growing of these nurseries permits a quich evaluation of pa-
thotype differences among locations and the severity of the
problem INTSORMIL also evaluates and distributes ehte
sorghums in nurseries for evaluation of the multiple resis-
tance of sorghum These are mternational nurseries and rep-
resent a means of distributing elite germplasm from
different breeding programs i INTSORMIL

INTSORMIL researchers have developed a dot 1m-
munobinding assay (DIA) to distinguish different bacterial
pathogens of sorghum and millet The test 1s easy to per-
form 1inexpensive requires limited equipment and chemi-
cals, and was designed with LDC laboratory conditions in
mmd It has been shown that the causal agent of bacterial
leaf streak 1s seedborne and can remain viable 1n the seed for
more than two years

International collaborative research programs with
NARS and ICRISAT scientists have resulted 1n the devel-
opment of sustainable insect management strategies and
identification of sorghums resistant to sorghum midge,
greenbug (biotypes C, E, and I), African sorghum head

bugs sugarcane aphid and yellow sugarcane aphid Mecha-
nisms and mheritance of resistance have been determined,
and genes conferring resistance have been introgressed into
elite parental lines that have been evaluated alone and in hy-
brid combinations Levels of resistance have been quanti-
fied, and economic mjury levels estabhished for most of
them INTSORMIL research has employed a holistic ap-
proach to i1dentify, evaluate, and deploy sorghum mdge,
greenbug, and yellow sugarcane aphid resistant sorghums
as a component of IPM, and to develop and vahlidate sor-
ghum plant and sorghum midge dynamics computer mod-
els

Significant advances were made in developing the tech-
nology to allow farmers to manage sorghum insect pests
Significant advances have been made 1n biological control
and these advances contribute to improved IPM of sorghum
and mullet, and to improved concepts for using biological
control in annual crops For aphids attacking sorghum m the
US predators were demonstrated as key natural enemies
for effective biological control of these pests Inthe US,
phytosend predators have been demonstrated as an effective
alternative to pesticides for control of spider mites and para-
sites and were shown to be effective on the American sug-
arcane borer attacking sorghum In 1996-97 a survey was
conducted to assess the extent of use of IPM by sorghum
growers 1 Texas These data will be valuable in determin-
ng research and educational efforts needed to increase [IPM
use by sorghum growers and document the extent of IPM
use in sorghum 1n compliance with governmental goals of
having IPM approach used on at least 75% of all crop acres

The mmpact of insect-resistant germplasm 1n sorghum
production of the U S has been dramatic For example, n-
secticide use on sorghum 1n Texas was at an all-time high at
the mitiation of this CRSP In 1978 nearly 60% of the sor-
ghum acreage m Texas was treated with msecticide while
n 1990 only about 24% of the acreage was treated The sav-
ings gamed from not using msecticide were $6 000,000 per
year, and this does not consider the ecological or environ-
mental benefits, or benefits from reduction in insect pest re-
surgence or secondary pest outbreaks During this project
the economic benefit to Texas farmers has been at least
$90 000,000

Crop Utilization and Marketing

INTSORMIL scientists originally addressed the tannins
as antinutritional factors They developed methods now
widely used by others for assaying and characterizing these
materials They also developed a simple method to detoxify
and mmprove the nutritional value of high tannin sorghum
grain They are elucidating the biochemical mechamisms by
which tannins exert their antinutritional effects They are
also characterizing the role of tannins and related materials
n resistance to birds molds, and leaf diseases Methods for
polyphenol analysis, purification and characterization have
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been widely adopted and used by nutritionists and ecolo-
gists studymg tannins in other crops and range plants

The most significant finding of late concerns the poor
protemn digestibility of sorghum In screening 25 selected
sorghum genotypes for m vitro protemn digestibility they
found arange from 66 to 88% for uncooked values and 48 to
81% for cooked values Two sorghum lines had notably
higher digestibilities compared to the other sorghums
tested Perhaps more mmportant, digestibility of these two
sorghums did not decrease appreciably on cooking, which 1s
commonly seen with sorghum This was verified using two
mn vitro enzyme systems Chemical studies showed that i
the two highly digestible sorghums the major storage pro-
temn (about 65% of total protem), c-kafirin, was digested
much earlier 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 1s now being grown to determine 1f this 1s
a heritable trait If this proves to be so we believe that a
rapid screeming assay for digestibility can be developed
based on chemical differences between genotypes New
hines have been 1dentified with improved grain quality and
superior protein digestibility Work will continue on devel-
opment of a rapid screening assay

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
white, tan plant sorghum mbreds have been released to the
seed mndustry and are bemng grown in the United States
These food hybrids have improved quality for use in live-
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stock feed as well as ingredients n food systems The food
hybrids are also 1n high demand 1n the export market

The structure and processing properties of pearl millet
have been evaluated A white pearl millet gramn had excel-
lent acceptance when cooked hike rice The milling proper-
ties of pearl millet were mamnly affected by kernel size,
shape and hardness Parboiled pearl millet did not develop
the off-flavor that occurs n pearl millet products

Future Directions

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
ties that reflect regional needs for sorghum and/or pearl mil-
let production These ties are envisioned to be i the sor-
ghum and mullet agroecological zones of western eastern,
and southern Africa and Central America By concentrat-
ing collaboration 1n selected sites INTSORMIL optimizes
its resources, builds a finite scientific capability on sorghum
and millet and creates technological and human capital that
has a sustanable and global impact INTSORMIL will use
five specific strategies to maintan 1ts current momentum,
build on 1ts record of success and accomplish a new set of
goals These strategies are (1) sustainable research mstitu-
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
driven processes
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INTSORMIL Global Plan

East Africa
Central America
West Africa
South America Southern Africa
Constraints
Education Research
Programs Techmical Thrusts
¢ Post secondary Education ® Germplasm Enhancement
® Short term traiing o * Sustanable Production Systems
® Post doctoral assignments € Mentor lng > ® Sustamnable Plant Protection Systems
¢ Semunars Workshops Conferences ¢ Crop Uulization and Marketing
Educational Outcomes Research Outcomes
¢ Institutional Strengthening ® Development and Release of Enhanced Germplasm
® Collaborative Research Networks ® Development and Improvement of Sustainable Production Systems
¢ Technology Transfer and Dissemination Infrastructure Development of Economic Models for Priontization of Research
. and Farm level Industry Evaluation

National Regional and Global Communication Linkages

¢ Development of Sustainable Food Technology Processing
and Marketing Systems

™~

Networking
Communication

\

—
)

Farmers




INTSORMIL FY 97 Source of Funding
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INTSORMIL Budget Analysis - Year 18 - FY 97
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INTSORMIL FY 97 Technical Budget Analysis
Year 18 - $ 1,672,000
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Executive Summary

Table 1 USAID-Grant Contribution to Sorghum/Millet CRSP for Years 1 (FY80) through 18 (FY97) for all
Collaborative Research and Management Entity

FY 80-96 FY 97 FY 80 97
Budget Line Items Years 1-17 Year 18 Totals
Salaries & Benefits $ 20635113 $ 1089020 $ 21724133
Equipment & Facilities 2286 551 133 480 2 420031
Travel 5167 993 422 857 5590 850
Other Direct Costs 4 802 826 434 047 5236873
Networking 570 090 570 090
LDC Special Projects 4357186 4357 186
Mission Buyin 100 000 100,000
Indrrect Costs 11286 941 694 778 11981719
Total $ 49 206 700 $2774 182 $ 51980 882

Table 2 USAID-Grant Contribution to Sorghum/Millet CRSP for all Collaborative Research Year 18 (FY
97), July 1, 1996 - June 30, 1997 USAID Grant LAG-G-00-96-90009-00

Inst ME ME
KS MS NE PR X Total Spec Proj HC ME Total
Salaries 30214 28 838 126 685 228711 213377 627 825 94 694 97101 269 400 1089020
Equipment 1249 21 531 4500 31200 58 480 9000 62 000 4000 133 480
Travel 27 500 11000 22011 78180 92574 231265 104 992 53 000 33 600 422 857
oDC 3930 8749 37489 153 951 71 811 275930 40218 80 899 37 000 434 047
Indirect 28 356 20 164 62,284 201 658 166 038 478 500 65 496 150 782 694 778
Total 90 000 70 000 270 000 667 000 575 000 1672 000 314 400 293 000 494 782 2774182

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

Years 1-17 Year 18

Budget Line Item FY 80 96 FY 97 Total

Salaries and Benefits $2678 299 $ 269 400 $2947 699
Equipment and Facilities 46 534 4 000 50 534
Travel 830 456 33600 864 056
Consultants 44 600 44 600
Other Direct Costs 407 671 37 000 444 671
Indirect Costs 1608 684 150 782 1 759 466
Total 5616244 494 782 6111026
Workshops 61 000 50 000 111 000
EEP 180 000 10 000 190 000
Special Projects 233 400 64 400 297 800
ME Total $ 6 090 644 $619182 $ 6709 826
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Table 4

Summary of Non-Federal Matching Contributions by U S Institutions - Grant Years 1 (FY 80)

through 18 (FY 97)

Executive Summary

Years 1-17 Year 18

US Institution FY 80 96 FY 97 Total
Umversity of Arizona $ 149310 $ $149310
Florida A&M Umiversity 23 898 23 898
University of Kentucky 215 649 215 898
Kansas State University 1789 021 33063 1822 084
Mississippt State University 923619 17 500 941119
Universtty of Nebraska 2,140,252 91,050 2,231,302
Purdue University 2,666 489 159 161 2,825 650
Texas A&M University 4,342 972 150 685 4 493 630

Total $12251210 $451432 $12 702 642
22



TRAINING

INTSORMIL gives high priority to training host country
scientists who will have major responsibilities for sorghum
and millet research m their home countries Tramning 1s also
provided for young U S scientists who plan for careers m
mnternational development work

The most frequently used mode of trainmng 1s graduate
study for advanced degrees, with the students’ research
forming an integral part of an INTSORMIL project During
the year covered by this report, 56 students from 21 different
countries were enrolled 1n an INTSORMIL advanced de-
gree program Approximately 80% of these students come
from countries other than the U S which shows the empha-
sis placed on host country nstitutional development (Figure

1y

INTSORMIL also places a high prionity on traming
women which 1s reflected in Figure 2 In 1997, 16% of all
INTSORMIL graduate participants were female Eighteen
of the total 56 students recerved full INTSORMIL scholar-
ships An additional 21 students received partial INT-
SORMIL funding and the remaming 17 students were
funded from other sources as shown n Figure 3

Honduras

_ Colombia

. Niger

Other

7 _ Partial

21

INTSORMIL

18

Figure 3 Source of Funding

Food Quality
14

All 57 students worked directly with INTSORMIL princi-
pal mvestigators on INTSORMIL projects These students
are enrolled in graduate programs i six disciplinary areas,
agronomy, breeding, pathology, entomology, food quality,
and economics

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

In addition to graduate degree programs, short term train-
ing programs have been designed and implemented on a
case by case basis to suit the needs of host country scientists
Four post doctoral scientists and one visiting host country
scientist were provided the opportunity to upgrade their
skills m this fashion during 1996-1997

The followng table 1s a compilation of all INTSORMIL
training activities for the period July 1, 1996 through June
30, 1997

Figure 2 Participants by gender

Economics
Entomology = 4

Agronomy

Pathology
9

Figure 4 Discipline Breakdown

Breeding
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Tratmung

Year 18 INTSORMIL Training Participants

Name Country Umy Discipline Advisor Degree  Gender Fundmg*
Gutierrez, Patricio F Ecuador UNL Agronomy Clegg PHD M 1
Mast, Cassim Zambia UNL Agronomy Maranville PHD M o)
Traore, Abdoulaye Mal1 UNL Agronomy Maranville PHD M I
Maman Noun Niger UNL Agronomy Mason MSC M |
Stockton Roger us UNL Agronomy Mason PHD M P
Traore Samba Mali UNL Agronomy Mason PHD M (0]
Carvalho Carlos HS Brazil PRF Breeding Axtell PHD M P
Kapran Issoufou Niger PRF Breeding Axtell PHD M 1
Ndulu Lexingtons Kenya PRF Breeding Axtell PHD M I
Ibrahim Yahia Sudan PRF Breeding Ejeta PHD M 1
Melakebrhan Admasu Ethiopia PRF Breeding Ejeta PD? M 1
Mohammed Abdalla Sudan PRF Breeding Ejeta PHD M P
Mulatu Tadesse Ethiopa PRF Breeding Ejeta MSC M P
Tuinstra, Mitchell Us PRF Breeding Ejeta PD? M 1
Katsar Catherine Susan us TAM Breeding Peterson/Teetes PHD F P
Rodniguez Raul Mexico TAM Breeding Rosenow/Rooney PHD M P
Teme Niaba Mal: TTU Breeding Rosenow MSC M 1
Wiltse Curtis us TAM Breeding Rosenow/Rooney MSC M P
Jeutong Fabien Cameroon UNL Breeding Andrews PHD M o
Setimela, Peter Botswana UNL Breeding Andrews PHD M O
Tiryakt Iskender Turkey UNL Breeding Andrews MSC M O
Coulibaly Bakary Mali PRF Economics Sanders MSC M O
Sidibe Mamadou Senegal PRF Economics Sanders PHD M 0
Tahirou Abdoulaye Niger PRF Economics Sanders PHD M I
Vitale Jeff US PRF Economics Sanders PHD M 1
Borre Soualika Mali TAM Entomology Gilstrap/Teetes PHD M I
Kad: kadi Hame Niger TAM Entomology Gilstrap/Teetes MSC M I
Calderon Pedro Honduras MSU Entomology Pitre MSC M o}
Cordero Roberto Nicaragua MSU Entomology Pitre MSC M I
Vergara, Oscar Ecuador MSU Entomology Pitre MSC M I
Duarisso Yaro Niamoye Mali TAM Entomology Teetes/Peterson PHD F P
Jensen Andrea uUs TAM Entomology Teetes PHD F I
Lingren Scott Uus TAM Entomology Teetes PHD M 0
Aboubacar Adam Niger PRF Food Quality/Util  Hamaker/Axtell PHD M I
Buchner Becky us PRF Food Quality/Util ~ Hamaker PHD F p
Itapu Suresh India PRF Food Quality/Util  Hamaker PD? M 0
Mamadou Lewamy Niger PRF Food Quality/Ul  Hamaker MSC M P
Zhang Genyi China PRF Food Quality/Ut:l  Hamaker MSC M 1
Acosta Harold Colombia TAM Food Quality/Utl  Rooney PHD M P
Asante Sam Ghana TAM Food Quality/Util  Rooney PHD M P
Bueso Francisco Javier Honduras TAM Food Quality/Util Rooney/Waniska MSC M I
Floyd Cherie uUs TAM Food Quality/Ut1l  Rooney/Waniska PHD F P
Kunetz Christine uUs TAM Food Quality/Util  Rooney/Wanisha MSC F P
Quintero Fuentes Ximena Mexico TAM Food Quality/Utsl ~ Rooney MSC F p
Seetharaman Koushih India TAM Food Quahity/Util Rooney/Waniska PHD M P
Suhendro Elly Indonesia TAM Food Quality/Util Rooney PHD F P
Zhao Haiyan China TAM Food Quality/Utit  Rooney/Wanisha vs! M ]
Diourte Mamourou Malt KSu Pathology Claflin PHD M 0
Lu Ming China KSU Pathology Claflin PHD M P
Murnth1 Linus M kenya kSU Pathology Claflin PHD M 0
Narvaez Dario Colombia kSU Pathology Claflin MSC M P
Nziok: Henry S henya KSU Pathology Claflin MSC M (¢]
Anula, Vaishah India KSU Pathology Leshe MSvc F 0
Zeller kurt P us hSU Pathology Leshe PD~ M O
Kollo Issoufou Miger TAM Pathology Frederiksen PHD M i
Torres Montalvo Jose H Mexico TAM Pathology Frederihsen PHD M 0

* 1 = Completely funded by INTSORMIL
P = Partially funded by INTSORMIL
O = Other source

1VS = Visiting Scientist

2pD = Post Doctoral
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KSU = Kkansas State University

MSU= Mississipp1 State University

PRF = Purdue Unwversity

TAM= Texas A&M University

TTU = Texas Tech University

UNL= Umniversity of Nebraska Lincoin



INTSORMIL Buy-ins

FY 97

University/
Project No Buy In Amount
KSU-210A Pioneer HiBred 30 000
USDA/NC Biotechnology 65 000
USDA/CRS 62 000
KSU-210B Kansas Grain Sorghum Comm 19,115
$176,115
UNL-214 Government of Zambia 9 000
UNL-218 Nebraska Grain Sorghum Board 19,640
$ 28,640
PRF-203 Purdue Agronomy Department 1000
Purdue Department of Agricuiture 30 000
McKnight Foundation 30 000
PRF-205 USAID/Africa - Impact Assessment Study 170 308
PRF-207 USDA 37 488
USDA/ARS 3000
Purdue Agronomy Department 1000
PRF-212 Mahco Research Foundation/india 25,000
$297 796
TAM-222 USDA/SGC 5000
USDA/NRI 15 000
Sorghum Biotech Partnership 10 000
TAM-223 Pioneer Hi-Bred 20 000
TAM 224 Texas Grain Sorghum Producers 10 000
USDA 13 000
TAM-225 TAES Research Enhancement Program 10 000
Texas Grain Sorghum Producers 40 000
TAMU Interdisciplinary Research Initiative 23 640
Pioneer Hi-Bred 20 000
TAM-225B USDA/CSRS 7 000
TAES 5000
TAM 226 HATCH 35000
HATCH H-8101 70 000
Texas Grain Sorghum Producers 15 000
TAM-228 USDA 13,000
$311,640
Central America Commercial Companies 20 000
Regional Program ASHA PIONEER ASHA Coodlege Gardener ASSIST 450 000
AHSA INSTA-PRO 70 000
AID-PRODEPAH 2 000
ASSIST 1 000
Rockefeller Foundation 50,000
$593,000
Totals $1,407,191
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Workshops

INTSORMIL Sponsored and Co-Sponsored Workshops 1979 - 1996

Name Where When
1 International Short Course in Host Plant Resistance College Station Texas 1979
2 INTSORMIL PI Conference Lincoln Nebraska 1/80
3 West Africa Farming Systems West Lafayette Indiana 5/80
4 Sorghum Disease Short Course for Latin America Mexico 3/81
5 International Symposium on Sorghum Grain Quahty ICRISAT 10/81
6 International Symposium on Food Quality Hyderabad India 10/81
7 Agrimeteorology of Sorghum and Millet 1n the Serm Arid Tropics ICRISAT 1982
8 Latin America Sorghum Quality Short Course El Batan Mexico 4/82
9 Sorghum Food Quality Workshop El Batan Mexico 4/82
10 Sorghum Downy Mildew Workshop Corpus Christt Texas 6/82
11 Piant Pathology CIMMYT 6/82
12 Striga Workshop Raleigh North Carolina 8/82
13 INTSORMIL PI Conference Scottsdale Arizona 1/83
14 INTSORMIL ICRISAT Plant Breeding Workshop CIMMYT 4/83
15 Hybrid Sorghum Seed Workshop Wad Medan: Sudan 11/83
16 Stalk and Root Rots Bellagio Italy 11/83
17 Sorghum in the 80s ICRISAT 1984
18 Domimcan Republic/Sorghum Santo Domingo 1984
19 Sorghum Production Systems m Latin America CIMMYT 1984
20 INTSORMIL PI Conference Scottsdale Arnzona 1/84
21 Primer Seminario National Sobre Produccion y Utilizacton del Sorgo Santo Domingo Domunican Republic 2/84
22 Evaluating Sorghum for Al Toxtcity in Tropical Soils of Latin America Cali Colombia 4/84
23 First Consultative and Review on Sorghum Research in the Philippines Los Banos Philippines 6/84
24 INTSORMIL Graduate Student Workshop and Tour College Station Texas 6/84
25 International Sorghum Entomology Workshop College Station Texas 7/84
26 INTSORMIL PI Conference Lubbock Texas 2/85
27 Niger Prime Site Workshop Niamey Niger 10/85
28 Sorghum Seed Production Workshop CIMMYT 10/85
29 International Millet Conference ICRISAT 4/86
30 Maicillos Criollos and Other Sorghum in Middle America Workshop Tegucigalpa Honduras 12/87
31 INTSORMIL PI Conference kansas City Missourn: 1/87
32 2nd Global Conference on Sorghum/Millet Diseases Harare Zimbabwe 3/88
33 6th Annual CLAIS Meeting San Salvador El Salvador 12/88
34 International INTSORMIL Research Conference Scottsdale Arizona 1/89
35 INTSORMIL. Graduate Student Workshop and Tour College Station Texas 7/89
36 ARC/INTSORMIL Sorghum/Millet Workshop Wad Medani Sudan 11/89
37 Workshop on Sorghum Nutritional Gram Quality West Lafayette Indiana 2/90
38 Improvement and Use of White Gramn Sorghums El Batan Mexico 12/90
39 Sorghum for the Future Workshop Cali Colombia 1/91
40 INTSORMIL PI Conference Corpus Chnisti Texas 7/91
41 Socral Science Research and the CRSPs Lexmngton KY 6/92
42 Semmario Internacional Sobre los Cultivos de Sorgo y Maiz Colombia 1/93

sus Principales Plagas y Enfermedades
43 Workshop on Adaptation of Plants to Soil Stresses Lincoln NE 8/93
44 Latin America Workshop on Sustamable Production Systems for Acid Soils Villavicencio Colombia 9/93
45 Latin America Sorghum Research Scientist Workshop (CLAIS Meeting) Villavicencio Colombia 9/93
46 Disease Analysis through Genetics and Biotechnology An International Bellagto Italy [1/93

Sorghum and Millet Perspective
47 International Conference on Genetic Improvement of Sorghum and Pearl Millet Lubboch Texas 9/96
48 Global Conference on Ergot of Sorghum Sete Lagoas MG Brazii 6/97
26



INTSORMIL Publications

INTSORMIL Publications

Abstracts

Aboubacar AT and B R Hamaker 1996 Physicochemical properties of sorghum starch in relation to the textural characteristics of
couscous Cereal Foods World 41 579

Anderson R M and G L Teetes 1996 Evaluation of msecticides for suppression of sorghum midge on sorghum 1995
Arthropod Management Tests 21 285 286

Anula, V andJ F Leshe 1996 Construction of ‘ near-1sogenic” lines in Fusarium montiforme (Gibberella fupikuror mating
population A)  Phytopathology 86 S103

Asante SA HZ Acosta, LW Rooney and RD Waniska 1997 Physicochemical properties of starches from sorghum with
different amylose amylopectin ratios GSPA 1997 Sorghum Conference February 16-19 New Orleans LA

Asante, S A,RD Wamska,CM McDonoughand L W Rooney 1997 Development of weaning foods from cereals and legumes
using indigenous food processing technologies  Institute of Food Technologists Annual Meeting and Food Expo June 14-
18 Orlando FL

Bagayoko,M ,S C Mason and S Traore 1997 Therole of cowpea on pearl millet yield N-uptake and soil nutrient status in millet
cowpearotation n Mali p 85 IN Abstracts Soil Fertility Management in West African Land Use Systems University of
Hohenheim and ICRISAT Sahalien Center Niamey Niger

Berthe A C McDonough L W Rooney and RD Waniska, RD 1996 Relationship between different cultivars and couscous
quality Genetic Improvement of Sorghum and Pearl Millet International Conference September 23 27 Lubbock TX

Berthe A D Drame L W Rooney 1996 Factors affecting quality of millet couscous Genetic Improvement of Sorghum and
Pear] Millet International Conference September 23 27 Lubbock TX

Buckner RJ] MP Ona PV Reddy and BR Hamaker 1996 Developmental changes in sorghum protemn bodies and their
digestibihty Cereal Foods World 41 573

Bueso, F, K Seetharaman RD Waniska, and L W Rooney 1996 Effect of moculation on antifungal proteins mn sorghum
caryopses Genetic Improvement of Sorghum and Pearl Millet International Conference September 23-27 Lubbock TX
p 101

Bueso FJ RD Wamska, WL Rooney R A Frederiksen 1997 Assessment of the activity of antifungal proteins against grain
molds 1n sorghum caryopses in the field GSPA 1997 Sorghum Conference February 16 19 New Orleans LA

Clafin L E and B A Ramundo 1996 Evaluation of all disease and nsect nursery sorghum germplasm for susceptibility to
covered kernel smut Abstr 537A P S63 Amer Soc Of Phytopath

Coulibaly A O MNiangado M Diagouraga, and S Coulibaly 1997 F] cross cultivars an alternative to improve the yield potential
of pearl milletn in central and Soudanian zone of Mali International Symposium on Phytogentic Resources 24 28 Feb
Bamako Mali

Ek Couoh NB HD Almeida Dominguez and N G Almeida-Dominguez 1997 Properties of extruded food-type sorghum-malt
instant flours  GSPA 1997 Sorghum Conference February 16-19 New Orleans LA

Ibrahmm Y Melakeberhan L G Butler J Bennetzen and G Ejeta 1996 Identification of QTL for field resistance to Striga in
sorghum Agron Abs p 163

Katsar CS A H Paterson G C Peterson and 6 L Teetes 1997 Molecular analysis of resistance to greenbug in sorghum In
Proc Of the International Conference on the Genetic Improvement of Sorghum and Pearl Millet Lubbock TX Sep 22-
27 1996 (In press)

Kumari SR CW Magill and R A Frederiksen Identification of molecular markers for gram mold resistance and mapping of
fungal inhibiting protemn genes in sorghum [Sorghum bicolor (L ) Moench]

kunetz CF HD Almeida-Dominguez, L W Rooney RD Waniska, and CM McDonough 1997 Processing variables affects
on sorghum noodle quality GSPA Sorghum Conference February 16-19 New Orleans LA p 116

Leshe J F and K K Klein 1996 Hermaphrodite frequency and the frequency of sexual reproduction in fungal populations
Inoculum 47(3) 18

Madhavan S J W Maranville and ] P Markwell 1996 Relationship between carbon i1sotope discrimination and nitrogen stress m
sorghum Agron Abstr P 101

Maman N S C Mason and TD Galusha 1997 Genotype and N influence on pear! millet growth and nutrient uptake Agron
Absts (In Press)

Maman N S C Mason and S Sinnfi 1997 Genotype and fertilizer influence on pearl millet growth and nutrient uptake 1n Niger
Agron Absts (In Press)

Mason SC T D Galusha R W Klemn and A Limon-Ortega 1996 Pearl millet row spacing and planting date in the Great Plains
Agon Absts p 130

McDonough CM and L W Rooney 1996 Environmental SEM technique used to determine the microstructure of starch--basud
food systems AACC 81st Annual Meeting September 15 19 Baltimore MD Cereal Foods World 41(7) 589

Mott D A andG L Teetes 1996 Survival of overwintering sorghum midge 1n relation to crop residue destruction International
Sorghum and Millets Newsletter 37 59-60

Nzioki, H S L E Claflin andB A Ramundo 1996 Comparison of moculation techmques for screening grain sorghum to kernel
smut Sporisorium sorghi Abstr 508A P S59 Amer Soc Of Phytopath
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Nzioki H § L E Claflin and B A Ramundo 1996 Comparison of covered kernel smut Sporisorium sorght 1solates
from different geographic regions by 1sozyme analysis Abstr 503A P S58 Amer Soc Of Phytopath

Ona, MP BR Hamaker and RJ Buckner 1996 Identification of a non kafirin high molecular weight protein mn
sorghum Cereal Foods World 41 574

Peterson, Gary C George L Teetes, Roger M Anderson and Bonmie B Pendleton 1996 Field evaluation of sorghum
midge-resistant sorghum hvbrids, 1995 Arthropod Management Tests 21 425-426

Quintero, X H Almeida-Dominguez, C M McDonough and L W Rooney 1996 Effect of food additives on texture and
microstructural characteristics of baked chips AACC 81st Annual Meeting September 15-19 Baltimore MD
Cereal Foods World 41(7) 576

Quuntero-Fuentes, X HD Almeida Dominguez, and L W Rooney 1997 Evaluation of the structure and texture quality
of baked chips Institute of Food Technologists Annual Meeting and Food Expo June 14 18 Orlando FL

Rajewsks,J F andD J Andrews 1996 1995 Pearl Millet Regional Grain Yield Trials Umiv of Nebraska, Lincoln NE
Agronomy Dept Mimeo 15 pp

Rodriguez, R WL Rooney, D T Rosenow R A Fredertksen A J Bockholt,and R D Wamska 1996 Generation mean
analysis of grain mold resistance 1 sorghum Proc of International Conference on genetic improvement of
sorghum and pearl millet Sept 22-27 1996 Lubbock TX (abstract)(in press)

Rodriguez R AT Bockholt DT Rosenow RD Wamska R A Fredertksen WL Rooney and GN Odvody
Inheritance of grain mold resistance 1n sorghum 1996 Agronomy Abs p 90

Rooney L W 1997 Milling properttes of sorghum 1997 GSPA Sorghum Conference February 16 19 New Orleans
LA p 63

Rosenow, DT, JA Dahlberg, LE Clark and GC Peterson 1997 Sorghum Conversion Program Proc of
Internattonal Conference on Genetic Improvement of Sorghum and Pearl Millet Sept 22 27 1996 Lubbock
TX (abstract) (1n press)

Rosenow DT LE Clark, CA Woodfin, and K Schaefer 1997 Performance of stay green and non stay green
sorghum hybrids under severe post-flowering sotl moisture stress p 38 In  Proc 20th Biennial Grain
Sorghum Research and Uttlization Conference Feb 16-19 New Orleans LA

Seetharaman K E Whitechead R D Wamiska, and L W Rooney 1996 In vitro bioactivity of antifungal proteins
purified from sorghum caryopses against grain molding fungt Genetic Improvement of Sorghum and Pearl
Millet International Conference September 23-27 Lubbockh TX

Teetes GL G C Peterson RM Anderson K Schaefer andJ W Jones 1997 Sorghum midge-resistant hybrids for the
215t century In Proc Of the International Conference on the Genetic Improvement of Sorghum and Pearl
Millet Lubbock TX Sep 22 27 1996 (In press)

Teetes G L G C Peterson R M Anderson and B B Pendleton 1996 Evaluation of sorghum midge resistant
sorghum hybrids Annual Plant Resistance to Insects Newsletter 22 12

Teetes G L G C Peterson R M Andersonand B B Pendleton 1996 Evaluation of midge resistant sorghum hybrids
International Sorghum and Millets Newsletter 37 60

Toure A K Traore JF Scheuring and D T Rosenow 1996 The potential of local cultivars m sorghum improvement
m Mali Proc International Conference on Genetic Improvement of Sorghum and Pearl Millet Sept 22 27
1996 Lubbock TX (abstract) (in press)

Toure A W Xu DT Rosenow G C Peterson J W Jones CA Woodfin and HT Nguyen 1997 Inheritance and
genetic mapping of insecticide phytotoxicity i sorghum p 23 In  Proc 20th Biennial Gramn Sorghum
Research and utilization Conference Feb 16 19 New Orleans LA

Toure A W Xu DT Rosenow and G C Peterson 1997 Inhentance and molecular markers for resistance to
insecticide phytotoxicity in sorghum p 103 In Plant Genome V Jan 12-16 1997 San Diego CA

Traore A, AW Toure and ] W Maranville 1996 Nitrogen management for sorghum in semiand ecosystems Agron
Abstr P 130

Tumstra, MR G Ejeta,and P B Goldsbrough 1996 Genetic and phenotypic analysis of near 1sogenic lines differing at
loci associated with drought tolerance  Agron Abs p 166

Wiltse CC WL Rooney RA Frederiksen and DT Rosenow 1996 Survey of anthracnose resistant sorghum
germplasm hnes to identify additional resistance genes Proc  International Conference on Genetic
Improvement of Sorghum and Pearl Millet Sept 22-27 1996 Lubbock TX (abstract) (1n press)

Wiltse CC WL Rooney RA Frederiksen and DT Rosenow 1997 Survey of anthracnose resistant sorghum
germplasm lines to identify additional resistance genes p 38 39 and 128-130 In Proc 29th Biennial Gram
Sorghum Research and Utihization Conference Feb 16 19 New Orleans LA

Zeller K A andJ F Leshe 1996 Some mutants that overcome vegetative incompatibility n Fusarwum monuiforme
(Gibberella fupikuror mating population A) Phytopathology 86 S32

Zhang G Huang CP and Hamaker BR 1996 Varation in enzymatic hydrolysis of native sorghum starch Cereal
Foods World 41 564



INTSORMIL Publications

Journal Articles

Andrews D J W W Hanna,] F RajewskiandV P Collins 1996 Advances in gramn pearl millet utilization and production research
InJ Janick (ed ) Progress in New Crops New Opportunities New Technologies Oct 22-25 1996 Indianapolis IN ASHS
press pp 170 176

Bacon C W,J K Porter W P Norred and J F Leshie 1996 Production of fusaric acid by Fusarium species Apphed and
Environmental Microbiology 62 4039 4043

Bagayoko M S C Mason S Traore and KM Eskridge 1997 Pearl millet/cowpea cropping system yields and soil nutrient levels
African Crop Sct J 5(1) 99 (Erratum)

Castro M T H N Piire and D H Meckenstock 1996 Effect of mtercropping sorghum and maize on Neotropical cornstalk borer
Duatraea lineolata (Lepidoptera Pyralidae) in Honduras Ceiba 37 267-271

Chist M P ] Bramel-Cox M D Wittt M M Clausenand D J Andrews 1996 Breeding for gran yield stability using full-sib
family recurrent selection 1in sorghum Crop Sci 36 1083-1087

Cu Y JM Magill R A Frederiksen and C W Magill 1996 Responses of chalcone synthase and phenylalanine-ammoma lyase to
fungal pathogens 1n sorghum Physiological and Molecular Plant Pathology 49 187 199

Dahlberg JA DT Rosenow GC Peterson LE Clark FR Miller A Sotomayor-Rios AJ Hamburger P Madera Torres A
Quiles-Belen, and C A Woodfin 1997 Registration of forty converted sorghums from the sorghum conversion program
Crop Science (accepted)

Diourte M JL Starr ML Jeger JP Stack and DT Rosenow 1995 Charcoal rot (Macrophomina phaseolinag) resistance and the
effects of water stress on disease development 1n sorghum Plant Pathology 44 196 202

Frederickson D E E S Monyo § B King and G N Odvody 1997 A disease of pearl millet in Zimbabwe caused by Pantoea
agglomerans Plant Disease 81 959

Gilbert ML DT Rosenow and HT Nguyen 1996 Utilization of alternate cytoplasms to evaluate combining ability n a diverse
group of sorghum B-lines Texas ] Agric Nat Resour 9 51 60

Huss M J C L Campbell D B Jennings andJ F Leshe 1996 Isozyme variation among biological species in the Gibberella
Sfutkuror species complex (Fusarium section Liseola) Applied and Environmental Microbiology 62 3750-3756

Leshe J F andK A Zeller 1996 Heterokaryon compatibility in fungi More than just another way to die Journal of Genetics 75
415-424

Leslie, ] F, W F O Marasas G S Shephard E W Sydenham S Stockenstrom, and P G Thiel 1996 Duckling toxicity and the
production of fumonisin and momliformin by 1solates in the A and F mating populations of Gibberella fupikuror (Fusarum
montliforme) Apphed and Environmental Microbiology 62 1182 1187

Leslie J F andK K Klein 1996 Female fertihty and mating type effects on effective population size and evolution 1n filamentous
fungl Genetics 144 557 567

Leslie J F 1996 Genetic problems 1 some Fusarium species  Sydowia 48 32 43

Leshe ] F 1996 Fungal vegetative compatibility - Promises and prospects Phytoparasitica 24 1-4

Lilja, Nina, John H Sanders Catherine A Durham Hugo De Groote and Issiaka Dembele 1996 Factors influencing the payments to
women 1in Malian agriculture American Journal of Agricultural Economics 78(5) 1340 1345

Limon-Ortega A S C Mason and AR Martin 1997 Production practices improve grain sorghum and pearl millet competitiveness
Agron J 89 (In Press)

Lopez J 1 H N Pitre D H Meckenstock andF Gomez 1996 Evaluation of Honduran landrace sorghums for antibiosis resistance to
Spodoptera frugiperda (Lepidoptera Noctuidae) Ceiba 37 273-280

Lopez,] H N Pitre D H Meckenstock, and F Gomez 1996 Evaluation of a sorghum population for resistance to fall armyworm
(Lepidoptera Noctuidae) Trop Agric 73 43-48

Mansuetus ASB GN Odvody R A Frederiksen and JF Leslie JF 1997 Buiological species of Gibberella fupikuror (Fusarium
Section Liseola) recovered from sorghum 1n Tanzama. Accepted British Mycological Society

Mason SC JM Lasa, ] Lasschuit NE D Croz-Mason and A Garcia 1996 Combiming ability effects for sorghum emergence
potential in crusted soils coleoptile diameter and length and kernel weight Maydica 41 295 - 299

McDonough C BJ Anderson and L W Rooney 1997 Structural characteristics of steam-flaked sorghum Cereal Chem 74 (in
press)

Melake-Berhan A L G Butler G Ejetaand A Menkir 1996 Grain mold resistance and polyphenol accumulation in sorghum ] Agr
Food Chem 44 2428 2434

Menkir A G Ejeta, L Butler and A Melakeberhan 1996 Physical and chemical kernel properties associated with resistance to grain
mold in sorghum Cereal Chem 73 613-617

Menkir A PB Goldsbrough and G Ejeta 1996 RAPD based assesement of genetic diversity in cultivated races of sorghum Crop
Sci1 (In press)

Menkir A G Ejeta, LG Butler A Melakebehan and HM Warren 1996 Fungal mnvasion of kernels and grain mold damage
assessment 1n diverse sorghum germplasm Plant Dis 80 1399-1402

Mott, Dale A George L Teetes and Michael 1 Biggerstaff 1996 Magnitude of survival of overwintering sorghum midge Southwest
Entomol 21 341-344

Motit Dale A George L. Teetes Bonnie B Pendleton and Roger M Anderson 1996 Effect of sorghum residue destruction on
abundance of sorghum midges emerging from diapause Southwest Entomol 21 34> 347

Murutht L M and L E Claflin 1997 Genetic vanation of grail sorghum germplasm for resistance to Pseudomonas andropogonis
Euphytica (In Press)
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Nichola, Tennassse, and John H Sanders 1996 The determinants of adoption when mputs are rationed A Probit analysis
the Sudan, Science Technology and Development 14(3) 130-142

Nichola, Tennassie and John H Sanders 1997 The seed mdustry and the diffusion of a sorghum hybrid in Sudan  Science
Technology, and Development Forthcoming

Oh BJ R A Fredeniksen RA CW and Magill 1996 Identification of RFLP markers linked to a gene for downy mildew
resistance (Sdm) mn sorghum CanJ of Bot 74 315-317

Oria, MP,BR Hamaker and D Axtell 1998 A highly digestible sorghum cultivar exhibits a unique folded structure of
endosperm protein bodies Proc National Academy of Sciences USA (In Press 1998)

Oyen,L P A and D J Andrews 1996 Penmsetum glaucum (L )R Br In Grubben GJH & Soetyipt Partohardjono
(Eds ) Plant Resources of South East AsiaNo 10 Cereals Backhuys Publishers Leiden Netherlands Chapter 2
pp 119-123

Plattmer, R D A E Desjardins J F Leshe and P E Nelson 1996 Identification and characterization of strains of
Gibberella funkuror mating population A (Fusarium moniliforme) with rare fumonisin phenotypes Mycologia 87
416-424

Porter, David R John D Burd Kevin A Shufran, James A Webster and George L Teetes 1997 Greenbug (Homoptera
Aphididae) biotypes selected by resistant cultivars or preadapted opportumsts? J Econ Entomol (1n press)

Portillo, H E,H N Piire, D H Meckenstock and K L Andrews 1996 Oviposition preference of Spodoptera latifascia
(Lepidoptera Noctuidae) for sorghum maize and noncrop vegetation Fla Entomol 79 552-562

Portillo H E,H N Pitre D H Meckenstock and K L Andrews 1996 Feeding preferences of neonates and late instar
larvae of a leprdopterous pest complex (the langosta in Honduras ) (Lepidoptera Noctuidae) on sorghum maize and
noncrop vegetation Environ Entomol 25 589 598

Quendeba, B W W Hanna G Ejeta, WE Nyquist and ] B Santint 1996 Forage yield and digestibility of African pear}
mullet landraces 1n a diallel with a missing cross Crop Sci 36 1517 1520

Rooney, LW 1996 Sorghum and mullets In Cereal Gramn Qualty RJ Henry and P S Kettlewell eds Chapman & Hall
London pp 153-177

Rosenow DT J A Dahlberg J C Stephens FR Miller DK Barnes G C Peterson J W Johnson and K F Schertz 1997
Registration of 63 converted sorghum germplasm Iines from the sorghum conversion program Crop Sct 37 1399-
1400

Rosenow DT JA Dahlberg G C Peterson L E Clark, FR Miller A Sotomayor-Rios A Quiles-Belen P Madera, and
CA Woodfin 1997 Registration of 50 converted sorghums from the sorghum conversion program Crop Sci
37 1397-1398

Rosenow, DT J A Dahlberg J C Stephens FR Miller D K Barnes G C Peterson J W Johnson and K F Schertz 1997
Registration of 63 converted sorghum germplasm hnes Crop Sci 37 1399-1400

Sectharaman K E Whitehead, Nancy P Keller RD Wanmiska and L W Rooney 1997 [In witro activity of sorghum seed
antifungal proteins aganst gramn mold pathogens J of Ag and Food Chem 45 (in press)

Seetharaman, K, R D Waniska, and L W Rooney 1996 Physiological changes in sorghum antifungal proteins J Agric
Food Chem 44 2435-2441

Suhendro, E S, CM McDonough L W Rooney RD Waniska, and S Yetneberk 1997 Effects of processing conditions
and sorghum variety on alkaline-processed half products for snacks Cereal Chem 74 (in press)

Teetes G L C S Manthe G C Peterson K Leuschnerand B B Pendleton 1995 (published in 1997) Sorghum resistant to
the sugarcane aphid Melanaphis sacchari (Homoptera Aphididac) m Botswana and Zimbabwe Insect Sci
Apphic 16 63-71

Toure A K Traore A Bengaly JF Scheuring DT Rosenow and L W Rooney 1997 The potential of local cultivars in
sorghum improvement in Mali African Crop Science Journal (accepted)

Toure, A, FR Miller and DT Rosenow 1996 Heterosis and combining ability for grain vield and yield components n
Guinea sorghums African Crop Science Journal 4 383-391

Tuinstra, MR E Grote P B Goldsbrough and G Ejeta 1996 Identification of quantitative trait loct associated with pre
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