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Introduction and
Program Overview

The INTSORMIL program, initiated in 1979, is one of
ten Collaborative Research Support Programs (CRSPs) es-
tablished through USAID core funding to respond to the
Title XII legislation mandate to ... improve the participa-
tion of these (the agriculturally related) universities in the
United States” governmental efforts internationally to apply
agricultural sciences more effectively to increasing world
food production and provide... support to the application of
science to solving developing countries’ food and nutrition
problems™. The INTSORMIL program was designed to
respond to the intent of the Title XII legislation by focusing
on grain sorghun and pearl millet related issues in strategi-
cally selected regions of the world.

Sorghum and millet are important world food crops in
moisture stressed regions of the world. They are staple foods
for millions in Africa and Asia which, in their area of
adaptation, cannot be substituted by other cereals. Sorghum
is also 2 major feed grain in the U.S. and Mexico and in other
countries in South America.

In working with selected host countries where sorghum
and millet are important crops, INTSORMIL is now capi-
talizing upon the institutional and technical expertise of five
lanc-grant universities to focus on the special constraints of
sorghum and millet production, processing, utilization, and
marketing in the collaborating host countries. The universi-
ties which are still active in the INTSORMIL CRSP are
Kansas State University, Mississippi State University, Uni-
versity of Nebraska, Purdue University, and Texas A&M
University. The prime sites actively collaborating with INT-
SORMIL are Botswana, Colombia, Honduras, Mali, Niger
and Sudan. Several other countries such as Senegal, Burkina
Faso, Egypt, Kenya, Zimbabwe and El Salvador are also
collaborating at a lower level.

The primary approach for INTSORMIL to reach its goal
is to foster and cultivate the collaborative research mode
involving the partnership of U.S. and host country scientists.
They develop and transfer appropriate scientific technolo-
gies and strategies for alleviating the dominant sorghum and
millet production and utilization constraints of the partici-
pating host countries and the U.S. Building and strengthen-
ing the manpower and the institutional capacities of the host
countries for implementing effective collaborative research
programs continues to be an important and necessary part of
the INTSORMIL CRSP. INTSORMIL is committed to in-
creasing production while maintaining and enhancing the
natural resource base of sorghum and mitlet production both
in the host countries and the U.S.,

INTSORMIL currently provides technical backstopping,
conducts collaborative research, trains national staff and

students, and contributes operational support to National
Agricultural Research Systems (NARS) grain sorghum and
pearl millet programs. The success of INTSORMIL can be
attributed to five unique features.

¢ INTSORMIL capitalizes on over 90% of U.S. Univer-
sities grain sorghum and pear! millet rescarch capacity
where most basic and strategic research is conducted.
This allows the unique opportunity to support and
complement applied field work conducted at NARS
sites by adding an otherwise unknown dimension to
the research.

* INTSORMIL is an integrated, interdisciplinary or-
ganization encompassing breeding, agronomy, physi-
ology, insect and disease management, food quality,
and economics.

¢ INTSORMIL enhances the capacity of NARS to solve
country and region-specific problems through col-
laborative research, thus increasing NARS technical
and institutional productivity.

e INTSORMIL activities are constraint and NARS
driven: identification and alleviation of priority pro-
duction constraints are achieved in concert with
NARS.

e The INTSORMIL strategy focuses on five technical
thrusts, each aimed at increasing productivity and
improving sustainability:

* Germplasm Enhancement—the development of
resource efficient cultivars.

* Sustainable Production Systems—the estab-
lishment of environmentally safe and financially
profitable production systems.

* Sustainable Plant Protection Systems—the devel-
opment of environmentally sound and economi-
cal pest control systems.

* Crop Utilization and Marketing—the develop-
ment of shelf stable processed foods with good
marketing potential as well as improving tradi-
tional food processing systems.

* National Sorghum and Millet Research Program
Enhancement—short and long term training for
NARS staff, equipment procurement, and overall
NARS operations support.

vii
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Administration and Managcment

The University of Nebraska (UNL) is the Management
Entity (ME) for the Sorghum/Millet CRSP and is the pri-
mary grantee of USAID. UNL subgrants are made to the
participating U.S. Universities for the research projects be-
tween individual U.S. scientists and their host country coun-
terparts. Country project funds, managed by the ME and
U.S. participating institutions, flow to the country program
in support of the research activities at the host country level.
The Board of Directors (BOD) of the CRSF serves as the
top management/policy body for the CRSP. The Technical
Commiittee (TC), Ecogeographic Zone Council (EZC), Ex-
ternal Evaluation Panel (EEP)and USAID personnel advise
and guide the ML and the Board in arcas of policy, technical
aspects, collaborating host country coordination, budget
management, and review.,

Several major decisions and accomplishments were
made by the ML, BOD, TC and EZC during the past year.

¢ Draft No. 3 of the INTSORMIL Ten Year Strategic
Plan has been prepared. Two other documents for the
Strategic Plan were prepared. Those are:

* Reports on Domestic Sites covering all current
INTSORMIL domestic institutions.

* Country Status Reports covering all the countries
where INTSORMIL is operating.

e The INTSORMIL External Evaluation Panel (EEP)
completed its tive year review of the host country sites
in October. 1993, During the period of July 1, 1993 to
June 30, 1994 the EEP completed the review of all
domestic research sites (Texas A&M, Mississippi
State, Nebraska, Kansas State and Purdue Universi-
ties). The panel’s Five Year Report was released in
March, 1994,

o INTSORMIL served as joint sponsor and organizer of
the workshop, “*Adaptation of Plants to Soil Stress™
which was held August 1-4, 1993 at the University of
Nebraska. Sixty-seven invited participants repre-
senting cleven countries were present for the meeting.

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

* INTSORMIL Newsletter, INTSORMIL Publica-
tion No. 94-1.

* Proceedings of the Workshop or Adaptation of
Plants to Soil Stresses, August 1-4 1993 INT-
SORMIL Publication No. 94-2.

* INTSORMIL Newsletter, INTSORMIL Publica-
tion No. 94-3.

viii

* INTSORMIL Annual Report 1993, INTSORMIL
Publication No. 94-4.

* INTSORMIL Annual Report 1993, Exccutive
Summary, INTSORMIL

* INTSORMIL Bibliography, 1984-1994, INT-
SORMIL Publication No. 94-5.

* The research bulletin entitled ““New Approaches
to the Control of Striga™ written by scientists at
Purdue University and collaborating Sudanese
scientists was published by the Purdue University
Experiment Station.

The INTSORMIL Host Country Coordinators from
Mali, Niger, Sudan and Botswana elected Dr. Ouen-
deba Botorou of Niger as the first Host Country rep-
resentative to the Ecogeographic Zone Council.

Dr. Francisco Gomez, Esquela Panamericana, San
Zamorano, Honduras was elected as the first Host
Country representative to the Technical Committee.

The INTSORMIL BOD approved the 1994-95 annual
budget which included a 11.1% reduction in funds.

INTSORMIL opened a worldwide scarch for the po-
sition of Associate Director. This search was later
canceled due to the budget reduction.

INTSORMIL plant pathologists. Dr. John F. Leslie,
Kansas State University and Dr. R.A, Frederiksen,
Texas A&M University, were responsible for organ-
izing a conference on “*Application of Genetics and
Biotechnology to the Characterization and Control of
Fungal Pathogens: An International Sorghum and
Millet Perspective™. The conference was held at the
Rockefeller Foundation Center, Bellagio, ltaly, No-
vember 15-19, 1994, A broad range of topics in the
general arca of molecular biology, genctic maps and
diversity, plant disease control, mating populations,
and pathotype diversity of fungal pathogens of sor-
ghum and millet were covered. The proceedings of
this conference are to be published in carly 1995.

The International Consultative Workshop on Panicle
Insect Pests of Sorghum and Pearl Millet was jointly
organized and sponsored by ICRISAT and INTSOR-
MIL. It was held October 4-7, 1993, at the ICRISAT
Sahelian Center, Niamey. Niger.

Based upon arequest from the Institute of Agricultural
Rescarch (IAR) of Ethiopia, INTSORMII, provided
short-term (3-6 months) training for six Ethiopian
scientists at three INTSORMIL Universities. Each of
these Ethiopians holds an M.S. degree and had over
five years of work experience in research. This special
training focused on different disciplines of sorghum
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research and was sponsored by the IAR through
World Bank funding.

* INTSORMIL's three year grant under the Egyptian
National Agricultural Rescarch Program (NARP) en-
titled “*Sorghum/Millet Collaborative Research”
ended on June 30. 1994. Components of the grant
were " Water Use Efficiency in Sorghum Based Crop-
ping Systems” in collaboration with Dr. Jerry Eastin
at the University of Nebraska, and “Stalk and Root
Rot Complexes and Associated Discases of Sorghum
in Egypt” in collaboration with Drs. Larry Claflin and
John Leslic at Kansas State University. *Pokkah
boeng™ was identified as a serious discase problem
on one of the most popular Egyptian cultivars, Giza
15, and has become a new area of research that is
continuing even though this project has formally
lapsed.

CRSP Review Team

USAID conducted an overall evaluation of the Collabo-
rative Research Support Programs (CRSPs), including INT-
SORMIL. between May and July 1994, According to the
“CRSP Lvaluation Scope of Work™ developed by USAID,
the goal of this evaluation was 1o provide an objective
assessment of the degree to which each of the CRSPs has
had an impact on increasing agricultural production and
development, and improving natural resource management
through the development and dissemination of new and/or
more appropriate sustainable agriculture technologies. The
evaluation also assessed the extent to which the CRSP
framework has responded to past Agency expectations and
objectives and if the CRSF model can be used to respond to
future Agency needs and requirements.

The members of the evaluation team were: Dr. Les Swin-
dale, Tearn Leader and Institutional Management Specialist;
Dr. John Ericksen, Agricultural Economist; Dr. Charlotte
Miller, Rural Sociologist: Dr. George Marlowe, Plant Sci-
entist; Dr. Rattan Lal, Soil Scientist; Dr. Richard Gray,
Animal Scientist; Dr. Gary Jensen, Aquaculture Specialist;
and Dr. Izadore Barrett, Fisheries Specialist.

The team visited both domestic and host country sites
where the CRSPs are operating. The domestic INTSORMIL
institutions visited were the University of Nebraska, Purdue
University and Texas A&M University. The host country
sites which were visited, with the objective of evaluating
past and/or present INTSORMIL related collaborative pro-
grams, were Mali, Niger, Kenya, Honduras and Brazil, In
addition to INTSORMIL, six other CRSPs were being
evaluated by the team.

Training
Training of host country scientists contributes to the

capability of each host country research program to stay
abreast of environmental and ecological changes which alter

the balance of sustainable production systems. The strength-
ening of host country research institutions contributes to
their capability to predict and be prepared to combat envi-
ronmental and ccological changes which affect sorghum and
millet. A well balanced institution will have to be prepared
to prioritize and blend its operational efforts to accomplish
the task of conserving and efficiently utilizing its natural
resourees.

During 1993-94, 96 students from 33 different countries
were enrolled in an INTSORMIL advanced degree program
and advised by an INTSORMIL principal investigator, Sev-
enty-cight percent of these students came from countries
other than the U.S. which illustrates the emphasis placed on
host country institutional development. INTSORMIL also
places importance on training women which is reflected in
the fact that 20% of all INTSORMIL graduate students were
women.

The number of students receiving 100% funding by INT-
SORMIL in 1993-94 totaled 17. An additional 29 students
received partial funding from INTSORMIL. The remaining
50 students were funded from other sources but are working
on INTSORMIL projects. Total student numbers increased
by six as compared to 1992-93. The number of students
receiving 100% funding from INTSORMIL has dropped
from a high of 71 in 1986 down to a low of 17 in 1993-94.
This is, in part, due to training taking place under other
funding sources. but an even more significant factor is that
budget flexibility for supporting training under INTSOR-
MIL projects has been greatly diminished because of reduc-
tions in our overall program budget and because of
inflationary pressures.

Inaddition 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.
Several host country scientists were provided the opportu-
nity to upgrade their skills in this fashion during 1993-94,

INTSORMIL cooperated with ICRISAT on a ten year
special training program for countries of the Southern Africa
Development Community which terminated in 1993, The
SADC/ICRISAT Regional Sorghum and Millet Rescarch
Program was designed to respond to the need of the 10
memberstates of SADC, to initiate research on sorghum and
millets in the marginal rainfall arcas of the region. The
program was implemented by ICRISAT and funded by
USAID, CIDA and GTZ. The total number of active SADC
students was 40 for 1993-94.

Networking

Over the years, established networking activities have
continued with ICRISAT, SADC/ICRISAT, SAFGRAD,
ICRISAT Sahelian Center, ICRISAT West Africa Sorghum
Improvement Program, EARSAM of ICRISAT, ICRI-
SAT/CIMMYT, CLAIS of Central and South America, and
CIAT. There has been excellent collaboration with cach of

ix
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these programs in co-sponsoring workshops and confer-
ences, and for coordination of research and long term train-
ing. INTSORMIL is working with newly emerging
networks, such as ROCAFREMI (Réseau Ouest et Centre
Africain de Recherche sur le Mil, Niger) of West/Central
Africa. INTSORMIL plans to strengthen linkages among
the NARS it works with, as well as international and re-
gional organizations and networks. INTSORMIL will con-
tinue to promote free exchange of germplasm, technical
information, improved technology, and research te “hniques.

INTSORMIL/Mali

The research accomplishments in Mali are immediately
and directly transferable to most countries in West Africa.
Work on sorghum and millet food technology applies to
Africa and many areas of the world. Head bugs and drought
are common to West Africa. Grain mold is a world-wide
problem. Exchange of elite germplasm with useful traits is
an excellent means of networking among breeders. Effort is
being made to utilize existing networks to extend technol-
ogy to the region in both sorghum and millet. There has been
a long history of collaboration with ICRISAT in Mali, and
coliaboration with ICRISAT continues to be useful in net-
working in the areas of entomology, pathology, and breed-

ing.

Within Mali, there is a pre-extension organization to do
on-farm trials, followed by extension personnel doing de-
tailed evaluation and demonstration of new technologies.
Minamba Bagayoko coordinates extension on-farm trials in
the Moptiregion. Future plans call for linkages and network-
ing with the NGOs and PVOs working in Mali.

INTSORMIL/Niger

INRAN is the responsible organization for agriculture in
Niger. INRAN, as a national Institute, collaborates with
other national institutes in sharing germplasm and research
results. These include IN.E.R.A. in Burkina Faso, IER in
Mali and ARC in Sudan. Increasing collaboration with the
ICRISAT Sahelian Center in Niamey will expedite transfer
of research results across the Sahelian zone.

A Sorghum Quality Laboratory Manual was developed
in collaboration with the Cereal Technology Laboratory in
Niger and the Food Technology Unit in Mali. This manual
has been widely distributed throughout West African coun-
tries.

INTSORMIL/Sudan

The Agricultural Research Corporation of Sudan, INT-
SORMIL’s sole collaborator in Sudan, has an effective
network for dissemination of research results to clientele
groups. The many agricultural production schemes in Sudan
are managed by well-trained agriculturists who interact with
ARC scientists in both organized and informal forums.
Annual agricultural meetings are held where current re-

search results are presented and emerging constraints are
discussed. Both agricultural research and extension scien-
tists from the Ministry of Agriculture attend these annual
meetings. Sudanese scientists are active participants in re-
gional and international workshops where contemporary
agricultural issues are discussed. Many Sudanese scientists
held leadership positions in regional networking activities.
For instance, Dr. A.G.T. Babiker has becn the leader of the
Pan African Striga Control Network and attended meetings
in Zimbabwe and Kenya in 1993.

INTSORMIL/Botswana and Southern Africa

Participation of the host country and INTSORMIL sci-
entists in the SADC/ICRISAT Sorghum and Pearl Millet
Research Network is increasing.

lectronic mail linkage between national research insti-
tutions and universities {(both host country and U.S.) is
almost a reality. A sorghum/pearl millet bulletin board on
Internet would be an excellent vehicle for networking
among Southern Africa scientists.

INTSORMIL/Honduras

INTSORMIL’s long-term relationship with the MNR has
enabled Honduras to develop a long term comprehensive
sorghum research program that is beginning to gain support
from the sorghum industry in Honduras and other interna-
tional donors. Special projects are being developed to create
new funding sources. To date, these projects have focused
on commercial hybrid testing and the international sorghum
downy mildew nursery in Comayagua. The national sor-
ghum program won two strengthening grants ($15,000
each) from the EEC this year for the control of sorghum
downy mildew in Honduras and support to maicillo breed-
ing activities.

In 1994, Dr. Franciso Gomez was appointed Vice-presi-
dent of the National Council of PRIAG (Regional Program
1o Strengthen Agronomic Research on Basic Grains in Cen-
tral America) which is sponsored by the European Eco-
nomic Community and administered by 1ICA. As a senior
scientist in the region, he is providing valuable advice to
PRIAG in establishing their research grant program. This
position adds an important new facet to networking,.

Dr. Gémez acts as the liaison officer between the Ameri-
can Society of Agronomy (ASA)Yand PCCMCA. Dr. Gomez
attended the 1994 ASA meetings where he investigated
possibilities for opening an ASA Chapter at CAP.

Dr. Fred Miller, INTSORMIL/Texas A&M University
sent 4 female and 53 male lines for hybrid seed production
in Comayagua. Seed from two improved maiciollos was
distributed among 62 farmers in southern lHonduras. Seed
of six enhanced maiciollos and maicillo criollo was sent to
Dr. Page Morgan, Texas A&M University to initiate a study
in photosensitivity control. Seed of five broomcorn varie-
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ties was sent to Eng. Adolfo Montiel for adaptation studies
in Nicaragua,

INTSORMIL/Colombia

This Prime Site was informally linked with many coun-
tries in South and Central America and in Africa where
CIAT conducts research. Over the years, cooperative re-
search linkages were established with the national research
programs of ICA-Colombia. EMBRAPA-Brazil, CENIAP-
FONAIAP-Venezuela, INIPA-Peru, and IDIAP-Panama.
These countries are in the major acid soil areas and are
conducting research to solve soil acidity problems. This
collaborative linkage network unified INTSORMIL, re-
searchers and host country scientists to solve a common
problem in the region through exchange of germplasm,
rescarch result dissemination, technical consultation, train-
ing, and workshops.

The INTSORMIL Colombian Program, headquartered at
CIAT, promoted and established a Latin American network.
International workshops held in Colombia were developed
and coordinated by INTSORMIL Pls in 1984, 1991, 1992,
and 1993. Involving both public and private scctors at
national and international levels. the network emphasized
the introduction, exchange, storage, increase, and distribu-
tion of germplasm. The network planned to maintain sam-
ples of the most advanced sources of genetic resistance and
variability available in advanced research institutions
around the world for those Latin American research institu-
tions which work on sorghum and pearl millet.

Current Country Specific Activites
Mali

The program in Mali is a coordinated effort between
INTSORMIL and IER. It is multidisciplinary and multi-in-
stitutional in scope and includes all aspects of sorghum and
millet improvement, production, and utilization. Each
Malian scientist develops research plans cooperatively with
an INTSORMIL counterpart in concert with the overall IER
Mali research plan. Major INTSORMIL collaborators travel
to Mali annually during the critical period of the crop vear
to consult, review progress, and plan future collaborative
activities with their Malian counterparts. Occasionally, IER
scientists travel to the U.S. for annual review and planning.
These plans are reviewed by the country coordinators, con-
solidated, and then presented to the IER for their annual
research planning process for approval or modification. This
insures that the research fits into the annual overall IER plan.

Production and Utilization Constraints

Yield level and stability in sorghum/millet production is
of major importance in Mali where food production is
marginal relative to the needs of the rapidly growing popu-
lation. Low and unstable yields are the result of complex
interactions of low soil fertility (panicularly nitrogen and

phosphorus), drought stress, diseases, insect infestations,
Striga, and availability of improved cultivars.

Head bugs and associated grain molds adversely affect
sorghum yield and grain quality, and are a major constraint
to the development of improved high yielding sorghum
cultivars. Striga is a major constraint for both sorghum and
millet. Other major millet constraints are phosphorus and
nitrogen deficiency, water stress, and millet head miner
infestations.

Grain prices which cycle between high and low yield-
level years are a deterrent to adoption of improved technol-
ogy, thus milling properties become critical for maintaining
prices in surplus grain production years. Transformation of
sorghum and millet grain into new shelf-stable foods and
industrial products is required to encourage local production
of grains and to enhance agribusiness activities of food
processing and poultry feeding which stabilizes prices.

Eftorts are concentrated to strengthen rescarch on breed-
ing, crop physiology, soil and water relationships, entomol-
ogy, pathology, Strigu, food processing, and food
technology. An effort to develop new food products from
cereals and legumes is emphasized. Selection for enhanced
drought resistance is a major concern. Major activities in-
volve the introduction and use of new genetic materials in
breeding programs to develop cultivars to increase or stabi-
lize grain yicids with desirable food quality.

Research Progress
Pearl Millet Breeding

The pearl millet breeding program in Mali is making
good progress in addressing needed improvements regard-
ing discase and insect resistance, adaptation, and agronomic
characteristics that affect productivity. Landraces from dif-
ferent ccological zones have been evaluated at different
locations. These materials were collected at Nioro, Bema,
Mopti (northeast), and Sikasso (south). Ten high performing
ecotypes were selected. They are being improved via the
mass selection method. The same entries are being used in
a crossing block for their grain quality (kernel size and
color).

Many experimental varieties have been evaluated in the
CIVAREX, “*Cinzana Varieties Experimentales”. Several
performed well and will be suitable for intercropping with
legumes such as cowpea and peanut, and root crops like
cassava and sweet potatoes. Several composites were evalu-
ated in isolated plots for dwarfness, head compactness, and
downy mildew resistance. Roguing and recombination gave
good results.

Several lines derived from nine Malian varieties were
screened at Hays, Kansas. Three good lines were retained in
Mali. Also, crosses were made between Kansas elite lines
and materials from Mali. Fifty-two Fy and forty-cight F,
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selections were evaluated. They had an acceptable level of
downy mildew resistance. Backcrosses will be made with
most of these lines. They had suitable height for intercrop-
ping. More than sixty entries were evaluated through ICRI-
SAT and ROCAFREMI (Millet Improvement Network in
Central and West Africa) collaborative programs. Two or
three years evaluation will allow sclection of some entries
for on-farm evaluation.

Sorghum Breeding
Crossing and Breeding Nurseries

In the 1993 rainy season, 48 parents were planted at
Sotuba with 115 new crosses made. These Fys were planted
at Sotuba during the 93-94 off-season to produce F»s. The
best tan-plant Guinea F derivatives were selected to be
backcrossed to CSM 388, Bimbiri Soumale and Tiemari-
fing, in order to enhance the guinea traits to develop very
true tan-plant guinea lines.

F,, F3, and F progeny were grown at Sotuba, Samanko,
Bema, Cinzana, and Longorola with 350 F selections, and
255 Fy selections made. Eighty-one F; families were sc-
lected for advance in the off-season to the Preliminary Trial
in 1991,

Excellent progress was made in the objective to develop
white-seeded, tan-plant guinea cultivars. Fg progenies from
crosses involving Bimbiri Soumale and CSM388 looked
very promising. Especially outstanding were the derivatives
of the cross, Bimbiri Soumale *87CZ-Zera Zera. They ap-
pear to have excellent yield potential. They have good
guinea plant, grain, glume, and panicle characteristics, and
some have juicy stems. Most Bimbiri Soumale derivatives
were Fgs in the preliminary trials, while the best CSM388
derivatives were in the Fy stage. They will move to the
Advanced Trials and Preliminary Trials in 1994.

The progenies from late maturing improved maicillo
varieties from the INTSORMIL program in Honduras were
not acceptable for grain quality, but had proper maturity for
southern Mali. They were cecrossed to locai and improved
types in an attempt to improve the head bug and grain mold
resistance.

Advanced Varieties

Three different Preliminary Yield Trials and three Ad-
vanced Yield Trials (to fit rainfall belts) were planted and
evaluated at Bema, Cinzana, Massantola, Katibougou, So-
tuba, Samanko, and Soukoula. From the Advanced Trials,
cight were selected for on-farm testing. From the Preiimi-
nary Trials, entries were selected to be promoted to the
Advanced Trial next year.

In southern Mali, seven cultivars selected from the
CMDT southern Mali collection of late, photosensitive sor-
ghums were evaluated at Longorola, Scakoula, and Tier-
ouala. After two years of evaluation, three were selected for
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on-farm testing and for crosses, Kalagua Seguetana, Foula-
tieba, and Kalofolo.

Plant Protection
Entomology

Research activities for 1993 were focused essentially on
the bio-ecology of head bug (Eurystylus marginatus) and
the identification of new resistance sources. The fluctuation
of larva and adult populations was studied. The population
of head bugs was higher in 1993 than in 1992,

In preliminary screening in the field nursery at Sotuba,
49 new advanced generation lines were evaluated under
natural infestation conditions. In another three year experi-
ment screening for resistance, we evaluated 50 advanced
breeding lines. In the first experiment the entries showing
good head bug resistance were §9-CZ-CS-F5-73 AF, ACSV
401, 88-BE-F,-257-3, 87-8B-I°;-275-2 and 87-SB-LO-F-
155 with a visual rating between 1.0 and 1.7. Results in the
second experiment showed that the INTSORMIL lines from
Texas 90-CZ-CS-TX-2, 90-CZ-CS-TX-12,90-CZ-CS-TX-
6, 90-CZ-CS-TX-1, PR2566 and PR2562 were resistant to
head bug under severe natural infestation. All are derivatives
of Malisor 84-7. In another advanced screening trial,
1S21468 was confirmed as having resistance equal to that of
Malisor 84-7.

Diazinon again looked promising in controlling head
bugs in 1993. In lines treated with diazinon, the head bug
incidence under natural infestation was very low compared
to the check. Also, 200 grain-weight was higher for treated
heads (4.21g) than for the control under natural infestation
(3.20g).

Pathology

Forty lines from INTSORMIL in the GWT (Grain
Weathering Test) were screened for grain mold resistance at
Sotuba under natural conditions. Six lines, SC170-6-17,
SC279-14E, R6078, 87BH8606-6, Town, and BE7149,
showed resistance and will be used for further testing.

The 70 entry ADIN (All Disease and Insect Nursery) was
evaluated under natural infestation for anthracnose and
sooty stripe at Sotuba with several lines showing useful
levels of resistance.

Striga

Cultivars from the Malian Collection (Seguetana), se-
lected lines from Dr. G. Ejeta, Purdue University and from
the national breeding program were used in the Striga evalu-
ation field trials in 1993. Among the cultivars collected in
southern Mali, the best six, CMDT 30, CMDT 39,
CMDT45, CMDT48, CMDT76, and CMDTI115, showed
less Striga incidence than the check Tiemarifing.
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At Samanko and Katibougou, selected F5 breeding lines
(Malisor 84-7*SRN39) from Purdue were as resistant as the
resistant check, Tiemarifing, in preliminary screening trials.
Six advanced generation lines (SRN39*Zecrazera) devel-
oped and selected at Purdue for resistance to Striga asiatic
were tested on-farm in the Katiabougon area. All showed
high levels of resistance to S. hermonthica and 92PR-203
also showed excellent agronomic traits.

At Cinzana, a reportedly resistant local guinea landrace
variety, Seguctana Cinzana, showed excellent resistance in
a field screening nursery. This line will be studied in the
Purdue Lab.

Crop Production/Agronomy Physiology Soils

Seedling Screening for
Drought and Heat Tolerance

Selected early and intermediate maturity advanced in-
cluding breeding lines were tested for high heat and drought
tolerance in the 92-93 off-scason in charcoal pits at Cinzana.
In the carly trial 87-LO-F,-92 (Malisor 84-1), 88-CZ-F -
173-3, 89-CZ-CS-Fs-126AF and Bagoba were tolerant.
Malisor 92-1 had the highest plant survival at the 3rd, 7th,
and 15th day after planting. In the intermediate maturity
trial, 90-CZ-CS-104 and 90-CZ-CS-F5-65 showed good
seedling survival,

Peanut-Sorghum Rotation

In 1993, previous peanut crop effect was very important
to sorghum grain yield. There was a 74% increase due to
previous peanut cropping alone at zero N level, and 114%
and 102% yield increase when 40kg and 80kg of N were
applied to previous peanut plots. Other results have indi-
cated that the rotation cffect is not due only to legume N
effect.

Sorghum-Peanut Intercropping

The land equivalent ratio (LER) is used as a land use
efficiency indicator. The efficiency of sorghum peanut in-
tercropping in 1993 was estimated at 1.48. The yield of
sorghum grain in intercrop was 48% of sole sorghum and
that of intercropped peanut was 100% of the yield of sole
peanut crop. Rotations with sorghum-peanut intercrop,
compared to sole sorghum, showed a 36% yicld increase of
sorghum grain in the rotation compared to sole sorghum.

Cowpea - Pearl Millet Rotation

Previous cowpea had a significant effect on pearl millet
grain yield. At the zero N level there was a 56% yicld
increase. This increase was more than the effect of 20kg
N/ha (15% increase) and equivalent to that of 40kg N/ha
(56% yield increase). Combined nitrogen and previous cow-
pea was even greater with yield increases of 67%.

Pearl Millet - Cowpea Intercropping

The land equivalent ratio (LER) of millet-cowpea inter-
crop indicated a 55% yield increase in total production.
Partial LER of pearl millet grain yield over nitrogen levels
was 100% fer zero and 85% and 73% for 20 and 40 kg N/ha.
The rotation effect of millet-cowpea intercrop on succeed-
ing sole millet was a positive 14% without N application.

Long Term Residue Management Study

A residue management study on sorghum and millet
monoculture and rotation of cercal-legume was initiated in
1990 with three residue treatments: removed; leaving resi-
duc on soil surface; and incorporated. There was no effect
on grain or stover the first three years, but in 1993 grain yield
differences occurred for the first time. For both crops, incor-
porated and removed were superior to leaving residue on the
surface. The consistent lower yields where residuc was
maintained on the surface could be <due partially to an
observed reduction in stand. The crop residue treatments
showed no effect on peanut and cowpea yields.

Biomass-Harvest Index Study

Different planting dates and different fertilizer levels had
no significant effect upon total biomass or harvest index of
I'5 local Malian varieties. Similar results were obtained on
a similar study of five advanced Malian breeding lines.

Sorghum Photosensitivity Adaptation Study

Three Guinea types and three non-sensitive improved
cultivars were planted every 15 days from May to the end
of July. The days to flower changed for the Guineas until the
last two dates, while the nonsensitive lines showed little
effect upon days to flower. The Guineas flowered earlier
with the later planting dates.

Sandy Soil Toxicity on Sorghum Study

This InterCRSP activity among IER, INTSORMIL, and
the Soil Management CRSP involved evaluation of sor-
ghum genotypes for tolerance in field plots at Cinzana. In
1992, F, population involving Bagoba, Babadia Fara, and
Gadiaba consistently showed tolerance. In 1993, 46 culti-
vars were evaluated in the same plot, and under very severe
conditions, the northern Mali durra cultivar, Cadiaba (Cin-
zana) consistently showed genetic resistance to this soil
problem. Analyses of soil next to individual plants by the
Soil Management CRSP was done to attempt to determine
the cause of the extreme spatial variability.

Grain Qualite Studies
Breeding Line Evaluation

The advanced medium maturity trial and carly trial grain
samples were evaluated in the Cereal Technology Lab for
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kernel characteristics, physical properties, decortication
yield, and t5 properties. The early materials generally had a
slightly lower decortication yield. In general, all gave good
16 color and quality. The preliminary trials from Cinzana and
Bema were also analyzed. Data are used by breeders in
making decisions to discard or keep test entries.

Couscous Preparation Survey

A study was conducted in Bamako to determine parame-
ters important in couscous preparation, using 117 women
from 14 different ethnic groups. The sorghum variety was
consistently an important consideration in couscous quality.
Large white seed which decorticates casily, with high flour
yield, produces good couscous. Other factors important to
couscous quality are flour textile, grain mold, making fash-
ion, water quality. type of stcamer, steaming time, and
mucilage type.

Seed Germination

The sced laboratory germinated 537 samples of sorghum
from the entomology program to study the effects of head
bug and grain mold/weathering. Only 43% of the samples
gave excellent germination. There were large differences
among genotypes.

Economics

Ousmane Coulibaly, a Malian Ph.D. student at Purdue,
initiated his thesis fieldwork in Mali on a study of technolo-
gies to increase water availability and soil fertility in the
Sudanian and Sudano-<iuincan zones of Mali, He also as-
sisted IER scientists in their evaluation of the economic
effect of a fungicide upplication for downy mildew control
on pearl millet.

Niger
Collaborative Program

This is an interdisciplinary, multi-institutional collabora-
tive research program which involves INRAN and
U.S/INTSORMIL institutions.

A major sorghum and millet workshop was sponsored in
1985. This workshop demonstrated the quality research and
collaboration that had taken place not only between INT-
SORMIL and leading INRAN scientists but also between
the Soil Management CRSP, ICRISAT Sahelian Center, the
USAID/Purdue/IMRAN National Cereals Research project,
the International Fertilizer Development Center (IFDC),
and CILSS. This workshop provided significant interaction
between scientists and other workshop participants and
served as a model of cooperation and collaboration on
sesolving constraints to improved production and utilization
of sorghum and millet. USAID provided core funding and
local support for this workshop.
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The ICRISAT Sahelian Center has been actively in-
volved in millet entomology and millet breeding research.
Participants include Drs. Frank Gilstrap, Ousmane Youm,
Ouendeba Botorou and Anand Kumar, Dr. Wayne Hanna,
in Georgia, has also been an active collaborator in this millet
program. In the past 14 years, there have been other organi-
zations and International Centers who collaborated with our
program in Niger. These include the Soil Management
CRSP, the Agricultural Research Corporation in Wad
Medani, Sudan, IN.E.R.A. in Burkina Faso, and the Pur-
due/Niger Applied Agricultural Research (NAAR) project.

There are several interdisciplinary activities involved in
this program. These include sorghum and millet breeding,
agronomy, pathology, physiology, food quality and eco-
nomics. U.S. INTSORMIL Principal Investigators develop
research plans and budgets with INRAN collaborators on an
annual basis. Each plan is then transl..ed into French and
submitted to Dr. Mamadou Ouattara, INRAN Director Gen-
eral, for his approval.

Production and Utilization Constraints

Drought, insect pests, long smut and Striga are the major
constraints in Niger. Extremely high soil temperature leads
to difficult problems in crop establishment. Sand blasting of
young seedlings is also a complicating factor. Plant breeding
for tolerance to these major constraints is one of the most
feasible solutions. New cultivars must be acceptable for
tuwo preparation. For example, the variety 1.-30 has been
the highest vielding sorghum variety in the Sahelian trials
for the past 10 years, but is not accepted by farmers because
of poor food grain quality. A number of useful collaborative
research activities have been developed in Niger between
INTSORMIL. principal investigators and INRAN scientists.

Research Progress

The sorghum and pearl millet breeding programs are only
two examples of rescarch progress findings. The INRAN
sorghum breeding program has made significant progress in
its own organization and in the results obtained over the
years. INTSORMIL is recognized within INRAN as a great
contributor to all of that success. Among other things, INT-
SORMIL researchers have provided professional assistance
in the field and in academic training to many INRAN
workers. The improved sorghum varieties SRN-39, NAD- |
and SEPON-82 (adopted by a large number of farmers) are
clear examples of what this collaboration has yielded to
farmers in Niger. This needs to be continued and strength-
ened. Uenetic materials, with overall adaptation, are still
nceded and may come from the kind of productive exchange
we have had thus far. Presently, there is a good number of
improved lines which need further tests and improvement
for traits like stand establishment, lodging resistance, or
resistance to Striga.

A major study of pearl millet breeding strategies for
Niger was conducted by Dr. Ouendeba Botorou with the
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following conclusions: the results of the diversity and dial-
lel cross studies indicate clearly the knowledge of the degree
of similarity or dissimilarity among landraces is not suffi-
cient when choosing the best parent for crosses. The popu-
lation crosses Ex-Bornu xP3Kolo gave the highest grain
yield and a good level of heterosis even though the cluster
analysis showed that the two cultivars had similarities for
most of the traits measured.

Research Accomplishments

Socioeconomics - Abdoulaye Tahirou, Mohamadou
Abdoulaye and J. Lowenberg-Deboer

During the 1993 agricultural season, the socioeconomics
component of the INRAN/INTSORMIL collaborative re-
search program has continued the investigation of sorghum
by-products. The general objective of the study is to deter-
mine how by-products affect farmer decisions. This second
year of data collection is intended to give a dynamic view
of the system.

Data were collected in Dagarka and Kaku, the same two
villages in the area of Birni N'Konni that were surveyed in
1992. The same 23 farmers were interviewed. Sorghum
by-products were found to be an important part of the
agricultural system in the area of Bimi N'Konni. They are
important in animal nutrition, and farmers get a certain cash
revenue from them.

The average value of the sorghum stover at harvest
(October) was 7752 fefa per hectare. 1f the farmers can store
their sorghum stover production until March, the average
value is almost doubled to 14535 fcfa per hectare. Sorghum
stover and stalks are commonly used for forage and energy.
They are also used for fences and making beds. All the
farmers in the sample report the use of sorghum stover as
forage, about 80% for energy, 10% for fences and 25% (all
at Kaku) for bed construction. Sorghum bran is used mainly
for animal nutrition or sold.

Less than 30% of farmers interviewed in both villages
responded that they could leave part or all the sorghum
stover they produced on the field to help control wind
erosion and/or maintain soil fertility. Farmers know that this
can help control erosion, but the use of the stover short term
benefits are important in this subsistence farming system.

Although many aspects are taken into account for the
choice of a sorghum variety, the first criteria tends to be the
overall grain yield. Other aspects farmers look at when
choosing a variety include: the color (especially the flour),
the hardness of the grain (bran is more casily removed
without damaging the grain from hard grains), the color of
the stover and its quantity after the harvest.

It is essential that future economic evaluation of tech-
nologics in this area take into account the value of sorghum
stover. Sorghum production in this area is mainly carried out

through an intercropping system with millet and cowpea.
Agronomic evaluation on-station or on-farm can help iden-
tify varieties suitable for intercropping.

Data collected in this survey are being used to deveiop a
representative farm model for this area which includes both
crop and livestock activities. The interaction between these
two activities among Nigericn farmers is becoming more
important especially now with the devaluation of its cur-
rency making imported inputs more expensive.

Entomology - Hame Kadi-Kadi, Ousmane Youm
and Frank Gilstrap

In 1993, discussions were held with Mamadou Ouattara,
Ouendeba Botorou and Hame Kadi-Kadi (INRAN), Ous-
mane Youm (ICRISAT), 1. Bayoun and F. Gilstrap to de-
velop collaborative plans to assess the sources of mortality
for the millet head miner (MHM) in Sadore an¢ Maradi.
These plans called for Mr. Kadi-Kadi to come to ICRISAT-
ISC in September-October, 1993, and receive short-term
training from Mr. Bayoun and Dr. Youm on methods and
techniques needed for 1994 research. However, Mr. Kadi-
Kadi was unable to participate in the training. The work
reported below was conducted entirely on and near the
facilities of the ISC.

The millet head miner (MHM), Heliocheilus albipunc-
tella (de Joannis), commonly causes significant crop losses
of pearl millet, Penmisetum glaucum L., a primary food crop
in Sahelian West Africa. MHM is an excellent candidate for
demonstrating a control strategy that emphasizes effective
natural enemies. It occupies a predictable habitat in an
ecosystem with relatively consistent annual habitats, has one
generation per year, attacks several host plants including
wild millet, and across West Africa supports a relatively
large guild of natural enemies. The objective of this research
is to evaluate natural enemies of 4. albipunctella, and the
results will serve to appraise tactics and develop a biological
control strategy for M. albipunctella.

The following research is needed before biological con-
trol can be used as part of an integrated management strategy
that deals effectively with MHM. During 1993-1996, col-
laborative exclusion studies on MHM developmental stages
in Sadore and Maradi will be conducted and the data will be
used to construct life tables for MHM. The 1993 research
will provide baseline methods and initial results for planning
1994 experimentation. The 1993 experimentation consisted
of cage exclusion studies and population monitoring at
Sadore.

Exclusion experiments are essentially a series of paired
plots in which natural cnemies are excluded from one-half,
and are allowed access to the other one-halt (Control or
Check). Survival is measured in all plots, and the differences
between treatments are a direct measure of the natural
enemies’ controlling impact. Treatments can be modified in
many ways to collect different kinds of pest mortality infor-
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mation. In 1993, caged exclusions that consisted of placing
a physical barrier (i.e., panicle cage) over panicles in the
plots were used. Openings were made in one-half of these
cages to permit natural enemy ingress and egress. Different
types of cage treatments were set up to evaluate encmies
occurring on different MHM stages (i.c., eggs, carly and late
instars) separately. Treatments included (1) cages closed
throughout panicle development, which excluded all natural
enemics; (2) cages opened only during the egg stage, and
then closed until the end of the season; (3) cages opened only
during carly MHM instars, and then closed until the end of
the season; (4) cages opened only during development of
late MHM instars; and (5) cages opened throughout panicle
development. At the end of the season, millet heads were cut
and MHM were counted.

Results showed attacks by natural enemies have a very
significant impact on mortality of MHM, and most of this
mortality occurs during the late larval stages. Cages opened
throughout panicle development had the same total number
of surviving MHM individuals as closed cages. A signifi-
cant finding from this first ycar of data is that we encoun-
tered relatively few species of encmies attacking MHM.
Two predators and two parasites were the most commonly
recovered natural enemies.

The two most commion predator was Orius sp., a small
anthocorid predator that attacks MHM cggs and early in-
stars. The second most common was an ant that attacked
full-grown larvae after they dropped to the soil to pupate.

The two commonly encountered parasites were both
parasitic Hymenoptera. The most common parasite was an
encyrtid, Copidosoma sp., an egg-prepupal parasite that
attacks the MHM eggs and emerges as an adult from the
MHM prepupa. This parasite is polyembryonic, i.e., one
parasite egg produces offspring. An average of 394 (maxi-
mum = 802) adulit parasites emerged from each parasitized
MHM. The second most common parasite was a braconid,
Bracon hebetor. Bracon is a gregarious ectoparasite that
attacks late larval stages of MHM. Parasitism by B. hebetor
occurs mostly late in the season, and can reach 80-90% of
the total MHM population. Female B. hiebetor attack late
MHM instars, permanently paralyzing them. Some attacks
result in the parasite ovipositing eggs externally on the
MHM host. Studies in 1993 encountered many larvae killed
by B. hchetor but without parasite eggs. Thus, Bracon
hebetor functions ecologically both as a predator and as a
parasite. Bracon hebetor has a short generation time and is
polyphagous.

In 1994, the team will continue these experiments, and
conduct additional experiments as needed for an age-spe-
cific life table for MHM. These experiments will take a
natural cohort of MHM and follow it through to the end of
the season and then to the next season. They will then
constnict survival budgets for MHM, and characterize the
portion of MHM population removed by natural encmies.
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Their research approach will consist of host exposure tech-
niques, caged exclosures and natural population mionitoring.

Cereal Quality - Moussa Oumarou,
Adam Aboubacar and Bruce Hamaker

The Cereal Quality Laboratory (LQC) at INRAN has
conducted several surveys to determine the different meth-
ods of couscous preparation used in Niger. Two different
locations were selected for the surveys. In one location
(Maine-Soroa), three types of locally grown cereals (sor-
ghum, millet and durum wheat) were used to produce
couscous using the preparation method of that location. All
three cereals were processed the same way and produced
acceptable couscous. In the other location (Tera), couscous
was produced using three miliet varieties (C.LLV.T.,
SOUNA 3, and H.K.B. Tif) grown in 1992 at the Kollo
station.

Four different processing methods were used to produce
couscous and a macaroni type product. Twe of the proce-
dures, one for couscous and the other for macaroni were
different from the other two only in the fermentation step.
A sensory panel was used to evaluate the different products
and their quality was found to be improved by fermentation.
All processing steps were recorded in order to determine the
best method(s) that could be used for a commercial produc-
tion of couscous.

The L.QC has also conducted a study on composite flour
breads. Breads were made in collaboration with a local
bakery at Niamey, using a blend of 10, 20, 30, and 40%
sorghum and millet flour with wheat flour. The results
showed that incorporation of millet or sorghum flour up to
20% gave acceptable bread. At higher concentrations, the
bread was heavier and tended to break casily. It was also
found that increasing the proof time increased loaf volume.
A sensory evaluation study indicated that consumers pre-
ferred the incorporation of millet flour over sorghum. Dem-
onstrations of bread from composite flour were made to
prucessors and government officials at a workshop organ-
ized by INRAN in Niamey.

Sorghum Breeding - Moussa Adamou,
Issoufou Kapran, Gebisa Ejeta and John Axtell

During the summer of 1993, several trials were con-
ducted at the main INRAN stations at Maradi and Kollo,
while Striga resistance testing was conducted at the Konni
station. In addition, demonstration plots were conducted by
a large number of farmers, especially around Maradi and
Konni. In all cases, the results were very satisfactory, with
new elite material being observed on-station and farmer
interest in the demonstration plots on the rise. It was there-
fore decided to keep the breeding project at least at the same
level of activity for 1994. For this crop season, most of the
genetic material was provided by the Purdue Univer-
sity/INTSORMIL program, and some was also provided by
Nebraska.
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The germplasm from Purdue covers many aspects of
sorghum improvement, including early generation material
for pedigree selection, elite lines for adaptation/observation
in Niger, hybrid yield trials to evaluate the performance of
new R and B lines, on-station testing of new Strigaresistant
lines and a Striga resistance population, and aspects of
hybrid seed production and on-farm testing. Following a
conversation with I. Kapran, Prof. David Andrews provided
some new lines and hybrids for comparison with other
INRAN/INTSORMIL germplasm. Conduct of these trials
and nurseries was discussed in early June 1994 at Niamey,
Kollo and Maradi between 1. Kapran and Dr. Moussa
Adamou, Issoufou Kollo for the Striga tests, and the two
sorghum technicians M. Abdou and N. Kondo. Except for
Kapran, on study leave at Purdue, these individuals are
primarily responsible for the field work in Niger. Actual
planting was started toward the end of June, and to date the
rainfail figure has been exceptionally high in almost all of
Niger. In fact, flooding has occurred on the heavier soils of
the two main INRAN stations at Kollo and Maradi, as well
as on some of the on-farm plots. Still, preliminary observa-
tions suggest that at least on the dricr soils, nurseries will
provide interesting data. Experimental hybrid seed produc-
tion continues at several locations to provide more seed for
future demonstration plots, as well as mastering the best
nicking scheme between the parents of NAD-1 hybrid. Field
days arc once again scheduled for early October to provide
more farmers the opportunity to visit other demonstration
plots and research plots in nearby INRAN stations,

Plant Pathology - Issoufou Kollo
and Richard Frederiksen

Cooperation with ICRISAT was continued through the
Joint International Anthracnose Virulence Nursery. The en-
hanced collaboration stems from the recognition of the
importance of this disease in the more humid sorghum
growing regions of the developing world. Anthracnose col-
laboration permits the better evaluation of the durability of
host resistance and a better estimate of the variation in
pathogenicity among isolates of the pathogen worldwide.
Participating regions include West Africa, Mali and Niger;
East Africa, Sudan; Southern Africa, Zambia and Zim-
babwe: and Brazil. INTSORMIL research has demonstrated
that there is tremendous variation among isolates from lo-
cations and between locations. Sorghum downy mildew has
become less and less of a problem because of global coop-
eration in the development of host resistance, charac-
terization of isolates and through the use of highly effective
fungicide seed dressings. RFLP and RAPD markers linked
to head smut, downy mildew, and acremonium wilt resis-
tance have been placed within specific linkage groups on the
sorghum genome.

INRAN’s sorghum program has released to the Niger
Extension Service two grain sorghum open-pollinated va-
ricties and one hvbrid for the heavier and better structured
soils with more than 500 mm rainfall. These improved
varieties, Sepon-82 (=M90382) and SRN-39

(<ICSVI1007BF), were developed in collaboration with
INTSORMIL and ICRISAT. The hybrid is designated
NADI and has ATX623 as female parent and MR-732 as
male restorer. Mean grain yields of the three improved
cultivars from yield trials at different sites in Niger from
1986 to 1991 were submitted to yield stability analyses by
regression against the yicld of the local variety. For Sepon-
82 there were 67 data points available with yields ranging
from 370 to 3780 kg/ha. The hybrid NADI had 27 data
points with yields ranging from 580 to 5340 kg/ha. SRN-39
had 14 data points in Striga-infested fields [Striga her-
monthica (Del.) Benth.] and 22 in non-infested fields with
yields from 310 to 3130 kg/ha. Simple lincar regression was
computed for cach cultivar. The intercept and the slope for
Sepon-82 regression line did not differ significantly from
the equal yield situation, but was completely above the equal
yield line, indicating that it is at least as stable for grain
yields as the local variety. The intercept of NADI was
significantly higher (p) than the equal yield situation but the
slope was not significantly different, meaning that the hy-
brid outyielded the local variety by 482 kg/ha even in the
low yield environments. The low correlation of grain yiclds
of SRN-39 and the local varicty in non-Striga-infested fields
gave an intercept and slope not significantly different from
the equal yield situation. In Striga-infested fields the inter-
cept was significantly higher, with a mean grain yield ad-
vantage of 974 kg/ha by SRN-39 over the local variety.
Therefore SRN-39 yielded more in Striga-infested fields
and was at least equal in the absence of Striga. SRN-39
appears to be less adapted to the higher rainfall zone of Niger
(800 MM+), where it yiclded consistently less than the
long-cycle local variety. The cultivars NAD I, SRN-39 and
Sepon-82 have proven to be well adapted to Niger’s severe
climatic conditions and produced better grain yiclds than
local varieties, even under unfavorable conditions.

Sudan
Collahorative Program
Organization

The INTSORMIL/U.S. principal investigators develop
their scope of work jointly with ARC scientists. These
workplans are reviewed and approved by Dr. Badir Salim,
ARC Dircctor General; Dr. El Hilu Omer, ARC/INTSOR-
MIL Coordinator and Dr. Gebisa Ejeta, Sudan Country
Coordinator, and become part of the INTSORMIL Memo-
randum of Agreement.

Each workplan has its own funding. Funds are forwarded
directly from Purdue University or the INTSORMIL Man-
agement Entity at the University of Nebraska and then
disbursed in Sudan to each ARC scientist to carry out his
research program.

Dr. Ejeta and Katy Ibrahim coordinate the management
of this program with U.S. principal investigators at Texas
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A&M, Nebraska, Mississippi State, and Purdue Universi-
ties.

Since direct communication with Sudan is basically non-
existent, the USAID Mission has provided excellent logis-
tical support to relay communication to the ARC at the Wad
Medani and EIl Obeid research stations.

Collaboration with Other Organizations

The INTSORMIL/Sudan country program continues to
collaborate with the following host country and U.S. organi-
zations:

Agricultural Research Corporation (ARC)
Gezira Research Station (GRS)
Kadugli Research Station

Food Research Centre, Shambat
Sudan National Seed Administration
E!l Obeid Research Station
USAID/Khartoum

University of Nebraska-Lincoln
Texas A&M University

Mississippi State University

Purdue University

The Scope and Thrust of the Program
Production and Utilization Constraints

The potential for expansion of sorghum in the rainfed
areas of Sudan is enormous; however, the major constraints
limiting expansion are inadequate soil moisture, inadequate
soil nutrients, and shortage of labor. Other factors that
reduce sorghum yields in Sudan include insect pests, plant
diseases, and Striga. High yielding cultivars with good grain
quality suitable for mechanical harvesting are also require-
ments for future expansion of sorghum in the rainfed central
clay plain regions of Sudan.

Breeding efforts currently under way in Sudan to incor-
porate drought tolerance with higher-than-average yield
potential in sorghum are limited by the lack of a rapid field
screening procedure and lack of knowledge on sources of
sorghum germplasm with useful traits. The insect pests
known to attack sorghum, especially in the rainfed areas of
Sudan, include stem borers, American bollworm, and cen-
tral shoot fly. The major fungal diseases that affect sorghum
production in Sudan include charcoal rot, anthracnose, long
smut and a variety of grain molds. Striga, a parasitic weed
of sorghum, constitutes a major constraint to sorghum pro-
duction in Sudan. There is very little sorghum germplasm
with resistance to Striga and the mechanism that renders
resistance to Striga is not well understood. Knowledge
about the inheritance of this trait is also lacking. The lack of
absolute definitions and good screening methods for food
quality to some extent also limit the utilization of high
yielding sorghum varieties and hybrids in Sudan. Work on
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all these aspects is needed to improve sorghum production
and utilization in Sudan.

Almost all of the pear] millet grown in Sudan is used for
home consumption by farmers in Western Sudan. The ex-
ception is a small but growing activity of millet cultivation
in the mechanized rainfed regions where millet is produced
on fields where sorghum yields have fallen too low. In
Western Sudan, the crop/bush fallow system of production
has traditionally been used to provide enough nutrients and
possibly some moisture for a period of crop years (5-10
years fallow/2-4 years cropping). Crops are often grown in
an intercropping system with millet to maximize produc-
tion. Over the last 20 ycars, rainfall has declined, thus
reducing the soil recovery rate during fallow. Fallow periods
have also decreased due to higher human and animal pres-
sure on plant cover, further aggravating the loss of moisture,
nutrients and soil structure. As a result, there has been
further reduction in millet yields. Accordingly, the primary
constraints to millet production in Western Sudan are lack
of moisture and soil nutrients, and poor husbandry. Crop
losses to insect pests (Raghuva), and discases and Striga are
also important factors limiting millet production.

Research Progress

Sorghum Breeding
Osman El Obeid Ibrahim

During the 1993 crop-season, the sorghum breeding pro-
gram at Gezira Research Station (GRS) ARC, continued to
concentrate on hybrids and varietal development and evalu-
ation. Major emphases were placed on hybrids and varieties
with multilocation testing. The varietal breeding nurseries
included new crosses, establishment of F| plants, advance-
ment of segregating generations and evaluation of converted
lines, drought tolerant parental lines and backcross proge-
nics as part of ARC/ INTSORMIL t“ollaborative breeding
research. Varietal trials at GRS included evaluation of ad-
vanced (36 entries) and preliminary (176 entries) trials for
yield potential and/or drought tolerance.

The hybrid breeding nurseries included evaluation of
new parental lines and synthesis and evaluation of new
experimental hybrids. The hybrid trials included advanced
(72 entries) and preliminary (144 entries) tests. The ARC/
INTSORMIL collaborative joint trial for the 1993 crop-sca-
son, contained 126 sorghum hybrids and their parental lines,
and was conducted under irrigation and rainfed situations at
GRS.

As a result of several years of on-station varietal and
hybrids development and evaluation, several promising ex-
perimental varieties and hybrids were identified and ad-
vanced to on-farm and standard levels of multilocation trials
during the 1993 crop-season. The on-farm test contained one
hybrid and two open pollinated varieties. The standard test
included 11 varieties and 15 hybrids. Multilocation testing
was extended to cover cight irrigated and four rainfed loca-
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tions. Two open pollinated varieties and one hybrid, showed
good and stable yields, namely 89/0SFS 2431 under irriga-
tion and high rainfall zones, P-967083 under Jebel Marra
conditions, and 89/OSH 5283 under irrigation. These culti-
vars will be considered for submission to the National
Variety Release Committee, hopefully, during 1994-95.

Asaresultofintensive breeding work in the last ten years,
several promising clite varicties and hybrids have been
accumulated in the program. However, testing of these
materials has been restricted to limited numbers of locations
and agroecological zones in the country. There is a pressing
need for intensifying the testing program to cover more
locations and agro-ecological zones, especially in tradition-
ally sorghum-growing rainfed areas, where the bulk of the
crop is produced. Another factor slowing or discouraging
the release of new products, especially hybrids, is the lack
of a viable seed industry. Farmers, especially in irrigated
production areas, have come to highly appreciate the con-
cept and value of pure and or improved seeds, which should
encourage the development of seed industry in the country.

Striga Research
A.G.T. Babiker, S.M. Eltyeab
and M.T. El Mana

On-farm and on-station trials were undertaken on irri-
gated and rain grown sorghums. The objective of the on-sta-
tion trials was to develop control measures which are
effective during the early subterrancan stages of the parasite
growth. The objective of the on-farm trials was to demon-
strate to farmers and extension workers the technical feasi-
bility of some of our previous findings.

Sorghum trials were planted in an artificially Striga-in-
fected plot. Improved lines obtained from Purdue Univer-
sity, as well as local popular high yielding varieties were
used. Urea (190 kg/ha) was applied at planting. Chlorsul-
furon (2.4g/ha) was applied 4 weeks after planting as a soil
directed spray. Striga count was made 75 days after planting.
Lines tested were PR 227, PR 239, PR 2¢” nd PR 293.
Dabar (Striga susceptible) and SRN 39 7 .. 4 resistant)
were included as controls. Striga population density varied
between 7 and 39 plants/m2. PR 269, PR 239 and SRN 39
sustained the lowest emergence (7-14 plants/m2) while
Dabar had the highest emergence (39 plants/m2). Urea re-
duced infestation by 52 to 86%. Infestation on PR 269, PR
239 and SRN 39 was the most reduced, while that on Dabar
was the least affected. Chlorsulfuron reduced Striga infes-
tation by 68 10 94%. The herbicide suppressed Striga infes-
tation about equally on all varieties, except on PR 293,
Striga reduced crop stand. Dabar was the most affected,
while SRN 39 was the least. Urea mitigated the adverse
effects of Striga on sorghum in all varieties, except on Dabar
and on PR 293. Chlorsulfuron, on the other hand, resulted
in a substantial increase in crop stand, irrespective of the
variety used. The parasite delayed heading in all varictics.
Urea and chlorsulfuron, invariably, increased the number of
heads. Among all varieties, Dabar and PR 293 were the least

responsive to the herbicide and fertilizer. SRN 39, PR 227
and PR 269 showed about equal response to both herbicide
and fertilizer. Striga reduced straw yield of all varieties.
Untreated SRN 39 and PR 269 had the highest straw yield,
while Dabar and PR 293 displayed the lowest yield. Urea
and chlorsulfuron mitigated the adverse effects of Striga on
straw yield. Dabar and PR 293 displayed a low response to
urea, while PR 269 was highly responsive. Across varieties,
chlorsulfuron was more effective than urea.

The local varieties Gadam L Hamam, AjabSedo, Iriana,
Korakolo; Safra, SRN 39 and Tetron were tested in a sepa-
rate experiment. Compared to the Striga resistant variety
(SRN 39), the local varieties supported two to three fold
greater Striga emergence. Striga emergence was reduced by
both urea and chlorsulfron. The suppressive effects of urca
on Striga emergence was negligible on Ajabsedo, moderate
on Iriana, Korakolo and Gadam EL. Hamam and was good
to excellent on Safra, Tetron and SRN 39. Chlorsulfuron
was more effective against the parasite than urea. Striga
emergence was moderate on AjabSedo and Iriana, low on
Gadam EL Hamam, Korakolo and Safra and was negligible
on Tetron and SRN 39. The stand of all varieties, except
SRN 39, was reduced by the parasite. The highest reduction
was displayed by AjabSedo, while moderate losses were
exhibited by Iriana, Korakolo, and Safra, Urea, substan-
tially, improved the stands of Korakolo, Iriana and Ajab-
Scdo. However, its effect on Safra was negligible. The
herbicide improved stands of most varieties with more pro-
nounced effects on Gadam EL Hamam, AjabSedo and Safra.
Sorghum heading was considerably curtailed by the parasite
asonly 25 - 69% of plants produced heads. SRN 39 was the
least affected. Urea and Chlorsulfuron improved heading in
all varieties. Safra and Korakolo displayed the lowest and
highest response to urea, respectively. Chlorsulfiron was
more cffective than urea. Among varieties, Gadam EL
Hamam, AjabSedo, Iriana, Korakolo and Safra displayed
the highest response. The parasite reduced stravy yield of all
varieties. Urea increased straw yield by 70 to 140%. Gadam
EL Hamam, SRN 39 and Tetron were the most responsive.
Chlorsulfuron increased straw yield by 80 to 560%. Chlor-
sulfuron-treated Tetron and SRN 39 gave the highest yield.

In yet another test, the hybrid Hageen Dura-1 (HD-1),
Gadam EL Hamam, Dabar, AbuSabeen, Tozi Umbenein,
SRN 39 and Mogud were evaluated. Emergence of Striga
varied between 10 and 21 plants/m? The highest emergence
was supported by AbuSabeen, Tozi Umbenein and Gadam
EL Hamam. SRN 39, on the other hand, supported the
lowest emergence. Urea reduced Striga infestation on all
varieties except 11D-1. Striga suppression varied from mod-
erate (52%) on AbuSabeen to excellent (95%) on SRN 39.
Chlorsulfuron ctfectively reduced Striga emergence on all
varieties. Complete suppression of the parasit * was achieved
on SRN 39. Striga reduced crop stand. Th served losses
were negligible on SRN 39 and Tozi Umbenein, but were
severe on HD-1 and Abu Sabeen. Urea and Chlorsulfuron
improved stand on all varieties except HD-1. Striga reduced
heading in all varieties. Losses due to the parasite werc
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heavy (78-79%) for HD-1 and Abu Sabeen and were negli-
gible for Tozi Umbenein and SRN 39. Urea and chlorsul-
furon increased heading in all varieties. Heading in HD-1
and Abu Sabeen was increased by two to four fold. The
parasite reduced straw yield of all varieties except SRN 39
and Tozi Umbenein. HD-1, Abu Sabeen and Dabar dis-
played the highest losses. Urea and chlorsulfuron mitigated
the adverse effects of Striga on straw yield, particularly that
of the susceptible varieties. Straw yield of Abu Sabcen was
increased by two to four fold.

An on-farm trial, in collaboration with the extension
service, was undertaken at El Rawashda, a village north of
Gadaref town. Sorghum (CV. Korakolo) was planted in
early August, with rows 80 cm apart and spacing within the
row 10 cm apart. The crop was later thinned to single plants
per hill. Sorghum treated or untreated with urea at planting,
was sprayed with a tank mix of chlorsulfuron (2.4g/ha) and
dicamba (300 g/ha) or left untreated. The herbicides were
applied as soil directed sprays, four weeks after planting.
Sorghum planted late August was included as a control to
reflect the farmers practice of late planting in Striga infested
areas.

Sorghum sown carly August was heavily infested by
Striga (73 plants/m?2). Late August sown crop sustained a
lesser infestation (25 plants/m2). The tank mix of chlorsul-
furon and dicamba, when not preceded by urea. effected
83% control. Urea treatments made prior to herbicide appli-
cation increased herbicidal efficacy (95% control).

Untreated early sown sorghum gave low yield (0.39t/ha).
Late planting of sorghum effected a higher yield (0.6t/ha).
The tank mix of chlorsulfuron and dicamba, irrespective of
the preceding urea treatment, increased sorghum yield to
about 0.8 t/ha.

Sorghum-Millet Pathology
El Hilu Omer

Screening of Sudan germplasm for resistance 1o long
smut was continued this season. Five hundred entrics were
planted as single lines and at boot stage were inoculated in
the standard method reported before. Twenty cultivars were
fairly resistant. These wili be subjected to further confirma-
tion tests during the 1994 season. None of the 21 cultivars
introduced from Egypt and Syria proved tolerant to long
smut.

Disease survey in six districts of Kordofan State indi-
cated that downy mildew (Selerospora graminicola) on
pearl millet is the most serious disease. Infection ranged
from 16-80%. It was more prevalent in high rainfall areas,
getting less in drier areas. Ergot (Claviceps fusilformis) and
smut (Tolyposporium penicillariae) are second to downy
mildew in importance. Grow-out of farmers varieties, in
Gezira Research Station, indicated that the seed plays a
primary role in disease spread.

XX

Sorghum Entomology

Four seed treatments were compared for assessing dam-
age incurred to sorghum by insect pests before emergence
and throughout the seedling stage. The most serious pests
considered were mole crickets, termites, cutworms, soil
weevils and to a lesser extent, white grubs. The seed dress-
ings tested were Promet at 0.3, 0.4 and 0.5 ml/10 kg; Gaucho
at 150, 100 and 80 g/100 kg and Lindane (standard) at 150
g/100 kg. An untreated control was added for comparison.
The trial was carried out at Sim-Sim and Rahad Research
Station. Row spacing was 60 cm. and 10 cm. between plant
holes and 3 seeds/hole were used in replicated trial.

Higher rates of Promet, Lindane and ali rates of Gaucho
vave good crop establishment and were significantly better
than the untreated control but were not dissimilar to the
standard. However, insect infestation was remarkably
higher in rainfed arcas compared to irrigated Rahad. In
Rahad, delayed sowing gave higher infestation coinpared to
optimum sowing date. Early sowing under irrigation, irre-
spect of the treatment, gave higher grain yield; 4517 kg/ha
for July sowing as compared to 3048 kg/ha for August
sowing.

Among chemicals tested for control of American boll-
worm, Damazine Thiodan 35 ULV at 2.38 I/ha was the best
chemical for control of the pest and gave a significant higher
vicld than the unsprayed control. None of the 14 tested
varieties and promising cultivars showed tolerance to stem
borers but, HD-1 gave the lowest infestation.

Botswana/Southern Africa
Collaborative Program

The INTSORMIL collaborative research program in
southern Africa is in transition from using an expatriate
scientist to coordinate activities in Botswana to direct INT-
SORMIL U.S. Principal Investigators collaboration with
host country scientists in several southern Africa countries.
This transition has been slow because of budgetary con-
straints and logistical/communication difficulties.

Organization

After termination of the ATIP project which included
financial support for the expatriate scientist, the new mode
of operation for Botswana and southern Africa was for U.S.
and host country scientists to form joint partnerships and
prepare research proposals to access INTSORMIL funds
allocated for this region. Unfortunately, these funds were
climinated because of INTSORMIL funding constraints,
thus, collaborative research during 1993-94 was direct sci-
entist to scientist collaboration with funding coming from
U.S. INTSORMIL Principal Investigators budgets. These
results are presented in the individual project reports.
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Sorghum/Millet Constraints Researched

Sorghum and pearl millet are important crops in the
SADC countries, with both grain and stover being widely
used. The grain is used mainly for human food, but some
grain and the stover are used as livestock feed. During the
1980s, farmers yields have averaged less than 500 kg ha!.
These low yields partially reflect crop failures when no grain
was harvested. It also reflects the low natural level of soil
fertility, and the limited use of fertilizers and/or crop rota-
tion. To reach the critical yield level of 1.5 to 2.0 Mg ha-!,
a crop uptake of 45 to 60 kg ha"! N, and 16 to 20 kg ha*! P
is required regardless of the cultivar or production practices
used.

The low, irrcgular, and low-efficiency rainfall patterns of
the region combined with sandveld and hardveld soils with
low water retention and poor weed control also contribute
to the low yields of sorghum and millet. In some instances,
broadly soil texture fractions, (i.c., coarse sand, fine sand,
silt, clay) and unstable surface soil properties result ina high
bulk density (compaciion) when dry, and surface scaling
with crust formation. This slows the infiltration rate of rain
and limits crop root penetration.

Water conservation and redistribution technologies, soil
fertility improvement, residue incorporation, and weed con-
trol are urgently needed to improve soil structure and water
conservation for crop establishment, and production of
higher grain and stover yields.

Research Progress

There are two large, distinctly different clientele for
sorghum production in Botswana. One is the small family
farmer who uses sorghum primarily for food and brewing,
and the other is the large farmer who has the resov...es to
utilize hybrid sorghum seed, fertilizer, and large equipment
for sorghum production. The latter is generally located in
the Pandamatenga region.

Several sorghum hybrids, and sorghum and pearl millet
varieties are scheduled to be released soon. They all will be
cultivars with good food quality characteristics, and are
presently being rated for insect and discase resistance/toler-
ance by INTSORMIL and host country plant pathologists.

The 1993-94 cropping season was characterized by farm-
ers having problems with poor stand establishment and
severe drought. Farmers who had prepared their land carly
and planted at the proper time had average crops. Many
farmers plowed and planted too late resulting in very poor
stands. Research with seed dressings (fungicides plus insec-
ticides) resulted in improved sorghum stands. Early plowing
(first rain) combined with continued weed control until a
December planting rain, resulted in increased sorghum
yields.

Disease evaluations done at Pandamatenga, Botswana in
carly April 1994 indicated the presence of a virus disease
similar to that observed in 1993. Red- and tan-leaf necrosis
were the most common symptoms with only a minimal
amount of viral mosaic observed. Reaction of sorghum
entries from the International Sorghum Virus Wursery
planted at this site were typical of MDMV-A or MDMV-B.
Further evaluations are being conducted by DAR patholo-
gists on virus specimens collected and transferred to the
Sebele Staticn in Gaborone. MDMV-B is suspected because
of its previous identification at the Mt. Makulu station in
Zambia. In late March 1994, the incidence of MDMV-B and
associated red- and tan-leaf necrosis (depending on host
pigmentation) were quite heavy at Mt. Makulu in some
released sorghum inbreds. In early April 1994, the drought
response of sorghum in the Drought Line Test (DLT) and
Preliminary Drought Line Test (PDLT) at two locations in
Southern Zimbabwe (moderate to heavy drought stress at
Matopos and early, heavy drought stress at Lucydale) indi-
cated the necessity for pre-flowering drought tolerance in
sorghum cultivars for this region. Sorghums primarily pos-
sessing post-flowering drought tolerance developed moder-
ate to complete head blasting as stress increased in severity,
especially if stress also occurred earlier in the season. De-
spite environmental stress and susceptible cultivars charcoal
stalk rot was observed in only a few definitive instances.

Zimbabwe

The sorghum program has developed three early matur-
ing secd parents from UNL-115 which initially was grown
in Sebele. Selections from Botswana Serere 6A had also
performed well in Namibia.

Male sterility in finger millet has been developed and is
casily recognized. Seed set on unbagged male sterile heads
shows 5-10% crossing which will occur with fertile plants
in adjacent rows. This is sufficient for random mating and
convenient for ‘marking’ sterile plants. Higher levels of seed
can be obtained by deliberate pollination.

Screening of sorghum breeding materials found that lines
having SC326-6 and SC120 in their background generally
had better resistance to leaf blight than local and other
improved cultivars.

Namibia

The national research focus is on breeding and agronomy
of pearl millet. The national breeding program is compre-
hensive in its objectives, and David Andrews provides tech-
nical support to host country scientists. Agronomy and
fertility experiments are in progress using cattle manure
(kraaling overnight) and/or different levels of N and P
fertilizers,
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Zambia

Various plant disease problems were observed at Mansa,
Mt. Makulu, and Golden Valley. At Mansa, anthracnose
studies are being emphasized. At Mt. Makulu, viral necrosis
ranged from 30-60% among the cultivars present. Severity
of incidence ranged from minimal to 50% necrosis of leaves.
At Golden Valley, sooty stripe destroyed 60% of the leaf
tissue on susceptible cultivars. Rescarch is being conducted
on the use of sced treatment for control of sorghum downy
mildew (SDM).

Senegal

Negotiations were continued with Oregon State Univer-
sity, the lead contractor in the new Senegal Natural K
sources Based Agricultural Research Project (SNRBARP),
on how INTSORMIL will be involved.

Kenyua

Development of sorghum cultivars with tolerance to soil
acidity is an environmentally friendly, relatively inexpen-
sive, and permanent means of increasing sorghum yields on
such soils. Cultural practices of resource-poor farmers with-
out improved tolerant cultivars are labor intensive and be-
cause local types are used, low yielding. Acid soil tolerant
varietics and hybrids, developed by INTSORMIL in Colom-
bia, South America, perform well on acid soils in Kenya.
Recent trials show that these tolerant sorghums are adapted
1o Western Kenya where soils are infertile and becoming
increasingly acidified due to farming practices.

Five sources of Strigaresistance, |1 lines with resistance
to aphids, and 11 lines with drought resistance from Kenya
were increased in Texas and crosses to elite photoperiod
insensitive lines were made.

Honduras

Activities in the SRN/EAP/INTSORMIL program con-
tinued on schedule. Breeding plots have been planted in
several locations.

Documentation was submitted to the Honduran National
Seed Commission to release the downy mildew resistant
sorghum-sudan forage hybrid (AT623*Tx2784). This hy-
brid has undergone extensive testing in Honduras since 1986
and is a significant step towards intensifying land use—a
USAID mission objective. It has increased forage produc-
tion by as much as 30% in some commercial operations.
Some 70 on-farm demonstration plots had been distributed
in 1993. It is important to note that INTSORMIL developed
enhanced maicillo hybrids were the only sorghum cultivars
that produced grain in the low rainfall area around Tapaire,
Choluteca. Improvement of local landrace populations, such
as development of maicillo hybrids, has been a long term
objective of the INTSORMIL program in Honduras and this
cffort is now beginning to pay off.
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Also, it was evident that small farmers had begun com-
mercializing seed of enhanced maicillo varieties. For exam-
ple, DMV 179 was distributed to Miguel Gomez in 1990 at
Las Espaveles. The following year, Miguel sold a portion of
his harvest to Lorenzo Sell who took it to a World Neighbors
community near San Ramon. A visit to the San Ramon area
during a TAMU team visit revealed that a farmer had
converted his field to DMV 179—with about 10% mix-
ture/outcrossing with local maicillo. In another part of
Choluteca, a farmer had planted 5 ha of the enhanced
maicillo variety DMV 197. He was expecting yields of
50-57 t/ha from DMV 197 whereas local landrace varieties
were expected to yield 1.7-2.1 t/ha,

INTSORMIL collaborators at the EAP established a
broomcomn variety test in Nicaragua near the Honduran
border. Of the five varieties tested, Acme broomcorn per-
formed the best. That particular farmer produces about 70
ha of broomcom (on land rented from the Contras) and is
cager to begin producing seed of Acme. He harvests about
180 kg/ha fiber on dryland and 450 kg/ha on irrigated
production sites. Producing broomcorn and making brooms
has become a cottage indusiry in Nicaragua. Fields of
broonmicorn and selling round brooms on the roadside is a
frequent sight as one travels from the border to Managua in
Nicaragua.

Plans for the 1994 cropping season are in progress. This
will be the first cropping season without an INTSORMIL
long-term expatriate stationed in Honduras. Plans are for the
research program to continue in the same manner as before
with the same locations and nurseries. Increased involve-
ment in regional activities is anticipated during 1994. The
program is oricnting toward a more collaborative mode
involving host country and U.S. scientists.

Henry Pitre, MSU-105 Pl continued his collaborative
research on entomology in Honduras.

Metaponpnewmata rogenhoferi (Moschler) (Lepidop-
tera: Noctuidae) is one of four insect species in a complex
of lepidopterous defoliators, locally referred to as “‘lan-
gosta™, limiting production of intercropped sorghum and
maize in Horduras. The limited time of occurrence of this
very destructive species in this region was investigated in
relation to diapause behavior. The influence of age of pupae
and soil moisture on diapause was measured in the labora-
tory (90°). Pupae collected in the field were exposed to
different levels of soil moisture at intervals after pupation.
Adults emerged (ca. 20%) from pupac exposed at intervals
from August through October; emergence decreased to 5-
7% for pupace exposed for the first time after October. Soil
moisture level, however, did not appear to be closely asso-
ciated with termination of diapause, but time in diapause
appeared to have some effect. Information on diapause
behavior of this species and other species in the **langosta”
pest complex will further our ability to use insect behavior
in developing insect pest management practices for specific
crop production regions.
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Colombia
Collaborative Program

This is a terminal report for the INTSORMIL Colombian
Prime Site. This Prime Site was terminated and INTSOR-
MIL activities merged with the Honduran Prime Site on
June 30, 1994 by INTSORMIL, primarily because of
USAID travel restrictions to Colombia. This report will
summarize the Colombian Prime Site’s activities and pro-
ductivity since its inception.

Program Implementation

This collaborative research project operated in Colombia
under four formal and several informal agreements which
facilitated the project’s involvement in a broad range of
research activities. In 1981, a Memorandum of Intention
was signed by the Directors of INTSORMIL, ICRISAT, and
CIAT. Rescarch started in 1982 through informal coopera-
tion among ICA, EMBRAPA, and INTSORMIL. Sorghum
and millet research was formalized with the Colombian
government in 1988 through a Memorandum of Agreement
among ICA, INTSORMIL, and CIAT.

Through a 1988 INTSORMIL buy-in, research was initi-
ated in the acid savannas of Arauca by means of a Memo-
randum of Agreement between INTSORMIL and the [l
Alcaravan Foundation, a consortium of petroleum compa-
nies (Shell, Ecopetrol, and Occidental de Colombia), man-
aged by Occidental. Informal agreements and close links
have been established with nonprofit organizations such as
FENALCE, a Colombian production and extension-ori-
ented organization, and threec Colombian universities. Since
1990. formal and informal agreements in different research
areas were made with seed companies that have research
programs in Colombia, such as CIBA-Geigy and FEDEAR-
ROZ.

The INTSORMIL collaborative research project, MSU-
I'11, was managed by the Office of International Programs,
Mississippi State University.

Interdisciplinary Research

This Prime Site was originally established to conduct
breeding research on problems relating to acid soil produc-
tion constraints of sorghum and pearl millet. The research
was initiated in 1982 by Dr. Lynn M. Gourley, MSU-104
PL. Plant breeders at all INTSORMIL institutions have had
germplasm evaluated at this site through germplasm ex-
change. Specific long-range research goals in  Colombia
had included brecding for acid soil tolerance (MSU-104),
pearl millet (UNL-118 and KSU-101), drought tolerance
(TAM-122), pathology (TAM-124), and grain quality
(TAM-126 and PRF-103B) investigations. Some entomol-
ogy input was provided by MSU-105.

The MSU-111 project (also terminated on June 30, 1994)
operated from CIAT, near Palmira in the Cauca Valley,
where multinational seed companies have most of their
experiment stations. Through CIAT infrastructure, the pro-
Ject had established linkages with most public and private
rescarch programs, and NARS of other Latin American
countries,

The major center for seed increase and distribution was
at CIAT, Palmira. In contrast, breeding activities took place
at differcnt sites in the Colombian Eastern Plains (Llanos
Orientales), where soils with different levels of Al saturation
arc found in both well-drained and poorly drained savannas.
The project used ICA’s experiment farms, or land rented
from cither CIAT or private farmers to obtain a range of
ecosystems for each level of Al saturation. At ICA-La
Libertad (near Villavicencio, Department of Meta), scien-
tists from ICA, FENALCE, and INTSORMIL collaborated
in agronomic and breeding research, according to estab-
lished objectives.

Because of the diversity of collaborating institutions, the
project conducted more than just acid soil tolerance breed-
ing rescarch. For example, FENALCE developed lines for
semiarid areas (TAM-122) and lines resistant to grain
molds. ICA developed drought-tolerant lines, adapted to
acid soils and resistant to grain molds (TAM-124). The
universities conducted research in agronomy and physiol-
ogy (UNL-114), and entomology (TAM-125 and MSU-
105). The El Alcaravan Foundation developed germplasm
adapted to acid savannas and slightly acid soils (vegas). The
Foundation was also interested in grain quality and utiliza-
tion (TAM-126 and PRF-103B). Most of these research
activities were conducted by scientists from ICA or the
private sector, supported by undergraduate students work-
ing on their B.Sc. theses.

Collaboration with Other Organizations
International Centers

The selection of the International Center, CIAT, as the
operational headquarters for the Colombian Prime Site re-
scarch was ideal. The student training program and CIAT’s
outreach programs throughout Latin America kept INT-
SORMIL’s sorghum and millet research very visible, Col-
laboration with ICRISAT Center and ICRISAT’s outreach
programs in Mexico (CIMMYT) and SADC in Zimbabwe
contributed to the success of this project. At the time the
INTSORMIL program in Colombia was terminated, CIAT,
ICRISAT and INTSORMIL were attempting to get funding
from the Latin American Bank for a joint acid soil rescarch
project.

Since 1982, CIAT and ICRISAT have supported Interna-
tional Workshops in Colombia concerning sorghum and
millet research. In 1984, CIAT provided facilities and other
support for the Workshop *“Evaluating Sorghum for Toler-
ance to Al-Toxic Tropical Soils in Latin America” and in
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1991 for the Workshop *‘Sorghum for the Future.” CIAT
has supported the project in several other ways: administra-
tively, CIAT staff time, and opening alternatives for new
research areas. Land, laboratories, equipment, and transport
arc only some of the facilities that CIAT has made available
to the project. CIAT also increases breeders’ seed of INT-
SORMIL lines for release in Colombia.

Private Sector

INTSORMIL has always collaborated closely with the
private sector, which includes national as well as multina-
tional entities headquartered in Colombia. Since 1982, many
private companies have sent lines from the world collection
for evaluation of acid-soil tolerance under different Latin
American conditions. Although many lines were identified
as Al-tolerant and used as progenitors for developing geno-
types adapted to tropical conditions, a major problem was
excessive plant height of more than 200 cm of their FI
progeny. Most Latin American countrics prefer short hy-
brids. Collaboration with the private sector has increased the
possibility of finding hybrids adapted to the stresses pre-
dominant in Latin America’s acid soil regions.

Most Latin American countries are privatizing and open-
ing their economies to outside trade. The NARS involved in
the sorghum and millet research have also been part of this
process. In Colombia and Peru, future public rescarch will
become the responsibility of private or joint venture compa-
nies.

In Colombia, FENALCE s:ations an agronomist (B.Sc.)
in cach sorghum-growing region to provide farmers with
technical support. ICA provides farms and scientists for all
projects involving both institutions. The El Alcaravan Foun-
dation fully supported research in Arauca under INTSOR-
MIL’s leadership.

Planning Collaborative Research

From the beginning, a close working relationship was
established with CIAT, facilitating research and promoting
linkages with both foreign and national entities. ICA was
INTSORMIL’s principal scientific collaborator. The PI as-
signed to Colombia and the ICA scientist assigned to ICA’s
sorghum program at La Libertad met annually to establish
work plans.

Since 1988, relations among the institutions involved in
Colombian sorghum research became complex, requiring
careful coordination of rescarch activities. Specific short-
and long-term goals were developed jointly with INTSOR-
MIL Projects MSU-111 and MSU-104, ICA, El Alcaravan,
FENALCE, and the Colombian universitics. Formal plan-
ning meetings were held annually to discuss specific experi-
ments, organizational funding, and individual
responsibilities. Results were published annually, and dis-
tributed among those involved.
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Sorghum/Millet Constraints Researched

The main overall constraint to sorghum production in
Latin America is the high cost of production. Most sorghum
has been grown on high value land, making production of
this crop anonprofitable enterprise. One method of reducing
production costs was incorporating marginal lands into the
production system. This low-value land has production con-
straints including the poor distribution of water, soil acidity,
and high Al saturation, presence of pests and discases,
periods of excessive rainfall with high relative humidity, and
other related agronomic problems. Thus, sorghum produc-
tion in these arcas required the development of varieties or
hybrids adapted to the specific ecological problems preva-
lent in each region.

In spite of the constraints encountered in these marginal
arcas, the amount of land available is such that the acid,
well-watered savannas of Latin America constitute the main
potential region for sorghum production. Acid, infertile soil
savannas account for more than 10% of'the land area in Latin
America and the Caribbean. Some 76 million hectares of
well-watered savannas are currently available for more in-
tensive cultivation in the future in Colombia alone. Farmers
throughout the region require low-input technology and
research information to avoid resource degradation prob-
lems; thus, work to develop sustainable agricultural systems
becomes a mandate.

Research Progress

Rescarch progress was excellent until the Colombian
Prime Site was discontinued. Due to travel restrictions, this
country program was the smallest within INTSORMIL in
terms of number of Pls involved. Since MSU-111 and
MSU-104 were both breeding projects, INTSORMIL's in-
volvement was primarily breeding while ICA’s role was
more in other disciplines and included some extension ac-
tivities.

ICA and the El Alcaravan Foundation, with INTSOR-
MIL’s support, released two acid soil tolerant sorghum
cultivars in 1993 which are adapted to growing conditions
in Arauca in the Colombian Eastern Plains. The cultivars
have been named Icaravan | (IS 3071) and Icaravan 2 (IS
8577). lcaravan 1 is exceptionally hardy and has produced
more than 3 t ha'! grain under low fertilization levels and
when the Al-saturation level is 60% or less. It also tolerates
partial flooding after flowering - an essential characteristic
in poorly drained savannas. Icaravan 2 is very tolerant to Al
toxicity and has good agronomic characteristics when
grown under Arauca’s soil and climatic conditions.

FEDEARROZ and ICA announced the release of a hy-
brid for the dry Caribbean region of Colombia, which uses
an A-line from the INTSORMIL MSU-104 project and an
R-linc from Texas A&M University. Hybrids using one or
both parenta} lines developed in Colombia are currently
being evaluated in many countries with acid and/or infertile
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soils. Since 1990, experimental sorghum hybrids using lines
developed in Colombia have been evaluated in east Africa.
The bird resistant germplasm being developed by the INT-
SORMIL Colombian program is similar to that used
throughout many areas in Colombia and in western Kenya
and throughout Uganda is used for food. Several of these
hybrid combinations are in the final stages of evaluation
before being released to farmers.

Egypt

The Egypt/INTSORMIL program consists of research
cfforts within two groups in the Agricultural Research Cen-
ter (ARC). The plant pathology research group in the
MSSCFC Section of the Plant Pathology Institute and the
sorghum research section of the Field Crops Research Insti-
tute of ARC.

Plant Pathology

Dr. Thanaa Fahmy Ibrahim, Dr. Tawfic Abdel-Moity and
Mr. Abu-Serie Ismael participated in short-term training in
the Plant Pathology Department of Kansas State University
during the spring semester of 1994, Dr. Ibrahim focused on
classical microbiology of bacterial pathogens of sorghum.
Dr. Abdel-Moity studied parzueters that are involved in the
use of nontoxin-producing Fusaritm specices as biological
controls in sorghum. Mr. Abu-Serie Ismael conducted ex-
periments with SDS polyacrylamide gel and agarose gel
electrophoresis of proteins and DNA to determine differ-
ences between Egyptian and U.S. isolates of Pseudomonas
andropogonis. These data were to be incorporated into Mr.
Ismael’s Ph.D. thesis.

Work focused on the characterization of Fusarium popu-
lations from Egypt and comparing these populations with
those from other locations. Egyptian Fusarium populations
from sorghum appear to be dominated by members of the D
mating population (Fusarium proliferatum) instead of the F
mating population (Fusarium proliferatum) as is common
in the United States and Tanzania. The reasons for this
difference in population composition are unknown. Mem-
bers of the D mating population are known to make gibberel-
licacid and may be responsible for the pokkah boeng disease
symptoms that we have commonly observed on Egyptian
sorghum. Some members of the D mating population are
known to synthesize moniliformin and fumonisin mycotox-
ins, and, thus, may pose a hazard to humans and animals that
consume sorghum grain and/or sorghum forage.

Sorghum Agronomy

Production experiments have dealt with the effects of

different water and nitrogen levels and the water X nitrogen
level interactions in order to optimize water use efficiency
(WUE) and nutrient use efficiency (NUE). Water and N
level effects at modest input levels are almost additive.
Experimentation approach and set ups are now geared up
and need several years operation in a range of the *New

Lands™ marginal areas to come up with the best guidelines
to stretch Nile water supplies and minimize N imports. Drs.
Bashir and Kamal have a good start on this. Nubaria needs
to be developed along with irrigation equipment for other
sites.

Sorghum breeding faces challenges to tailor germplasm
to the expanding marginal land areas and boost production.
A good percentage of the germplasm used there is like Giza
I5 and some locals which fit their conditions quite well in
the traditional sorghum areas. The germplasm base related
to these is probably fairly narrow and breeders are involved
in widening the base. One hopefully useful approach was
started last year by applying pollen from Giza 15 and many
locals to sterile heads in a Nebraska midseason stress resis-
tant tan plant population to develop a new Egypt adapted
randomly mating population. Such a population should pro-
vide an easy means to incorporate new germplasm sources
into a breeder working pool to be used in conjunction with
conventional breeding approaches.

United States

The EEP INTSORMIL project reviews of the Texas
program took place at Corpus Christi, July 12-13, College
Station, July 14-15, and Lubbock, September 20-21, 1993,
The EEP also reviewed the Nebraska, Kansas, and Purdue
Programs in September. Excessive moisture and unusual
low temperatures delayed crop development at these sites.

Research is being continued on evaluating increasing the
seed size component of yield in sorghum as it may relate to
(1) post anthesis stress resistance, (2) higher yields under
relatively optimal conditions, (3) higher water use efficiency
under stress and favorable conditions, (4) housewife prefer-
ence in developing countries and (5) value added for live-
stock feeders through cheaper processing and greater starch
release. Increasing seed size without decreasing yield (de-
creasing seed number) depends partly on increasing grain
fill length which relates to metabolic pace Metabolic pace
is being estimated by measuring grain respiration rate in the
field with a portable analyzer in a nondestructive manner.
Seed saved is then used for genetic manipulation which is
being supported through INTSORMIL and a Nebraska
Grain Sorghum Board leveraging grant.

In Texas, excellent disease, insect, drought, and adapta-
tion sorghum nurseries were obtained this year. High rainfall
contributed to high discase pressure in South Texas. A very
long and continuous drought in West Texas resulted in
excellent drought nurseries (both pre-and post flowering
stress nurseries) in the Lubbock area.

Plots planted at Lubbock for the purpose of identifying
nitrogen efficient breeding lines are in the process of being
harvested. A chlorophyll meter is being investigated for use
as a possible screening tool to determine nitrogen status of
sorghum at various growth stages. It is also being investi-
gated as a potential indicator of nitrogen use efficiency.
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In Texas, two students supported by INTSORMIL and
their major professors are measuring the control capability
of natural enemies of aphids infesting grain sorghum. Dur-
ing the summer of 1993, they researched removal of these
natural enemies from large plots of grain sorghum with the
short term goal of distinguishing the mortality caused by the
respective species of natural enemies. The primary objective
of this work is to provide methodology and information on
how to use these natural enemies more cffectively in inte-
grated pest management programs,

Darrell Rosenow and Gary Peterson traveled to China in
August on a UNDP program. They evaluated sorghum
research nurseries at the Sorghum Research Institute, Liaon-
ing Academy of Agricultural Sciences in Shenyang. This
travel provided information on some potentially important
new germplasm from China which should be useful to
INTSORMIL researchers.

Germplasm Improvement

In Nebraska, the threat of carly frost hastened seed har-
vest. Harvest of grain yield triais procceded well after a
scason of exceptionally high rainfall. Winter nursery seed
was put up and dispatched. Germplasm population NPM-3
was released. This is the first public source of material
available in a dwarf early maturing background that will
restore male-fertility on the A { (monodii) cytoplasmic male-
sterile system. This restorer source will now permit this new
system, which has several significant advantages, to be used
in making grain hybrids. The seed set on new A, hybrids
testin 1993 was generally superior to sced set on A | hybrids.

David ). Andrews, Pl for projects UNL-115and 118, was
awarded the International Service in Crop Science Award at
the November ASA annual meeting in Cincinnati. The
International Service in Crop Science Award recognizes
outstanding achievement in the international area of crop
science. The focus of the award is on creativity and innova-
tion in bringing about specific changes in practices, prod-
ucts, and/or programs in the crops area at the international
level.

In Texas, progress continued in sorghum breeding for
high stable yield and resistance to stresses. One major domi-
nant genc and one major recessive gene, controlled the
ability of sorghum to stay green under drought. A consistent
relationship has been shown between high nonstructural
carbohydrates in the stem and charcoal rot resistance. Two-
gene systems appear to control relative water content, os-
motic potential, and heat tolerance. Eight genes have been
described which affect food quality of the grain. Field
selections were made in south Texas for adaptation to tropi-
cal environments, discase resistance, and grain quality. F,
populations were increased which will be used to provide
materials to collaborators in Mexico, Honduras, Mali, Su-
dan, Kenya, and Southern Africa.
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At Purdue, transgenic sorghum plants have been obtained
after microprojectile bombardment of immature embryos
(PRF-103A). The protocol for obtaining transgenic plants
consists of the delivery of the bar gene to immature embryos
and the imposition of biolaphos selection pressure at various
stages during culture from induction of embryogenesis to
rooting of regenerated plantlets. The presence of the bar and
nidA genes was confirmed by PCR and Southern blot analy-
sis of plant genomic DNA. Phosphinothricin acetyltrans-
ferase activity was detected in extracts of the regenerated
plants and thesc plants were resistant to local application of
the herbicide Ignite/Basta. T1 scedlings are now being
evaluated. A similar protocol has been used to obtain puta-
tive transformed calli from immature inflorescences, and
regenerate plants that are being tested for the presence and
expression of the bar gene.

Sustainable Production Systems

Extensive developmental physiology research in the 70°s
and 80’s was used to fashion a preanthesis stress screening
field method. Preanthesis stress is a problem in many tropi-
cal countries as well as being the major stress period most
years in temperate climates. The physiological research
clearly illustrated (scanning electron micrographs) that mi-
crosporogenesis and megasporogenesis are major stress sen-
sitive stages. Tapetal damage caused nutritional problems
which lead to microspore damage during microsporogene-
sis. Similar translocation (nutritional) problems cuused
ovule abortion.

Pinpointing the developmental time of damage allowed
timing stress in the field to select stable, high seed number
stress-resistant (preanthesis) genotypes. Our stress screen-
ing model was tested and validated by selecting good yield-
ing Sy plants from a randomly mated tan plant sorghum
population which were advanced to the Sy generation, se-
lected for stress resistance in the field using our methodol-
ogy and recombined to form a new stress resistant
population. The population has been or is being used in
Niger, Senegal, Sudan, Mexico and Egypt. Population se-
lections in hybrid combination are competitive with com-
mercial hybrids and usu.2lly exceed them in stress tests.

Current research (UNL-116, Jerry Eastin) is centered on
increasing seed size potential as a post anthesis stress yield
compensating mechanism. Increased seed size also relates
to increasing yield potential under good conditions. In addi-
tion, the developing country housewife normally prefers
larger seed sizes in the marketplace. Also, livestock feeders
in the U.S. prefer larger seed sorghums to decrease roller
milling energy costs and improve kernel fracture to release
more readily digestible starch as in perceived in the treat-
ment and use of maize as a livestock feed. These investiga-
tions are being heavily coordinated with germplasm
improvement programs by Egyptian plant breeders. A big
advancage in Egypt is total water control to get good plant
anthesis stress control not readily achieved in the U.S.
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Experiments comparing improved Malian sorghums
against U.S. types at the University of Nebraska (Ph.D.
dissertation study) at low and high soil N levels showed that
both Malisor 7 and S-34 ranked among the highest for NUE
among 15 genotypes. A genotype by nitrogen level interac-
tion occurred at the boot and flowering growth stages but
not at maturity. Seed quality and poor stands were also a
problem with the Malian types.

Irrigated experiments conducted on sorghums specifi-
cally selected for high NUE at Kansas State University and
the University of Nebraska for agronomic response to N
application (M.S. thesis) showed that the hybrids responded
much better to N application than the high NUE parent lines
as would be expected. The best hybrid at 0 kg N hal
application was Tx623/SC566, (3449 kg ha'!) and the best
at 100 kg N ha'! was TX623/IR204 (5537 kg ha'!). High
NUE lines varied in their response to N, but were all respon-
sive (UNL-114, Jerry Maranville).

Sustainable Plant Protection Systems

During the period of January 1-March 31, 1994, Richard
Frederiksen (TAM-124) was able to select several DNA
probes from a genomic library of Collectotrichum gramini-
cola that will be used in evaluation of the population dynam-
ics of this pathogen. Progress has been made on the
laboratory identification of compatible isolates of Sporis-
orium reifianum, the fungus causing head smut of sorghum.
This technique may permit the rapid identification of viru-
lent isolates and be uscful in defining somc of the factors
contributing to pathogenicity in the furngus. They put to-
gether a collection of 198 commercial sorghum hybrids for
obtaining data sets on reactions of these hybrids to the most
important discases of sorghum. These data will be integrated
into an interactive computer model for use in developing
integrated sorghum production systems. Integrated produc-
tion systems are the most environmentally safe and sustain-
able systems for both developed and developing agriculture.
Sorghum disease nurseries in south Texas were planted as a
part of the continuing research programs. Dr. Melville
Thomas spent the academic year at Texas A&M using
techniques in biotechnology as they apply to characterizing
populations of Colletotrichum graminicola. Mr. Issoufou
Kollo has begun the application process to begin graduate
work at Texas A&M; however, his application has not been
completed and he may not be able to begin until Spring
Semester, 1995,

Crop Utilization

Purdue has two new graduate students working on the
INTSORMIL project - Adam Aboubacar (Ph.D.) from Ni-
ger who is funded from the project and Charlotte Weaver
(M.S.) who is funded from an outside source. A third pro-
Ject-funded student is in her last year of her Ph.D. studies.

The most significant finding of late concerns the poor
protein digestibility of sorghum. In screening 25 selected

sorghum genotypes for in vitro protein digestibility they
found a range 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 important, digestibility of these two sorghums
did notdecrease appreciably on cooking which is commonly
seen with sorghum. This was verified using two in vitro
enzyme systems. Chemical studies showed that in the two
highly digestible sorghums the major storage protein (about
65% of total protein), o-kafirin, was digested much earlier
than the other sorghum samples. Also, a group of high
molecular weight proteins, that usually restrict the digestion
of o-kafirin, was digested very rapidly. This group of sor-
ghums is now being grown in Mexico to determine if this is
aheritable trait. [fthis proves to be so, we believe that a rapid
screening assay for digestibility can be developed based on
chemical differences between genotypes.

Adam Aboubacar has set up a laboratory-scale process to
make couscous and is examining physical and chemical
properties of various sorghum and millet types in relation to
their couscous-making ability. He is trying to better under-
stand the controlling factors in the grains that are necessary
to produce a couscous product competitive to wheat
couscous.

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
thatreflect regional needs for sorghum and/or millet produc-
tion. These tics are envisioned to be in the sorghum and
millet agroccological zones of western, eastern, and south-
ern Africa, and Central America. By concentrating collabo-
ration in selected sites, INTSORMIL optimizes its
resources, builds a finite scientific capability on sorghum
and millet, and creates technological and human capital that
has a sustzinable and global impact. INTSORMIL will use
tour 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 nawral resources, (3) rescarch systems
development with focus on relevant technology generation,
and (4) information and research networking,
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Agroecology and Biotechnology of Stalk Rot
Pathogens of Sorghum and Millet

Project KSU-108
L. E. Claflin and J. F. Leslie
Kansas State University
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Drs. L.E. Claflin and J.F. Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506

Collaborating Scientists

Dr. Demba Mbaye, CNRA/ISRA, Bambey, Senegal

Dr. Mamarou Diourte, Institute Economie Rurale, Bamako, Mali

Drs. Elhamy El-Assiuty, Haroun El-Shafey and Nadia Dawood, Plant Pathology Research Institute,
NARP/ARC/USAID/INTSORMIL, Cairo, Egypt

Dr. Osman El-Nagouly, Field Crops Research Institute, NARP/ARC/USAID/INTSORMIL, Cairo, Egypt

Dr. John Kedera, KARI/MIAC/USAID, Kitale, Kenya

Mr. Henry Nzioki, KARI/MIAC/USAID, Machakos, Kenya

Mr. Linus Muriithi, KARI/MIAC/USAID, Embu, Kenya

Dr. Newton Ochanda, KARI/MIAC/USAID, Kakamega, Kenya

Dr. W.F.O. Marasas, PROMEC. South African Medical Research Council, Republic of South Africa

Mr. Fabio Polania, Dr. Manual Torregroza and Mr. Jaime Bemal, INTSORMIL/ICA/FENALCE, Colombia

Dr. Guillermo Munoz, Pioneer Seed Company, San Jose, Costa Rica (formerly in Cali, Colombia)

Mr. Xu Xiude, Sorghum Research Institute, Liaoning Academy of Sciences, Shenyang, China

Dr. Baharuddin Salleh, School of Biological Sciences, Universiti Sains Malaysia, Penang, Malaysia

Dr. Wiwut Daengsubha, Department of Microbiology, Kasetsart University, Bangkhen, Thailand

Douglas J. Jardine and Robert W. Bowden, Department of Plant Pathology, Kansas State University, Manhattan,

KS

Dr. Paula J. Bramel-Cox, Department of Plant Pathology, Kansas State University Manhattan, KS
Dr. Paul E. Nelson, Pennsylvania State University, Departiment of Plant Pathology, Fusariuin Research Center,

University Park, Pennsylvania

Dr. Richard E. Frederiksen, Department of Plant Pathology, Texas A&M University, College Station, TX

Dr. Gary Odvody, Texas A&M Experiment Station, Corpus Christi, TX

Dr. Darrell Rosenow, Texas A&M Experiment Station, Lubbock, TX

Prof. D. J. Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE

Dr. Martin B. Dickman, Department of Plant Pathology, University of Nebraska, Lincoln, NE

Drs. Anne E. Desjardins and Ronald D. Plattner, USDA/ARS National Center for Agricultural Utilization Re-

search, Peoria, IL
Summary

Research funded by this project includes both disease
screening of breeding material and identification of parame-
ters underlying the populations of pathogens in agroecosys-
tems. The All Discase and Insect Nursery (ADIN) from
Texas A&M University was screened for genetic variability
to covered kernel smut and bacterial discases for the last ten
years, and for rust the last two years. Three accessions,
B35-6, SC 414, and Surefio were immune to the race of smut
used for inoculation. Accessions rated as resistant to rust
include: 87EON366, 87TEON366SIS, 90CW8147,
92BDI1016, 92CW5447, 86EON362, R9117, and Malisor
84. Those entries with good resistance to bacterial stripe
discase include: SC326-6, 86EON361, 86EON366SIS,
90EDN328, 90CCEDN343, 90CW8147, 91CC515,
91BE7151, Sureiio, BTX378, and TX7078.

With respect to agroecosystems, work has been in two
main areas. First we have been identifying Fusarium isolates
from sorghum with Pokkah boeng disease symptoms from
Egypt. Numerous isolates belonging to Fusarium section
Liseola have been identified, but these isolates are not
cross-fertile with standard testers that we have developed
for identitying such isolates. It is possible that these strains
represent a new, as yet uncharacterized, mating population.
In a second area, we have developed a genetic map and
electrophoretic karyotype of one of the mating populations.
This map will be used to select markers for screening
pathogen populations for genetic variability and evidence
for genetic recombination.
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Objectives, Production, and Utilization Constraints
Objectives

Determine the causal agent of pokkah boeng. Ascertain
the epidemiological parameters of the causal agent. Evaluate
sorghum germplasm for genetic variability in resistance to
the causal agent.

Develop characters for assessing the levels of genetic
variability within Fusarium populations.

Provide an antisera bank that will enable LDC scientists
to diagnose bacterial diseases of pearl millet and sorghum.

Continue to develop monoclonal antibodies against vari-
ous bacterial pathogens of sorghum and pearl millet.

Continue to screen sorghum accessions from the Texas
A&M University All Disease and Insect Nursery (ADIN)
for genetic variability to covered kernel smut, rust, bacterial,
and other discases of sorghum.

Constraints

Pokkah boeng is a disease of maize, sorghum, and sugar
cane that is attributed to Fusarium subglutinans. Diseased
plants have an *“‘onion-leaf” or “‘rat-tailed” appearance. In
essence, the whorl of the plant fails to unfold properly due
cither to plant or fungal exudates which bind the leaves
together, or to improper growth of the plant. Plants with
lesser damage often exhibit leaves with a scorched appear-
ance; other symptoms include a ‘‘knife-cut”, where the
lesion appears to be cut on a transverse plane. Leaves of
infected plants are often rippled and have a leathery texture.
Grain loss from an infected plant is 100% since the inflores-
cences fail to emerge.

Fusarium stalk rot and grain mola remain serious prob-
lems that cause loss in both quantity and quality of grain
sorghum. Yet these fungi appear to be endophytes (Table 1)
that provide as yet undetermined benefits to the plant. We
are characterizing populations of these fungi to identify
fungal strains that are competitive for the plant niche, but
that are unable to produce mycotoxins such as beauvericin,
fumonisin and moniliformin and do not cause stalk rot.
These strains could then be used to reduce the incidence of

disease and, once established in a local population should
be maintained in a sustainable manner.

Covered kernel smut (Sporisorium sorghi) and rust (Puc-
cinia purpurea) of grain sorghum occur throughout the
world. Prior to seed treatments, covered kernel smut was the
most destructive disease of grain sorghum in the U.S. with
yield losses approaching 50%. Recommended seed treat-
ments applied prior to planting of sorghum seed has reduced
the incidence of covered kernel smut to nearly zero. How-
ever, in LDCs, smut causes significant yield losses as seed
treatments are too expensive and/or unavailable. In Lesotho,
incidence of covered kernel smut approached 50% in several
fields and lesser incidences were noted in nearly all fields
examined (L. E. Claflin and M. Qhobela, unpublished.)
There is no effective treatment for control of rust and,
normally, the disease occurs most frequently after anthesis
and yield losses in the U.S. are considered nominal. Rust
epidemics commonly occur under cool and humid condi-
tions. Sorghum grown under those climatic conditions will
likely have significant yield losses (>50%) such as in Cen-
tral America and the higher elevations in A frica.

Research Approach anu Project Qutput
Research Methods

Suspected pokkah boeng tissue will be disinfested of
contaminants by immersing the samples in 95% ethanol for
10 seconds and then in 10% bleach for four minutes. Sam-
ples are then washed three times in sterile distilled water.
Small pieces of tissue will be placed on Nash-Snyder (NS)
medium, which is selective for Fusarium spp. and incubated
at 28 C for one week.

The Fusarium colonies that develop will be single-spored
under a microscope (100x) equipped with a micro-manipu-
lator. These single-spore isolates will be transferred to car-
nation-leaf agar (CLA) and examined for morphological
features such as presence of macro- and microconidia, pres-
ence of microconidia in chains or false heads, and general
conidia and conidiophore morphology. The isolates will
also be grown on potato dextrose agar to measure growth
and pigment production. Within the Liseola section of the
Fusarium genus, examination of the morphological charac-
teristics and pigment production are insufficient to identify
the isolate to species. Since most isolates from sorghum

Table 1. Percentage of Fusarium spp. recovered from tissues of sorghum plants from the Rocky Ford Experimental

Farm, Manhattan, Kansas (1993 growing season)

Fusarium spp.

Tissue moniliforme proliferatum graminearum solani Unknown!
Grain 40 - 18 - 42
Leaf 99 - - - 1
Root 69 25 4 2 -
Sheath 99 - - 1

Soil 82 - - - 18
Stalk 89 10 1 - -

Y Fusarium spp. other than those listed above.
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belong to this section we will use the isozyme diagnostic
procedure described below and crosses with mating type
standards to complete our identifications.

Isozyme assays. Fusarium isolates to be tested are grown
on slants of complete medium for 3-5 days. The spores are
separated from the mycelial mat with an aqueous solution
of 2.5% Tween 60 and placed in a petri dish containing
minimal media. A sterile cellulose membrane is placed on
top of the minimal medium and incubated for § days at 27°
C with alternating 12 hour periods of light and dark. The
membrane is lifted from the medium and ground to a fine
powder in liquid nitrogen. The powder and 600 pl of buffer
are placed in amicrofuge tube and centrifuged at 13,000 rpm
for 6 minutes. One hundred pl of the supernatant is removed
and placed into microfuge tubes and stored at -80 C until
needed.

Small (2 x 6 mm) wicks are prepared from Whatman
3MM chromatography paper. The wicks are submerged into
the thawed supernatant samples, blotted, and then inserted
into a 10% starch gel. Controls consist of representatives of
the seven mating populations, A-G. Isozymes are resolved
by electrophoresis for 4-20 hours, depending on the buffer
system, at 35 mAmps at 4-7°C.

Gels were assayed for the following isozymes: Fumarase
(FUMH), Malate dehydrogenase (MDH), and isocitrate de-
hydrogenase (IDH).

Electrophoretic karyotypes. Karyotypes of six Fusarium
mating populations were resolved using CHEF agarose gel
clectrophoresis. In some fungi, changes in chromosome
karyotype are associated with changes in pathogenicity and
can be used to denote different subgroups. We also have
identified polymorphic RFLP markers that can be used to
make a genetic map and, potentially, as markers to charac-
terize local populations of these fungi from a genetic per-
spective.

To determine if the bacterial stripe pathogen will over-
winter within sorghum debris, wild-type and streptomycin
resistant (100 ul/ml) strains of Pseudomonas andropogonis
will be utilized. Seventy grain sorghum accessions from the
Texas A&M University (Courtesy of D. T. Rosenow, TAES,
Lubbock) All Discase and Insect Nursery (ADIN) were
planted at the Rocky Ford Experiment farm necar Manhattan.
Each accession was planted in 4.6 m rows with three repli-
cations. Plants were inoculated at the 12-leaf stage of growth
witha Cornwall repeating syringe equipped with a 20-gauge
needle. The first five plants in a row were inoculated with
the wild-type strain and the last five plants with the strepto-
mycin mutant. One month after inoculation, bacterial leaf
stripe infected tissue was collected from lower, middle and
upper intermnodes (including peduncle), lcaves and seed of
sorghum plants. Tissues were pulverized with a mortar and
pestle. One ml of the extract was serially diluted and plated
on YDCA medium. The plates were incubated at 28 C for
7-15 days. The tissues will also be examined by im-

munofluorescent microscopy. Plants were assayed at
monthly intervals from July through May. The experiment
was repeated during the 1994 growing season.

Sorghum accessions from the ADIN were utilized to
evaluate genetic variability to rust and covered kernel smut
pathogens. The 70 entries were replicated four times in a
randomized complete block design at the Rocky Ford Farm
near Manhattan. Seeds were planted during the first two
weeks of May in rows spaced 76 cm apart and 11 cm
between plants in the row. The experiment was conducted
over a five-year-period (1989-1994) although not all geno-
types were evaluated on a yearly basis.

Inoculum consisted of S. sorghi infected panicles that
were collected during the previous growing season and
stored at -20°C. Teliospores were harvested by rubbing the
infected panicles on a 60-mesh (250 uM) screen. Debris was
separated from teliospores by shaking the mixture on a
200-mesh (75 uM) sieve. Teliospores were added to the
sorghum seed (0.5%, w/w) and planted within four hours
after mixing. Natural inocula were utilized for those acces-
sions in the rust experiment. Plants were scored for smut and
rust incidence at physiological maturity.

Research Findings

Pokkah boeng. We have noticed a high incidence of
pokkah boeng in southern Egypt that was especially severe
on the major cultivar, Giza 15. The disease is more severe
during humid weather or when the crops are irrigated.

Pokkah boeng is often difficult to diagnose. The rat tail
symptom may be caused by herbicide injury (usually 2,4-D),
particularly if the chemicals arc applied after plant emer-
gence as a lay-by treatment. The knife-cut symptom and
scorched appearance at the margin of lesions may be attrib-
uted to calcium deficiency. The causal agent is related to
those thought to induce stalk rot and grain mold.

Only limited research has been reported on pokkah
boeng. The disease was first described in Java on sugar cane
over 70 years ago. The causal agent was reported as Fusar-
ium suoglutinans. Our limited research efforts have shown
that Fusarium moniliforme is almost exclusively isolated
from suspected pokkah boeng lesions. We examined millet
and sorghum samples from Kenya, Senegal, Egypt, China,
Zimbabwe, and the U.S. From root tissues, /. proliferatum
was the principal species recovered. Based on the sympto-
mology it is not clear where the causal agent should neces-
sarily be found.

F. subglutinans is a known producer of gibberellic acids
(GAs), a potent plant growth stimulant. Our rescarch has
shown that sorghum seed infested with F. subglutinans had
an earlier emergence and, at threc weeks post emergence,
these plants were nearly twice the height of untreated con-
trols. Isolates of F. subglutinans produce varying levels of
GA. We plan to survey all isolates with the intent of deter-



Sustainable Plant Protection Systems

mining their effects on sorghum and millet emergence,
growth, and yield. A closely related pathogen, F. monili-
Jorme, was shown to decrease the incidence of Aspergillus
niger in com. Perhaps F. subglutinans would have a similar
trait. A. niger is a notorious producer of mycotoxins, includ-
ing aflatoxin.

Many of the Fusarium spp. that we recover from the
pokkah boeng plants belong to the Liseola section, but are
not cross-fertile with any of our mating type testers. It is not
clear whether these isolates are all sexually sterile or
whether they represent a new mating population within this
species complex for which we do not yet have suitable
mating testers.

Genetic variability in Fusarium. We examined more than
25 strains from six different mating populations within the
Fusarium moniliforme (Gibberella fujikuroi) species com-
plex. All of these species had 12 chromosomes. There were
minor differences in chromosome length within a mating
population, but no major changes in size or in chromosome
number were observed. Overall genome sizes ranged from
45-55 megabasepairs (Mb) of DNA with individual chro-
mosomes ranging from 0.7 to >10 Mb. Much of the size
variation was associated with chromosome 2, which is
known to carry the multi-copy region that encodes for the
ribosomal DNA. Some of the variation we observed may be
attributable to differences in gene copy number within this
region. It is unlikely that karyotype variation will be useful
for distinguishing the different mating populations within
this species complex, with the possible exception of chro-
mosome 12 (see below).

We assigned more than 140 RFLP markers to the 12
chromosomes and calculate that the genome size is approxi-
mately 1500 centimorgans (map units) in length. We also
identified map positions for genes controlling mating type,
spore-Killer and fumonisin production and obtained prelimi-
nary evidence for at least one inversion chromosome rear-
rangement. These markers can be used to provide measures
of genetic diversity of these fungal populations that are
independent of the vegetative compatibility group (VCG)
measures that we have used previously.

The smallest chromosome in the karyotype, chromosome
12, is approximately 700 kb in size and worthy of particular
note. This chromosome varies significantly in size between
mating populations and can be rearranged or deleted without
a noticeable affect on the fungus in terms of laboratory
growth rate and morphology, fumonisin production, or
pathogenicity. From Northern analysis it is known to encode
some transcribed genes, although the function of these tran-
scripts and/or their corresponding proteins is not known.
Unlike other dispensable chromosomes krnown in some
other fungi, all of the field isolates examined carry this
chromosome and there is relatively little polymorphism for
this chromosome within a mating population. The function
of this chromosome remains an interesting fundamental
mystery.

Several ADIN entries, B35-6, SC414, Surefio,
90EDN328, 90CW8147, 92CW4572 and 92BD1016, were
immune in our tests to covered kemel smut. The most
susceptible accessions were TX430, BTX623, R9188,
91CC515, ICSV-LM89, and TX636 as over 50% of the
plants exhibited smutted heads. With respect to rust, B35-6,
TX2858, TX2862, TX2783, MBI108B, 90B2662, and
92B2029 were very susceptible to rust whereas 86EDN362,
87EDN366, 87TEDN366SIS, 90CW8§147, 92BDI1016,
92CW5447, and Malisor 84 were nearly immune.

Networking Activities
Waorkshops

J.F. Leslie attended the 2nd International Colletotrichum
workshop in Lake Placid, New York, July 25-27, 1993.

J.F. Leslie and R. A. Frederiksen co-organized a work-
shop entitled ““‘Application of Genetics and Biotechnology
to the Characterization and Control of Fungal Pathogens:
An International Sorghum and Millet Perspective” which
was held at the Rockefeller Foundation’s Conference Center
at Bellagio, Italy from November 15-19, 1993.

Research Investigator Exchange
L. E Claflin

China - Consulted for the United Nations Development
Program at sorghum and maize institutes in Shenyang, Gong
Zhu Ling, Shanxi Province and Beijing, July 11 - 28, 1993.

Kenya - Consulted for the Rockefeller Foundation at
various Kenya Agricultural Research Institutes including
those at Mtwapa, Kiboko, Muguga, Kitale, and Kakamega.
Also discussed Ph.D. dissertation results with Mr. Chagema
John Kedera and Dr. Richard Mibay, University of Nairobi,
August 7- 23, 1993,

Egypt - Grant project supported by USAID and Agricul-
tural Research Center (Egynt) to discuss collaborative pro-
jects on grain sorghum in Giza, Sakha, and Gemmeiza,
August 23 - 31, 1993,

Colombia - INTSORMIL project to evaluate sorghum
accessions for disease resistance under acid soils at the ICA
research station at Villavicencio, September 2 - 7, 1993,

J. F. Leslie

Egypt - Grant project supported by USAID and Agricul-
tural Research Center (Egypt) to discuss collaborative pro-
jects on grain sorghum in Giza, Sakha, Gemmeiza, and
Shandaweel, September 26-6 October 1993 and February
25 - March 8, 1994
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The Netherlands - Collaborative study of genetic vari-
ability in Fusarium with researchers at S and G Seeds in
Enkhuizen; September 23-25, 1993

Malaysia and Indonesia - Collected fungal samples from
soil and plant material from peninsular Malaysia, Borneo
and Sumatra, May 16 - June 15, 1994

U.S. - Development of collaborative research project on
fumonisins and Fusariwm moniliforme, Pioneer Hi-Bred
International, Johnston, lowa; October 12-14, 1993

Serve on committee for final Ph.D. oral defense of Ana-
clet Mansuetus in Dept. of Plant Pathology and Microbiol-
ogy, Texas A&M University, College Station, Texas;
October 19-21, 1993

Worked with scientists at Myco Pharmaceuticals, Inc,
Cambridge, Massachusetts to develop new uses for existing
culture collection and to devise optimal collecting strategies
to further mutual goals; February 3-5, 1994 and June 24-26,
1994

Laboratory visitors

Colombia - Dr. Guillermo Munoz, CIAT/INTSORMIL,
April 9 - 17, 1994

Egypt - Drs. Rashad Abu El-Enien and Ibrahim El-Fan-
gary, ARC (Giza)YNARP, August 11-15, 1993; Dr. Osman
El-Nagouly, ARC (Giza)/NARP, August 18-21, 1993; Drs.
Nadia Dawood and Haroun El-Shafey, ARC (Giza)/NARP,
October 27 - November 7, 1993; Dr. Tawfic Abd-el Moity,
ARC (Giza)/NARP, February 28 - May 11, 1994; Dr. Tha-
naa Fahny Ibrahim and Mr. Abu-Serie Mahmoud Ismael,
ARC, (Giza)/NARP, March 27 - April 23, 1994

Germplasm Conservation and Use

Dr. Claflin maintains an extensive phytopathogenic bac-
terial culture collection of over 600 species that has been
established in our laboratory. He has the most comprehen-
sive collection of plant pathogenic bacteria affecting grain
sorghum and pearl millet in the world.

Dr. Leslie maintains a collection of approximately 6,000
cultures of Fusarium based on worldwide collections. Many
of these strains have been genetically characterized, and
have known mycotoxin or pathogenicity profiles. This col-
lection complements other major collections of Fusarium
that are maintained in Pennsylvania, Australia, Germany,
and the Republic of South Africa. A summary of the strains
in this coliection that have been characterized by host and
mating population are included as Table 2, and by host and
geographic origin as Table 3.

Assistance Given

Antisera, bacterial cultures, antibiotics, and nitrocellu-
lose paper was furnished to Mr. Ismael, ARC, Giza, Egypt.

Assistance was provided to Drs. Elhamy El-Assiuty,
Nadia Dawood and Haroun El-Shafey, ARC, Giza, Egypt in
preparation of technical papers for presentation at interna-
tional professional society meetings.

VCG and mating type studies were made on unusual
Fusarium isolates from sorghum for Mr. Temam Hussein,
Alemaya University, Ethiopia.

Other Networking Activities

Dr Claflin serves on the editorial board of the Kenyan
Agricultural Research Institute

Dr. Leslie serves on the editorial boards of Applied and
Environmental Microbiology, 1992-1994; Mycologia,
1993-1997 and ISPP Fusarium Committee, 1993-1998.

In addition to the collaborators specified above, Dr.
Leslie has been collaborating with the following scientists:

James B. Anderson and Linda Kohn, Dept. of Botany,
University of Toronto, Mississauga, Canada.

Charles Bacon, Russell Research Center, USDA/ARS,
Athens, Georgia.

Lester Burgess, Dept. of Agricultural Biology, Univer-
sity of Sydney, Sydney, Australia.

Walter A. J. de Milliano, S and G Seeds, Enkhuizen, The
Netherlands.

Frank J. Doe, Department of Biology, University of
Dallas, Irving, Texas.

Jon Duvick, Adreana Tomas and Steve Briggs, Pioneer
Hi-Bred, International, Johnston, lowa.

S. Muthukrishnan, Department of Biochemistry, Kansas
State University, Manhattan, Kansas.

Philippe Nicct, INRA, Montfavei, France.

David D. Perkins, Barbara Turner and Namboori Raju,
Department of Biological Science, Stanford University,
Palo Alto, California.

Claude Seletrinnikoff, Dept. of Cellular and Structural
Biology, University of Colorado Medical Center, Denver,
Colorado.

William E. Timberlake, Mary Stankis and Yigal Koltin,
Myco Pharmaceuticals, Inc., Cambridge, Massachusetts.
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Table 2. Recovery of mating populations from different hosts based on KSU Fusarium strain collection.

Host A’ A B! B- C C D* D- E* - F* - Sterile!
Animal Feed = ]

Banana L] ] [ ] ] L] ] [ ]
Fig = ] ]

Maize ] [ ] [ ] ] [ [] [ ] [ »
Mango [ ] ]
Millet [ ]
Muskmelon []

Orchid L]

Peanut [ ]

Pine [ ] [ ] [ ] [ ]
Rice n [ ] [ ] = [ ] [ ]

Soil [] [] ] [ ] n (] [ ]
Sorghum n [ ] [ ] [ ] ] [ ] ] [ ] a ]
Sugarcane [ ] = =
Tobacco n "

" Not fetile as a male in at least three consccutive crosscs with standard tester strains from each of the six known mating populations.

A & indicates that this class is represented by at least one isolate in the KSU Fungal Genetics collection.

Table 3. Recovery of mating populations from different geographic regions based on KSU Fusarium strain collection.
B* B- c C- D* D- E* - F* F- Sterile!
a a

Location Ar
Argentina =
Brazil
China
Dominican Rep.
Egypt
Germany
Guatemala
Honduras
India
Italy [ ]
Iran [
Japan [ ] ]
Kenya
Malaysia
Nepal
Philippines
South Africa
Taiwan
Thailand
Vencezuela
United States
Alabama
Arkansas
California
Florida
Georgia
Illinois
Indiana
lowa
Kansas
Minnesota
Mississippi
Missouri
Nebraska
No. Carolina
Ohio
So. Carolina
So. Dakota
Tennessee
Texas [ ]
Not fertile as a male in at least three consccutive crosses with standard tester strains from cach of the six known mating populations.

A “w” indicates that this class is represented by at least onc isolate in the KSU Fungal Genetics collection.

L]
EEEsEEENEE|>
]
=
=
=
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ogy 83: 1041,
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Darnctty, J. F. Leslie, S. Muthukrishnan, M. Swegle, A. J. Vigers and C.
P. ScletrinnikofT. 1993. Variability in antifungal proteins in the grains
of maize, sorghum and wheat. Physiologia Plantarum 88:339-349.

Desjardins, A. E., R. D. Plattner and J. F. Leslic. 1993. Genetic analysis of
fumonisin biosynthesis and virulence in Gibberella fujikuroi mating
population A. Proc. of the VIIth International Fusarium Workshop, p.
46.

Doe, F. ). and J. F. Leslic. 1993. A laboratory exercise for isolating and
characterizing microbial mutants with metabolic defects. The Ameri-
can Biology Tcacher 55:430-433.
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Leslic, J. F. 1993, Some mechanisms maintaining genetic variability in
fungal populations. [n: A Phymatotrichum Centennial: Biology of
Sclerotial-forming Fungi (S. D. Lyda and C. M. Kenerley, eds.), pp.
247-275. Texas Agricultural Experiment Station, College Station,
Texas. 312 pp.

Leslie, J. F. and C. T. Yamashiro. 1993. The het-8 locus of Neurospora
crassa. Fungal Genctics Newsletter 40A: 26.
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Miltiano and M.Q.M. van Grinsven. 1993. Identification of isolates of
Fusarium oxysporum f. sp. cyclamenis by DNA-fingerprinting, vege-
tative compatibility, and PCR. Proc. 6th Internat. Cong. Plant Path., p.
43.

Xu, J-R. and J. F. Leslic. 1993. A computer program for constructing
classical genctic linkage maps in haploid fungi. Fungal Genetics News-
letter 40:80-82.

Xu, J.-R. and J. F. Leslie. 1993, RFLP map and electrophoretic karyotype
of Gibberella fujikuroi (Fusarium moniliforme). Fungal Genetics
Newsletter 40A: 25.

Xu, J-R, K. Yan, M. B. Dickman and J. F. Leslic. 1993. Variability of
electrophoretic karyotypes of six biological species within the Gib-
berella fiyikuroi species complex (Fusarium Section Liseola). Fungal
Genetics Newsletter 40A: 25,

Yan, K., M. B. Dickman, J.-R. Xu, and J. F. Leslie. 1993. Sensitivity of
ficld strains of Gibberella fujikuroi (Fusarium section Liseola) to
benomyl and hygromycin B. Mycologia 85:206-213.

Presentations

Leslie, J.F. VIlth International Fusarium Workshop, University Park,
Pennsylvania - July, 1993.

Leslie, J.F. VIth Intemational Congress of Plant Pathology, Montreal,
Canada - August 1993

Leslie, J.F. Plant Pathology Rescarch Institute, Agricultural Research
Center, Giza, Egypt - September, 1993,

Leslie, J.F. Pioneer Hi-Bred International, Johnston, lowa - October, 1993.

Leslie, J.F. Department of Plant Pathology and Microbiology, Texas A&M
Universit,, College Station, Texas - October, 1993.

Leslie, J.F. International Workshop on Applications of Biotechnology to
the Characterization of Fungal Pathogens of Sorghum and Millet,
Bellagio, ltaly - November, 1993,
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Low Input Ecologically Defined Management
Strategies for Insect Pests on Sorghum

Project MSU-105
Henry N. Pitre
Mississippi State University
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Henry N. Pitre, Entomologist/Professor, Mississippi Agricultural & Forestry Experiment Station, Mississippi
State University, Box 9775, Mississipni State, MS 39762
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Dr. Dan Meckenstock, Agronomist, Plant Breeder (TAM-131), Agronomy Department, Texas A&M University,

College Station, Texas

Dr. Francisco Gomez, Plant Breeder and Head of the National Sorghum Program, EAP/SRN, Panamerican
School of Agriculture, Apartado Postal 93, Tegucigalpa, Honduras
Dr. Keith Andrews, Entomologist and Head, Plant Protection Department, Panamerican School of Agriculture,

Apartado Postal 93, Tegucigalpa, Honduras

Mr. Alfredo Rueda, Entomologist, Plant Protection Department, Panamerican School of Agriculture, Apartado
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Dr. Ron Cave, Entomologist, Plant Protection Department, Panamerican School of Agriculture, Apartado Postal

93, Tegucigalpa, Honduras

Dr. Billy Wiseman, Entomologist, USDA, Insect Biology and Population Management Research Laboratory,

Tifton, Georgia
Summary

Although soil inhabiting insects, stem borers and panicle
feeding insects contribute to reduced yields of sorghum and
corn on subsistence farms in Honduras, the major insect pest
constraint to production of these crops is foliage feeding
insects. The insect pest complex, referred to as “langosta”
by subsistence farmers in Honduras, annually damages or
destroys sorghum and cor crop stands. The pest complex
has been identified by MSU-105 to consist of four lepidop-
terous caterpiilars, including three armyworm species and a
grass looper.

Aspect of the biology, ecology, behavior and population
dynamics of two of the armyworm species has identified the
role of these insects in this complex. This information has
contributed to the successful conduct of entomological re-
search design to evaluate ecological relationships of the pest
insects with crop and non-crop plants within various crop-
ping systems, crop planting and management strategies, host
plant resistance (evaluation of native landrace cultivars - the
“maicillos criollos” planted by subsistence farmers: as well
as improved varieties), influence of insecticides on pest and
natural enemy populations (including insecticide resis-
tance), and roll of naturally occurring beneficial agents
(parasites and nematodes) in regulation of pest populations.
Insect pest management tactics have been investigated (usu-
ally alone) in crop production systems in areas where the
insects are a constraint to crop production. These tactics are
now (in part) and will be (in whole) under investigation in
holistic on-farm crop management systems. The research

with armyworms on sorghum and corn (as most of the crop
is intercropped in Honduras) will assist subsistence farmers
in producing grain crops with increased yield at minimum
cost for pest control and with reduced risk to human health.

Objectives, Production and Utilization Constraints
Objectives

Study the biology, behavior and population dynamics of
Metaponpneumata rogenhoferi, a lepidopterous caterpillar
in the “langosta™ complex on sorghum and corn. This insect
species is one of the four species responsible for damage or
destruction of sorghum and corn seeds, seedlings and older
plants on subsistence farms in Honduras.

Develop integrated insect pest management methods em-
ploying basic concepts of ecological sorghum and corn crop
management in Honduras.

Constraints

Ninety percent of the sorghum acreage in southern Hon-
duras is intercropped with comn because of adverse environ-
ment and agronomic conditions. In this area, tall,
photoperiod sensitive, low yielding sorghum,, called
“maicillos criollos™ are intercropped with corn. If the com
crop is lost to drought, farmers substitute sorghum for com
to feed their animals and family. Thus, sorghum is an
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insurance crop during dry years when the corn crop fails,
which occurs in three of every five years, More than 40% of
the sorghum harvested in southern Honduras is destined for
human consumption.

The lepidopterous ‘“‘langosta’ pest complex is consid-
ered by subsistence farmers to be the principal threat to their
sorghum-corn crop during the early period of crop develop-
ment. Biological and ecological studies have been con-
ducted with two of the armyworm species (Spodoptera
Sfrugiperda and S. latifascia) in different crop production
arcas in Honduras. Insect pest biology, ecology and seasonal
populations dynamics studies elucidated the role of these
two species in this complex. Non-crop plant ““source habi-
tats™* and crop plant ‘‘sink habitats’’ have been identified and
the biotic potential of the species in the crop producti.
systems has been determined. Crop mortality factors havc
been partitioned in limited studies in sorghum-corn inter-
cropped systems in southern Honduras, with insects ac-
counting for 65% of the mortality to the crops.

Having conducted research on two of the lepidopterous
caterpillar species, S. frugiperda and S. latifascia, studies
now emphasize the third armyworm species (M. rogen-
hoferi) inthe complex. The relationships of this species with
non-crop vegetation and crop plants revealed the relative
economic significance of this little researched species. The
dynamics and levels of population occurrence need investi-
gation to assist in developing a total insect pest management
strategy for the *‘langosta’ complex in intercropped sor-
ghum and corn in specific regions of Honduras.

The international significance of M. rogenhoferi, and
related species, particularly in relation to migration and
insecticide control and resistance, has impact on sorghum
production for various regions in the Latin American Eco-
geographic Zone, as well as potential impact on crop pro-
duction in the U.S. (specifically involving the fall
armyworm, a serious pest throughout the Americas).

Alternative insect pest management practices (limiting
insecticide use) which are practical for use by subsistence
farmers have been evaluated in MSU-105. The sorghum
breeding program with EAP/SRN is designed to develop
improved maicillo varieties and photoperiod sensitive hy-
brids. MSU-105 is active in this program, and has identified
antibiosis resistance in the native landrace cultivars, and
research has elucidated the antibiosis mechanisms of resis-
tance.

Research Approach and Project Qutput
Honduras

Occurrence, Host Plant Relationships
and Diapause of M. rogenhoferi

M. rogenhoferi, like Spodoptera frugiperda and S. lati-
fascia, is associated with non-crop vegetation upon which
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they feed before moving to sorghum and corn. Systematic
sampling of vegetation types in and around production fields
before planting in 1993 revealed that this species infests
non-crop vegetation of several types beginning immediately
after the on-set of the rainy season. Observations indicated
that M. rogenhoferi appeared to have only one and possible
two generations in southern Honduras. Thus, studies with
this species were initiated to determine:

o The univoltine ormultivoltine behavior of the species,

e Host oviposition preference for and larval develop-
ment on broadleaf plants compared with sorghum,
corn and other grass plants, and

e Influence of soil moisture and time on pupal diapause.

The establishment and density of M. rogenhoferi infesta-
tions on non-crop and crop plants was monitored in selected
fields in the hills area of southem Honduras for the second
year. The occurrence of larvae of various age structure was
recorded from late April to late July. Agroecological data
(soil preparation for planting, planting date, variety, rainfall,
plant emergence, use of chemicals, etc.) were recorded. Data
included host plant identification and growth stage, time of
insect occurrence, age structure of insects, and plant and
insect population density. Diversity of insect developmental
stages and density are used to depict insect occurrence in
time and with host plant growth stage.

The first appearance of M. rogenhoferi following the
initiation of the rains prior to planting in May or June further
supports the earlier observations of a pupal diapause. The
ccological relationship of this species with non-crop host
plants and the population structure (insect developmental
stages) during May-July, as confirmed by intensive sam-
pling in the crop production area, identified the time that this
species is potentially destructive to the crops. In some years,
M. rogenhoferi may be the most damaging species in the
“langosta’ complex; in other years it may appear as only a
contributor to crop destruction by the *““langosta’. The bio-
logical and ecological relationships of this species in sor-
ghum and corn intercropping systems needs further
investigation in various ccogeographic areas and crop pro-
duction systems to clucidate the specific factors responsible
for the occurrence of devastating populations of this defo-
liator pest species at different times in Honduras.

Preliminary studies indicated that M. rogenhoferi dia-
pause during the dry season is influenced by soil moisture.
This relationship is being investigated in the laboratory
exposing pupae (from field collected larvae) to various
moisture levels over time after the pupae enter the diapause
condition. Larvae are reared on specific host plants (sor-
ghum, corn, and three non-crop plants) previously identified
as important hosts for M. rogenhoferi. Pupae in the soil will
be exposed to five soil moisture levels (0%, 10%, 20%, 30%
soil saturation) and continuous moisture (10% moisture over
time) at monthly intervals. These studies will be completed
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in 1994-95 and will provide a better understanding of envi-
ronmental influence (host plant and soil moisture) on the
population occurrence and dynamics during the early part
of the crop growing season. This information, like that for
the other species in the “langosta” complex assists the
development of insect control tactics for individual species
in the complex.

The role of various host plant species on the development
of S. frugiperda and S. latifascia lias been identified in
previous MSU-105 investigations. Similar studies have
been initiated in the laboratory with M. rogenhoferi using
the most common non-crop plants ({pomoea sp., Melampo-
dium divaricatum, and Amaranthus hybrydus) and sorghum
and com. Insects fed these host plants are measured daily to
determine host preference for development. Data includes
larval and pupal weight, mortality, developmental rate pu-
pation and adult longevity and fecundity. These studies will
be completed in 1994,

Integrated Crop Management

Insect pest control developed for one species, or a com-
plex of species, involves the integration of specific manage-
ment tactics, possibly applied throughout the crop growing
season, in a holistic crop management system. This holds
true for insect pest management in subsistence farming, as
it does for high technology crop production. Host plant
associations have been identified and ecological relation-
ships defined for two of the “langosta” species; M. rogen-
hoferi investigations will provide additional information for
design of integrated insect pest management systems. The
use of cultural control methods (e.g.., weed management in
production fields), crop varieties with insect resistance and
limited and judicial use of insecticides, as previously iden-
tified in the MSU-105 project, will benefit sorghum-corn
production in Honduras and other areas in Latin America
having similar crop production problems. The observation
of various levels of antibiosis host plant resistance in the
maicillo criollos to fall armyworm can have considerable
impact on sorghum insect pest control. The subsistence
farmers in this region of Latin America use a wide variety
of native land race sorghums, many of which may have some
levels of insect resistance. The antibiosis resistance charac-
ters in these cultivars are desirable for use in the Honduran
National Sorghum Breeding Program. Crop production
technology, new and/or improved, is planned for validation
in 1994,

Host Plant Resistance

Hondurans landrace sorghums have been identified to
have moderate levels of antibiosis resistance to fall army-
worms. San Bernard 11, a caudatum-durra integrated race
selected from the ‘Liberal’ landrace, expresses antibiosis
through reduced fecundity. This cultivar was crossed with
AF28, expressing resistance through increased larval and
pupal mortality, to combine the two possible different
sources of resistance. Fifty-nine F4 inbred lines derived

from this cross were evaluated for fall armyworm resistance.
One inbred line (AF28* San Bemardo 111) - 28 was selected
from this study for additional research. Additional breeding
was required to test whether resistance genes were indeed
inherited from both parents. Five inbred lines derived from
the AF28* San Bernardo Il cross were evaluated further for
host plant resistance. These lines were selected in the F2
generation for photoperiod sensitivity and compact head
type. These selection procedures will define the harmful
effects of the resistant sorghums to the armyworm species
in the “langosta” complex and advance the process for
development of sorghums with insect resistance.

United States

Diapause studies will continue to emphasize M. rogen-
hoferi, investigating the factors responsible for termination
of this biological characteristic. This information will assist
in defining early application of specific ecological, as well
as chemical control tactics.

Insecticide studies will continue to emphasize the mini-
mum use and timely application of insecticide for control of
the defoliator fall armyworm. The efficacy of biological
insecticides at different application rates and times of appli-
cation will be further evaluated. This information can be
transferred to subsistence farming situations in the Latin
American Ecogeographic Zone.

Networking Activities
Workshops

International Consultative Workshop on Panicle Insect
Pests of Sorghum and Pearl Millet. ICRISAt Sahelian
Center, Niamey, Niger, Africa. October 1-9, 1993. Invited
paper: “Caterpillar Pests of Sorghum Panicles in the West-
ern Hemisphere”,

Assistance Given

Supplies and equipment required by graduate students in
performance of research activities in the laboratory and field
in Honduras is supplied by MSU-105. This includes field
cage frames and covers.

Publications and Presentations

Publications

Portillo, H.E., H.N. Pitre, D.H. Meckenstock and F. Gomez. 1994. Im-
proved chemical protection of sorghum seed and secdlings from inscct
pests in Honduras. Turrialba. 43(4):

Portillo, H.E., H. N. Pitre, K. L. Andrews and D. I1. Mecckenstock. 1994,
Partial life table of intercropped sorghum and maize and influence of
non-crop vegetation on inscct-related crop mortality in southern Hon-
duras. Tropical Agriculture (accepted for publication).

Castro, M. T., H. N. Pitre, D. M. Meckenstock and F. Gomez. 1994, Some
phytophagous insect pests and aspects of control in intcrcropped sor-
ghum and maize in southern Honduras. Tropical Agriculture (aceepted
for publication).
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Castro, M. T, H. N. Pitre, and D. H. Meckenstock. 1994, Fall armyworm
(Spodoptera frugiperda) (J.E. Smith) (Lepidoptera: Noctuidac) and
neotropical comstalk borer (Diatraca lincolata) (Walker) (Lepidoptera;
Pyralidae) on sorghum and maize intercropped with legumes in Hon-
duras. Turrialba (accepted for publication).

Theses and Dissertations

Lopez, J. 1993. Evaluation of Honduran landrace sorghums for resistance
to fall armyworm, Spodoptera frugiperda (J. E. Smith). M.S. Thesis.
Mississippi State University. 38 pp.

Ching’oma, G. P. 1993. Relationship of oviposition response and farval
development of fall armyworm, Spodoptera frugiperda (J. E. Smith), to
stage of maturity of sorghum, Sorghum bicolor (L.) Moench. M.S.
Thesis. Mississippi State University. 41 pp.

Presentations

Pitre, H. N. Caterpillar Pests of Sorghum Panicles in the Western Hemi-
sphere. International Consultative Workshop on Panicle Insect Pests of
Sorghum and Pear! Millet. Niamey, Niger. Oct. 1-9, 1994,
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Role of Polyphenols in Sustainable Production
and Utilization of Sorghum and Millet

Project PRF-104B and PRF-104C
Larry Butler
Purdue University

Principal Investigator

Dr. Larry Butler, Professor of Biochemistry, Biochemistry Department, Purdue University, W. Lafayette, IN

47907

Collaborating Scientists

Dr. Gebisa Ejeta, Professor of Agronomy, Agronomy Department, Purdue University, W. Lafayette, IN 47907
Dr. Abdel Gebbar Babiker, Weed Contro} Program, Agricultural Research Corporation, Gezira Station, Wad

Medani, Sudan
Summary

This project applies the techniques of biochemistry in an
interdisciplinary manner, with LDC and otiier INTSORMIL
collaborators, to some of the major constraints (see below)
on sorghum production and utilization.

Perhaps our most significant activity in recent months is,
in collaboration with Drs. Ejeta and Bennetzen, the mapping
of several biochemical traits on the sorghum genome. These
include Striga germination stimulant production, and grain
and leaf content of 3-deoxyanthocyanidins (pigments),
flavan-4-ols, proanthocyanidins, and a new class of materi-
als which have unique properties similar to those expected
for pro-3-deoxyanthocyanidins. We have also definitively
identified the cyanogenic glucoside dhurrin, charac-
teristically found in sorghum seedlings but not in the grain,
aspresent in highly significant levels in the grain of sorghum
line ARK 3048, which is bird resistant but has no tannin.

Objectives, Production and Utilization Constraints
Objectives

To elucidate the biochemical basis for the antinutritional
effects of sorghum tannins and associated phenols and other
sorghum components including proteins.

To elucidate the biochemical basis for the resistance to
predatory birds, fungal pathogens, weathering, and Striga,
which are provided by sorghum tannins and/or other phenols
and other sorghum components including proteins.

To utilize the information from the above objectives,
with cultural, practical, and in-field input from LDC col-
laborators, to develop simple and practical approaches
and/or techniques for eliminating or at least diminishing the
antinutritional effects of sorghum tannins and associated
phenols while maintaining or enhancing their agronomic
benefits.

To develop practical and effective low-technology ap-
proaches and methods by which LDC scientists can mini-
mize the effect of Striga on sorghum and miliet production
in Africa.

To train, establish and encourage a network of LDC
collaborators in national agricultural research programs
who, with help from INTSORMIL and other sources, will
continue to address these problems.

Constraints

The parasitic weed Striga

Grain-eating birds

Grain molds and leaf diseases for which
polyphenols play a defense role

Antinutritional effects of tannins

Research Approach and Project Output:
Research Approach

This is a fully integrated interdisciplinary research pro-
gram coordinated closely with that of Dr. Ejeta. Our general
approach is on crop improvement, but we also contribute
new basic knowledge about the crop/constraints we investi-
gate. The specific approach we often use is to collect and/or
identify by screening superior sources of resistance (to birds,
mold, Striga, etc), establish in the laboratory the biochemi-
cal mode of resistance, develop a simple method of screen-
ing for the resistant trait, screen genotypes in the laboratory
for the trait, confirm their resistance in the fields of our
African collaborators, and use them in breeding improved
sorghums. We also rely on in vitro tissue culture to screen
for resistance-conferring traits, and along with mutagenesis,
to develop new genotypes with enhanced resistance. The
major emphasis we place on developing pest resistant crops
(rather than chemical or technological *“fixes” of the pest
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problem) is consistent with the current thrust toward low
irput sustainable agriculture, and is particularly appropriate
for African subsistence farmers with limited access to in-
puts.

Project Output

Methods development: Methods for polyphenol analy-
sis, purification and characterization developed by this pro-
ject have been widely adopted and used by nutritionists and
ecologists studying tannins in other crops and range plants.
More recently we have developed a convenient laboratory
bioassay for bird repellency using trapped wild birds, and
several bioassays for chemical signals in the Striga-host
association. We are still sezking to develop a simple and
reliable bioassay for the *‘toxin’’ produced by Striga.

Mold and leaf disease resistance in sorghum: Consistent
with our original observation, mold resistance remains more
highly correlated with seed content of flavan-4-ols than with
tannins or with 3-deoxyanthocyanidin pigments. We re-
cently found that tan sorghum plants accumulate the yellow
flavone apigenin, purple plants accumulate luteolinidin and
red plants accumulate apigeninidin; the latter two are 3-de-
oxyanthocyanidins, relatively rare in the plant kingdom but
the major pigments of sorghum. As measured in mature
leaves, sheath or glumes, none of these flavonoids correlate
with resistance to anthracnose as evaluated in the field. As
part of the sorghum genome mapping project (see later) we
found that leaf tissue of some genotypes contains small
amounts of what appear to be proanthocyanidins (tannins)
previously considered to be confined to the seeds of geno-
types that have a testa layer. Moreover, some genotypes also
appear to contain in leaf tissue a previously unreported
phenolic material which on treatment with acid at 100
degrees converts to a mixture of the 3-decoxyanthocyanidins,
apigenidin and luteolinidin. Characterization of this appar-
ent pro-3-deoxyanthocyanidin may lead to a new type of
tannin.

Tannin-free bird resistant sorghums: Likewise, two bird-
resistant sorghums which are tannin-free and have excellent
nutritional value are under intensive investigation in our
laboratory. With our collaborators, we have confirmed their
bird resistance in Zimbabwe and Kenya. The component
responsible for bird resistance from one ofthese, ARK 3048,
has been extracted, purified and tentatively identified as the
cyanogenic glucoside dhurrin, previously known to be
found in sorghum scedlings but not in significant amounts
in sorghum grain. This bird resistance factor may be of
considerable importance. It can be completely inactivated
by moistening the flour (in a manner analogous to the
detoxification of the cyanogenic glucoside of cassava), so
sorghums containing this bird-resistant factor can neverthe-
less be used as poultry feed. This highly nutritious tannin-
free bird-resistant sorghum would be suitable for human
food in all applications where it is ground, moistened, and
cooked. It would not be suitable for utilization in the green
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roasted form because this treatment would not be likely to
eliminate the cyanogenic glucoside.

Biotechnology: We are part of a collaborative effort with
Drs. Ejeta and Bennetzen here at Purdue to develop a
complete map of the sorghum genome using molecular
markers. Genes controlling important traits contributing to
resistance to molds, drought, and Striga (see below) are
being mapped and characterized. Our project developed
several of the methods used in screening for the traits that
are being mapped. The parents of the cross being mapped
differ widely in their content of polyphenols as well as many
other traits. Characterization of selections from this cross is
leading to evidence for polyphenolic inaterials never before
reported (sce above).

The first successful stable transformation of sorghum
was recently announced at Purdue University. A gene for
herbicide resistance was stably inserted into sorghum chro-
mosomes. Our project’s role in this collaborative effort was
to provide the technology for culturing and regenerating the
transformed sorghum cells (see section below on tissue
culture).

Tissue culture: Ms, Cai in our laboratory has produced
finely divided fast-growing suspension cultures of sorghum
cells of six genotypes, some of which have been stable in
culture for over four years. These culture techniques have
been utilized in the sorghum transformation work men-
tioned above. Our second major journal report on so-
maclonal variation in sorghum in in vitro culiure, as well as
amajor review chapter on the same subject, are in press. Our
tissue culture work on Striga is described below.

St=iga: In the field, Striga germination is not controlled
by sorgoleone, which we previously identified as the first
host-produced germination stimulant for Striga, but by a
different set of compounds exuded by host roots. These
compounds are more stable and more water soluble than
sorgoleone. Bupe Siame, our SADC student from Zambia,
identified the major Striga germination stimulant exuded by
corn and proso millet roots as strigol. Researchers in Ger-
many identified the major Striga germination stimulants
from cowpeas and sorghum as analogs of strigol. Strigol had
previously been found in root exudate from cotton, which is
not a host for Striga.

These findings seem to close the book on the long,
laborious effort to identify host-produced Striga germina-
tion stimulants, with the possible exception that the stimu-
lant produced by pearl millet has not yet been identified. We
have shown that it is not strigol or its analogs identified from
sorghum and cowpeas, but that it is probably another strigol
analog. | have recently suggested that all these strigol ana-
logs active as Striga germination stimulants, all of which
contain a lactone ring required for stimulant activity, be
classified together under the generic name of strigolactones.
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Unfortunately, strigolactones are too difficult to synthe-
size and too unstable in soil to be applied to Striga-infested
fields, in the absence of host crops, to induce suicidal
germination and eliminate the Striga infestation. We have
recently developed a new approach based on destroying the
lactone ring of these compounds, as rapidly as they are
produced by host roots, by lactonase enzymes secreted from
non-pathogenic bacteria growing on host roots after inocu-
lation of the host seed. In an alternative approach, our major
LDC collaborator Dr. A.G.T. Babiker, Sudanese weed sci-
entist who spent 1992 supported by INTSORMIL on sab-
batical leave in our laboratory, found that a mixture of two
already widely used agrochemicals (TDZ, a cotton de-
foiliant, and 2,4-D, a herbicide) is capable of stimulating
Striga seeds to germinate. Dr. Babiker's current field tests
in Sudan will determine if this suicidal germination ap-
proach to Striga control can be successful. Dr. Babiker had
already contirmed in our laboratory that the ultimate signal
for Striga seed germination is ethylene £as, an important
plant hormone. Like the natural germination stimulants, the
mixture of agrochemicals works by increasing the Striga
seed’s capacity to produce cthylene.

We continue to pursue host-derived signals required by
Striga later in its life cycle. A screen we developed for the
signal which causes the Striga seedling to form an attach-
ment structure called a haustorium has identified a few
sorghum genotypes and one of corn which produce abnor-
mally low amounts of this signal. This is the first report of
any crop genotype which produces low amounts of the
haustoria-initiating signal. The resistance resulting from
low production of this second signal has the advantage of
helping to clean up Striga-infested fields. Crops with this
trait produce normal levels of germination stimulant, but,
for lack of the subsequent signal, the Striga seeds which
germinate cannot attach to host roots, and simply die. The
major problem is that the amount of haustoria inducing
factor produced by the low producing genotypes is only
about 1 order of magnitude less than is produced by the
normal types. This difference is not nearly as great as
between high and low producers of germination stimulant,
and may not be great enough to result in good resistance.

We have shown the existence of additional signals
exchanged between Striga and its host by the effects of
extracted sorghum components on Striga cultures and the
effects of Striga components on sorghum cultures. We
currently have evidence for both growth-promoting and
differentiation signals produced by the host and required by
Striga, and for a “‘toxin” produced by Striga which some-
how controls host growth. In our attempt to isolate and
identify the Stria toxin, we have isolated several new com-
pounds not previously reported from Striga, and are charac-
terizing them.

Networking Activities
Workshops

L.G. Butler, 2nd International Workshop on Anti-Nutri-
tional Factors in Legume Seeds, Dec. 1-3, 1993, Wagenin-
ingen, The Netherlands.

L.G. Butler, 3rd PASCON General Workshop on Inte-
grated Management of Striga for the African Farmer, Oct.
18-23, 1993, Harare, Zimbabwe.

L.G. Butler, 3rd International Workshop on Orobanche,
Nov. 8-12. 1993, Royal Tropical Institute, Amsterdam.,

T. Cai, Am. Soc. Agronomy Annual Meeting, Cincinnati,
OH, Nov. 7-12, 1993,

D.A. Bell-Lelong and L.G. Butler, Symp. on Natural
Phenols in Plant Resistance (Intl. Soc. for Horticultural
Science), Sept. 13-17, 1993, Techn. Univ. of Munich,
Freising, Germany.

Cooperating scientists

Dr. Dale Hess, Millet Pathology, ICRISAT Sahelian
Center, B.P.12404, Niamey, NIGER (via Paris)

Dr. J. Rutto, Deputy Director, Kenya Agriculture Re-
search Institute, Nairobi, KENYA

Drs. Axtell (Agronomy), Bennetzen (Biology), Rogler
(Animal Science), Hamaker (Food Science), Nicholson
(Botany & Plant Pathology), Bressan, Woodson and
Hasegawa (Horticulture), Chaney and Weeks (Forestry), all
at Purdue University.

Rescarch Information and Material Exchange

Approximately 2000 copies of our Research Bulletin on
Striga were distributed worldwide, mostly in workshops and
meetings. Polyphenol and Striga germination analyses and
samples of sorghum, millet, tannin, sorgoleone and other
materials were provided for several of the collaborators
listed and for many others not listed. Laboratory supplies
were provided for Dr. A. G. Babiker, ARC, Sudan, and Dr.
Dale Hess, ICRISAT Sahelian Center, Niger.

Impact

This project is perhaps the most basic in nature of all
INTSORMIL projects. Accordingly, the major impacts
have been on our understanding of the biochemical basis for
the production/utilization constraints addressed, and on the
methodology we have developed for characterizing them.

As a result of our work, the role of polyphenols as

antinutrients in herbivore diets is better known for sorghum
than for any other feed or foodstuff. It was our work that
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showed the unique capacity of proline-rich proteins to bind
tannins; for this and other reasons proline-rich plant proteins
are of wide interest now.

In several ways, our work with Dr. Ejeta on Striga has
profoundly affected the manner in which Striga research is
carried out around the world. Our approach of addressing
individual facets of the Striga life cycle independently is
being widely copied, because it has proven to be more
effective than the approaches previously utilized. The long
search for identification of germination stimulants is essen-
tially over. We have shown the existence of several sub-
sequent signals in the life cycle, and the search is moving on
to identify them. We have shown how tissue culture tech-
niques can strongly contribute to our understanding of the
Striga-host system.

Our methods for purifying, characterizing, and quantitat-
ing polyphenols are now utilized, both in the US and abroad,
on crops as widely different as strawberries and leuceana
trees, in addition to sorghum. As an example, Ralston Purina
has long uscd our Prussian Blue test for total polyphenols in
blending their sorghums to keep the polyphenol content
within acceptable levels.

Publications and Presentations

Journal articles

Babiker, A.G.T., G. Ejeta, L.G. Butler, and W.R. Woodson, Ethylenc
Biosynthesis and Strigol-Induced Germination of Striga asiatica.
Physiologia Plantarum 88, 359-365 (1993).

Hagerman, A.E. and L.G. Butler, Methods of Assaying Flavonoids and
Their Oligomers (Condensed Tannins) in Plants. Methods in Enzymol-
ogy. Vol. 234, p. 429-437 (1994).

Melake Berhan, A., S.H. Hulbert, L.G. Butler, and J.L. Bennctzen, Struc-
ture and Evolution of the Genomes of Sorghum bicolor and Zea mays.
Theuretical and Applied Genetics 86, 598-604 (1993).

Babiker, A.G.T., L.G. Butler, G. Ejeta, and W.R. Woodson, Enhancement
of Ethylenc Biosynthesis and Germination with Cytokinins and 1-Ami-
nocyclopropane-1-carboxylic Acid in Striga asiatica Seeds. Physiolo-
gia Plantarum 89, 21-26 (1993).

Mole, S., J.C. Rogler and L.G. Butler, Herbivore Growth Reduction by
Tannins: Different Effects Due to Different Tannins. Biochemical
Systematics and Ecology 21, 667-677 (1993).

Siame, B.A., K. Wood, G. Ejeta and L.G. Butler, Isolation of Strigol, a
Germination Stimulant for Striga asiatica, {rom Natural Host Plants. .
Agric. Food Chem. 41, 1486-1491 (1993).

Cai, T., A.G.T. Babiker, G. Ejeta, and L.G. Butler, Morphological *‘Re-
sponse of Witchweed (Striga asiatica) to in vitro Culture, J. Exp.
Botany 44, 1377-1384 (1993).

Weerasuriya, Y., B. Siame, D E. Hess, G. Ejetaand L.G. Butler, Influence
of Conditions and Genotype on the Amount of Striga Germination
Stimulants Exuded by Roots of Scveral Host Crops. J. Agric. Food
Chem. 41, 1492-1496 (1993).

Casas, A.M., A K. Konowicz, U.B. Zehr, 1.D. Axtell, L.G. Butler, R.A.
Bressan, and P.M. Hascgawa, Transgenic Sorghum Plants via Micro-
projectile Bombardment. Proc. Natl. Acad. Sei. US 90, 11212-11216
(1993).

Hipskind, J.D., J.R. Vincent, L.G. Butler and R.L. Nicholson, Partial
Purification of 4-Hydroxycinnamic Acid: CoA Ligase from Maize
Leaves Infected with Biopolaris maydis. Physiological and Molecular
Plant Physiology 43, 365-377 (1993).

Jimenez-Ramsey, ..M., J.C. Rogler, T.L. Housley, L.G. Butler, and R.G.
Elkin, Absorption and Distribution ot *C-Labelled Condensed Tannins
and Related Sorghum Phenols in Chickens. Journal of Food and Agri-
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Babiker, A.G.T., T. Cai, G. Ejeta, L.G. Butler and W.R. Woodson, En-
hancement of Ethylene Biosynthesis and Germination in Striga asiatica
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Seeds by Thidiazuron and Selected Auxins, Physiologia Plantarum 91,
529-536 (1994).

Wheeler, R.A., W.R. Chancy, and L.G. Butler, Condensed Tannins in
Leucaena and their Relation to Psyllid Resistance, Agroforestry Sys-
tems 26, 139-146 (1944).

Cai, T, G. Ejeta, and L.G. Butler, Screening for Grain Polyphenol Variants
from High Tannin Sorghum Somaclones, Theoretical and Applied
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Cai, T.. G. Ejeta, and L.G. Butler, Development and Maturation of Sor-
ghum Seeds on Detached Panicles Grown in vitro, Plant Cell Reports,
in press.
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and Conference Proceedings

Butler, L.G. Polyphenols and Herbivore Diet Selection and Nutrition, in
Polyphenolic Phenomena (A. Scalbert, ed) INRA Editions, Paris, pp
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Ejeta, G., L.G. Butler and A.G.T. Babiker, New Approaches to the Control
of Striga: Striga Research at Purdue University, Purdue Agriculture
Research Bulletin #RB 991 (1993).
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Butler, L.G. and G. Ejeta, Control of Striga: New Approaches at Purduc
University. Proc. 3rd PASCON General Workshop on Intcgrated Man-
agement of Striga for the African Farmer, Oct. 18-23, 1993, Harare,
Zimbabwe, in press.

Butler, L.G., B. Siame, Y. Wecrasuriya, and G. Ejcta, Characterization of
Striga Seed Germination Stimulants from Several Striga Hosts. Proc.
3rd International Workshop on Orobanche, Nov. 8-12. 1993, Royal
Tropical Institute, Amsterdam, in press.

Butler, L..G. Germination Stimulants: State of the Art. Proc. 3rd Intcrna-
tional Workshop on Orobanche, Nov. 8-12. 1993, Royal Tropical
Institute, Amsterdam, in press.

Babiker, A.G.T., M. El Mana, G. Ejeta, L.G. Butler, T. Cai and W.R.
Woodson, Ethylene Biosynthesis in Striga Sceds and Its Possible Use
as a Probe for Germination Stimulants, Proc. 3rd International Work-
shop on Orobanche, Nov. 8-12. 1993, Royal Tropicat Institute, Amster-
dam, in press.

Cai, T. and L.G. Butier, Somaclonal Variation in Sorghum, for Y.P.S.
Bajaj, ed., Somaclonal Variation in Crop Improvement 1I, Springer-
Verlag, Berlin, in press.

Butler, L.G. Chemical Communication Between the Parasitic Weed Striga
and Its Crop Host: A New Dimension in Allelochemistry, for Insights
into Allelopathy, Inderjit and F, Cinhcllig, eds., ACS Books, Washing-
ton, D.C., in press.

Sankara, E., J.B. Dickey, L. Butler, and G. Ejeta, Performance of Several
Sorghum Lines Under Striga hermonthica Infestation: Preliminary
Resutts from Burkina Faso, Burkina Faso Project Final Report, Purdue
University.

Abstracts

Cai, T., G. Ejcta, and L.G. Butler, Facile Sorghum Plant Regeneration from
PP290, a High Yielding, Drought Tolerant Varicty. Am. Soc. Agron-
omy Annual Meeting, Cincinnati, OH, Nov. 7-12, 1993, Agronomy
Abstracts, p. 83.

Butler, L.G., T. Cai and G. Ejeta, Sorghum Cell, Tissue, and Organ Culture.
Am. Soc. Agronomy Annual Meeting, Cincinnati, OH, Nov. 7-12,
1993, Agronomy Abstracts, p. 173.

Casas, A.M., A K. Knonwiscz, U.B. Zehr, J.D. Axtell, L.G. Butler, R.A.
Bressan, and P.M. Hasegawa, Transgenic Sorghum Plants via Micro-
projectile Bombardment. Am. Soc. Agronomy Annual Meeting, Cin-
cinnati, OH, Nov. 7-12, 1993, Agronomy Abstracts, p. 173.

Bell-Lelong, D.A., D.L. Hess, G. Ejeta, and L.G. Butler, Do Phesolics from
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Siame, B.A., G. Ejeta, and L.G. Butler, Phenolic Composition of Tan and
Red Isogenic Sorghum Genotypes and their Reaction to Leaf Dis-
cases.Symp. on Natural Phenols in Plant Resistance (Intl. Soc. for
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Horticultural Science), Sept. 13-17, 1993, Techn. Univ. of Munich,
Freising, Germany, Abstract # 1-29,

Other Presentations Relating to INTSORMIL

Butler, L.G. Sorghum Tannins: Nutritional Aspects and Perspectives for
the Future. Keynote address, 50th Anniversary Celebration of Alimen-
tos Protinal C.A., Valencia, Venezuela, July 27, 1993.

Butler, L.G. Manipulation of Developmental Signals to Control a Devas-
tating Parasitic Weed. Seminar, Dept. of Biological Sciences, Butler
University, Indianapolis, Sept. 29, 1993.

Butler, L.G. Communication/Recogniticn Between the Parasitic Weed,
Striga, and Its Hosts. Symposium on Interspecific Chemical Recogni-
tion, 11th Annual Mecting of the International Society of Chemical
Ecology, Syracuse, NY, June 5th, 1994,

17



Sustainable Plant Protection Systems

Disease Control Strategies for
Sustainable Agricultural Systems

Project TAM-124

R.A. Frederiksen
Texas A&M University

Principal Investigators

Dr. R. A. Frederiksen, Department of Plant Pathology and Microbiology, Texas A&M University,

College Station, TX 77843

Dr. R. W. Toler, Department of Plant Pathology and Microbiology, Texas A&M University,

College Station, TX 77843

Collaborating Scientists

Carlos R. Casela, EMBRAPA/CNPMS, Caixa Postal 151, Sete Lagoas 35700, MG, Brazil

Larry Claflin, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506
Mamourou Diourte, Institute Economic Rurale, Republic of Mali, Bamako, Mali

Jeff Cahlberg, USDA-ARS-TARS, Box 70, Mayaguez, Puerto Rico 00681

R.R. Duncan, Department of Agronomy, Georgia Agricultural Experiment Station, | 109 Experiment St.,

Griffin, GA 30223-1797

J. Peter Esele, Uganda Agriculture and Forestry Research Organization, Sorghum & Millets Unit, Serere,

P.O., Soroti, Uganda
Issoufou Kollo, INRAN, Niamey, Niger

John F. Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506-5502
G. Odvody, Texas A&M University Agricultural Research and Extension Center, Highway 44, Route 2,

P.O. Box 589, Corpus Christi, TX 78410

El-Hilu Omer, Agricultural Research Corporation, Botany and Plant Pathology Section, Gezira Agric. Res.

Station, Wad Medani, Sudan

Ram Thakur, ICRISAT, Patancheru, Andhra Pradesh 502 324, India
Melville D. Thomas, Visiting Scientist, Department of Plant Pathology and Microbiology, Texas A&M

University, College Station, Tx 77843
Summary

Cooperation with ICRISAT was continued through the
joint International Anthracnose Virulence Nursery. The en-
hanced collaboration stems from the recognition of the
importance of this disease in the more humid sorghum
growing regions of the developing world. Anthracnose col-
laboration permits the better evaluation of the durability of
host resistance and a better estimate of the variation in
pathogenicity among isolates of the pathogen worldwide.
Participating regions include West Africa, Mali and Niger;
East Africa, Sudan; Southern Africa, Zambia and Zim-
babwe; and Brazil. Our work has demonstrated that there is
tremendous variation among isolates from locations and
between locations. Sorghum downy mildew has become
less and less of a problem because of global cooperation in
the development of host resistance, characterization of iso-
lates and through the use of highly effective fungicide seed
dressings. RFLP and RAPD markers linked to head smut,
downy mildew, and acremonium wilt resistance have been
placed within specific linkage groups on the sorghum
genome. | 11991, a new product with a mixture of pesticides
was developed that has the potential of inexpensively con-
trolling downy mildew of pearl millet. Preliminary data are

18

remarkably impressive. Work on the product Apron® Plus
is being conducted in Niger and was proposed in Sudan. In
Niger, 180 on-farm tests have shown an average yield
increase for pearl millet of 18% with the application of
Apron® Plus.

Research Objectives
Honduras

Identify the most important disease constraints and de-
sign disease control strategies.

Initiate studies on variability of Colletotrichum gramini-
cola and genetic resistance of sorghum grown in Honduras
to anthracnose.

Continue to monitor the major downy mildew screening
program run by the Honduran National Program to evaluate
disease and host plant resistance.
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India

Continue collaboration with ICRISAT on growing, dis-
tributing, and evaluating the Sorghum Anthracnose Viru-
lence Nursery.

Mali

Continue efforts to establish a National Sorghum and
Millet Disease Program.

Develop an inoculation procedure for the sooty stripe and
anthracnose pathogens.

Evaluate the Texas A&M/INTSORMIL nurseries for
reaction to the prevalent pathogens in Mali.

Study the interaction of mold and insects on grain dete-
rioration.

Niger

Continue to monitor the evaluation of resistance to long
smut performed by the Niger Sorghum Improvement Pro-
gram, along with evaluation for resistance to head smut,
Acremonium wilt, and anthracnose.

Summarize data on the survival of spores from long smut.

Summarize data on a trial on the effect of different
fertilization treatments on the incidence of Striga her-

monthica in pearl millet,

Continue the use and deployment of Apron® plus as a
control for downy mildew of pearl millet.

Domestic
Identify sources of resistance to disease.

Assist in the incorporation of multiple sources of resis-
tance to disease.

Determine inheritance of resistance.

Genetically map disease resistance traits.

Improve disease screening methods.

Study the effects of sorghum pathogens on yield.

Complete biology of disease where needed.

Evaluate epidemiology of sorghum pathogens.

Organize, maintain, and distribute the international sor-
ghum disease and pathogen identification nurseries in col-

laboration with ICRISAT, and with TAM-121, TAM-122,
and TAM-128.

Maintain and strengthen the Sorghum Virus Antiserum
Bank and provide antisera internationally.

Detect, identify and catalogue sorghum viruses and
strains, and Colletotrichum graminicola worldwide

Research Approach and Project Output

We use virtually identical approaches to domestic and
international work on the control of sorghum and millet
diseases. This involves the identification of sorghums with
excellent resistance(s) to specific pathogens and then the
incorporation of this resistance into useful cultivars. Most
of this work is done cooperatively with plant breeders in the
Texas programs, but also occasionally with breeders in other
states, nations (NARS), or with an International Crop Re-
search Center, specifically ICRISAT.

Disease evaluation studies are conducted primarily in
large research nurseries in South Texas. An evaluation of
U.S. grain sorghum hybrids for reaction to all of the signifi-
cant diseases was initiated in 1994. One hundred ninety-
seven hybrids are being evaluated for resistance to
anthracnose, sorghum downy mildew, maize dwarf mosaic
virus, grain mold, head smut, and stalk rots. Much of the
data collected to-date will be incorporated into a National
Sorghum Production Program using principles of integrated
Crop management,

Several uniform nurseries are grown in locations where
sorghum/millet diseases are important. These include the
International Sorghum Anthracnose Virulence Nursery (IS-
AVN), in collaboration with ICRISAT, the Uniform Head
Smut Nursery (UHSN), the Sorghum Dow 1y Mildew Viru-
lence Nursery (SDMVN), the International Sorghum Virus
Nursery (ISVN), and also a uniform nursery for grain mold.
These nurseries provide a quick assessment of disease se-
verity and pathotype differences among locations.

Elite sorghums are also distributed and evaluated for
multiple resistances in international nurseries, which also
provide a means of distributing elite germplasm from dif-
ferent breeding programs in INTSORMIL. The most widely
grown is the International Disease and Insect Nursery
(IDIN), a 30-entry test, followed by the All Disease and
Insect Nursery (ADIN), a 70-entry test, which is composed
in part of unreleased experimental materials that need evalu-
ation in many different discase environments. Both of these
collections represent one of the best means of comparing
germplasm from region to region. Additionally, we have
collected disease information on converted sorghums and,
with the assistance of Dr. Rosenow (TAM-122), maintain
sets of anthracnose, sorghum downy mildew, and head smut
resistant converted lines. These specific nurseries represent
valuable sources of resistance for breeding programs as
needed.
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Striga

In Niger, Mr. Issoufou Kollo has conducted a trial on the
effect of fertilization on the incidence of Striga hermonthica
in pearl millet. The experiment was set up in a split-split plot
design with the millet cultivars as the main plot. These were
NKP, an early maturing cultiva- (70 days to physiological
maturity), and Zongo Kollo, a late maturing cultivar (80-85
days to physiological maturity). The subplots were three
manure treatments (0, 5, and 10 T/ha). The sub-subplots
were three nitrogen (urea) treatments (0, 50, and 100 kg/ha).
The cultivars were planted in four-row plots, 6m long. Hills
were thinned to three plants. The application of nitrogen was
split; half of the rate was applied at planting, the second
application was done three weeks after planting at the time
of the second weeding. Striga was counted weekly with the
highest number being taken. The data is currently being
summarized.

Sorghum Head Smut

Present techniques for evaluating resistance of sorghum
to infection by Sporisorium reilionum, the causal organism
of head smut, involve trials in field nurseries using natural
or artificial inoculation. These trials can be expensive in
terms of time and money and are restricted to the growing
season. Natural infection requires repeated trials for reliable
data because of environmental effects, whereas inoculation
with sporidia is labor intensive and may bypass resistance
factors that provide satisfactory levels of resistance under
field conditions. Using techniques developed by Dr. J. Craig
(Craig and Frederiksen, 1992) to evaluate head smut resis-
tance at the seedling stage, Alejandro Palma, a graduate
student of Dr. Fred Miller, provided additional evidence of
horizontal resistance in sorghum to a new race of the patho-
gen from Taylor, Texas. Isolates of the pathogen from this
area appear to be able to overcome what Dr. Craig described
as R1 resistance in a sorghum hybrid.

A dissertation program was completed by Dr. Boung-Jun
Oh conceming the identification of resistance genes in sor-
ghum. As reported in last year’s report, he was able to locate

molecular markers for resistance to head smut (Shs), downy
mildew (Sdm), and acremonium wilt (aw) using RFLP and
RAPD analyses. He also studied glycoprotein changes fol-
lowing developmental transition in the meristematic tissue
of sorghum classified according to head smut reaction as R1,
R2, R3, and S| as described by Craig and Frederiksen
(1992). Changes were detected with sodium dodecyl sul-
fate-gel electrophoresis and protein blotting by six biotiny-
lated lectins, Bandeiraca simplicifolia agglutinin (BS-1)
which binds to a-D-gal, Concanavalin A (Con A) which
binds to a-D-glc and a-D-man, Peanut agglutinin (PNA)
which binds to B-D-gal(1-3)-D-galNAc, Soybean aggluti-
nan (SBA) which binds to D-gal-NAc, Ulex europaeus
(UEA I) which binds to a-L-fuc, and Wheat germ agglutinin
(WGA) which binds to B-D-glcNAc. The sugar-binding
specificity of vegetative and reproductive meristematic tis-
sues in these sorghum cultivars are shown in Table 1.
Although BS-I, PNA, and SBA bind to different galactose
derived structures, they showed almost the same binding
specificity and same banding patterns with only minor dif-
ferences that were not scored. These lectins showed bind-
ing-specificity only in the vegetative meristem, not
reproductive, while Con A showed binding-specificity only
in the reproductive meristem. Thus, disappearance of galac-
tose-binding specificity and appearance of glucose and man-
nose-binding specificity may give a clue to the dramatic
increase of mycelial growth which occurs in the reproduc-
tive meristematic tissue. Since R2 and R3 classes have
factors conferring resistance to Sporisorium reilianum in
meristematic tissues, and R1 and S| do not, it is interesting
that UEA [ showed o-L-fuc-binding specificity with two
bands at 96 kDa and 116 kDa only in the reproductive
meristematic tissues of the R2 and R3 classes. It is possible
the two UEA I-labeled bands may be linked to factors
conferring resistance to Sporisorium reilianum inR2 and R 3
sorghum head smut reaction classes.

Downy mildew
The ongoing screening of sorghum materials for resis-

tance to sorghum downy mildew was continued using our
greenhouse inoculation techniques. Also, 20 sorghum en-

Table 1. The sugar-binding specificity in the vegetative and reproductive meristems of selccted sorghum cultivars
in response to the presence or absence of six different lectin-binding glycoproteins.

L.ectin
Reaction BS-I SBA PNA WGA Con A UEA]
Class Cultivar vepd rep veg rep veg rep veg rep veg rep veg rep
Rl TAM428 +¢ -d + - + - . . . + + -
Tx430 + - + - + - . . . + + .
R2 SA28! + - + - + - - - - + + +
SC170-6-17 + - + - + - . . R + + +
Tx414 + - + - + - - - - + + +
R3 FC6601 + - + - + . - - - + + +
Lahoma
Sudangrass + - + - + - - . . + + +
Sl SC241-12 + - + - + R . - . + + .
Tx7078 + - + - + - . - - + + .

*Veg = vegetative meristematic tissucs
Rep = reproductive meristematic tissucs
¢+ = detection of sugar-binding specificity
- = no detection of sugar-bindiny specificity
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tries from Colombia were screened for resistance to downy
mildew under field conditions at the Texas A&M Research
Farm in Burleson County.

Anthracnose

Ms. Ute Rosewich has continued work on population
biology of Colletutrichum graminicola, the causal organism
of anthracnose in sorghum. Whereas Drs. Casela and
Guthrie both worked with populations from large areas
(Brazilian and mainly African isolates, respectively) and
often they only worked with a few single-spored isolates
frotn any one region, Ms. Rosewich is taking the next logical
step with a close-up look at populations from small, con-
fined areas. C. graminicola is also able to infect johnson-
grass (Sorghum halepense), a common perennial weed.
There have been speculations that johnsongrass might serve
as a reservoir for C. graminicola and as an overwintering
host. Her hypothesis is that johnsongrass isolates are com-
prised of a similar heterogeneous population which can be
separated from the sorghum isolates based on RFLPs and
virulence. From a commercial sorghum field in LaWard,
Texas, she sampled 100 stalks infected with C. graminicola
in transects covering an area of 5000 m2. One single spored
isolate was obtained ver stalk (98 total isolates). She ob-
tained johnsongrass isolates from two sites, one directly
bordering this sorghum field, and the other three miles away,
again bordering a sorghum field. At each site, 25 m were
covered. A total of 95 isolates were obtained. Screening of
a species specific library yielded eight probes which are
useful for population genetics analysis on the basis of being
polymorphic, hybridizing to fragments in suitable size
ranges, and being able to distinguished alleles. So far, five

Johnsongrass

of these probes have been examined for the above mentioned
populations. The allele frequencies for the two populations
are presented in Figure 1. The sorghum population seems to
consist of one predominant clone, whereby the alternative
alleles observed at two out of the five loci are very rare. In
comparison, the population from johnsongrass shows a
much higher degree of genetic variability, with up to seven
alleles at a single locus. The alleles in the two populations
do not overlap (except for one case - sce pSCg40), but are
fairly homogenous within each population. These data
strongly suggest that the initial inoculum for the sorghum
does not originate from the johnsongrass population.

Dr. Melville Thomas worked in our laboratory examin-
ing the genetic variability among many of the isolates of
Colletotrichum graminicola from the West A frican region.
He used four probes (pSCg3, pSCglo, pSCg23, and
pSCg31) to detect polymorphisms in 20 isolates from West
Africa. Based on total DNA, there was genetic variability
among many of the isolates as shown by RFLP separation
of isolates 1,2,3,6,14,30,31, and 32. It is worth noting that
all four probes differentiated isolate 3 from the rest. This
isolate also differed considerably from the others with re-
spect to conidium production and culture characteristics. [t
would be necessary to sample many more isolates from
given fields and from different locations and to develop
many more probes to more accurately characterize the pat-
tern of genetic variability in populations from West Africa.

Grain Mold

Dr. Anaclet Mansuetus completed his dissestation studies
studying the mating populations and vegetative compatibil-

Sorghum
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Figure 1. Allele frequencies for five Loci in populations of C. graminicola from sorghum and johnsongrass,
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ity groups in Fusarium moniliforme. In Fusarium section
Liseola, sexual stages are useful in the identification of
mating populations that represent different biological spe-
cies in the absence of morphological distinctness. Mating
populations within Gibberella fujikuroi (Fusarium section
Liscola) were identified on sorghum in Tanzania by using
standard mating type testers. All mating populations A, B,
C, D, E, and F were recovered on sorghum from Tanzania,
but not all mating populations were recovered either at
Ifakara or Kachiri. Locations did not differ significantly in
mean percent of mating populations A to F.

Mating population F occurred in higher frequencies than
mating population A or D and mating population C was the
least frequent. Percent mating population A and F were
significantly different (P>0.01) at llonga.

nit mutants were recovered from within both mating
population A and F of F. moniliforme and used to determine
vegetative compatibility groups (VCGs) within both popu-
lations. Pairing of nitl and NitM or »it3 mutants resuited
into heterokaryon formation when isolates were vegeta-
tively compatible. Within mating population A, six VCGs
were identified at Ifakara, five at Ilonga, and two at Kachiri.
All VCGs were represented by more than one isolate except
one at Ifakara. Genetic diversity, measured as the nuinber of
VCGs identified per number of isolates examined, within
mating population A was relatively higher at llonga than at
Ifakara and Kachiri. Within mating population F, three
VCGs were identified at Ifakara, four at Honga, and two at
Kachiri. All VCGs within mating population F were repre-
sented by more than one isolate. Genetic diversity within
this population was higher at Kachiri than at llonga and
Ifakara. Genetic diversity within mating population A was
significantly higher (2>0.02) than genetic diversity within
mating population F. Vegetative compatibility studies
across the three locations demonstrated eleven VCGs within
mating population A and five VCGs within mating popula-
tion F (Table 2). Strains from each location appeared to be
more similar genetically to each other than to strains from
other locations.

A major aspect of the collaborative research in Mali has
been to examine the relation between head bug damage and
grain mold on seed deterioration. It was observed that
known mold resistant sorghums such as SC748 and Sureiio
develop extensive mold damage if the sorghum heads are
not protected from head bugs. Protection from head bugs
will be a requirement for evaluation of grain mold resis-
tance. This is important because grain mold resistance as
well as resistance to head bugs will be required in an
improved sorghum cultivar for Mali.

Sorghum viruses
The primary work on viruses of sorghum performed this
year was the evaluation of 197 sorghum hybrids in College

Station for infection with maize dwarf mosaic under natural
and inoculated conditions. A rating and incidence of the
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Table 2. Overall vegetative compatibility groups within
Fusarium moniliforme mating population A
and F on sorghum from Tanzania.

Vegetative Number of isolates Percent of population
compatibility within population for mating population
group A F A F
1 12 43 20.3 59.7
2 10 12 16.9 16.7
3 8 9 13.6 12.5

4 7 6 11.9 83
5 4 2 6.8 2.8

6 5 -z 84 -
7 3 - 5.1 -
8 3 - 5.1 -
9 2 - 34 -
10 2 - 34 -
11 3 - 5.1 -
Total 57 72 100 100
Genetic

diversity 0.19 0.1

7. = no VCG identified; a total of five VCGs were identified within mating

population F.

disease were assessed and these data are currently being
summarized.

Netwurking Activities

John Leslie and R. A. Frederiksen coordinated a confer-
ence at the Rockefeller Foundation Center in Bellagio, lialy
in November, 1993 on the application of genetics and
biotechnology to the characterization of fungal pathogens
of sorghum and millet. This program included scientists
from newly developing countries, from genetics and micro-
biology laboratories, along with participants from INTSOR-
MIL laboratories. R. Frederiksen also reviewed
collaborative research in Mali and in Niger. Dr. Melville
Thomas worked in Frederiksen’s laboratory on sabbatical
working with anthracnose in sorghum.

Other Cooperating Scientists

A. S. Ferreira, EMBRAPA/CNPMS, Caixa Postal 151,
Sete Lagoas, M. G., Brazil

T. B. Garud, Marathwada Agricultural University,
Parbhani 431 402, Maharashtra, India

Paul Hepperly, USDA-ARS, South Atlantic Area, Tropi-
cal Agriculture Research Station, Box 70, Mayaguez, P.R.
00709

Mengistu Hulluka, Agricultural Research Center, P.O.
Box 32, Debre Zeit, Ethiopia

Godwin Kaula, Mt. Makulu Research Station, Chilanga,
Zambia

Baikabile Motalaote, Agricultural Research Station, Pri-
vate Bag 0033, Gaborone, Botswana
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Jesus Narro, Campo Agricola Experimental Bajio, Apdo.
Postal 113, Celaya, Guanajuato, Mexico

B. L. Renfro, Visiting Professor, Department of Plant
Pathology, Texas A&M University, College Station, TX
77843

Dharma D. Shukla, CSIRO, Div. Biotech, Parkville
3052, Victoria, Australia

Jim Starr, Department of Plant Pathology and Microbi-
ology, Texas A&M Universi‘y, College Station, TX 77843

Bhola Nath Verma, Sorghum and Millet Coordina-
tor/Sorghum Breeder, Mt. Makulu Central Research Sta-
tion, Private Bag 7, Chilanga, Zambia

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

Project TAM-125 emphasizes the development and use
of insect-resistant sorghums as a foundational component of
an integrated pest management approach to attain sustain-
able sorghum production in developing countries and the
U.S. On-site collaborative research activities are in Mali and
have West Africa regional application. Research in Texas is
used to develop resistant cultivars and related plant resis-
tance-to-insects technology, graduate student education,
and short-term training. Cultivars are being developed and
evaluated for resistance to sorghum midge, greenbug, sug-
arcane aphid, yellow sugarcane aphid, and African sorghum
head bugs.

Collaborative research in Mali in 1993 confirmed the
utility of methodology developed to screen sorghums for
resistance to panicle-feeding bugs in two preliminary
screening trials of 50 and 49 sorghum entries. In an ad-
vanced screening trial, entries B-Var-1 and 1S21525 were
most resistant to panicle-feeding bugs. Insecticide applica-
tion and plastic pollinating bags used to protect kernels from
bug damage provided a means for comparing bug damage
to kernels of unprotected panicles with those of protected
panicles. A positive correlation existed between the level of
damage by panicle-feeding bugs and grain deterioration.
The multi-disciplinary panicle-feeding bug program has
been extremely successful, a model collaborative research
program, and Dr. Y. O. Doumbia is an excellent collaborat-
ing scientist.
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Insect resistance breeding and evaluation nurseries were
established at Corpus Christi, College Station, and Lubbock,
Texas, in 1993. Graduate students from Mali, Mexico, and
the United States are pursuing graduate studies in entomol-
ogy, and use field research plots at College Station. Mortal-
ity was assessed of sorghum midges infesting resistant and
susceptible sorghums; this research will contribute to our
understanding of the mechanisms of resistance and provide
data for the population dynamics model simulation effort.
Research underway to determine factors that govern sor-
ghum midge diapause termination and overwintering sur-
vival will also contribute to the modeling effort. An
asynchrony between the times when sorghum spikelets
flower and sorghum midges are in the field was determined
to be a factor causing some sorghums to be resistant to
sorghum midge. Spikelet morphology also contributes to
resistance to sorghum midge. A project using RFLP tech-
nology to map genes imparting resistance of sorghum to
greenbug was begun.

Technology transfer occurred through publications, pres-
entations, workshops, and exchange visitations, Collabora-
tion with ICRISAT scientists has continued to be strong.
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Objectives, Production and Utilization Constraints
Objectives

Mali sorghum panicle-feeding bug research: The objec-
tives of the collaborative research project in Mali with Dr.
Y. O. Doumbia are to develop practical techniques for
screening sorghums for resistance to panicle-feeding bugs;
relate resistance to glume, kernel, and grain-texture charac-
teristics; cooperate with sorghum breeders to develop sor-
ghums resistant to panicle-feeding bugs; assess the
relationship of pathogen infection and damage caused by
panicle-feeding bugs, to grain/food quality; and conduct
on-farm surveys of abundance and severity of panicle-feed-
ing bug.

Technology development and graduate student research:
The overall objectives of research conducted in Texas are to
provide a mechanism for graduate student education pro-
grams, to identify and evaluate sorghums resistant to insect
pests, determine mechanisms and causes of resistance, in-
vestigate how resistant plants respond to insect pest invasion
and how insects respond to resistant plants, and determine
economic injury levels. Specific objectives for Year 15 were
to determine the natural mortality rate of sorghum midges;
determine the spikelet flowering and morphological charac-
teristics of sorghum midge-resistant sorghums, determine
the factors that affect sorghum midge diapause termination
and the abundance of overwintering sorghum midges; de-
velop population dynamics simulation models that have
prediction capabilities, and construct genome maps to locate
sorghum genes conferring resistance to greenbug.

Constraints

Panicle-feeding bugs are a major constraint of the sor-
ghum improvement program in Mali and most sorghum-
producing areas of West Africa. These insects are
problematic in non-photoperiod sensitive, compact-panicle
sorghums that yield more than currently grown, local varie-
ties. Panicle-feeding bugs are a serious deterrent to sustain-
able sorghum production in an area of the world where grain
yield stability across years is essential. The problem is
exacerbated by pathogen infuction that significantly in-
creases when kernels are damaged by bugs. Grain damage
by bugs and infection by pathogens dramatically reduce
grain yield and quality, and render the grain unusable for
human consumption. Insecticides can be used to control
these bugs but are too expensive for most farmers that grow
sorghum in subsistence systems. Sorghum cultivars resis-
tant to bugs would be a more sustainable and safer method
to manage these insect pests. The interrelationship of dam-
age by bugs, infection by pathogens, and reduction in grain
yield and quality requires an interdisciplinary approach to
resolving this problem.

Insect pests in the U.S. constrain sorghum production in
a different way than in developing countries. The ready
availability of insecticides in the U.S. lessens the yield-re-

ducing impact of insect pests. However, insecticides result
in significantly increased production costs, occurrence of
secondary pests, pest resurgence, and environmental con-
tamination. Sorghums resistant to aphids, sorghum midge,
and panicle-infesting bugs and caterpillars would enable
sorghum insect pests to be managed in a more ecologically
sound way and provide a more economically and environ-
mentally sustainable agricultural system. Insect-resistant
plants provide an important foundational component to an
integrated pest management approach. However, develop-
ment of these cultivars requires a holistic approach includ-
ing identification of insect resistance genes, agronomic
improvement of germplasm, and deployment into produc-
tion systems. Much research is needed on the role these
cultivars play in an integrated pest management program so
that research progress is made, farmers understand how to
properly use resistant cultivars, and expected yield levels of
insect-resistant cultivars are known.

Research Approach and Project Output

Mali sorghum panicle-feeding bug research: The fol-
lowing summary report of research relative to the collabo-
rative sorghum panicle-feeding bug project was provided by
Dr.Y.O. Doumbia. The results of four trials are summarized
here.

In one of two preliminary evaluation (screening) trials,
the damage by panicle-feeding bugs was assessed for 50
sorghum lines under natural infestation at Sotuba in a search
for new sources of resistance. This trial represented the third
year of screening these sorghum lines. Most of the lines
evaluated were progenies of crosses between Malisor 84-7
and other genotypes. A Fisher block experimental design
with two replications was used with entries planted in two,
5-meter-long rows. For each entry, five panicles were cov-
ered with a plastic pollinating bag after panicle exertion to
protect panicles from infestation by bugs. Data were col-
lected from bug-protected and unprotected panicles, includ-
ing a numerical rating of kernel damage by bugs and level
of pathogen infection. Data on 200-kernel weight were
collected from panicles protected using plastic pollinating
bags and not protected from bug infestation.

Kernel ratings ranged from 1-4 for damage by bugs and
1-4.25 for damage by pathogens. Kernel weight ranged from
1.79-7.12 for 200 kernels. In 1993, genotypes that rated less
than 2.0 for bug damage were 90-CZ-CS-TX-2, 90-CZ-CS-
TX-12, 90L 19140-91 PR 2566 (2-5) (7-9), 90L 19225-91
PR 2579 (1-5), and 90L 19254-91 PR 273. Malisor 84-7
rated 1.0 for kernel damage by bugs. Genotypes that were
consistently rated as most resistant during three years of
evaluation are shown in Table 1. These sorghum lines were
those that were damaged less than or about the same as the
standard resistant check, Malisor 84-7.

A second resistance evaluation trial in 1993 consisted of

49 sorghum lines selected from the national sorghum breed-
ing program. The trial was arranged in a Fisher block design
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Table 1. Sorghum genotypes that consistently rated resistant to panicle-feeding bugs during evaluation each of three
years at Sotuba.

Bug damage rating Pathogen rating 1000-kemel weight
Genotypes 1991 1992 1993 1991 1992 1993 1991 1992 1993
90-CZ-CS-TX1 1.20 2,00 2.00 1.75 1.25 1.75 20.57 20,70 16.80
90-CZ-CS-TX2 2.50 1.62 1.50 1.25 1.00 2.50 17.97 15.70 15.80
90-CZ-CS-TX6 1.75 2.00 2.00 2.00 1.50 2.25 17.75 20.45 13.30
Malisor 84-7 1.50 1.75 1.00 1.00 1.00 2.00 18.60 17.10 14.30

Table 2. Bug and pathogen damage ratings and kernel weights of sorghum varieties evaluated for panicle-feeding

bug resistance in an advanced screening trial in 1993 at Sotuba,

Unprotected Cage protected Bag protected
Bug damage Pathogen 200-kernel Pathogen 200-kernel Pathogen 200-kernel

Varicty rating rating weight rating, weight rating weight
Malisor 84-7 1.12 1.87 220 2.25 2.82 2,00 2.18
87-SB-F4-54-2 1.57 2.00 2.2, 2.50 340 2.00 3.11
1S16357 312 1.00 3.25 1.00 372 1.50 4.33
1S21468 1.12 1.25 2.16 1.12 231 1.00 2.61
1821525 1.87 1.00 2.78 1.12 3.13 1.50 298
1527477 3.50 1.25 3.76 125 3.81 1.00 4.29
R6078 2.25 2.25 227 2.62 2.78 22§ 2.68
B-Var-1 2.00 1.87 1.78 2.33 2.23 2.75 1.65
82-Select. hard kernel 3.62 1.62 4.16 1.25 4.51 1.50 4.70
cv 14.90% 31.30% 14.04% 24.46% 21.87% 36.53% 23.74%
Mean 2.27 1.56 2,75 1.71 - 1.72 3.22

Table 3. Damage ratings and kernel weights obtained after using different methods to protect sorghum panicles from

bug infestation at Sotuba, 1993.

Bug damage Pathogen 200-kernel
Treatment rating rating weight
Insecticide protected 1.25 1.60 421
Cage protected 1.70 240 3.93
Plastic bag protected 1.72 1.55 3.84
Natural infestation 2.90 245 3.20
cv 8.18% 8.82% 11.72%
Mean 1.89 2.00 3.79

with two replications. Five lines, 89-CZ-CS-FS-73AF,
ICSV401, 88-BE-F4-257-3, 87-SB-F4-275-2, and 87-SB-
L-F4-155, were least damaged and had bug damage ratings
of 1.0-1.7.

In an advanced evaluation trial, eight sorghum varieties
selected for their apparent resistance to panicle-feeding bugs
in preliminary screening trials were tested using plastic
pollinating bags to protect some panicles from bug infesta-
tion to compare panicles not protected with those naturally
infested. The response of these varieties to bug infestation
was compared to that of Malisor 84-7. Results are presented
in Table 2.

Bug and pathogen damage ratings and 200-kernel weight
for unprotected panicles of Malisor 84-7 were 1.12, 1.87,
and 2.20, respectively. These parameters for unprotected
panicles of the test entries ranged from 1.12-3.62, 1.00-2.25,
and [.78-4.16, with means of 2.27, 1.56, and 2.75, respec-
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tively. Varieties 87-SB-F4-54-2, 1S21468, 1521525, and
B-Var-1 appeared to be the most resistant to panicle-feeding
bugs.

As during recent years, an experiment was conducted to
determine the best means of protecting panicles from bug
damage. Protected panicles provide a means of easily as-
sessing the resistance level of a test sorghum because the
protected panicles provide a basis for comparison to unpro-
tected, naturally infested panicles. In that experiment, pan-
icles protected using insecticide applications, constructed
cages, and plastic pollinating bags were compared for their
cffectiveness in preventing bug damage and pathogen infes-
tation. Kernel weight was used as a parameter for compari-
son, as were bug and pathogen damage ratings. The three
methods used to protect panicles from bugs resulted in bug
damage ratings less than those for the unprotected panicles
(Table 3). Pathogen ratings were as high for panicles pro-
tected using cages as were those of unprotected panicles.
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Table 4. Relationship between damage by panicle-feeding bugs and pathogen infection at Sotuba, 1993,

Bug damage Pathogen 200-kernel
Treatment R rating rating weight
Fungicide protected 2.80 1.50 3.62
Pollination bag protected 1.70 1.80 4.22
Pollination bag & fungicide protected 1.72 1.10 392
Natural infestation 3.00 225 3.37
Ccv 16.92% 9.02% 6.10%
Mean 231 1.66 3.78

Pathogen infection was less for panicles protected using
insecticide applications and plastic pollinating bags. Kernel
weights from panicles protected by insecticides were higher
than those from unprotected sorghum.

A relationship between panicle-feeding bugs and patho-
gen infection is very apparent. However, the contribution of
each type of pestilence has not been well defined. An
xperiment using application of a fungicide was done to
remove the effect of pathogen infection on kernel damage
and weight. Fungicide application reduced the incidence of
pathogen infection (Table 4). Ratings of pathogen infection
were lower where the fungicide was used and were lowest
when panicles were protected from both bugs and patho-
gens. In general, the data indicate that bugs cause signifi-
cantly more damage to kernels than do pathogens, but
pathogens probably play a significant role in grain quaity.

Technology Support and Student Training Research:
Following are summaries of the results of graduate student
research projects associated with INTSORMIL, or are sum-
maries of technology development that support interna-
tional research collaboration.

Technology Development

Greenbug biotype I represents a serious threat to the
effectiveness of biotype E-resistant sorghum hybrids cur-
rently being grown. Sources of resistance to biotype I have
been identified, and these have been reported in previous
annual reports. Progress was make in 1993 to introgress
resistance to biotype I greenbug into clite parent lines for
production of biotype I greenbug-resistant hybrids. Biotype
I resistance is being crossed into biotype E-resistant and
susceptible parent lines, although some sources of resistance
to biotype I are also resistant to biotype E. Resistance to
biotype | appears to be simply inherited; consequently,
procedures used to develop biotype C- and E-resistant sor-
ghums are applicable to the development of biotype I-resis-
tant sorghums. The difficulties encountered with the
development of greenbug biotypes has lead to the need to
better understand the genetics of resistant plants and the
insect itself. For this reason, considerable effort is and will
be made to use molecular genetic technologies to better
understand sorghum and greenbug genetics and their inter-
relationships.

Selections for resistance to sorghum midge were made
among agronomically improved segregating germplasm

lines advanced two generations using Puerto Rico winter
nurseries. Elite sorghum midge-resistant lines and parent
lines in hybrid combination were evaluated at College Sta-
tion. Excellent progress in developing acceptable sorghum
midge-resistant hybrids continues to be made. Advanced
generation A-lines appear to hold promise for making sig-
nificantly improved resistant hybrids. Introgression of dif-
ferent gene sources to elevate the resistance level continues
to be made. Plans are to soon release another group of
sorghum midge-resistant parent lines.

Student Training

The sorghum midge component of the sorghum plant
growth model—SORKAM was refined by using sorghum
midge occurrence and abundance data, subsequent sorghum
panicle damage, and yield data collected in fields in the
Coastal Bend and Blacklands regions of Texas. Initial exe-
cution of the model indicated a need to refine the Johnson-
grass density-sorghum midge production, sorghum midge
survival, and proportion of sorghum midges surviving after
insecticide application equations of SORKAM, so that in-
itial occurrence and abundance of predicted values were
decreased. Additional data on sorghum midge occurrence
and abundance in the Coastal Bend and Blacklands regions
were used to validate the sorghum midge component of the
model. Initial predicted values of sorghum midge occur-
rence were decreased from approximately five to two days
and abundance decreased from a mean above the actual
values of 6.75 to 0.35 sorghum midges per panicle. How-
ever, 95% of the predicted damage values were less than
actual values and 92% of the predicted grain yield values
exceeded actual values. This inverse relationship indicated
anced for further modification of SORK AM’s panicle dam-
age equations. The model could be used as a management
strategy in predicting the occurrence and density of sorghum
midges in relation to time of sorghum flowering,

Differential immigration pattern of sorghum midge was
reassessed. Two sorghum midge-resistant sorghum lines
(RTx2782 and RTx2767) and one susceptible (Tx430) were
planted April 30. Sorghum midge spreader, a mixture of
sorghum midge-susceptible hybrid seed of various maturi-
ties, was uniformly planted around each experimental plot.
This was done to assure that the source of sorghum midge
infestation was similar for each sorghum line. Before flow-
ering, yellow sticky traps located approximately one foot
above panicles were proportionally distributed in and
around sorghum plots. The nu.nber of sorghum midge adults
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trapped was recorded daily throughout the sorghum flower-
ing period so as to determine differences in abundance of
infesting populations. Information obtained will be used to
validate analysis of sorghum infestation made in 1992.

The time and duration of flowering of eight sorghum
lines and hybrids with a range of resistance and susceptibil-
ity to the sorghum midge were determined in field plots
planted at three different times. The spikelet flowering procc-
ess was divided into six distinct stages, and the proportion
of spikelets in each stage on selected rachis branches was
assessed hourly from spikelet opening to closing for 11
consecutive hours every other night. Adult sorghum midge
abundance was assessed hourly by counting the number of
sorghum midges on the sorghum panicles from which flow-
ering data were collected and on additional panicles. Tem-
perature and relative humidity measurements were collected
on an hourly basis and were used to assess the influence of
weather factors on time of sorghum flowering and presence
of sorghum midges. The number of spikelets damaged by
sorghum midges were counted when the kernels were in the
hard-dough stage. Analysis of the data indicated that the
more resistant sorghum flowered during carly morning
hours, when sorghum midges were not present. Also,
glumes of spikelets of the more resistant sorghums were
open for a shorter time than were those of more susceptible
sorghums. Spikelets of susceptible and resistant sorghum
lines and hybrids were dissected and observed by using a
microscope. A sample of 15 spikelets from each sorghum
line or hybrid was collected and dissected each day for 10
days. Stigmas and styles of floiets of susceptible sorghum
were long and ovaries were small. The stigmas and styles of
florets of resistant sorghum were shorter but ovaries were
larger thar those of florets of susceptible sorghum. Closed
spikelets from the different sorghum lines and hybrids were
collected and observed to determine whether the glumes of
the spikelets were actually closed. Microscopic observation
showed that there was a <I-mm wide opening either be-
tween the glumes or between the anthers and the glumes of
spikelets of susceptible sorghum when the spikelets ap-
peared closed. Glumes of resistant sorghum lines and hy-
brids overlapped when the glumes appeared during field
observation to be closed.

Sorghum midge diapause termination is a key element in
the population dynamics of the sorghum midge. Sorghum
midge emergence and meteorological data are being col-
lected for use in a model to predict when sorghum midges
will terminate diapause and emerge after overwintering.
Rainfall maps generated by Doppler Radar will be used to
determine when model predictions should begin. The emer-
gence of overwintering sorghum midges is monitored by
using 1 m? pyramid traps. These traps collect adults emerg-
ing from overwintering in spikelets underneath or on the soil
surface. Three treatments being used to determine the effect
of rainfall/moisture on termination of sorghum midge dia-
pause are: 1) a control exposed to natural weather condi-
tions, 2) soil kept dry, and 3) soil kept dry initially, but water
added later. Three cultural conditions that will be used to
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evaluate their effect on sorghum midge survival and emer-
gence from diapavse are: !) sorghum residues shredded
only, 2) residues shredded and disked into the soil, and 3)
residues shredded, disked into the soil, and the soil deep
plowed.

RFLP analysis is being used to map the location of
greenbug (Schizaphis graminum) resistance genes. To sim-
plify this process, genotypes differing in resistance to green-
bug are being used as the parents for the mapping
population. Crosses have been made between the biotype
I-resistant P15S50607 and the susceptible line Tx430, and
between biotype E-resistant Tx2783 and the susceptible
Tx430. An interspecific cross between Tx2783 and a sus-
ceptible Sorghum propinquum was also produced for this
purpose. The F2 populatiors of these crosses have been
evaluated in the greenhouse to identify those segregating for
greenbug resistance. The progeny of segregating popula-
tions are then evaluated by RFLP analysis to determine the
presence of polymorphisms. Locations of greenbug resis-
tance genes will be based on DNA markers selected from a
complete RFLP map of the sorghum genome produced by
Dr. Andrew H. Paterson’s laboratory at Texas A&M Uni-
versity. Determining the genetic map positions of these
genes will hasten their identification and transfer into more
productive sorghum genotypes.

A greenhouse study was performed to evaluate the effec-
tiveness of imidacloprid, formulated as a seed-treatment
insecticide, for control of yellow sugarcane aphid on 3-, 10-,
and 31-day-old sorghum seedlings. This systemir. and con-
tact insecticide with low mammalian toxicity, was ex-
tremely effective in controlling yellow sugarcane aphid on
young plants. Additional studies included the use of imi-
dacloprid as a foliar treatment for greenbug control. Future
studies will include field trials involving imidacloprid as a
sced treatment for aphid control on older, more mature
plants. A greenhouse insecticide trial was conducted to
evaluate Lorsban, Lannate, Parathion, and Asana XL as
foliar treatments for control of yellow sugarcane aphid on
sorghum seedlings. Only applications of Asana XL resulted
in less than complete control of yellow sugarcane aphid 1,
2, and 3 days after treatment. Another field trial was con-
ducted to evaluate two standard insecticides, several pyre-
throids, and corn oil for control of sorghum midge. Plots
were planted with a mixture of hybrid seed of various
maturities to simulate a typical non-uniformly flowering
field. All applications of pyrethroids resulted in significant
increases in yield when compared with yields from plots
treated with Lorsban or Dyfonate. Plots treated with corn oil
alone yielded slightly more than plots treated with either
Lorsban or Dyfonate.

Networking Activities
Research Investigator Exchanges

Ten LDC scientists visited the sorghum entomology pro-
gram at Texas A&M University. George L. Teetes traveled
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to Mali to review research progress on panicle-feeding bugs.
The collaborative research conducted in Mali is reported in
an earlier section of this report and is further described in
the Mali country report. A major effort is needed to get the
Mali panicle-feeding bug research results published in a
refereed journal.

Germplasm and Rescarch Information Exchange

Seeds were requested by nine LDC scientists, and these
requests were forwarded to Dr. Gary C. Peterson. Publica-
tion reprints or copies related to sorghum entomology were
sent to 35 LDC scientists. Research supplies and equinment
were sent to Mali to support on-site research activities.
Material for cages, bags to cover panicles, insect-collecting
supplies, insect-preservation supplies, computer software,
and other research-related supplies were provided.

Important collaborative linkages were maintained with
Dr. K. F. Nwanze, Principle Cereals Entomologist, ICRI-
SAT, Patancheru P.O., Andhra Pradesh 502 324, and Dr.
Klaus Leuschner, Entomologist, SADC/ICRISAT Southern
Africa Sorghum/Millet Improvement Program, P.O. 776,
Bulawayo, Zimbabwe.

George L. Teetes served as a member of the organizing
committee for the International Consultative Workshop,
sponsored by ICRISAT, on Panicle Insect Pests of Sorghum
and Pearl Millet in Niamey, Niger.
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Objectives, Production & Utilization Constraints
Objectives

Objectives of project collaborative work are (1) to assess
the efficacy of natural enemies for biological control of stalk
borers and the millet head miner; (2) to implement effective
biological controls for pests of millet; and (3) domestically
to provide graduate level training programs, develop strate-
gies for implementing biological controls in sorghum and
millet, test strategies for implementing biological control in
annual crop ecosystems, investigate plant-pest-natural en-
emy ecology and assess potential of natural enemics as
biological control agents for sorghum and millet pests, and
optimize integration of effective biological controls with
local crop protection and production needs.

Constraints

The insect pests of sorghum/millet addressed in this
research are key pests and constraints to production in the
U.S. and West Africa. Annual crops such as sorghum and
millet sustain damage and control costs from infestations of
key pests such as aphids, stalk borers and millet head miner.
These costs are variables that must be managed each year.
Ideally, each pest is managed with ecologically sound prac-
tices. To be most effective, these practices optimize the
sustainability of a cropping ecosystem. Detailed ecological
understanding of pests and their natural enemies is key to a
sustainable pest management strategy, especially during
times of the year when pests occupy noncrop portions of the
agroecosystem. The project’s approach includes on-site col-
laborative research, development of complimentary U.S.
technology, evolution of necessary theory, and graduate
student training. The collaberative research in Niger seeks
to implement biological control of stalk borers and the millet
head miner, and in the U.S. 1o implement biological control
of aphids and spider mites. Research in the U.S. provides a
platform for training graduate students, evolving theory and

WMN

concepts for implementing biological controls in West Af-
rica, conceptualizing and defining functional ecosystems of
pests, developing methodelogies for measuring the actual
and potential impacts of natural enemies, and validating
results of biological control when implemented.

Research Approach and Project Ouiput

Niger millet stalk borer and millet head miner research.
The primary goal of this project is to implement biological
centrols of the millet pests, enlarging on research conducted
by Dr. Ousmane Youm in Niger in 1986-88. Key elements
of this project are: (1) collaborative research with NARS in
West Africa viathe West and Central Africa Millet Research
Network (WCAMRN) (i.e., Reseau Ouest et Centre Afri-
cain de Recherche sur le Mil, ROCAFREM]I) and the ICRI-
SAT Sahelian Center; (2) research training in biological
control foraNARS scientist in West A frica; and (3) collabo-
ration with scientists at the [CRISAT-SC.

Since 1992, this research has sought to initiate a new
Ph.D. program to research biological control of millet head
miner. For several reasons, we have been unable to achieve
that goal with IER (Mali) or INRAN (Niger) in Project
Years 13-15. In August 1992, we submitted a proposal to
INRAN to train an INRAN scientist for future coilaboration
on identitying and assessing natural enemies of millet head
miner {(MHM). This proposal was accepted by the Director
General of INRAN and the local USAID mission, but an
INRAN trainee was not approved for 1992. In August 1993,
this proposal was updated and resubmitted to INRAN. IN-
RAN administrators reaffirmed that this effort is an impor-
tant collaboration for Niger and INRAN, but again an
INRAN trainee did not participate. To avoid continuing no
progress on research, I assigned Mr. Bayoun (a Lebanese
Ph.D. student in my program) to initiate the needed research
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in Niger, and to provide a methodological foundation for
eventual collaboration with a West Africa NARS scientist.

The millet head miner (MHM), Heliocheilus albipunc-
tella (de Joannis), commonly causes significant crop losses
of pearl millet, Pennisetum glaucum L., a primary food crop
in Sahelian West A frica. MHM is an excellent candidate for
demonstrating a control strategy that emphasizes effective
natural enemies. It occupies a predictable habitat in an
ecosystem with relatively consistent annual habitats, has one
generation per year, attacks several host plants including
wild millet, and across West Africa supports a relatively
large guild of natural enemies. Our objective in this research
is to evaluate natural enemies of H. albipunctella, and the
results will serve to appraise tactics and develop a biological
control strategy for H. albipunctella.

Our 1993 research provides baseline methods and initial
results for planning 1994 experimentation. The 1993 experi-
mentation consisted of cage exclusion studies and popula-
tion monitoring at Sadore. Exclusion experiments are
essentially a series of paired plots in which natural enemies
are excluded from one-half, and are allowed access to the
other half (= Control or Check). Survival is measured in all
plots, and the differences in surviving pests between treat-
ments are direct measures of control by natural enemies.
These treatments can be modified in various ways to collect
different kinds of information on pest mortality. In 1993, we
used only caged exclusions that consisted of placing a
physical barrier (i.c., panicle cage) over panicles in the plots.
Openings were made in one-half of these cages to permit
normal natural enemy ingress and egress. Different types of
cage reatments were set up to evaluate enemies occurring
on different MHM stages (i.e., eggs, carly and late instars)
separately. Caged panicles were initially infested with simi-
lar numbers of MHM eggs or Ist stage larvae. Treatments
imposed on these infested panicles included (1) cages closed
throughout panicle development, which excluded all natural
enemies; (2) cages opened only during the MHM egg stage,
and then closed until the end of the season; (3) cages opened
only when early MHM instars were present, and then closed
for the remainder of the season; (4) cages opened only when
late MHM instars were present, and then closed for the
remainder of the season; and (5) cages opened for the
duration of MHM development. At the end of the season,
millet heads were cut and numbers of surviving MHM were
assessed. All collected natural enemies were sent to appro-
priate taxonomic authorities for identification.

Our results showed that attacks by natural enemies have
a very significant impact on mortality of MHM, and most
of this mortality occurs during the late larval stages. Num-
bers of surviving MHM individuals in cages opened
throughout panicle development were significantly differ-
ent from those in closed cages.

Significantly, we encountered relatively few species of
enemies attacking MHM during this first year of experimen-
tation. Two predators and two parasites were the most

commonly recovered natural enemies. The most common
predator was Orius sp., a small anthocorid predator that
attacks MHM eggs and early instars. The second most
common was an ant that attacked full-grown larvae after
they dropped to the soil to pupate. These predators will be
further investigated in 1994 experiments.

The two commonly encountered parasites were both
parasitic Hymenoptera. The most abundant parasite was
Copidosoma sp., an encyrtid egg-prepupal parasite that at-
tacks the MHM eggs and emerges the next year as an adult
from the MHM prepupa. This parasite is polyembryonic,
i.¢., one parasite egg produces many progeny. An average
of 394 ('"naximum = 802) adult parasites emerged from each
parasitized MHM. The second most common parasite was
a braconid, Bracon hebetor. Bracon is a gregarious ec-
toparasite that attacks late larval stages of MHM. Parasitism
by B. hebetor occurs mostly late in the season, and can reach
80-90% of the total MHM population. Female B. hebetor
attack late MHM instars, permanently paralyzing each.
Many, but not all, attacks by B. hebetor result in the parasite
ovipositing externally on the MHM larva. Studies in 1993
encountercd many larvae killed by B. /iehetor but without
parasite eggs. Thus, Bracon hebetor functions ecologically
as a predator and as a parasite. Bracon hebetor has a short
generation time and is polyphagous (i.c., attacks many other
host species).

During 1994-1996, these exclusion studies will be re-
peated on MHM developmental stages in Sadore and Ma-
radi, and data will be used to construct life tables for MHM.
Each year, the methodology will be refined. By 1996, we
will be able to advocate an MHM biological control research
program for NARS participating in ROCAFREMI, Ulti-
mately, we will construct survival budgets for MHM, and
characterize the portion of MHM population removed by
natural enemies. Our research approach wili continue t nse
host exposure techniques, caged exclosures and natural
population monitoring.

Research on Assessing the Efficacy of Natural Enemies
Attacking Greenbugs on Grain Sorghum. Experiments were
conducted to develop an insecticidal check method for as-
sessing the efficacy of natural enemies of greenbugs (GB).
These initial experiments assessed an “enemy removal
method” and an “‘enemy trap method.” In the removal
method, plants in the experimental plot were treated with
either chlorpyrifos or malathion to remove the natural ene-
mics. Rates of treatment were based on prior experiments,
and were set to minimally affect greenbugs in these plots. In
the trap metiiod, piants in the area immediately surrounding
the plot were treated and plants within the plots were undis-
turbed. Trap method plots were treated with the pyrethroid
A-cyhalothrin or with A-cyhalothrin mixed with the systemic
organophosphate, dicrotofos. The trap method seeks to repel
or kill natural enemies of GB in the treated area and thus
prevent their entry into the central experimental plots. In
both methods, the enemy removal and enemy trap, numbers
of aphids in a treated plot were compared with the aphid
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numbers in a control plot. This comparison establishes the
role of parasites and predators in reducing aphid population
growth,

The mean GB population trends were similar in both the
enemy trap and enemy removal experiments (Fig 1 & 2).
The population increase began after panicle exertion (early
August) and peaks were observed by mid-August. In both
experiments, parasites suppressed the GB population by the
end of August (Fig 3 & 4). Predator activity was greatest
before crop maturity and then declined. Species of natural
enemies recovered from samples included Lysiphlebus tes-
taceipes (Cresson), Aphelinus asychis Walker, Aphelinus
albipodus Hyatt & Fatima, Hippodamia convergens Guerin,
Hippodamia sinuata Mulsant, Coccinella septempunctata
L. and Coleomegilla maculata lengi Timberlake.

Data from 1993 experiments showed that frequencies of
insecticide application did not prevent natural enemies from
entering the experimental plots. In trap experiments, plots
were sampled on six different dates for numbers of Green-
bugs/plant, predators/plant, and parasites/plant. At the 95%
confidence interval, numbers of greenbugs in plots treated
with A-cyhalothrin once per 15 days and in those treated with
A-cyhalothrin and bidrin once per 15 days were different
from numbers of greenbugs in control plots on August 5 and
September 2. However, these differences were not statisti-
cally significant. At the 95% confidence interval, removal
plots treated at different frequencies with malathion and

chlorpyrifos were not significantly different from untreated
control plots on four sampling dates. However, these differ-
ences were statistically significant at the 90% confidence
interval. Using nonparametric statistics, data from the natu-
ral enemy plots (both enemy trap and enemy removal plots)
were not significantly different from the untreated control
plots.

In summary, the trap method was a more effective sup-
pressor of the parasite population. However, differences
among plots were not large enough to separate the treat-
ments for either enemy trap plots or enemy removal plots.
Variability among plots is one of the key problems that must
be overcome in 1994 research. Much of the variation was
probably due to sample size being too small, and to insuffi-
cienit replication. Modifications in experimental design and
sampling will be made for 1994 experiments.

Networking Activities

Invited participant in the 3rd Biennial West and Central
Africa Millet Research Network (WCAMRN) (i.e., Reseau
Ouest et Centre Africain de Recherche sur le Mil, ROCA-
FREMLI), April 4-8, 1994. The meeting was held at the
ICRISAT Sahelian Center near Niamey, Niger. The primary
activities were participation in the network meetings; im-
proving collaboration and partnerships between INTSOR-
MIL, NARS and ICRISAT-ISC; and finalizing plans for
1994 collaborative research program with INRAN and
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Figure 1. Numbers of greenbugs per plant in Trap Method.
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Figure 4. Numbers of parasites per greenbug in Removal Method.

ICRISAT on millet head miner. Participants in ROCA-
FREMI requested that INTSORMIL scientists collaborate
in millet research with expanded INTSORMIL roles in
training, specialized short-courses, mini-workshops or other
associations. This request resulted in invitations for three
teams of INTSORMIL scientists to lead 1-2 day short-
courses conducted coincident with three ROCAFREMI An-
nual Project Meetings in 1995.
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Summary

In 1993-94, two sorghum nurseries vsere planted at two
locations in Zambia and two locations in Zimbabwe to
evaluate response to anthracnose and leaf blight. These two
nurseries, called Anthracnose Resistant Germplasm Nurs-
eries (ARGN-1, 33 entries and ARGN-2, 41 entries), con-
sisted primarily of entries that had excellent anthracnose
(Colletotrichum graminicola) resistance, good adaptation to
the region, and good to excellent leaf blight (Exserohilum
turcicum) resistance in previous SADC testing over one or
more years. At the Henderson Station in Zimbabwe, the
average leaf blight incidence (percent leaf area destroyed)
in these nurseries was 21% across all 74 entries, 75% in the
most susceptible cultivar (R8601), and <10 % in the 25 most
resistant entries at 103 days after planting. Sooty stripe
(Ramulispora sorghi) incidence was rated in these same
ARGN nurseries at Golden Valley, Zambia and at Panmure

Station, Zimbabwe. The average incidence of sooty stripe
was 24% and 19% across all cultivars and 80% and 58% on
the most susceptible cultivar (R6956) at Golden Valley and
Panmure, respectively. Twenty-seven entries had an inci-
dence of sooty stripe < 20% at both locations. Ten of the
seventy-four entries demonstrated high resistance to both
leaf blight and sooty stripe at these three locations and in
previous years had demonstrated good resistance to anthrac-
nose. One of these ten entries was SC326-6 and five others
had SC326-6 in their genetic background. A virus disease
was observed at the Pandamatenga station for the second
consccutive year and the incidence/severity of virus re-
sponse in the International Sorghum Virus Nursery was
most consistent with MDMV-A but that remains to be
confirmed. Similar virus symptoms were noted this year at
the Mt. Makulu station in Zambia where MDMV-A was
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confirmed in previous years. Drought response of sorghum
cultivars in two nurseries planted at two locations in South-
ern Zimbabwe (Matopos and Lucydale) indicated the need
for pre-flowering drought tolerance in this region. Entries
with post-flowwring drought tolerance often had partial to
full blasting of the head, especially as stress occurred earlier
in maturity and with increased severity. All mating popula-
tions (A, B, C, D, E, F) of Gibberella fujikuroi (Fusarium
section Liseola) were recovered from sorghum grain col-
lected in Tanzania with mating population F occurring in
the highest frequency. Studies of preharvest aflatoxin in
sorghums, with differing pericarp genctics, exposed a recur-
ring problem of false positive aflatoxin readings when using
a popular commercial immunoclonal assay system for afla-
toxin determinations.

Objectives, Production and Utilization Constraints

Identify stable adapted sources of resistance to major
foliar pathogens through field screening nurseries at strate-
gic locations: Zambia, Zimbabwe, Botswana

ldentify pathotypes of Colletotrichum graminicola from
southern Africa using differential cultivars: Zambia, Zim-
babwe

Characterization of Fusarium spp. on sorghum grain:
Tanzania

Characterization: of Macrophomina phaseolina: Zambia,
Zimbabwe, Botswana, U.S.

Ecology and economic impact of Exseroftilum turcicum,
specific and general leaf disease resistance: Zimbabwe

Identfy sources of late season drought tolerance with
adequate charcoal rot and other disease resistance: Bot-
swana, Zimbabwe

Evalate potential for preharvest aflatoxin in sorghum
grain: U.S.

Research Approach and Project Output
Foliar Diseases (Anthiracnose, Leaf Blight, Sooty Stripe)

In 1993-94, two sorghum nurseries were planted at two
locations in Zambia and two locations in Zimbabwe to
cvaluate response to anthracnose and leaf blight. These two
nurseries, called Anthracnose Resistant Germplasm Nurser-
ies (ARGN-1, 33 entries and ARGN-2, 41 entries), con-
sisted primarily of entries that had excellent anthracnose
resistance, good adaptation to the region, and good to excel-
lent leaf blight resistance in previous SADC testing over one
or more years. New entries in these nurseries usually had
some genetic relationship to the best of the previously
evaluated cultivars.
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Incidence of leaf blight (caused by Exserohilum tur-
cicum) was evaluated at the Henderson Station in Zimbabwe
at 72 (2/24/94) and 103 (3/27/94) days after planting. Aver-
age incidence of leaf blight (percent leaf arca destroyed in
two reps) across all 74 entries of the ARGN nurseries was
9% at 72 days after planting and 21% at 103 days. The most
leaf blight susceptible entry (R8601) had 33% and 75%
average incidence of leaf blight at 72 and 103 days, respec-
tively. Table 1 shows entries in the ARGN nurseries that had
an average incidence of leaf blight <10 % at 103 days after
planting. Also shown in Table 1 for these 25 resistant entries
is their average incidence of leaf blight at 72 days after
planting and their average agronomic desirability rating (1
to 5, I=best, S=worst) at 103 days after planting.

Late planting and late development of anthracnose at
Mansa and Golden Valley, Zambia precluded definitive
anthracnose ratings on the ARGN nurseries at these sites. At
Mansa, anthracnose had developed to high levels in an
adjacent earlier planted nursery from which we systemati-
cally sampled the population for RFLP analysis by U.
Rosewich, R.A. Frederiksen’s graduate student, working
on Project TAM-124,

Sooty stripe incidence and severity were sufTicient to rate
the ARGN nurseries at Golden Valley and at Panmure
Station, Zimbabwe. The average incidence (percent leafarea
destroyed in two reps) of sooty stripe (caused by Ramulis-
porasorghi)was 24% and 19% across all cultivars and 80%
and 58% on the most susceptible cultivar (R6956) at Golden
Valley and Panmure, respectively. The most resistant culti-
vars (average incidence of sooty stripe <20% at both sites)
are shown in Table 2.

Ten of the 74 entries in the ARGN-1 and ARGN-2 had
high resistance to both leaf blight and sooty stripe (Table 2).
Of those ten resistant entries, one was SC326-6, four were
derived from the same cross of R5646*SC326-6, and one
had SC326-6 in its genetic background. The variable inci-
dence and severity of anthracnose, leaf blight, and sooty
stripe at these nursery sites across the years, especially at
Golden Valley, indicate the need for cultivars to have some
general leaf disease resistance. SC326-6 continues to be a
good source of overall leaf disease resistance including
anthracnose in Zambia where many of the above materials
demonstrated good resistance in previous years (1992,
1993).

Virus

Disease evaluations done at Pandamatenga, Botswana in
early April 1994 indicated the presence of a virus disease
similar to that observed in 1993. Red and tan leaf necrosis
were the most common symptoms with only a minimal
amount of viral mosaic observed. Reaction of sorghum
entries from the International Sorghum Virus Nursery
(ISVN) planted at this site were most consistent with the
response of MDMV-A. Entries New Mexico 31, BTX378
(Redlan), TX7000 (Caprock) , and BTX3048 had heavy red
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Table 1. Sorghum entries of the ARGN-1 and ARGN-2 resistant to leaf blight (<10%) at Henderson Station,

Zimbabwe in 1994.%

Henderson
Genotype or Designation LB-Avg Apron-Avg
2/24/94 3/27/94 3/27/94
SCl46 0 0 2.8
SC326-6 0 0 3.8
86EON374((TX432*CS3541)*SC326-6)deriv 0 2 25
[921.24-BK| R9109 1 3 25
86L:ON362 (R5646*SC326-6)dcriv 0 4 23
[89CW2929] (RBSOS*(((Tx432*CS3541)*SC326-6)-HF69 1 4 33
[89BE8236) (R2241 *(R5646*SC326-6))-11D11 4 4 3.0
82BDM499 (SC173*SC414-12E)deriv 0 5 25
[92C4782BK] (77CS2*SC326-6)deriv-C 0 5 28
[90C241BK] ((SC120*Tx70000* Tx7000)-10deriv-T1 2 5 23
SC991 2 5 33
[92C2422BK} (Fx2817*EBA-1)deriv-B1 3 5 25
[92C631] (80C2241*R4224)dcriv-B1 I 6 25
[871.3452) 86EON362s¢! 1 7 2.0
[90C2132-BK] (ADNS5*B8204)deriv-T2 2 7 25
SCs14 2 7 28
SC647 0 8 35
91C28521 ](((SCI20'Tx7000)‘Tx7000)dcriv‘R6956)dcriv-C2 | 8 3.0
[91CC673) (RBSO5*((TX432*CS3541)*SC326-6))-HF 59 2 8 28
[87BH8351) 86EON361scl 4 8 23
[87BH&341] 86EON361sel 4 9 20
R6956 5 9 28
[87L3450] 86EON362scl 2 10 25
[92C2494-BK] ((Tx414*SC108)deriv-OP*R6956)deriv-Cl 4 10 23
[91C€643]184C7730 6 10 25

! Average incidence of leaf blight (LB-Avg, percent leaf area destroyed) fiom two re
incidence of leaf blight <10% on 3/27/94 are shown. Cumulative number of entrics for both tests was 74. Av
S=worst) from two reps is shown for the latter date. Evaluations on 2/24/94 were done by Miisi, Benza and o

Table 2. Cultivars from ARGN-1 and ARGN-

ps is shown for two dates wh

ich are 72 and 103 days afier planting. Only entries with an

Panmure Station, Zimbabwe. Average incidence <20% at both locations.”

erage agronomic desirability (Agron-Avg, 1 10 5, I=best,
n 3/27/94 by Odvody, Miisi, Benza.

2 with resistance to sooty stripe (SS) at Golden Valley, Zambia and

Golden Valley Panmure
Genotype or Designation SS-Av SS-Avg Henderson
3R26/9 3/28/9. LBP

SC748 5 0

SC326-6 5 2 *
SC146 5 13 *
SC748-5 8 2

[B9PR1688] (SC173*SC414)deriv 13 1

TAM2566 13 8

[91CC673] (RBS05*((TX432*CS3541)*SC326-6)-HF 59 13 15 d
[91C562] B9ON6 15 6

ATx638*R8602 hybrid 15 8

[87BH8351)861FON361sel 15 13 *
SC647 15 I3 *
[93BD2455}Sureno*87BB39%6deriv 15 13

(90CCEON362] R1183*(SC120xTX7000)deriv 15 15

SC726 18 0

[89PR1679] (SC173*SC414)/499 18 0

(SC173*SC414)/413 18 5

SRN39 (Striga Resistant) 18 8

[87L3450) 86EON362sc) 18 8 *
{92L4341) 90CCEON362/(R11834(SC120°TX7000)deriv 18 8

[87BH8341]86EON361sel 18 13 *
(92BD1908] PL2120*86E0361 deriv 18 I5

86EON374 ((TX432*CS3541)*SC326-6)deriv 18 15 *
86EON362 (R5646*SC326-6)deriv 18 15 *
SC414-12E 20 9

[92C2494-BK) ((Tx41 4*SC108)deriv-OP*R6956)deriv-Cl 20 13 *
(92BD1916] PL2120*86¢0361 deriv 20 18

192BD1016] R5647*(SC414*SC326-6)deriv 20 20

* Average incidence of sooty stripe (SS-Avg, percent leaf area destro
entries for both tests was 74. Evaluations at Golden Valley were do:
December at both: Golden Valley and Panmure.

yed) from two re|

b Asterisk (*) indicates cultivar also had resistance to leaf blight (LB) at Henderson Station (Table .

ps is shown for two locations on the date ratings were made. Cumulative number of
ne by Odvody and Kaula and at Panmure by Odvody, Mtisi, and Garutsa. Planting dates werc mid-
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leaf necrosis and SA394 had heavy tan leaf necrosis (only
in one of three reps). Further evaluations are being con-
ducted by DAR pathologists on virus specimens collected
and transferred to the Sebele Station in Gaborone. MDMV-
A is suspected also because of its previous identification at
the Mt. Makulu station in Zambia. In late March 1994, the
incidence of MDMV-A(?) and associated red- and tan-leaf
necrosis (depending on host pigmentation) were quite heavy
at Mt. Makulu in some released sorghum inbreds, especially
at one location where virus mosaic symptoms were also
observed in a few plants of a grassy weed bordering the field
plot.

Drought Stress and Charcoal Rot

In early April 1994, the drought response of sorghum in
the Drought Line Test (DLT) and Preliminary Drought Line
Test (PDLT) at two locations in Southern Zimbabwe (mod-
erate to severe drought stress at Matopos and carly, severe
drought stress at Lucydale) indicated the necessity for pre-
flowering drought tolerance in sorghum cultivars for this
region. The inclusion of some post-flowering drought toler-
ance along with pre-flowering drought tolerance would
probably be valuable for the SADC region but not as the
primary drought response mechanism. Sorghums primarily
possessing post-flowering drought tolerance developed
moderate to complete blasting of the head as pre-flowering
stress increased in severity and carliness. Environmental
stress and crop maturation appeared to be conducive to
charcoal stalk rot development at Matopos but the disease
was observed externally in only a few definitive instances.

Grain Mold

Anaclet Mansuetus completed his dissertation research
on characterization of Fusarium species, section Liseola
from samples of sorghum grain collected in Tanzania in
1991. Sexual stages are useful in differentiating mating
populations that are actually separate biological species but
donot have distinct morphological characters. Mating popu-
lations within Gibberella fujikuroi (Fusarium section

Liseola) were identified by using mating type testers. All
mating populations (A, B, C, D, E, and F) were recovered
from sorghum grain at llonga, Tanzania but not at Ifakara or
Kachiri. Locations did not differ significantly in mean per-
cent of mating populations A to F. Mating population F
occurred in higher frequencies than mating population A or
D and mating population C was the least frequent. Percent
mating population A and F were significantly different
(P>0.01) at llonga. Female fertile strains were significantly
more common (P>0.02) within mating population A than F
(Table 3). Genetic diversity and other information about
mating populations A and F as determined by vegetative
compatibility groups are summarized in the TAM-124 re-
port.

Preharvest Aflatoxin in Grain Sorghum

Grain sorghums of the Genetics of Pericarp Nursery
representing various pericarp types were evaluated for vul-
nerability to naturally-occurring preharvest aflatoxin in
South Texas. The measurements of aflatoxin content with a
commercial immunoclonal antibody system (Aflatest 10,
VICAM, Somerville, MA, U.S.) were often confusing be-
cause sorghum pericarp and grain pigments and other grain
factors interfered with the aflatoxin assay. False positive
readings for aflatoxin content were sometimes obtained
when no aflatoxin was present or additive false positive
readings inflated the actual aflatoxin content. Modifications
to the current assay procedure are being developed to elimi-
nate false positive aflatoxin readings in sorghum. Because
some of the sorghums in this nursery are very diverse, the
false-positive aflatoxin problem may be limited to only
certain types of sorghum not generally utilized in the grain
trade. However, we will determine if the basic factors
contributing to false positive aflatoxin readings in this study
may also affect aflatoxin measurements conducted on sor-
ghums in commercial production.

Table 3. Female fertility within mating types and popuiations of Gibberella fujikuroi (Fusarium section Liseola) on

sorghum from Tanzania.

Location/ Female fertility (%) within

female fertility? A* A B B c C D D- B E F* F-
Ifakara .

Types 41 70 50 0 Absent 100 50 Absent 23 19
Populations 48 50 Absent 66 Absent 22
llonga

Types 38 100 0 50 0 50 100 44 0 50 14 21
Populations 46 25 33 50 50 17
Kachiri

Types 50 75 0 67 Absent 50 30 50 40 0 43
Populations 60 25 Absent 33 43 15

?* Female fentility was determined by placing testers on complete media slants and wildtypes on carrot agar prior to fertilization.

locations did not difTer significantly in their female fentility within (7. fujikuroi.

Mating populations A and ¥ were significantly different (0.02) in their percent female fertility. Populations A and D were also different (2>0.05) in percent female fentility.
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Networking Activities
Germplasm Exchange

Over 420 lines and cultivars were evaluated in the SADC
region in 1993-94 (collaborative with TAM-121 , TAM-122,
TAM-123, and TAM-124)

Eleven sorghum accessions were brought into the U.S.
from the SADC region in 1993. All had good drought
response characteristics except one which had specific sus-
ceptibility to sorghum downy mildew.

Funds have been provided in 1993-94 to E. Mtisi in
Zimbabwe to support collaborative research nurseries inves-
tigating leaf blight resistance at the Henderson and Panmure
stations.

Publication

Mansuctus, A.S. B. 1993. Mating populations and vegetative compatibility
groups within Gibberella fujikuroi (Fusarium Section Liscola) on
sorghum in Tanzania, Ph.D. disscnation. Texas A&M University,
College Station, Texas. 96 p.
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Summary

This is a terminal report for MSU-111. This project was
terminated June 30, 1994 by INTSORMIL primarily be-
cause of USAID travel restrictions to Colombia and not
because it was considered ineffective in the development of
acid soil technology related to sorghum and pearl millet
production or lacking in the development and release of acid
soil tolerant varicties. This report will summarize the need
for acid soil research and will discuss some of the project’s
productivity since its inception in 1981.

Over two billion hectares of land with acid soils are
distributed throughout the tropics. Tropical South America
has over 860 million hectares of these problem soils with
their various chemical constraints to agricultural produc-
tion. Average yield of grain sorghum has decreased in the
last two decades due to more marginal acid soil lands being
brought into production. The lack of available sorghum and
pear] millet germplasm, with reasonable tolerance to alumi-
num (Al) toxicity and low levels of phosphorus (P), has
prevented national research programs from exploiting these
acid soil areas.

The need to develop crops with tolerance and adaptability
to soil acidity has increased in many South and Central
American countries due to food and feed grain deficits.
However, methods and approaches to accomplish this ob-
jective were either not available to scientists in the region or
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not well defined because of lack of research in the area. The
development ofareliable ficld screening technique to screen
for Al tolerance by this project has resulted in the selection
of several hundred Al-tolerant sorghum lines from the
World Collection. About 50 promising lines have been
identified with potential grain yield of three tons per hectare
under acid soil conditions with minimum fertilization prac-
tices.

Before INTSORMIL began this project, sorghum could
not be grown on soils with levels of Al saturation higher than
60%. Since 1982, five sorghum cultivars have been released
as the result of collaboration batween ICA, INTSORMIL,
and commercial companies. These cultivars produce profit-
ably in soils with 60% Al saturation, immediately making
more than 200,000 hectares of marginal farm land available
for sorghum production in Colombia alone.

INTSORMIL strengthened 1CA’s Acid Soils Research
Program through training, literature, equipment,
germplasm, and operating funds. Several international
Workshops were organized by MSU-111 Pls and were
successfully conducted in Colombia. A number of graduate
students from Colombia and other countries earned ad-
vanced degrees by conducting research on acid soil-plant
interactions at INTSORMIL universities, adding signifi-
cantly to the literature. Breeding output and technology
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generated for the acid soil complex by this project has and
will continue to stimulate research in many countries with
acid soils around the world.

Objectives, Production and Utilization Constraints
Objectives

To screen and evaluate sorghum and millet germplasm at
different Al-saturation levels.

To screen and evaluate part of the world’s sorghum and
pearl millet collections for tolerance to Al and manganese
(Mn) toxicities, and low P,

To incorporate sources of tolerance to Al and Mn toxici-
ties, and low P into elite U.S. and tropical sorghum geno-

types.

To distribute sorghum and pearl millet germplasm devel-
oped by INTSORMIL and ICRISAT to national programs
of Latin America and Africa.

To establish a Latin America:. network for the evaluation
and exchange of sorghum germplasm.

To establish a regional program to develop sorghum and
pearl millet germplasm that is adapted to tropical environ-
ments and tolerant of low pH and Al toxicity in tropical soils.

To develop minimum-input technology strategies for
evaluating Al-tolerant lines grown in tropical savanna soils,

To train and assist Latin American and African scientists
in the use of effective breeding and screening methods for
adapting sorghum and pearl millet to acid soils.

To assist other INTSORMIL PIs in conducting research
in Colombia,

Constraints

Most Latin American sorghum is grown on high value
lands, making production noncompetitive with high value
crops. One way of reducing production costs is to incorpo-
rate acid soil marginal lands into the cereal production
system. South America has the worlds largest acid-soil
areas. They contain levels of Al and, sometimes, Mn that are
toxic enough to inhibit the growth of major cereal crops. Soil
acidity is therefore the most important constraint to in-
creased sorghum and pearl millet production. It can be
overcome by using tolerant germplasm.

A sccond constraint is the inadequate management of
these highly fragile soils. Indeed, the ecosystem as a whole
can be easily destroyed if it is not managed properly. Main-
taining and, if possible, improving soil structure and nutrient
balancc are essential. If the savannas can be cultivated under
a sustainable agricultural system, the pressure for land

would lessen. Agriculture in the savannas can be more easily
mechanized and harvested products would be relatively near
to population centers. Stress tolerant culti vars, crop rotation,
improved fertilization and soil preparation practices, and
integrated pest and disease management must become part
of the research package for the future.

Research on acid-soil constraints would benefit both
developing countries and the U.S. In both regions, sorghum
production on acid soils would increase while inputs de-
crease. Second, the U.S. would probably benefit most
through commercial seed companies. By using proven Al-
tolerant germplasm for hybrids in overseas operations, mul-
tinational seed companies would encourage spinoff
improvement in U.S. hybrids if a large enough demand
develops. This may occur in Latin America and Central
Alrica, both areas that lack cereal grains for food and feed.

Rescarch Approach and Project Qutput

In the 1970s, reports started appearing about the vast
areas of infertile soils of the tropics, usually those which
were very acid and co. .ained levels of aluminum and man-
ganese too high for crop production using available culti-
vars. A real fear of the world’s population increasing faster
than food production stimulated funding for research into
uses for the under-utilized agricultural lands of the tropics.

Sorghum, like many cereal crops, is not recognized as
being a species tolerant to low-pH soils. However, most
breeding programs have been conducted in neutral or cal-
carcous soils. Plant breeders have recently recognized that
different genes are needed for achieving maximum yield in
low-input environments than those for high-input condi-
tions. Two factors have been primarily responsible for redi-
recting some breeding, efforts, especially in the acid soil
regions of the humid tropics. They are the economics of
modern high-input agriculture as they apply to resource-
poor farmers, and the requirement to bring more agricultural
land into production.

In 1982, the MSU-104 PI was assigned for a two-year
period to the Intemational Center for Tropical Agriculture
(CIAT), Cali, Colombia, to initiate a program for breeding
and screening sorghum germplasm for tolerance to the acid
soil complex of the humid tropics (Project MSU-111). This
project was &1 attempt to provide the acid soil regions of the
world, represented by the INTSORMIL Colombia Prime
Site, with sorghum germplasm which would produce a
reasonable grain yield on soils of pH 4.5 or below, with an
Al-saturation level of 60% or more, and significantly reduce
the large capital outlay for lime and fertilizer required with
the current cereal production technology. This low-input
research was conducted in collaboration with the National
Program of Colombia, ICA, and other National Programs in
Latin America.

Success in a crop improvement program depends upon
modification of production constraints through improved
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cultural practices and/or exploitation of the genetic diversity
by enhancement of the crop in a particular environment.
Sorghum has a large reservoir of genetic diversity and is well
adapted to semi-arid and other marginal agricultural produc-
tion areas of the world; however, it is not known for its acid
soil tolerance.

When developing a sorghum breeding program in a new
research area, several questions need to be answered. What
are the primary constraints? Is there genetic variability for
tolerance to the constraints? What is the degree and nature
of the inheritance of the tolerance? What evaluation meth-
ods are available and have they been field validated? Is an
expensive breeding program warranted or can cultural
measures overcome the constraints? When my students and
1 examined these questions in the 1970s, we concluded that
little was known about the genetic variability of sorghum
tolerance to acid soils. Soil scientists were also determining
the nature and quantity of acid soils in the tropics at this time.

Acid soil stress results from a negative interaction be-
tween sorghum genotypes and their environment and not all
acid soils are equal in stress manifestation nor are they
uniform. The acid soils of Colombia, Brazil, Zambia, Niger
and Kenya all have their own peculiarities. Constraints also
change due to rainfall, temperature, cation exchange capac-
ity (CEC), natural content of essential elements, level of
toxic ions, phosphorus fixation capacity and amount and
quality of organic matter. Acid soils in Colombia have a very
high Al-saturation level while those in Zambia have moder-
ate Al saturation plus very high Mn content. Both areas,
however, normally receive adequate rainfall during the
growing season. The acid soils in Brazil and Kenya can be
drought prone during the growing season. The acid soils of
Niger have a CEC of 1.0 or less, medium Mn content, low
fertility, and are very drought prone.

Because of a lack of confidence in the so-called *‘quick
tests” for Al tolerance, a field screening technique was
developed at Quilichao, Colombia. The ultisol soil had an
Al-saturation level of about 80%, a pH of 4.5, and an
effective CEC of about 5. Five hundred kilograms of
dolomitic limestone were added to provide fertilizer quan-
tities of calcium and magncsium, and to reduce the Al-satu-
ration level to about 65%. Broadcast applications of N-P-K,
zinc and boron were added according to soil test to insure
that these elements were not limiting. The procedure was
designed to measure Al tolerance and, insofar as possible,
not the effect of P or the Al-P interaction. The objective was
to establish an Al-toxicity level which was high enough to
Kill sensitive genotypes, but not too high to prevent tolerant
genotypes from producing a reasonable yield of grain. A
simple visual rating scale was used to evaluate the exotic
sorghum genotypes from the world collection. The world
collection was systematically sampled for accessions origi-
natly from acid soil areas in Africa.

Using the field screening developed for sorghum, pre-
liminary trials showed that pear} millet has excellent adap-
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tation to acid soils even under low phosphorus conditions.
Several pearl millet varieties, synthetics, and populations
showed potential grain yields of 2-3 tons per hectare. Pearl
millet tolerates a higher level of Al toxicity than sorghum.

Todevelop adapted germplasm, an international program
must define the areas and objectives with which it works.
The CLAIS meeting at Villavicencio, Colombia in 1993,
approved those ecological areas of sorghum production that
were defined by the INTSORMIL MSU-111 Project,
headquartered at CIAT. A definition of the different ecologi-
cal areas where sorghum is cultivated in Latin America
follows:

Mechanized agriculture

Ecosystem 1. Soils with no salinity or Al saturation. More
than 600 mm of rain, high relative humidity (Colombian
North Coast, Monteria).

Ecosystem 2. Soils with salinity or Al saturation. More
than 600 mm of rain, high relative humidity (Colombian
Eastern Plains, Arauca).

Ecosystem 3. Soils with salinity or Al saturation. Less
than 600 mm of rain, relative humidity may be high or low
(Brazilian Cerrados).

Ecosystem 4. Soils with pH limitations, but no Al toxic-
ity. Less than 1,000 mm of rain, relative humidity may be
high or low (El Tigre, Venezuela).

Ecosystem 5. Soils with normal pH, neither Al toxicity
nor salinity is a production constraint. Drought is the main
constraint. Less than 600 mm of rain, relative humidity may
be high or low (Colombian North Coast, Codazzi).

Ecosystem 6. Soils with normal pH, neither Al toxicity
nor salinity is a production constraint. Drought is not impor-
tant. Less than 1,500 mm of rain, humidity may be high or
low. An excellent ecosystem for sorghum production. High
technology and good infrastructure are available (Cauca
Valley, Colombia).

Nonmechanized agriculture

Ecosystem 1. Soils with normal pH, neither Al toxicity
nor salinity is a production constraint. Most cropping sys-
tems are on hillsides. Drought is an additional constraint.
Less than 600 mm of rain, relative humidity may be high or
low (San Pedro, Honduras).

Ecosystem 2. Soils with normal pH, neither Al toxicity
nor salinity is a production constraint. Most cropping sys-
tems are on hillsides. Drought is not a constraint, More than
600 mm of rain, relative humidity may be high or low
(Santander del Norte, Colombia).
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In close cooperation with MSU-104, the main breeding
and evaluation research was conducted in Colombia at
CIAT-Quilichao, CIAT-Palmira, ICA-La Libertad, and
Arauca, and in the U.S. at Mississippi State University. ICA
conducted breeding research at Nataima and La Libertad,
and evaluations at La Libertad and other acid-soil sites in
the region. INTSORMIL conducted collaborative breeding
and screening activities at MSU-104 winter nursery research
sites in Colombia and also at other sites in Africa.

Breeding material has been generated from crosses
among Al-tolerant sources, agronomically elite lines, and
new tolerant breeding lines. Different sets of segregating
material were sent from MSU-104 to be screened in Colom-
bia under different levels of Al saturation. Thev were further
screened for plant height and tolerance to panicle diseases.
Because the first-generation acid-soil tolerant lines from the
world collection are tall and late maturing, directed selection
was to reduce plant height and maturity while keeping
tolerance to panicle diseases. Yield trials of the agronomi-
cally best performing Al-tolerant lines were conducted by
ICA at three different levels of Al saturation.

All research conducted by INTSORMIIL. MSU-111 fol-
lows the low-input technology approach. Dolomitic lime-
stone at 300 kg ha"! is used more as a source of calcium and
magnesium than for correcting the acidity of the soil. Fertil-
izer applications of 30 kg ha! each of N, P, and K is used.

By using first-generation Al-tolerant lines from the world
collection, uniform regional yield trials were conducted at
sites detcrmined by National Programs in Colombia, Vene-
zuela, Peru, and Brazil. As the breeding effort progressed,
hybrid observation nurseries were evaluated at different
locations in Colombia, Mississippi, and in Kenya from seed
produced by hand-pollinated crosses made by MSU-104 in
Mississippi or in winter nurseries in Colombia. Advanced
hybrid yield trials wre being evaluated at the termination
of this project.

National and multinational seed companies in Latin
America have a special role in the development and research
of the sorghum crop, both at research and extension levels,
with emphasis on the production and commercialization of
hybrids. Considering that the new agricultural frontiers for
the future are the savannas of Latin America with high
Al-saturation levels, germplasin must be developed for
those specific conditions, allowing cropping and increasing
the total production area while preserving the natural re-
source base.

Research Progress

After screening nearly 6,000 sorghum genotypes, we
found that about 8% would tolerate 65% Al saturation and
a few of these varieties would produce more than two tons
of grain per hectare. Most of these highly tolerant genotypes
were identified in the world collection as originating in acid
soils areas in Nigeria, Uganda, and Kenya and were classi-

fied as Caudatums. The Guinea race and the hybrid Guinea-
bicolor lines had a higher percentage of acid soil tolerant
sorghum entries than those ot other races and hybrids evalu-
ated. Several of these lines appear to be from Dr. Hugh
Doggett’s breeding program at the Serere Research Station
in Uganda.

Some early observations at Quilichao, Colombia indi-
cated that most sorghum genotypes would tolerate 40% Al
saturation and visual separation of tolerance and suscepti-
bility was impossible with this level of stress. At about 65%
Al saturation, susceptible genotypes, such as Tx415 and
Tx430 would produce good stands and grow for about three
weeks and then every plant in the row would die. The soil
at Quilichao was uniform enough that susceptible and toler-
ant genotypes planted in adjacent rows at regular spacings
across the test field would, at maturity, be tolerant rows and
blank rows. The fact that susceptible genotypes would pro-
duce perfectly good plant stands in 65% Al saturation plots
casts suspicion on seedling primary root length as a screen-
ing technique. It also indicated to us that the seed was in
some way protecting the primary root from the toxic effects
of Al; however, the adventitious root syster failed to pene-
trate the soil and the susceptible genotypes died.Another
early observation was that all of the higher yielding, Al-tol-
erant Caudatums were quite photoperiod sensitive. They
were ta!l and late in Brazil and Zambia. In Niger and Mali,
they produced tall, late maturity plants and when the rains
had finished the plants died without producing any grain.
We also found that many of the Al-tolerant genotypes pro-
duced large root systems which assisted them in obtaining
adequate mineral nutrition in low-input environments and
that they were also more drought tolerant than Al-suscepti-
ble genotypes.

Several variety and hybrid yield trials in Colombia have
compared growth and yield traits at varied Al-saturation
levels. Some very Al-tolerant hybrids were observed that
produced little grain. Usually, however, hybrids yielded
moie grain than either parent. Tolerance to Al toxicity of
seedling traits and grain yield are not necessarily the same.
Shared experiences with sorghum breeders in Brazil con-
firmed that Al tolerance appeared to be dominant and that
tolerance was conditioned by only a few genes. Heterosis
for tolerance to these infertile soils was also observed.

Mineral element analyses of Al-tolerant genotypes grow-
ing on soils with high levels of Al saturation indicated that
there may be more than one mechanism for tolerance to Al
toxicity. Some genotypes accumulate Al in their leaves
while others allow little Al into the plant. We have not seen
a definite advantage of one type of tolerance over the other.

The ICA-INTSORMIL collaborative research has re-
sulted in the release of four Al-tolerant varieties. The first
two varieties released in 1991, Sorghica Real 60 (MN 4508)
and Sorghica Real 40 (156-P5-Serere 1), have consistently
produced high grain yields on acid soils in both cropping
seasons during the year. Both cultivars have good yield
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stability in acid and fertile soils, are photoperiod sensitive
Caudatums, and both probably come from Dr. Hugh Dog-
gett’s program in Uganda. It is intcresting that no effort was
made to evaluate this material on acid soils during the
developmental stages. Infertile soils were common at the
multiple test sites in Uganda and recently some of thes# sites
have been shown to have pH values in the 4 to 5 range.

ICA and the El Alcaravan Foundation, with INTSOR-
MIL’s support, released two acid soil tolerant sorghum
cultivars in 1993 which are adapted to growing conditions
in Arauca in the Colombian Eastern Plains. The cultivars
have been named lcaravan | (IS 3071) and Icaravan 2 (IS
8577). Icaravan 1 is exceptionally hardy and has produced
more than 3 t ha'! grain under low fertilization levels and
when the Al-saturation level is 60% or less. It also tolerates
partial flooding after flowering - an essential characteristic
in poorly drained savannas. Icaravan 2 is very tolerant to Al
toxicity and has good agronomic characteristics when
grown under Arauca’s soil and climatic conditions.

FEDEARROZ and ICA have announced the release of a
hybrid for the dry Caribbean region of Colombia, which will
use an A-line from the INTSORMIL MSU-104 project and
an R-line from Texas A & M University. In 1994 the Kenya
Seed Company, a partially government owned organization,
entered two sorghum hybrids in the Kenya National Per-
formance Trials. These hybrids are made by using an A-line
from Texas A&M University and two acid soil tolerant
R-lines from MSU-104 germplasm developed in Colombia.
Also, world collection sorghum lines identified as being
superior in Colombian trials are currently being used in a
commercial hybrid in the U.S. and in southeri Africa, as
reported in the recent EEP review.

A SEPON line developed by ICRISAT and taken through
U.S. quarantine by MSU-104 has been released as a high
yielding sorghum variety in Niger. In collaboration with
INTSORMIL breeders at Purdue University, the line was
selected from the MSU-104 winter nursery grown at CIAT
and sent to Niger for evaluation and eventual release.

Collaborators working with EMBRAPA at Sete Lagoas,
Brazil have evaluated 279 lines developed by MSU-104
from segregating populations in which only one parent was
acid soil tolerant. After preliminary evaluations, five of the
best yielding genotypes were tested further and compared
with three local Al-tolerant and two Al-susceptible lines.
The Cerrado soil had a pH of 4.6 and an Al-saturation level
of 48 and 55% at 0-20 and 20-40 cm soil depth, respectively.
The INTSORMIL genotypes matured carlier and were
shorter than the Al-tolerant material currently available for
the Cerrado environment. Higher grain yields than those
usually obtained in Colombian trials were probably due to
the lower level of Al saturation and higher inputs of fertil-
izer.

Combining ability studies in Colombia, Niger, and
Kenya have compared growth and yield traits of Colombian
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bred inbreds at varied Al-saturation levels in field trials.
These studies showed that Al tolerance was conditioned by
both additive and non-additive gene action. Hybrids have
many advantages over inbred varieties in the infertile-soil
environnient: hybrid seedlings exhibit more vigor during
emergence and early plant growth; hybrids are almost al-
ways more stress tolerant and usually yield more grain than
the most tolerant parent; and hybrids generally produce
more extensive root systems and exploit available soil nu-
trients and water better than varieties. The value of using the
holistic plant breeding approach and measuring the final
product, grain, was evident.

Hybrids using one or both parental lines developed in
Colombia are currently being evaluated in many countries
with acid and/or infertile soils. Since 1990, experimental
sorghum hybrids using lines developed in Colombia have
been evaluated in East Africa. In Western Kenya and
throughout Uganda, the bird resistant germplasm used
throughout many areas in Colombia is used for food. Several
of these hybrid combinations are in the final stages of
evaluation before being released to farmers.

In summary, the land area with infertile soil is growing
throughout the world due to nutrients not being replaced
afterthey are removed in the harvested grain and stover, This
INTSORMIL project has been very successful in develop-
ing a theory about the possibility of finding genetic diversity
fortolerance to low pH soils and incorporating this tolerance
into sorghum cultivars which are now in the hands of
farmers trying tc support their families on these marginal
lands.

The credit for the success of the MSU-111 project should
go to the INTSORMIL Board of Directors and committees
which supported this project through funding for 11-1/2
years, the National Program ICA, the International Center
CIAT, and to the PIs who lived and conducted the research
throughout Colombia. The project was initiated by Dr. Lynn
M. Gourley who served as PI from November 1982 until
December 1984 and again froin March 1987 until June 1988.
Dr. Catalino 1. Flores was Pl from January 1985 until
February 1987 and Dr. Guillermo Munoz from July 1988
until the project was terminated at the end of June 1994,

Networking Activities

Colombia is the only Latin American country where
universities, the private sector (=l Alcaravan), national re-
search institutions (FENALCE and ICA), and an interna-
tional center (CIAT) colluborate with INTSORMIL to
accomplish research and training goals. In contrast, net-
working activities in many other Latin American countries
are weak.

Workshops

The 1984 international workshop, *‘Evaluating Sorghum
for Tolerance to Al-Toxic Tropical Soils in Latin America”,
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laid the foundation for a regional effort to help solve prob-
lems of sorghum and millet production on the acid soils of
Latin America. The enthusiasm and cooperation of National
Program administrators and scientists in South America
helped INTSORMIL initiate a collaborative research net-
work.

In January 1991, the second international sorghum meet-
ing for Latin America, was organized by ICA, El Alcaravan,
FENALCE, and INTSORMIL, and sought to strengthen the
relationships and exchange of germplasm among Latin
American countries.

Comite Interinstitucional del Sorgo (CIS) (ICA, El Al-
caravan, FENALCE, and INTSORMIL) organized the third
international sorghum meeting for Latin America in July
1992. The main themes were crop protection and further
strengthening of relationships, especially with the private
sector, for joint research.

CIS and CLAIS organized the fourth international sor-
ghum meeting for Latin America in August 1993. The main
topics were sustainable agriculture for acid soils, the estab-
lishment of a Latin American sorghum network, and the
future of ICRISAT and INTSORMIL in Latin America. The
consensus was to continue supporting INTSORMIL’s work
in Latin America, using CIAT as headquarters.

An annual workshop is organized by ICA, the El Al-
caravan Foundation, FENALCE, and the universities to
share all research results of experiments conducted in Co-
lombia. The EI Alcaravan Foundation supports the annual
publication of the proceedings. The workshop is significant,
being the only opportunity where a full updating is carried
out and a work plan implemented with the participation of
all institutions involved in Colombian sorghum research.
Since 1990, the private sector has become involved in this
workshop.

Research Investigator Exchanges

Many sorghum and millet researchers and administrators
from national and international institutions and private seed
companies have visited the acid soil field screening nurser-
ies at CIAT-Quilichao, ICA-La Libertad, and El Alcaravan
and ICA-Arauca. The many visitors at CIAT get an oppor-
tunity to see the INTSORMIL sorghum and millet breeding
nurseries at CIAT-Palmira. This project has also been instru-
mental in providing support for Colombian and other Latin
American scientists to attend meetings and workshops out-
side of Colombia,

Germplasm and Research Information Exchange

This project is informally linked with many countries in
South and Central America and in Africa in which CIAT
conducts research. Over the years we have established co-
operative research linkages with the national research pro-
grams of ICA-Colombia, EMBRAPA-Brazil, CENiAP-

FONAIAP-Venezuela, INIPA-Peru, and IDIAP-Panama.
These countries are in the major acid soil areas and are
conducting research to solve soil acidity problems. This
collaborative linkage network unifies INTSORMIL re-
searchers and host country scientists to solve a common
problem in the region through exchange of germplasm,
research result dissemination, technical consultation, train-
ing, and workshops.

The INTSORMIL Colombian Program, headquartered at
CIAT, has promoted and established a Latin American
network. Involving both public and private sectors at na-
tional and international levels, the network emphasizes the
introduction, exchange, storage, increase, and distribution
of germplasm. The network planned to maintain samples of
the most advanced sources of genetic resistance and vari-
ability available in advanced research institutions around the
world for those Latin American research institutions which
work on sorghum and pearl milet.

In Africa, germplasm from this project and MSU-104 has
been used in Zambia, Zimbabwe, Niger, Mali, Kenya, Tan-
zania, Uganda, Egypt, and South Africa. Germplasm bred
and screened in Colombia has denionstrated its superiority
in acid soils in many parts of the world, but many ofthe lines
and hybrids compete very well on infertile soils where
acidity is not a problem. Stress breeding on very acid soils
appears to have resulted in the development of sorghum
germplasm which will tolerate other soil induced fertility
stresses.

Because four varieties have been released by ICA from
sorghum lines developed by MSU-104 and MSU-111, con-
siderable effort has been directed toward semi-commercial
fields with the specific levels of Al saturation for which each
variety was released and fields for seed production of the
varieties.

Publicaticns and Presentations

Since this is a terminal report, a summary of the publica-
tions, theses and dissertations, and presentations from the
initiation of this project in 1981 until its termination in 1994
will be discussed.

Since this project was initiated, approximately 28 theses
and dissertations of research conducted on sorghum and
millet have been published by students from Colombia or
other nationalities completing their research in Colombia.
In addition, 2 books, 11 chapters in Hooks, the proceedings
of 6 International Workshops, and 46 other publications on
sorghum and millet relevant to the activities of MSU-111
Pls or their collaborators have been published.

Approximately 22 invitational papers and 40 other pres-
entations, mostly concerning the acid soil research, have
been made by MSU-1 11 Pls or their collaborators at profes-
sional meetings.
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Training Qutput

At the time this project was terminated, 17 Colombian
students had conducted their thesis research using sorghum
and millet and received their B.S. degrees from National
Universities with INTSORMIL’s assistance. An additional
five students were collaborating with INTSORMIL and will
complete their B.S. degrees with the assistance of CIAT
senior staff. Postgraduates from Colombia or those who
conducted research in Colombia include four M.S. and
seven Ph.D. students, which were granted their degrees from
INTSORMIL Universities. The number of Colombian
graduate students currently in INTSORMIL universities and
conducting research on sorghum and millets is unknown.
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Summary

In the Sudan we have intensively studied actual and
potential technology adoption in both the Gezira and the
mechanized rainfed regions. The rapid present diffusion of
Hageen Dura 1 is associated with the water control and the
increasing consumption of chemical fertilizer. Prices for
sorghum have also stayed high with the continuing civil war
and irregular rainfall. Consumer tastes are apparently shift-
ing as the price discount for Hageen Dura 1 has been
declining over time according to farmer interviews.

In the next five to ten years it will be very important to
increase sorghum productivity in mechanized rainfed zone
as more profitable activities are expected to displace sor-
ghum in the irrigated schemes. With chemical fertilizer
(nitrogen) and new cultivars, yields can be substantially
increased and stabilized at approximately 1.5 mt/ha accord-
ing to simulation model results. In contrast traditional sor-
ghum practices without chemical inputs lead to declining
yields and increased variability in yields over time. An
important start on a sustainability strategy is then setting up
the input supply system so that the mechanized rainfed
producers have access to the nitrogen. An important com-
ponent of this technology shift to higher and more stable
yields is to modify public policies so that intensive or yield
increasing technologies are enco- raged, rather than continu-
ing to promote extensive or area increasing technologies
with deleterious effects on deforestation and land degrada-
tion.

In Burkina Faso, substantial gains to both agricultural and
household technologies were demonstrated for family and

female incomes. There is some evidence that family deci-
sion making tecomes more equitable and that more bargain-
ing takes place at higher income levels. With family
bargaining, women can substantially benefit from new ag-
ricultural technologies. Moreover, both women and the fam-
ily benefit from the introduction of the household
technologies.

Objectives, Production, and Utilization Constraints
Objectives
Sudan

Identify farm level and other factors associated with the
diffusion of Hageen Dura 1 in the Gezira. This project also
included a preliminary analysis of the performance of the
seed and fertilizer supply sectors. Suggest policy measures
to accelerate diffusion of this new cultivar,

Evaluate long term economic and sustainability effects
of present and potential technologies in the mechanized
rainfed region. Recommend policy changes and future re-
search needs.

Burkina Faso
Estimate the effects of new agricultural and household
technologies on farm and female incomes. Make policy

suggestions to insure that agricultural and other technolo-
gies also increase the welfare of women.
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Mali

Estimate potential farm level effects of actual and poten-
tial technologies in the Sudanian and Guineo-Sudanian
zones. The technologies to be considered are techniques to
increase water retention and to improve soil fertility com-
bined with adoption of new cultivars,

Identify constraints to new technology introduction in the
two regions.

Constraints

We have emphasized the combined effects of water avail-
ability and soil fertility. Frequently, in this improved agro-
nomic environment there is a substantial response to new
cultivars. We have also identified the importance of policies
to offset the price collapses associated with good rainfall
years. Recent field research in Sudan and Niger has indi-
cated the importance of the improved performance of the
input industries (seed and fertilizer) in facilitating a more
rapid diffusion of new technologies. More recently, we have
been focusing our attention on land degradation and the
necessary elements for more sustainable technologies and
on the constraints to increasing the effects of technological
changes on the welfare of women.

Research Approach and Project Output
Research Approach

Our approach varies with the state of technology intro-
duction. Where the sorghum technology is being adopted by
farmers, we utilize various types of diffusion methodologies
such as the Probit and Tobit methods discussed below for
Hageen Dura in the Gezira. Where there is only potential
technology available on the experiment station and from
regional and farmer trials, we utilize various types of pro-
gramming models and now simulation (see the results for
the mechanized drylands of Sudan below). The simulation
and dynamic programming are necessary tools to evaluate
the long run effects of present and potential technologies to
respond to the concerns of sustainability as well as profit-
ability. Finally, in more recent studies to calculate the na-
tional benefits from specific research activities we estimate
consumer and producer surpluses. Our analyses are based
on farm level and experimental data supplemented with
national level statistics.

Research Findings

Introduction of a New Sorghum Hybrid
in the Gezira of the Sudan

In the early ‘90s the diffusion process for the sorghum
hybrid, Hageen Dura 1, was accelerating in the primary
irrigated scheme of the Sudan, the Gezira project. The
greater Gezira scheme includes approximately 875,000 ha
and is 12% of the total cultivated area in the Sudan and 46%
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of the irrigated area. In the 1991-92 crop year approximately
12% of the sorghum area (38,000 ha) were planted to this
hybrid.

In the mid-'80s there had been a temporary decline in
interest due to the price collapse of good rainfall years and
the initial discount for this hybrid for taste reasons. Over
time this price discount disappeared and the majority of
farmers interviewed in the Gezira in 1990 asserted that the
taste of Hageen Dura | was equal! to or better than the other
traditional sorghum cultivars. Apparently, with cultivars of
high yield potential consumers can change their taste pref-
erences.

The principal constraint to a more rapid introduction of
the high yielding cultivar according to the farmers inter-
viewed in 1992 is the ability of input suppliers to praduce
adequate quantities of high quality seed and to provide
sufficient fertilizer. There were complaints about the quality
of the seed. Moreover, there would have been 51% more
adopters if all those who wanted to buy seed had been able
to obtain it. The reentry of the private seed producers is
presently occurring and that should increase the responsive-
ness of the seed sector to the rapidly increasing farm de-
mands. It should be noted that the public seed sector played
a critical role in naintaining the diffusion of Hageen Dura
I since the private firms pulled out of the market when the
price of sorghum collapsed in the 1985-86 crop year.

In diffusion models, entirely misleading results can be
obtained if no adjustment is made for supply shortages. If
no adjustments ar¢ made for the failure of the seed and
fertilizer firms to provide seed and fertilizer to all who would
buy it, we get the conventional results for diffusion studies
(Table 1). The statistical significance of farmers with certain
characteristics is generally interpreted that the probability of
purchase is greater for the more educated and wealthier
farmers and therefore extension and other diffusion pro-
grams should be aimed at them. However. if we adjust for
seed and fertilizer shortages by treating all, who said they
would buy, as adopters these farmer characteristic variables
no longer influence the rate of diffusion. Rather diffusion is
only determined by the taste variable (whether the farmer
likes the taste of Hageen Dura 1) and by the number of
extension visits. Apparently, the farmer characteristics such
as greater size, wealth and higher education determine the
ability of farmers to obtain a rationed, subsidized input. The
policy implication is not to concentrate extension efforts on
this wealthier group of farmers as implied in many other
diffusion studies, that do not adjust for this inability of the
input sector to respond, but rather to take various policy
measures to improve the functioning of the input industries.
In the input industries there is also a difficult pricing issue
for public firms. A subsidy on the price can be justified for
equity or welfare reasons but the consequence of a subsi-
dized input is that there will be excess demand and then
rationing of the input. When rationing occurs, the principal
beneficiaries are usually the larger, more influential farmers.
Hence, a measure ostensibly designed to improve income
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distribution can in practice make income distribution worse.
Moreover, a subsidized price for the hybrid in the public
sector will make it more difficult to develop a private seed
sector,

Table 1. Determinants of the farm level adoption deci-
sion (probit model) with and without adjust-
ments for the input supply shortages.

Adjustment for input

No adjustment for

Variable input supply restrictions supply restrictions
Experience 0.011 -0.001
(1.0) (0.1)
Education 0.089 0.03
(2.0)** 0.7
Family Size -0.002 0.02
0.1) (04)
Farm Size 0.035 0.19
(2.8)* (1.6)
Indebtedness 0.0000096 0.000006
(1.6)* (1.0)
Extension 0.20 0.11
(4'5)". (2.8)“‘
Taste 0.84 0.62
(2.5)*** 2.

Source: Nichola, 1994, pp.70,73

Note: The asterisks indicate asympiotic t values of 10, 5, and 195 respectively for
one to three asterisks.

Technological Change and Sustainability in
the Mechanized Rainfed Region of Sudan:

In the previous section we pointed out the accelerating
diffusion of Hageen Dura 1 in the Gezira of the Sudan. The
irrigated regions provide a safety valve for when the condi-
tions for cereal production are adverse in the drylands. In
the *80s, except for two drought years, the mechanized
rainfed region was responsible for 55 to 75% of'the sorghum
production in the country. The cultivation of the mechanized
rainfed sector began during World War I1. Area expansion
here has been promoted by the government and is a remark-
able success story. From 1964 to 1993 the area cultivated in
sorghum increased from 830,000 to 5 million ha. In this
extensive, almost monoculture sorghum system with no
purchased inputs except labor, sorghum yiclds have been
stagnant and now declining. Aggregate yields vary substan-
tially with the weather and with crop movement into new
and out of old arcas. In normal rainfall years, regional yields
would be 500 to 700 kg/ha. In contrast, mean irrigated yields
are more than 1.2 mt/ha.

However, in the long run the mechanized rainfed region
needs to be the center for sorghum production. Basic food
cereals, outside of rice and wheat, are generally not pro-
duced under irrigation except under circumstances of duress
or with substantial governmental subsidies. In recent years
with the continuing civil war and some poor rainfall years
the irrigation authority has allowed farmers to relax the area
limitations on sorghum. However, with increasing incomes
over time the opportunity costs of keeping high value irri-
gation land in low value cereal crops will become too high
and sorghum is expected to be replaced there by fruits,
vegetables and other high value crops.

Presently, the extensive policy promotion by the govern-
ment of subsidizing land, machinery and interest costs is
being reexamined. The social costs of rapid area expansion
with the resulting deforestation and land degradation arc an
increasing concern of the government. Even more serious
for the long term food security situation of the Sudan are the
low and declining sorghum yields in the mechanized rainfed
zone. Sorghum is the principal staple in the Sudan. To
increase and stabilize yields will require shifts to more
intensive or yield increasing technologies.

With a simulation model, the long-run potential effects
on yields and sustainability of various new technologies on
the mechanized rainfed area were evaluated. Introducing
only a new cultivar would increase yields approximately
13% over the 16-year period, with the yield advantage
declining over time as soil fertility decreases (Figure 1).
Combining the new cultivar with 47 kg/ha/yr of urea in-
creased yields 58% over the improved cultivar alone, dou-
bling yields, and these yields are sustainable in contrast with
traditional practices and introduction of a new cultivar
alone. This combination of moderate fertilizer use, com-
bined with an improved cultivar, increased profits 95%.
Doubling yields is a surprising increase for a low fertilizer
rate combined with a new cultivar. However, these heavy
soils have adequate levels of other nutrients and rainfall, so
increasing nitrogen has a large cffect.

Doubling the fertilizer level increases the yicld levels
30% more than the lower fertilizer level, but the additional
effect of the tied ridges is minimal, only 6.5% (Figure 1).
This is unexpected since a water-retention technique is
already used by many traditional producers. Small tradi-
tional producers on these vertisols in other regions use
“teras,” a hand-constructed series of bunds built on three
sides on the contour to prevent runoff. This region (Sim Sim)
of the mechanized rainfed zone is definitely semi-arid at a
mean rainfall of 630 mm. However, the greater water-hold-
ing capacity of these heavy clay, cracking soils evidently
makes the additional water-holding capacity of tied ridging
insufficient to be profitable and therefore is not adopted by
farmers. At higher absolute yield levels, as on the vertisols
of the Texas high plains or at lower rainfall levels, the tied
ridges may become a profitable activity. At the present, the
addition of nitrogen and new cultivars on these vertisols are
the critical innovations and do not need to be combined with
a water-retention technique.

In summary, in the rainfed vertisols, the introduction of
a new variety alone would increase yields 13% but was not
a sustainable long-run strategy. When combined with mod-
erate fertilization, the two practices doubled yields and
maintained them at approximately 1.5 mt/ha, according to
the simulation model. Once soil fertility is improved, a new
cultivar needs to be used since new cultivars respond better
to inorganic fertilizer than traditional land races, such as the
Feterita sorghums. Moreover, these are preliminary results
for long run sustainability since the simulaticn model does
not include biotic factors, potassium or micro nutrients.
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Figure 1. Simulated sorghum yields of actual and potential technologies in the mechanized rainfed zone.

Source: M. Ahmed, 1994,

Some or all of these would be expected to become future
constraints to the maintenance of these 1.5 mt/ha yields.
Agriculture is a dynamic system and good research systems
are necessary to respond to new constraints as they emerge.

Burkina Faso: Impacts of Houschold and Agricultural
Technologies on the Household and on Women

We did fieldwork in 1989 in one of the regions of most
rapid technological change in agriculture in Burkina Faso,
the Solenzo region. This area had been recently cleared of
river blindness and has been experiencing very rapid in-mi-
gration and income growth. The technologies being intro-
duced have been associated with the cotton zone to which
thisregion is contiguous. These technologies include chemi-
cal fertilizer, new cotton and maize cultivars, improved
agronomic practices of higher densities, pesticides and ani-
mal traction. There is also a residual effect of the fertilization
on the sorghum included in the rotation with cotton.

We were concerned in this fieldwork with the impacts of
new agricultural technologies on the welfare of women (and
children). It has been frequently observed that with the
introduction of new agricultural technologies women have
reduced their labor on their own private plots. Women have
control of the output coming from their private plots and the
household head controls the disposition of the proceeds of
the income from the fanm. Therefore the question was raised
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whether the household head could exploit the women and
actually make them worse off after the new agricultural
technology was introduced.

Various empirical studies including our modeling (Gupta
Lawrence, 1993) demonstrated that improved agricultural
technologies increased the welfare of women. The available
evidence indicates that household decision making is often
characterized as a bargaining process in which to get the
wonien to increase their labor contribution to the family
holdings, they have to share in the higher revenue being
generated from agriculture. Moreover, we expect that the
bargaining position of women will be improved as family
incomes increase. In 1995 we will be doing fieldwork in
Mali to evaluate housekold decision making and investment
in the process of rapid technological change. Moreover, the
previous modelling has shown that the bargaining position
of the women is improved when the opportunities for off-
farm labor are increased.

Inthe process of intensive or yield increasing technologi-
cal change in agriculture, further pressure is put on one of
the scarcest commadities in the African village, the time of
women. Household tasks, children and agriculture are al-
ready very time intensive. Moreover, many women also
work off the farm. Hence, the next critical investments for
African households, once new agricultural technologies are
introduced, are household technologics. More fuel efficient
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stoves and grain processing improvements are available in
these countries though the decision to invest in them is
generally that of the household head.

Table 2 shows the effects on family incomes and on the
incomes of the individual female members of new agricul-
tural and household technologies. In these families there can
be up to four wives. Moreover, other unmarried adults also
have the right to farm the private lands. The household
technologies release the labor time of the women so that
there is more time for working on the farm or for other
activities. Hence, the combined agricultural and household
technologies increase household incomes by 75% and the
incomes of the individual female by 85%. Agricultural
technologies alone increase household income by 57% and
adult female income by 67% Adult female wages do not g0
up here with the addition of household technologies since
their effect is only to make more labor time of the female
available. The household technologies are a combination of
the stoves, parboiling, grain processing, and an improved
well or pump technology. All except the last are individual
family investment decisions whereas the wells are a com-
munity decision. There was a 58% increase in female wages
with the introduction of new agricultural technologies. The
above are modelling results but they are consistent with our
field data and with the other empirical studies cited in Gupta
Lawrence (1993).

Mali-Improved Agronomy and New Cultivars
in the Sudanian and Sudano-Guinean Zones

Two of the principal constraints in southern Mali to
increasing sorghum and millet yields are declining soil
fertility and the fluctuation of rainfall. Most farmers in
southern Mali already utilize the water retention technique
of ridging. The ridges are not closed, however, as with tied
ridging. Chemical fertilizer is widely used in the Guineo-
Sudanian zone but in the Sudanian zone farmers principally
utilize organic fertilizers.

In this study, we are modeling the interaction of higher
soil fertility and new cultivars. In the Sudanian zone, chemi-
cal fertilizer at moderate levels increase the yields but is not
profitable on traditional sorghum cultivars. The same fertili-
zation levels were highly profitable on the new sorghum and
millet cultivars. In the Sudano-Guinean zone the chemical
fertilizer was profitable on both the traditional and the new

cultivars. Programming is presently being undertaken to
consider the on-farm and off farm constraints to these new
technologies.

Networking Activities
Workshops

Papers were presented in Uganda and in the Gambia for
regional groups planning research in the fall of 1993 and the
spring of 1994, respectively. These were both three day
workshops. Participants included the NARS, the IARCs, the
World Bank, USAID, and other bi-lateral donors. The pa-
pers given are cited below.

From June 6-10 Will Masters and I conducted a work-
shiop on impact analysis to 22 economists and administrators
selected by their NARS from the West African French
speaking countries. The workshop will be followed up in
1995 with another one, this time for the previous trainees to
report the results from their impact analysis in their coun-
tries. We are creating a network of West A frican economists
and other scientists, who are engaged in the economic
analysis of new technologies.

Research-Investigator Exchanges

Joao Carlos Garcia, the former administrator of the EM-
BRAPA Corn-Sorghum Center in Sete Lagoas, Brazil spent
a year's sabbatical with our program. He had been working
the previous year with Miguel Lopez-Pereira, an INTSOR-
MIL graduate then working with CIMMYT, on a compara-
tive study of the development of the seed industry in Mexico
and Brazil. Joao Carlos helped us with the seed aspects of
Tennassie Nichola's thesis in the Sudan and also made
suggestions on the future expansion of our program into the
analysis of the performance of the seed industry.

In the spring of 1994, Yeshi Chiche came to spend a few
months with our program. She is an economist with the
sorghum program in Ethiopia. We developed some ideas for
future collaboration on the impact of new sorghum cultivars
and the evolution of the seed industry in Ethiopia. While she
was at Purdue, [ visited Ethiopia and went out into the field
with her husband, who is the principal sorghum breeder of
the IAR in Ethiopia (Ph.D. from Oklahoma State).

Table 2. Farm and female worker incomes before and after the introduction of new agricuitural and new household

technologies,

Traditional Introduction of Introduction of new agricultural
agriculture new agricultural technology and houschold
technology technology technology

Total farm income (U.S. §) 704 L1 1,235

Income per female 100 167 185

Wages/hour for females 24 .38 38

Source: Gupta, Lawrence, 1993, p. 92.

Note:These houscholds are hand traction ones. Morcover, the women are paid according to their productivity (their marginal value product). Elsewhere we have considered
the exploitation and bargaining cases. The above is considered an altruistic case though altruism could be specified differently as not only a reward for higher productivity but
also giving women a share in the profits as well. The previous bargaining framework is analogous (o the factory worker-management negotiation whereas a share in profits is

comparable with a cooperative.
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Research Information Exchange

The bulletin on the commodity iretworks (including sor-
ghum-millet) of SAFGRAD (cited below) evaluated im-
pacts of new technologies and of the networks and made
recommendations for the NARS and USAID on future
technology development. This report was distributed to the
NARS and to the USAID offices all over Sub-Saharan
Africa by USAID/Africa.

Publications and Presentations

Publications

Gupta Lawrence, Pareena, 1993, Houschold Decision Making and Intro-
duction of New Agricultural and Houschold Technologies in the So-
lenzo Region of Burkina Faso. Ph.D. Disscrtation, West Lafayette, IN.
Purdue University, Department of Agricultural Economics.

Lopez-Pereira, Miguel A., John 11. Sanders, Timothy G. Baker, and Paul
V. Preckel. 1994, Economics of Erosion Control and Seed-Fertilizer
Technologies for Hillside Farming in Honduras. Agricultural I:conom-
ics. (In press).

Nichola, Tennassic. 1994. The Adoption of Hybrid Sorghum at the Farm
and Regional Levels in the Gezira Irrigated Scheme of Sudan. Ph.D.
Dissertation, West Lafayette, IN. Purdue University, Department of
Agricultural Economics.

Sanders, John H., Taye Bezunch and Alan C. Schroeder. 1994. Impact of
the SAFGRAD Commaodity Networks. USAID/AFR, OAU/STRC-
SAFGRAD, Department of Agricultural Economics, Purdue Univer-
sity, West Lafayette, IN. 111 pages.

Sanders, John I, Barry 1. Shapiro, and Sunder Ramaswamy. 1995. The
Econoinics of Agricultural Technology in Semi-Arid Sub-Saharan
Africa. Johns Hopkins Press, Baltimore, Maryland. (In press).

Sanders, John H. and Joao Carlos Garcia. 1994. The Economics of Stress
and Technology Development in the Sahel end the *Cerrados’ of Brazil.
p. 28-47. Proceedings of a Workshop on Adaptation ol Plants to Soil
Stresses, INTSORMIL, University of Nebraska, Lincoln, Nebraska.

Presentations

Sanders, John 11. and Joao Carlos Garcia. The Economics ol Stress and
Technology Development in the Sahe! and *Cerrados’ of Brazil. Invited
paper presented at a Workshop on Adaptation of Plants to Soil Stress,
INTSORMIL, Lincoln, Nebraska, August 2, 1993,

Sanders, John 1. Technology Development for Semi-Arid Sub-Saharan
Africa: Theory, Performance, and Constraints. Paper presented at a
pre-conference Workshop on Agricultural Development at the Annual
Mectings of the American Association of Agricultural Iiconomists,
Orlando, Florida, July 30, 1993.

Sanders, John I1. Economic Impact of New Technologies in Sub-Saharan
African Agriculture. Presented at a seminar of the World Bank, Wash-
ington, DC, Oct.7, 1993,

Sanders, John 1. Measuring Agricultural Research Impact: Some Results
and Implications for Sub-Saharan African Agriculture. Invited paper
presented to the Workshop for Regional Research Planning of the
NARS of East Africa, IARCs, World Bank and USAID, Kampala,
Uganda, Nov. 23, 1993.

Masters. William A. and John . Sanders. The Impact of Agricultural
Rescarch in West and Central Africa: Concepts and Evidence. Invited
paper for the SPAAR/USAID Workshop on Regionalization of Agri-
cultural Research, Banjul, Gambia, March 15, 1994.
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Summary

Emphasis has been directed towards principles and prac-
tices that enhance the availability and use of water and
nutrients, nitrogen and more recently phosphorus by sor-
ghum and millet. These major natural resources must be
increased so the improved varieties and hybrids can express
their yield potential. Research in Sudan shows that 2.5 times
more nitrogen is removed if the residue is harvested than just
the grain. This typically occurs in developing countries, and
thus, more rapidly leads to depletion of soil fertility.

The application of nitrogen or use of a soybean/sorghum
rotation resulted in more heads and seeds per m-2, and larger
seeds higher in nitrogen content as compared to continuous
sorghum with no inputs.

The ability of the landrace sorghum (maicillo) to survive
when intercropped with maize does not seem to be because
of a lower compensation point. It may involve the efficiency
of thc photosynthetic light-gathering system.

A greenhouse water and nitrogen study showed that
water will increase grain yield regardless of nitrogen status.
Although grain yield increases with nitrogen with adequate
water, nitrogen will intensify water stress if water becomes
limiting as the more vigorous plants wili quickly utilize what
little water there is. This is why many farmers on these
marginal lands are not very concerned about usin g nitrogen.

Objectives, Production and Utilization Constraints
Objectives

Study the “‘rotational effect” in sorghum-soybean and
millet-soybean rotations by evaluating: 1) nitrogen and
phosphate contribution of legumes and, 2) soil water rela-
tionships.

Evaluate the nitrogen by water interaction on grain and
stover yield of sorghum hybrids and local cultivars.

Constraints

Emphasis has been directed towards principles and prac-
tices that enhance the availability and use efficiency of water
and nutrients, especially nitrogen and more recently phos-
phorus. These major natural resources limit grain sorghum
and pearl millet production worldwide. Cropping sysiems
research is needed to increase these resources so that im-
proved varieties and hybrids can express their higher yield
potential. However, this requires special considerations
since they are long-term investments. Crop rotation or inter-
cropping systems experiments must be continued for several
scasons or cycles. Thus, a host scientist must be genuinely
interested in these long-term projects, and stable funding
overtime. Also, training of scientists in crop production and
continued support of their work after return to home coun-
tries is needed to improve presently used cropping systems,
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Research Approach and Project Output

Sorghum and millet are usually grown in stressful envi-
ronments with high temperatures and lack of a predictable
water supply. Generally, lack of water is considered the most
influential environmental factor controlling plant growth
and yield in these environments. The second most influential
environmental factor affecting plant growth and yield is
often adequate nitrogen and/or phosphorus. The importance
of these nutrients is becoming even greater with more inten-
sive cropping practices being used, removal of the entire
crop (grain and residue), and limited availability of new
land. Legumes become a viable alternative for improving
soil fertility (especially nitrogen status) as availability and
monetary constraints for purchasing fertilizer occurs. Im-
proved fertility also improves water use efficiency of grain
crops, indicating that major gains in sorghum and millet
yields require improved genetics combined with production
practices to provide adequate water and fertility.

International

Sudan - Grain Sorghum as Affected
by Crop Rotation and/or Applied N

The experiment was conducted at Gezira research station,
located in Sudan Gezira (14 - 15°N, 33 - 349E), on irrigated
Suleimi soil series (fine, montmorillonitic, isohyper thermic
entic Chromsterts) during the 1988 - 1990 cropping seasons.

The main crop in the experiment was sorghum (S) “cv.
SRN-39" which was rotated with the forage legumes clitoria
(C) Clitoriaternata L. and phillipesara (P) Phasulus trilobus
Ait. in a two-course rotational system. The experiment was
planted on 7 July 1989 and on 18 July 1990. Urea (0, 43,
and 86 kg N ha'!) was applied to plots at planting. Grain and
forage yield, yield components, nitrogen content and other
agronomic characteristics were collected.

Both legumes as previous crops greatly increased sor-
ghum yield over that of continuous sorghum (INTSORMIL
Annual Report 1993). Grain harvest removes some N with-
out inputs (Table 1), but much more is removed when
fertilizer is applied or after the legumes indicating increased
availability. The N that is removed in the grain will have to
be replenished either from existing soil N, from applied
fertilizer or use of a sustainable cropping system. Loss of N
from the systems became more critical if the stover is
included, (Table 2). Harvest of stover results in about 2.5
times more N being removed than if only grain is harvested.
This is generally what occurs in the developing countries.
Other nutrients, such as P, are also removed which may be
even more critical as they are not renewable. Greater em-
phasis on management is needed for improving N, P and
water levels so that high yielding varicties and hybrids can
express their higher yield potential.
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Table 1. Grain N uptake in sorghum as affected by
previous crop (Sudan).

Continuous Afler After
Applied N sorghum Phillipesara Clitoria
--------------- kghal---comcennnnn--
1989
0 27 38 36
43 39 53 50
86 34 36 47
1990
0 25 30 42
43 32 39 49
86 34 48 58

Table 2. Plant N uptake of sorghum as affected by pre-
vious crop (Sudan).

Continuous After Affer
Applied N sorghum Phillipesara Clitoria
--------------- kgha'l-c-oeuooncann--
1989
0 67 82 87
43 84 102 90
86 92 111 122
1990
0 72 94 109
43 93 112 113
86 112 125 140

Honduras - Grain Yield and Photosynthesis
of Landrace Sorghum

Land race sorghum cultivars can be characterized by low
but stable grain yields. In Central America, a group of
photoperiodic land races called maicillos criollos are inter-
cropped with maize to reduce drought risk. Twelve sorghum
cultivars (three maicillos, three temperate varieties, and six
enhanced maicillo cultivars or DMV), were evaluated at
Mead, NE and El Zamorano, Honduras in collaboration with
TAM-131 for intercropping and shade tolerance. Compari-
sons were made of pure stand (monoculture), casado or a
mixed intercrop (sorghum and maize planted in the same
row), and aporque or row intercrop (sorghum planted be-
tween maize rows at cultivation). Maize, Maicito (Zamo-
rano) and JX3 (Mead) was used to provide natural canopy
shade. Photosynthesis was measured in full sunlight and
shade.

The photosynthetic measurements of these sorghums
indicated the adaptation of maicillo to reduced irradiance
during vegetative growth (INTSCMIL Annual Report
1993). Therefore, greenhouse studies were used to study
further the response of these cultivars to low irradiance. The
response of six sorghum cultivars planted in the greenhouse
under low irradiance was comparable to the response ob-
tained in aporque intercropping. The assimilation response
of the cultivars at irradiance below 300 «E m_, is shown in
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Table 3. The influence of applied nitregen and legume/soybean/sorghum rotation on some agronomic and yield

components of grain sorghum (1978-1993).

Cropping N level Days to Heads Height Kernel wt. Kernel N Kernels per
system kg ha! flower per ha (cm) (g/100) (%) meter sq
Continuous 0 814 124,700 108.5 2310 1.04 15,736
57 773 130,000 114.8 2.546 1.27 23,758
114 76.1 131,000 1159 2,635 1.57 25,858
171 75.4 132,700 116.7 2.699 1.74 26,767
Rotation 0 75.8 134,600 1143 2.569 1.20 23,775
57 74.8 135,500 114.7 2,679 1.47 25,368
114 74.8 134,300 114.2 2.729 1.66 25,843
171 74.9 134,700 113.1 2.663 1.73 25,201
# Years 13 12 11 16 9 16

Table 4. Parameters for the linear regression of six sorghum cultivars planted in the greenhouse at Lincoln, NE.

Parameter

Cultivar Type Intercept Slope R2

Cacho de Chivo MC 0.904 0.11 89.65
San Bernardo [11 MC -0.962 0.12 84.65
Billy MC -1.005 0.143 91.42
DMVI179 DMV -1.73 0.138 83.25
DMH DMV 0.044 0.132 93.42
TAM428 iL -1.057 0.151 96.19

Table 3. Linear regression was used instead of a rectangular
hyperbola because of the linear relationship under low light.
As with aporque, the slope of TAM 428 (0.151) was steeper
than the slopes for Cacho de chivo (0.110) and San Bernardo
111 (0.120).

No significant difference in light compensation point was
found between the cultivars in the field or in the greenhouse.
The results of these experiments do not support the hypothe-
sis that, in the process of adaptation to intercropping,
maicillo cultivars have developed lower respiration rates.
Instead, an increase in the efficiency of the photosynthetic
light-gathering system appears to be involved.

This trait may have some usefulness in maintaining pho-
tosynthesis and productivity when reduced light occurs
(cloudy day, early morning, late evening) as well as in
intercropping systems with tall species such as maize and
pearl millet.

Domestic
Crop Rotation - Grain Sorghum

A sorghum/soybean rotation study has been in progress
for over 15 years. This rotation has focused on determining
the “rotational effect”. This rotation experiment includes
nitrogen rates to allow study of grain yield and quality, and
nitrogen dynamics.

The influence of applied nitrogen and legume/sorghum
rotation on sorghum grain yield has been well documented.
However, various yield components and agronomic charac-

ters are also affected by these management practices (Table
4).

Days to 50% Flowering —Nitrogen stress delays flow-
ering of grain sorghum. On average in this study it was
delayed 6 days. With each increasing increment of N the
time to 50% flowering was shortened. The greatest effect
was with the addition of the first 57 kg ha-! increment of N.
Sorghum grown after soybean remained about the same
even if additional N was applied.

Heads Per Hectare —There is a trend for more harves-
table heads per hectare with increased applied N. However,
the largest difference occurs with the first increment of N.
In general, a greater number of harvestable heads occurred
with sorghum grown after soybean.

Plant Height —Sorghum tended to be the shortest when
grown continuously with no nitrogen. Sorghum with the
higher three levels of N were somewhat taller than the
sorghum grown after soybean.

Kernel Weight —Kernel weight increased with increased
level of N. The greatest increase (10%) was with the first
increment of N. Kernel weight of sorghum grown after
soybeans with no N, as compared to continuous sorghum
with no N was increased 11%.

Kernel Nitrogen —Kemel N concentration increased
with increased applied N regardless of being grown continu-
ously or in rotation. At the highest level of N, Kernel N was
the same in both cropping systems.
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Kernels m2 —More kernels m2 were obtained with
increased N, Again the greatest change occurred with the
first increment of N.

In general, N or soybean rotation resulted in the improve-
ment of the agronomic characterictics and yield compo-
nents. Sorghum after soybean, especially with no applied N,
resulted in a response equal to about 57 kg ha'! applied N,
In most cases, 57 and 114 kg ha"! rotation equated to 100
and 171 kg ha! continuous, respectively. However, when
171 kg ha"! was applied to sorghum after soybean the
response was generally less than when 171 kg ha'! was
applied to continuous sorghum. The high application rate is
above the recommendation amount for the yields being
attained. Thus, probably residual N remained in the profile
and the sorghum had access to N even if the top soil dric
limiting root activity. This suggests the previous soybean
crop used the residual N and the N was not available lower
in the profile where active roots would generally be present.

Crop rotation research in this project is continuing to
generate basic knowledge about the rotation effect, and is
providing results for use in extension education programs.
It also is serving as a long-term *‘laboratory™’ for training
graduate students.

Water and Nitrogen Stress - Grain Sorghum

In many environments where sorghum is grown, severe
water stress can occur. Application of nitrogen needed for
growth may result in a yield reduction. Because of the
possible negative effect, many farmers in developing coun-
tries are reluctant to increase soil fertility. The objective of
this study is to determine the nitrogen by water stress affect
on sorghum grain yield.

The experiment was conducted in the greenhouse. Six
liter pots were used. The bottoms were sealed. Four water
stress levels were maintained. No-stress (32 495 m| water
pot’!), moderate stress (18 350 ml pot-!), severe stress (12
350 ml water pot-!) and very severe stress (8650 ml water
pot-). Nitrogen rates were 0.30, 1.45,2.90 g-N pot-!. Water
was added based on reading of a moisture meter. Grain was
harvested at maturity.

Grain yield of sorghum increased with all N rates when
water was adequate. (Table 5). With 2.91 g-N pot-! applica-
tion, grain yield for both genotypes showed practically no
response to the two lowest water applications, as the sor-
gham plants were practically barren. This occurred because
sorghum plants failed to develop beyond the boot stage.
However, with 0.30 and 1.47 g-N pot™! grain yield appar-
ently increased even with 12 350 ml-water-pot-!. This indi-
cates that high-N application did not favor grain yield under
water stress. With 0.30 and 1.47 g-N pot™!, apparently grain
yield response to 12 359, as compared to 8650, ml-water-
pot! was much higher with DK48 than with Segaolane.
With 1.47 and 2.91 g-N pot'! applications, grain yield
(especially for DK48) increased sharply with 32 495 ml-
water-pot”! (as compared to 18 350 ml-water-pot-!), Al-
though grain yield increases with nitrogen under adequate
water, nitrogen will intensify water stress if water becomes
limiting as the more vigorous plants will quickly utilize what
little water is present.

Networking Activities
Workshops

Plant Adaptation to Soil Stress. Aug. 1-4, 1993, Univer-
sity of Nebraska, Lincoln, NE.

Table 5. Grain yicld as affected by water application, nitrogen application and genotype for sorghum plants grown
in 1991 in the Agronomy greenhouse at Lincoln, Nebraska.

Genotype
DK48 Segaolane
Water application (ml-water pot-!) Water application (ml-water pot-!

Nitrogen 8650 12 350 18 350 32 495 Mean 8650 12 350 18350 32495 Mean
gNpot! e o gplant! e e ae
0.30 0.007 0.854 2.0 3978 1.7200 0.019 0.157 2,751 4.053 1.7450
1.47 0.000 (.208 2.081 13.030 3.8297 0.000 0.166 2471 9.864 3.1252
291 0.000 0.000 0.860 14.187 3.7617 0.000 0.033 1.668 9.829 2.8825
Mean 0.0023 0.3540 1.6607 10.3983 3.1038 0.0063 0.1187 2.29607 79153
Contrast __ p-level
High-N vs. 0.30% 0.99 NCt NC <0.01 0.98 NC NC <0.01
291 vs. 147 1.00 NC NC 0.17 NC NC NC NC

Water comparisons
At 0.3 g-Npot At 2.91 g-N/pot At 0.3 g-N/pot At 2.91 g-N/pot
High vs low waterg <0.01 <0.01 <0.01 <(.01
12 350 vs 8650ml 0.31 1.00 NC NC
Genotype comparisons
At32495ml AtB650ml At 32495 ml At18350 ml At 12350 ml At 8350 ml
Dka8vs. SEG 0.93 0.99 <0.01 0.34 0.97 1.00

t High-N is mean of 1.47 and 2.91 p-N pot”!
$ NC means no contrast was tested

§ High water is mean of 18 350 and 32 495 while low water is mean of 8650 and 12 350,
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American Society of Agronomy Meetings, November
7-12, 1993. Minneapolis, MN.
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in Agricultural Scicnces 1:25-32.

Clegg, M.D. and C.A. Francis. 1994, Crop Management, Chapter 5,
p135-156.In J. L. Hatficid and D.L. Karlen (ed) Sustainable Agricul-
ture Systems. Lewis Publishers, Boca Raton, Florida.

Maliro, Charles E. 1993. Nitrogen stress environments on the physiology
and yield of grain sorghum. p 279. Ph.D. Disscrtation. University of
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Gutierrez, Patricio F. 1994, Physiologic response of landrace sorghum to
light intensity and intercropping. p 79. M.S. Thesis, University of
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Mohamed, Mirghani S. 1994. Quantitative nitroge:: and growth models of
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Summary

Cropping system research has been conducted in INT-
SORMIL UNL-113B to address water and nutrient con-
straints in grain sorghum and pearl millet production. Efforts
address factors that improve the production environment to
allow improved cultivars to express their higher grain yield
potential. Crop rotation with either cowpea or peanut in Mali
increased grain yield of sorghum by 0.7 Mg/ha and pearl
millet by 0.3 Mg/ha, and also substantially increased stover
yield of both crops. Leaving crop residues on the soil surface
reduced yield of both pearl millet and grain sorghum in
1991, 1992, and 1993. Residue incorporation for three years
increased yicld of pearl millet in 1993, but had no effect on
sorghum grain yield. Preliminary results in Nebraska indi-
cate that nitrogen fertilizer application, narrow rows and
weed control lowered leaf temperatures, indicating less
plant water stress.

Introduction

Water, nitrogen, and phosphorus are the major natural
resource constraints limiting grain sorghum and pearl millet
production in West Africa. During the past eight years,
INTSORMIL Project UNL-113B has focused on develop-
ment and extension of cropping systems that are water use
efficient, enhance grain and stover yields, and utilize nitro-
gen fixation by legumes to reduce need for N fertilizer.
Research efforts in Nebraska, Mali and Niger have studied
continuous, intercropping and crop rotational systems. This
effort has been slowed by the limited number of trained
production agronomists in West Africa and the long-term
nature of cropping systems studies. Efforts to improve the
human resource base has been made by providing graduate
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training of students from Mali, and mentoring these students
upon return. Future training is planned for collaborators in
both Mali and Niyer. Presently a trainee from Ethiopia is
working with project UNL-113B.

Although, not the major focus of this project, several
research studies have been conducted to address other re-
lated production issues that influence expression of yield
potential uy improved varieties and hybrids. These studies
included stand establishment problems, crop residue man-
agement and weed competition for water and nitrogen.

Objectives, Production and Utilization Constraints
Objectives

Study the “‘rotation! effect” in grain sorghum-soybean
rotation by evaluating: 1) grain and stover yields, 2) nitrogen
contribution of legumes, 3) nitrogen use efficiency, and 4)
soil water relationships.

Continue long-term studies to determine grain sor-
ghum/peanut and pearl millet/cowpea cropping systems
{monoculture, rotation, intercropping) by nitrogen fertilizer
rate interaction effects on grain and stover yields and nitro-
gen use efficiency at three locations in Mali.

Continue long-term studies to determine the influence of
crop residue removal, incorporation and leaving on the
surface on grain and stover yield at two locations in Mali.
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Determine the genetic variances of grain sorghum lines
for emergence potential in crusted soils.

Initiate studies to determine difference in competitive
ability of pearl millet and grain sorghum with weeds for
water and nitrogen.

Constraints

This project has focused primarily on crop production
systems which increase the probability of obtaining higher
grain and stover yields. This involves systems which in-
crease nutrient and water availability to growing crops, and
produce desired uniform stands. Present efforis emphasize
crop rotation, intercropping, fertilization, residue manage-
ment interactions with traditional and improved cultivars.
These cropping systems research ef{orts require long-term
investments of well-trained, interested scientists and stable
funding. Training of additional scientists in crop production
and continued support of their work after return to their
home countries is needed to improve cropping systems.

Research Approach and Project Output

Grain sorghum and pearl millet are usually grown in
stressful environments with high temperatures, lack of a
predictable water supply, and often on fragile soils with low
nutrient status. Generally, lack of water is considered to be
the most critical environmental factor controlling plant
growth and yield in most environments, but a source of
nitrogen and/or phosphorus often is more critical. The im-
portance of these elements is becoming recognized as more
intensive cropping systems using improved cultivars are
adopted. The unavailability of “‘new” land due to population
growth and land degradation has heightened awareness of
this constraint. The rotation or intercropping of legumes
becomes a viable alternative for providing nitrogen for yield
enhancement when fertilizer availability is limited or the
cost is excessively high. Increased nutrient availability also
improves water use efficiency of grain crops, indicating that
major increases in grain sorghum and pearl millet yields
requires improved cultivars combined with production prac-

tices that provide adequate water and fertility. The complex
interaction of water, N, P and cultivars is the focus of Project
UNL-113B’s research efforts.

International

Research in Mali has shown clear grain and stover yield
advantage to rotation of grain sorghum with peanut, and
pearl millet with cowpea, and a smaller yield advantage
following intercropping (Tables | and 2). This yield increase
is impressive considering that all peanut/cowpea grain and
residue were removed from the field. Crop rotation appears
to be the only viable alternative to supply needed N for grain
and stover yield if commercial fertilizers are unavailable or
are too expensive. Increased stover yields are often over-
looked, but they are important to provide additional live-
stock feed during the dry season and are a key component
in maintenance or improvement of soil quality.

Long-term studies in Mali were initiated in 1990 to study
the effects of residue removal, incorporation or leaving
residues on the soil surface on sorghum and pearl millet
grain yield, and maintenance of the soil natural resource.
After three years no differences in grain or stover yield had
been found either in the sorghum or millet studies, but in
1993 grain yield differences occurred for the first time
(Table 3). In both studies, leaving the crop residues on the
soil surface reduced grain yields which contrasts to research
previously conducted in Niger and the United States. At
Samanko, removal and incorporation of crop residues re-
sulted in the best sorghum grain yields, while at Cinzana,
incorporation of crop residues increased pearl millet grain
yield by 0.2 Mg ha"! over residual removal treatments. Crop
residue management in sustainable crop production de-
serves much greater attention in the future, and obviously in
Mali, positive results occur only after several years.

Projects UNL-113B and UNL-114 became more closely
associated with the entire pearl millet research team through
preparation of a grant proposal for the McKnight Founda-
tion. This proposal integrated breeding, physiology, agron-
omy, and socioeconomics to tackle the complex interactive

Table 1. Previous crop effect on sorghum grain and stover yield in 1991, 1992 and 1993.

1991 1992 | 1993 Average
Previous Crop Grain Stover Crain Stover | Grain Stover Grain Stover
R Mghal-eeooeaoaaaaiils

Grain Sorghum 14 31 1.4 6.2 13 73 14 5.5
Grain Sorghum/Peanut Intercrop 2.0 49 1.5 6.2 14 79 1.6 6.3
Peanut 24 6.9 2.0 7.7 1.8 11.0 2.1 8.5
Table 2. Previous crop effect on pearl millet grain and stover yield in 1991, 1992 and 1993.

1991 1992 1993 Average
Previous crop Grain Stover Grain Stover Grain Stover Grain Stover

-------------------- Mghat-eooomeoaais

Pesrl Millet 1.1 37 20 40 1.1 2.8 1.4 3.5
Pear] Millet/Cowpea Intercrop 1.1 32 22 36 1.2 2.8 1.5 32
Peanut 14 44 24 4.6 1.4 37 1.7 4.2
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Table 3. Crop residue management influence on grain yield of sorghum and pear] millet.

Grain sorghum Pearl millet
Residue treatment 1991 1992 1993 1991 1992 1993
--------------------- Mghalcocmecmmmaamaaaaaans
Removed 1.9 1.4 24 1.3 1.5
Incorporated 22 1.3 24 1.4 1.7
Surface 1.7 1.3 1.8 11.5 1.7

cffects of water, nitrogen and phosphorus which are viewed
as three of the most serious constraints to pearl millet
production in Mali. Although the grant proposal was not
funded, the proposal will serve to provide direction for
research efforts with pearl millet in Mali. Planning efforts
in 1994 will result in increased research efforts on nutrient
cycling, residue management, nitrogen and phosphorus fer-
tilization, and nutrient use efficiency. Collaborators are
actively involved in on-farm trials with the extension service
to test improved cultivars, plant populations, fertilizer rates,
and use of the fungicide, Apron Plus, for contrcl of downy
mildew.

Contacts have been made with INRAN in Niger and
ROCAFREMI (West and Central Africa Pearl Millet Re-
gional Research Network) during 1993-94 regarding agron-
oiny research on pearl millet. It is planned to initiate new
agronomy research in Niger during the coming year, and to
become involved in ROCAFREMI network activities.

Domestic

Crop Rotation - A grain sorghum soybean-rotation study
was established in 1990 to help understand the “‘rotational
effect”. This experiment includes nitrogen and manure
treatments, and has been used to study grain yield, soil water
extraction, root distribution, microbial biomass and mycor-
rhizal infection. Long-term residual effects of manure nitro-
gen and cropping systems is presently being studied. Efforts
to establish nodulating and non-nodulating soybean histo-
ries has been delayed due to seed contamination problems,
but will continue next year. Plots will be split into grain
sorghum and pearl millet to allow characterization of their
response differences.

Genetic Variances for Emergence Potential in Crusted
Soils - Stand establishment of grain sorghum is a major
concern since many environments have low organic matter,
poorlv structured soils which often crust. This research was
conducted to develop a technique for estimating emergence
potential of genotypes in crusted soils, and to determine
genetic variances.

Studies were conducted using grain sorghum kernels of
16 hybrids produced from four distinctly different A and R
lines. Emergence potential was estimnated using an in vitro
screening technique by measuring the distance between the
growth tube cap and the tip of the protruding piston shaft
immediately after transfer to growth tubes and 120 hours
later. Coleoptile diameters were determined in growth tubes
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with piston assemblies, and in germination paper. Coleoptile
diameters were measured 1 cm from the top and bottom of
coleoptiles, and in the middle using a micrometer.

Studies found that genetic variances for piston displace-
ment and coleoptile diameter were large, and that large
additive effects were present. Breeding programs selecting
and crossing superior males and females for these traits
could improve the emergence potential of grain sorghum
genotypes in crusted soils. Hybrid performance indicated
that the genotype A9 is a valuable male germplasm source
to increase coleoptile diameter and emergence potential in
crusted soils.

Weed Competition for Water with Pearl Millet and Grain
Sorghum - A study was initiated to study the effects of weed
level (velvetleaf and foxtail species), row spacing, and ni-
trogen fertilizer application on seasonal leaf temperatures
(measured with Infra-red thermometer) and grain yield of
pearl millet and grain sorghum. Preliminary results indicate
that nitrogen fertilizer application, narrow rows, and weed
control resulted in lower leaf temperatures, indicating less
water stress for both species. Leaf temperatures of pearl
millet were more sensitive to weed competition than was
grain sorghum. In a related study, past manure application
(in 1980 to 1987) and higher rates of nitrogen fertilizer
resulted in lower grain sorghum leaf temperatures than in
unfertilized plots.

Networking Activities
Workshops

American Society of Agronomy Meetings, November
7-12, 1993, Cincinnati, Ohio

Latin America Workshop on Sustainable Production
Systems for Acid Soils. Aug. 30-Sept. 1, 1993. Villavicen-
cio, Colombia.

Latin America Sorghum Research Scientist Workshop.
Sept. 2-4, 1993. Villavicencio, Colombia.

Research Investigator Exchanges
Visited collaborators and other 1ER scientists in Bamako,

Mali, February 8-15, 1994. Helped prepare grant proposal
for the McKnight Foundation.
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Ms. Berhane Biru, Physiologist from Ethiopia, is receiv-
ing training in water-nitrogen relations using infra-red ther-
mometers, June 11-Sept 11, 1994,

Research Information Exchange

Equipment purchased for Malian collaborators/IER in-
cluded:

Soil Water Capacitance Probe
Printer Power Source

Membership for collaborators in the American Society of
Agronomy.

Pass-through funds to assist with conduct of experiments
and costs of soii testing,

Publications and Presentations

Publications

Kasalu, H., S.C. Mason, and Gehisa Ejeta. 1993, Temperature effects on
germination and scedling emergence of grain sorghum genotypes.
‘Trop. Agric. (Trinidad) 70: 368 - 371.

Mason, §. C,, J. Lasschuit, and J. M. Lasa. 1994. Interrclationship of
sorghum coleoptile morphology with emergence poteniial in crusted
soils. Eur. J. Agron.2: 17 - 21.

Mason, §.C., K.M. Eskridge, B. Kliewer, G. Bonifas, J. Deprez, C. Med-
inger Pallas, and M. Meyer. 1994, A survey: Student interest and
knowledge of international agriculture. NACTA J. 38: 34- 38,

Mason, S.C., J.M. Lasa, and K.M. Eskridge. 1994. Number of samples,
replication and measurements for a screening technique of sorghum
emergence polential in crusted soils.  [nvestigaciones Agrarias (In
Press).

Bagayoko, M., S. Traore, B. Coulibaly, and $.C. Mason. 1994, Grain and
stover yields of pearl millet-cowpea cropping systems in Mali. Agron.
Abst., p. 74

Bagayoko, M., S. Traore, A.W. Toure, B. Coulibaly, and S.C. Mason.
1994. Grain and stover yields of grain sorghum-peanut cropping sys-
tems in Mali. Agron. Abst., p. 74

Presentations

Mason, S. C. 1993. Crop rotation - A viable option for acid soils in the
tropics. Latin America Workshop on Sustainable Production Systems
for Acid Soils. Aug 30-Sept. 1, 1993, Villavicencio, Colombia.
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Summary

Studies on root morphology in sorghum indicated that
genotypes differ in distribution. Genotypes WSV387 and
Naga white had the greatest root branching capacity and
TX631 the lowest. A hybrid TX631B x WSV387 was
intermediate for root branching. Temperate sorghums ex-
hibited maximum root branching in the top 35 cm of soil
while the tropical types generally had more branching in the
lower profile. Highly branched sorghums have potential to
more effectively exploit the soil for nutrients and water.

A greenhouse study on two exotic Chinese sorghum
varieties placed under combined water and N stress, as
compared to CK60 indicated that these may have potential
importance in areas of low or medium svil N if water is not
limiting. Moisture stress seemed to negatively affect the
China lines much more than N stress as shown by reduced
head dry matter and grain. Grain yield was reduced with
high N when moisture was limiting.

Seven diverse sorghums were compared for (MO3)N
reductase activity in two environments with the objective of
better understanding N use efficiency characteristics of the
sorghums. In the field, those varieties previously found to
be high for N use efficiency were also high in N reductase
activity. This indicated a possible relationship between N
reductase activity and N efficiency which may be exploited.
Another study on sorghums of known N use efficiency

64

indicated that all varieties generally responded positively to
applied N. There was no genotype by N rate interaction over
a range of 0 to 100 kg ha! applied N. Hybrids generally
produced greater grain yields than the parents with or with-
out N.

Studies conducted in Mali, West Africa on several
Malian varieties planted at different dates with different soil
fertility levels, indicated large differences for bioinass and
harvest indices between locations. Planiing date appeared to
influence biomass production at one location but not hiarvest
indices. Harvest indices were not greatly influenced by
fertility level. Some of the newer Malian lines out of the
current breeding program had very good biomass produc-
tion and harvest indices. It was also determined from a
companion study that Guinea sorghums had decreased
planting to Pl intervals when planting was delayed in con-
trast to Malisor varieties which were less sensitive or not
affected by planting date regarding this parameter.

Objectives, Production and Utilization Constraints
Objectives

Identify sorghum and pearl millet genotypes which are
superior in nutrient use efficiency (primarily nitrogen).
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Determine the physiological and morphological mecha-
nisms which allow genotypes to be nutrient use efficient.

Quantify the effects of environment on genetic response
at different soil fertility levels (primarily nitrogen).

Determine optimum nitrogen and phosphorus manage-
ment practices for arid and semi-arid environments.

Provide long and short term training experiences for
students and scientists of collaborating institutions, as well
as certain technical expertise for collaborative efforts related
to overall INTSORMIL objectives.

Constraints
Soil nutrient deficiency stresses.

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

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

Lack oftechnically trained personnel who can devise and
carry out sound research programs.

Research Approach and Project Output
Research Related 1o Student and Scientist Training

Root morphology of diverse sorghums. Cassim Masi -
Zambia. The specific goals of this study were to: (1) evaluate
the branching pattern of several sorghum genotypes by
fractal analysis; and (2) determine whether fractal dimen-
sion can objectively be used to describe the rooting systems
of the sorghum genotypes and/or be used to group the
genotypes according to their rooting characteristics. Ten
sorghum genotypes were grown in three replications in
wooden boxes filled with a mixer of 20% fine and 80% sand
by weight in the greenhouse. Spacing between boxes was
about 0.10 m apart and this was adequate to provide a
spacing of 0.15 m between plants. Initially, 2-3 seeds were
sown in the middle of the root box and later thinned to one
plant per box. The nails inside on the side of the box were

used to support and retain the natural pattern or geometry of
the roots and at the same time, maintain their relative posi-
tion after the box was opened.

Atthe 10- 11 leaf stage, one side of the box was removed
and the soil and sand mixture carefully washed with tap
water from the roots. The shoot was carefully detached from
the roots, and the roots were sprayed with 0.5% (wt/vol)
solution of Janus Green dye which was allowed to penetrate
for one minute before rinsing with water. When the roots
were partially dry, the boxes were turned down ona 1.2 by
1.2 m white formica board in such a way as to allow the roots
to fall on the board in the same geometry as they were in the
box. The roots were trisected both horizontally and verti-
cally with a black elastic string which provided nine square
sections (350 x 350 mm each). Photographs were taken from
each section with 1SO 25 Kodachrome slide film. The roots
and shoots were dried, and total dry matter was determined
for each sample.

The fractal dimension, D, was determined for each geno-
type and root segments or sections within the root-box in the
greenhouse. Mean fractal dimensions, log K values, root dry
matter and root to shoot ratio among sorghum genotypes are
presented in Table 1. Analysis of variance indicated signifi-
cant differences among the genotypes in fractal dimension,
log K (intercept), root dry matter, and root-shoot ratios.

The genotypes were found to be different in root distri-
bution and dry matter as shown by variations in fractal
dimension values. The fractal dimensions (D) of all geno-
types except TX631 (D=1.62) were greater than 1.65. The
genotype WSV387 had a particularly high fractal dimension
of 1.84. Naga white performed equally the same as WSV 387
with a value of 1.80. The hybrids TX631 x WSV387 and
TX631 x M9037R did not differ significantly from cach
other and average response performance of their parents. D
values for M90378, CE-151-262 and 1R204 ranged from
1.70 to 1.77 while, TX631, PI8358 and KS57 had the lowest
D values in the range of 1.62 to 1.66.

The results demonstrate that these genotypes have root
systems that differed in branching magnitude. Root systems
that have high D values are considered to have highly
branched structures. This means that higher fractal dimen-

Table 1. Estimates and contrasts of root fractal dimension (D), root abundance (log K) and root/shoot for sorghum
genotypes grown in the root boxes in the greenhouse.

Fractal dimension Root abundaiice Root dry Root/shoot
Genotype D (log K) matter wi. g/plant ratio
TX631 1.62 5.08 16.03 1.04
KS57 1.66 5.07 4.90 1.25
PI8358 1.67 5.32 29.90 0.93
TX631 x WSV387 1.78 5.56 97.12 0.62
TX631 x M90378R 1.72 5.35 42.23 0.72
Naga white 1.80 5.59 61.40 0.74
M90378R 1.77 5.52 57.38 0.52
CE-151-262 1.77 5.47 40.13 0.62
IR204 1.70 5.40 33.83 0.82
WSV3ig? 1.84 5.63 117.70 0.45
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sion values are associated with those genotypes that exhibit
root systems which are more complex and highly branched;
the more complex root systems have fractal dimensions
closer to 2 than to 1. In contrast, thcse with lower values
may be expected to be simple with less branching. Patterns
of root distribution were different among genotypes (Table
2).

Table 2. Mean values for root distribution (% root
counts of 6.35-square size) of ten sorghum
genotypes at 0-35, 35-70, and 70-105 c¢m soil
depth when grown in a root-box in the green-

house.
_ Root-box depth

Genotype 0-35 cm 35-70cm 70-105 cm

....... Upmvcomroonoaana
TX631 49.60 3397 16.00
KS57 41.84 33.18 2498
PI8358 46.37 35.89 17.74
TX631 x WSV387 36.71 3025 33.04
TX631 x M90378R 39.92 3L 28.56
Naga white 3849 30.59 30.93
M90378R 36.28 33.90 29.83
CE-151-262 33.63 38.05 28.24
IR204 36.92 34.09 29.00
wsv3igy 38.46 34.01 27.53

The temperate sorghum genotypes such as TX631,
PI18358 and KS57 exhibited maximum root distribution in
the top 35 cm of the soil profile. These same genotypes were
observed to have lower fractal dimensions (1.15to 1.58) at
the depth of >73 cm. On the contrary, the hybrids TX631 x
WSV387, TX631 x M90387 and genotype Naga white
showed maximum root distribution both in the root sections
0 - 35 and 35 - 70 cm of the root box. M90387, CE-151,
IR205 along with WSV387 appear to have similar rooting
patterns, which were abundant in the upper as well as lower
profiles as indicated by fractal dimension values and log K.
A higher log K at different rooting depth may reflect maxi-
mum lateral spread of roots. The genotypes with higher
fractal dimension at each section of a profile tended to
occupy more surface area and cxpioit more soil volume to a
greater degree than other genotypes.

Variation of fractal dimension between genotypes pro-
vides some insight into their sensitivity to branching pat-
terns. In the context of fractal analysis, the rooting pattern
of two genotypes may be considered similar, but with the
addition of log (K), which refers to root abundance, such
differences can be used to separate the genotypes. Further-
more, roots exhibiting high capacities for growth and
branching become long and thick, enabling soil exploration
and water and nutrient transport, while roots with low ca-
pacitics remain short and thin with potentially less effective
exploitation of the soil.

Effect of water and nitrogen levels on exotic sorghums
high in stress tolerance. Teshome Regassa, Visiting Scientist
- Ethiopia. A greenhouse experiment was conducted at UNL
to determine the growth potential and N use characteristics
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of two Chinese (San Chi San and China 17) compared to
CK60 under combined N and water stress. Another objec-
tive ws to explore physiological and morphological traits
associated with stress tolerance. Seeds were planted in pots
containing 25% soil and 75% sand that was analyzed for
initial NO3-N and water holding capacity. The varieties
were factored over three levels of N: 10 mg NO3- kg™! soil
(low), 20 mg NO4 kgt soil (medium), and continuous N
supply (high). Two water levels were also imposed, those
being fully watered to field capacity, and those stressed at
the tenth leaf stage. Each pot was suspended on a hanging
scale and watered to a field capacity until tenth leaf stage.
After the tenth leaf stage water was withheld from plants to
be stressed until a level when partial turgidity was not
regained early in the morning. The low and medium N levels
were applied once after complete seed emergence while the
high N was applied until maturity in the form of solution
with other essential nutrients. Zero N solution was concur-
rently added to the low and medium N plots for essential
nutrients other than N. A field experiment is in progress to
substantiate the results obtained under greenhouse condi-
tions.

Summary of some cf the measured variables are shown
in Tables 3 and 4. The amount of water applied to stressed
plots was significantly (P < 0.01) lower indicating less total
water use and the China lines used more water. Nitrogen
increased the amount of water required per pot.

Leaf area was increased by N and the China lines had
highest leaf area. At the tenth leaf stage, even if N had
increased leaf area of all varicties, leaf area of CK350 had
dropped significantly at the high N level.

Leafdensity (g cm?) was significantly increased by high
N. The difference between mean leaf density at the low and
medium N was not significant. No significant difference
was found between moisture and varietal mean leaf densi-
ties.

Sigrificant difference was observed between varieties
and the N levels for SPAD-50 chlorophyll m. . »r reading at
the eleventh leaf stage and heading. Both China lines gave
lower readings than CK60. The SPAD reading and leaf
chlorophyll content have a direct relationship, therefore,
these lines have lower chlorophyll compared to CK60.
Nitrogen also increased leaf chlorophyll content.

Stressed plants produced significantly (P <0.01) higher
leaf and stum dry matter but significantly + > < 0.01) lower
head dry matter and grain. The China lines exceeded CK60
in head dry matter and grain formation under fully watered
conditions. Under water stress and high level of N, however,
the China lines produced significantly lower head dry matter
and grains. This could possibly be attributed to the differ-
ence observed among the varieties in tillering behavior (both
auxiliary and basal) and difierence in recovery growth ater
moisture stress was relieved. After the shock of stress the
China lines tended to lose their leaves and developed auxil-
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Table 3. Means of water applied, leaf area and leaf density for three sorghum lines grown at three N levels and two

moisture regimes in a greenhouse experiment

Watcr applied

Leaf area (cm?) Leaf density

Treatments (L/pot) Sth leaf 10th leaf (g cm??)
Moisture

Fully watered 26251 125.1 909.5 5.82x 1073
Stressed 22747 124.2 919.2 593x103
Variety

San Chi San 25048 1579 1118.0 6.0 x 10
China 17 24877 1454 974.5 5.75x 103
CK60 23572 70.7 650.6 5.86x 103
Nitrogen

10 mg NO, kg-! 23491 119.9 847.6 547x 1073
20 mg NO, kg'! 24076 118.0 885.5 5.55x 1073
High nitrogen 25929 136.0 1010.0 6.60 x 10-?

Table 4. Means of morphological and physiological traits for three sorghum lines grown at three N levels and two

regimes in a greenhouse experiment.

Leaf color Total chl. Plant Dry matter (g/plant) Grain
Treatment 11th leaf Heading Grain fill height (cm) Leaf Stem Head (g/plant)
Meisture
Fully watered 36.6 337 537 115.6 8.6 22.6 21.0 15.5
Stressed 348 323 6.21 92.7 9.7 234 9.6 5.5
Variety
San Chi San 327 305 5.6 100.8 10.6 242 16.3 11.2
China 17 34.6 312 43 132.0 8.0 24.0 18.1 12.6
CK60 36.7 373 8.2 79.6 89 20.8 115 7.7
Nitrogen
10 mg NO, kg-! 26.8 233 32 107.5 5.8 18.2 1.2 7.7
20 mg NO, kg! 29.6 26.1 37 106.6 6.5 21.1 13.8 9.7
High nitrogen 477 49.6 11.3 98.2 15.3 29.8 20.8 14.1

iary and basal tillers that reduced or stopped the growth of
the head. CK60 tend to stop shoot extension under stress but
recovered both shoot and leaf growth after the stress was
removed. It also developed less auxiliary tillers. The stocki-
ness of CK60 might influence its performance, especially in
its water economy. Moisture stress reduced plant height
while N application increased it.

In general, combined effects of moisture stress and high
N had negative effects on the China lines possibly by creat-
ing certain unbalanced physiological processes and unfavor-
able morphological structures such as increased basal and
auxiliary tillers, leafness and other factors which could make
them more vulnerable to moisture stress. Compared to the
control (CK60) the China lines also produced more stem and
leaf dry matter. Grain yield of these lines under stress was
reduced with each level of added N. Under better moisture,
however, the reverse was true. Moisture stress and high N
resulted in hording of their dry matter in stem and leaves
resulting in very low grain yields. From this information, it
can be inferred that the China lines are more pronc to
moisture stress than N stress. Under limited moisture, high
N could result in haying-off of these lines. The information
obtained also suggests potential importance of these lines in
areas of low or medium soil N where moisture is not the

main limiting factor of sorghum production. It is also sug-
gested that if certain breeding manipulations for drought
stress tolerance is done on these varieties, they may have
great potential for low and/or medium N soils.

Nitrate metabolism in diverse sorghum cultivars. Abdou-
laye Traore - Mali. As part of an ongoing Ph.D. study, seven
sorghum genotypes grown at two soil N levels (low and
optimum) in the field were tested for NO;-reductase activity
(NRA) and compared to earlier controlled condition green-
house studies. Samples were taken from leaves of random
plants (approximately 2 g fresh weight) using leaf punches
of known area and placed on ice for processing in the
laboratory. Standard procedures were used for the enzyme
assay.

Table 5 shows the enzyme activity comparison for the
two environments. Generally, field activities were much
lower than those of the greenhouse most likely because of
the more optimum conditions of water and nutrients of the
greenhouse environment. Previous experiments showed that
Malisor-7, S-34 and M35.1 were very high in N use effi-
ciency (g DM S-I N). The field NRA activities were also the
greatest for these genntypes along with P720, a high lysine
type from Purdue. The 11nking of genotypes was the same
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Table 5. Nitrate reductase activity (NRA) from seven
sorghum genotypes grown in the field and in
the greenhouse.

NRA
Genotype Field Gireenhouse
nmole NO; cm2hr!  ymole NO, g hrt
Malisor-7 62.6 1.97
P720 59.6 3
M3s5.1 58.8 2.88
S34 45.1 2.83
VGla6 423 2.59
HH640 383 2.50
CK60 364 234

in field and greenhouse except for Malisor-7 which ranked
lowest in the greenhouse. There was no significant interac-
tion between N level and genotype. Genotypes were signifi-
cantly different (P =0.05) indicating a potential relationship
between NRA and N use efficiency as determined on these
genotypes from earlier work (Ann. Report 1992/93).

Response of nitrogen efficient sorghums to nitrogen fer-
tilizer. Samuel Buah - Ghana. Twenty-nine sorghum geno-
types previously selected for high nitrogen use efficiency (g
DM g! N) were grown in the field at the University of
Nebraska and Kansas State University in 1993 at three N
rates {0, 50, and 100 kg/ha). The objective was to determine
agronomic responsiveness to applied N and characterize
physiological factors that contribute to improved NUE. The
genotypes did not interact with N rates. However, there was
significant yield response due to the different N rates. Mean
grain yieid increased with increasing rates of N (1.8, 2.2, and
2.4 t/ha for 0, 50, and 100 kg/N/ha, respectively). The
average response of the genotypes to 50 and 100 kg N/ha
was 22 and 33%, respectively. Tie hybrids generally pro-
duced significantly higher grain yield than their parents with
or withoui N fertilizer. Five top hybrids in terms of yield
were TX623/IR204, KS9/DR50, TX7000/SC566,
KS9/SC279, and TX7000/1R204 which produced 4.0, 3.8,
3.3, 3.1 and 3.0 t/ha, respectively. This experiment is being
repeated in Nebraska during the 1994 growing season.

International Research (Mali).

Date of planting and fertility responses of Malian sor-
ghums - Abdoul Toure. Fourteen local Malian varieties and
an IRAT released variety were planted at different dates and
fertilizer levels at Katibougou to compare biomass produc-
tion and harvest indices. In this study, date of planting and
fertilizer were non-significant for the parameters measured.
There was no date of planting x fertilizer interaction. Varie-
ties Seguetanal, Foulatieba 2 and Seguetana 9 produced the
greatest biomass of 4769, 4685 and 4705 kg ha'!, respec-
tively. Varieties Seguetanafing 3, Foulatuba 3 and N'Gone-
woule 8 had the highest harvest indices of 0.325,0.307 and
0.303, respectively.

At Samanko, ten new Malian varieties were compared to
four local and an ICRISAT release for the same paramet:rs.
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Planting data influenced biomass production but harvest
indices were not altered by either planting date or fertilizer
level. Varieties producing the greatest biomass were 90-C2-
CS-F5-107, 90-C2-C5-FS-111 and 90-C2-CS-F5-60 at
11,321, 8839, and 7926 kg ha"!, respectively. Variety 90-
C2-CS-F5-111 had the greatest harvest index. At the latest
planting date, varieties 90-C2-CS-F5-180, 90-C2-CS-F5-96
and 90-C2-CS-F5-107 had the greatest biomass production.
Variety 90-C2-CS-F5-80 had the greatest harvest index.

Determination of adaptation zone for Malian sorghums
- Abdoul Toure. Three Guinea (CSM388, Nazongala,
CSMé63) and three Malian sorghums {(Malisor 84-7, Malisor
92-1, Malisor 92-2) were planted at six planting dates from
May 17 - July 27 in 15 day intervals at Samanko to determine
adaptation according to rainfall pattern. Days from planting
to panicle initiation and mean crop growth rate were re-
corded. The study showed that as planting is delayed, the
time to panicle initiation (PI) decreases. Generally the CSM
varieties had decreased planting - PI time with each planting
delay whereas the Malisor varieties were less sensitive or
were not affected at all by delayed pianting. Mean crop
growth rate was generally higher in the Guinese types,
especially for the earlier planting dates. However, there was
quite a lot of variation in this parameter.

Networking Activities

UNL-114 supplied $7000 to Mali for collaborative re-
search in nitrogen agronomy and physiology.

UNL-114 purchased a new $4500 soil moisture probe for
use at Sotuba.

Traveled to Mali on UNL-114 funds to plan new collabo-
ration in agronomy and physiology.

Publications

Gardner, ).C., ).W. Maranville and E.T. Paparozzi. 1994. Nitrogen use
efficiency among diverse sorghum cultivars. Crop Sci. 34:728-733.
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Physiologically Derived Cultural and Genetic Enhancements
of Water and Temperature Stress Induced Limitations

Project UNL-116
Jerry D. Eastin
University of Nebraska

Principal Investigator

Dr. Jerry D. Eastin, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Collaborating Scientists

G. 1. Gandoul and S. Farah, Agricultural Research Corporation, Wad Medani, Sudan
Osman El-Nagouly and M. R. Hovny, Agricultural Research Center, Giza, Shandoweel and Fayoum, Egypt
Francisco Zavala-Garcia, University of Nuevo Leon, Monterrey, Mexico

Summary

Mr. Gandoul 1. Gandoul’s stress screening training has
been completed and his Ph.D. dissertation is being written.
His emphasis was on developing legume stress screening
capabilities because of nitrogen deficiency problems in most
semiarid tropic countries and the inability of many farmers
te finance N fertilizer purchases. He also gained stress
screening experience with sorghum. However, nutrient de-
ficiencies and cultural practices without a legume compo-
nentare frequently, if not predominately, greater production
constraints in Africa than is suitable germplasm. That is the
reason for the legume component emphasis in his research
on sorghum production constraints. He has done an excel-
lent job of analyzing the contributing effects of dense pu-
bescence in ameliorating water stress induced effects on
physiological processes such as photosynthesis (Ps; the
energy source for N fixation), transpiration level (as it
influences water use efficiency = WUE), respiration (drives
essential syntheses of carbohydrates, proteins, oils, etc.) and
other essential physiological/biochemical processes which
drive growth and associated N fixation which potentially
benefits a rotational sorghum crop. Compared to normal
pubescence, the dense pubescence character improves Ps,
reduces leaf temperature and transpiration, increases WUE,
maintains a higher water potential, promotes more rapid
growth (which is presumably associated with greater N
fixation) and gives higher grain yields. Some of these meas-
urements should be useful in s‘ress screening. In addition,
some of the Ps - stomatal resistance analyses were informa-
tive. He demonstrated the expected normal heavy influence
of stomatal control on Ps and also demonstrated an increas-
ing CO, concentration as stress increased and stomatal
resistance increased. This suggests some stress induced
biochemical limitation in dark CO, fixation reactions which
is a consideration for future research evaluation. Overall Mr.
Gandoul’s training and experience will permit him to screen
germolasm effectively in real world environments.

Part of Mohamed Hovny’s training for stress research
and screening in sorghum involved testing in two dry and
one wet environments. His research involved using a block
within replication design with and without two checks in-
cluded. The analyses were with block adjustments based on
check yield and without adjusted means. The top 20 lines
were to be chosen for advancement in the program. When
the top 20 were selected based on adjusted means, 8 or 9
lines in the adjusted mean list were different from the 20
lines in the other unadjusted set, despite the fact that rank
correlations between adjusted and unadjusted means were
on the order of 0.9. The value of known checks for visual
observation through the season, as well as for block adjust-
ments in stress experiments, is quite high. This experience
was an eye opener for Mr. Hovny and will serve him well
in his work in Egypt.

Sced size yield component research at Nebraska seems
to be progressing well. There is a germplasm manipulation
component to this work which is financed by the Nebraska
Grain Sorghum Board. We are close to having medium seed
sized R lines generated which are reasonably well adapted
to the Great Plains. Very preliminary data suggest that
hybrids can now be made with seed sizes up to the 3.2 10 3.6
£/100 range (compared to 2.5 t0 2.9 g/100 in good commer-
cial hybrids) without sacrificing yield at least up in the 8000
kg ha! range. The influence of seed size on roller milling,
steam flaking and starch release properties will be tested
some time in the future. The immediate concern is determin-
ing whether or not we can generate a positive impact on yield
under good conditions and also get yield compensation,
through attaining larger seed size during grain filling, if
preanthesis stress has materially reduced the seed number
component of yield. Determining the influence of grain fill
length on seed size attained is a key investigation area.

(1]
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Objectives, Production and Utilization Constraints
Sudan

Enhance water use efficiency (WUE) in both sorghum
and nitrogen fixing legumes in sorghum based cropping
systems where N and H,O deficiencies are serious.

Egypt

Conduct a joint breeding/physiology water stress screen-
ing program at Fayoum and Shandoweel.

Assist Egyptian breeders in developing sorghum popula-
tions for Egyptian water/salt stress conditions.

Determine crop water use efficiency and nutrient use
efficiencies at different water levels, particularly in the New
Lands areas.

United States
Continue stress screening.

Expand research on stress resistance mechanisms
through heat shock protein and mitochondrial analyses.

Evaluate the relationship between grain fill length,
metabiotic pace and seed size.

Research Approach and Project Output
Suden

The current political situation in Sudan precludes travel
and interaction with Dr. S. Farah. Research was confined to
Mr. Gandoul’s Ph.D. thesis research which is summarized
below.

Water is usually, if not always, the most limiting produc-
tion constraint in the semi-arid tropics (SAT). Nutrients,
particularly nitrogen (N). run a close second. Efficient use
of both water and N is absolutely imperative. Developing
cultural systems to maximize WUE and nutricnt use effi-
ciency (NUE) requires understanding the nature of the water
x nitrogen (W x N) interaction in a given production situ-
ation. When soil N is very low, water and N effects are often
additive or greater than additive. In these kinds of farming
situations, credit is often unavailable putting commercial N
fertilizer out of the farmer’s reach. Under these circuni-
stances inclusion of a legume in the rotation or an intercrop-
ping system is critical. To be more succinct if you want to
increase sorghum production under such conditions it is
ofter <mart to increase legume production since growth
level is a good indicator of N-fixation level. Besides increas-
ing N availability for the associated cereal crop, legumes
generally recycle other nutrient elements from lower soil
depths and often help suppress cereal grain pests. If the
legume is a grain legume, it often generates cash which can

70

be used to purchase phosphorus fertilizer (to enhance leg-
ume growth) which is normally considerably cheaper than
commercial N fertilizer for the cereal crop.

Mr. Gandoul's legume stress performance work was
initiated with these facts in mind and with a view toward
screening measurements which could be made quickly as
opposed to slow N (acetylene reduction) measurements.
Again the thought was that if growth was rapid then N
fixation should be reasonably good in low N-limited water
soils. Screening evaluation measurements made were
growth (leaf expansion) and essential physiological proc-
esses or parameters necessary for growth such as photosyn-
thesis (Ps), respiration (R), transpiration (TR) and water
potential maintenance. The experimental legume used was
soybean since it is adapted to Nebraska and has near isogenic
normal and dense pubescence isolines available. Since
dense pubescence is reputed to impart more favorable stress
responses than the normal pubescence character, the influ-
ence of pubescence on N fixation related characters (Ps, TR,
R, growth, assimilate partitioning, etc.) was determined
hoping to relate some of the measurements to stress resis-
tance. A summary of the results follows:

A growth function (leaf expansion) will be considered
first since growth (cell expansion and cell division) is ordi-
narily influenced by stress sooner than most other casily
measured attributes. Figure 1 illustrates the growth re-
sponses to temperature of greenhouse stressed and fully
watered normal and dense pubescent isolines of Clark and
Harosoy soybeans. Under no stress there was a positive leaf
expansion rate (LER) up to about 26C after which LER
declined. The differences between the dense and normal
pubescent pairs under no stress were modest. By contrast
LER in stressed plants declined as temperatures rose above
21C. Furthermore the LERs of the dense pubescent isolines
were higher than the normal pubescence lines between 21
to 25C. The difference tended to decline between 25 and
30C as overall LERs declined.

Field growth data were similar as noted in Figure 2.
Weather was unfavorable in 1991 and superiority of the
dense pubescence isoline was much greater than in 1992
when wen.her was favorable. Higher ficld production in
1991 for the dense pubescent isoline follows the higher net
carbon exchange rates of the dense compared to normal
pubescent isoline (Figure 3). Note the much smaller differ-
ences between the isolines under the wet, cool 1952 condi-
tions. While NCE was higher in the dense pubescent isoline,
transpiration (TR) tended to be lower so instantaneous water
use efficiency (IWUE = NCE/TR) tended to be higher in the
dense pubescent isoline (Figure 4). Higher IWUE is defi-
nitely a plus under limited water conditions. The dense leaf
hair layer apparently increases the boundary layerresistance
to water flow out of the leaf. Night respiration in 1991
tended to be higher in the normal pubescent isoline under
both wet and dry conditions, especially dry (Figure 5).
Perhaps the higher respiration was due to a higher mainte-
nance respiration component due to the higher stress level
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(higher TR water loss and higher stress) in the normal
pubescent isoline. The final superior attribute of the dense
pubescent isoline was its greater percentage of reproductive
mass/total mass under both wet and dry conditions (Figure
6). Almost always when a plant experiences increasing
stress the reproductive mass declines faster than the vegeta-
tive mass. The normal was more stressed than the dense
pubescent line in this case.

A mechanistic analyses of Ps differences between the
dense and normal pubescent isolines shows (Figure 7) that
as stomatal resistance increases, a decline in Ps is forced,
suggesting a normal heavy stomatal control influence on Ps.
However, the fact that the internal concentration of CO, (Ci)
in the stomatal cavity increases, also suggests there are other
biochemical limitations in dark reactions, in addition to
stomatal control which merit evaluation as part of a stress
screening development and evaluation program.

Egypr

One component of Mr. Mohamed Hovny's dissertation
research in the U.S. was an experimental design choice
experiment on how to maximize the amount of information
which can be gleaned from stress testing experiments. One
difficult problem in stress testing is how to get reliable data
because of the high level of soil variability which is exposed
under stress conditions. A replication in blocks design with
two checks was used to test sorghum population S, families
and their S, progeny for heritability and stress selection for
advancing generations. Previous experience suggested us-
ing seven S;s and two S, selections from each S family plus
two checks in each replication. There were 2 replications per
block and 13 blocks. When the checks were used to adjust
block means 8 or 9 of the top 20 S, families changed
(depending on which of three environments was involved)
despite high rank correlations (generally 0.8 t0 0.9) between
adjusted and unadjusted means. Since the rank correlation
were done across all entries in the experiment, it is not
surprising that 8 to 9 discrepancies among the top 20 sur-
faced. Rank correlations obviously can be deceiving. The
advantages of secing known checks beside S or S, families
during the selection process outweigh the loss of higher
screening numbers of Sy or S, families due to space required
by the checks in the soil environment of this test. Each ficld
used for tests should be evaluated independenuly.

Networking Activities
Research Investigator Exchanges
Mohamed Hovny and Mr. El-Bakry (Egypt) training.

Germplasm and research infurmation exchange from
USAID/CRSP/NARP Project buyin to INTSORMIL. Three
populations, 12 L-lines, 2 A-lines were sent to Egyptand 15
lines were received from Egypt. Over $25,000 was sent to
Egypt to purchase research equipment (LiCor 6250 photo-
synthetic system, psychrometors, two computers, 2 bal-

ances, dewpoint generator and many other items), supplies
and/or other support.

Publications

Abstracts

Ngulube-Msikita, R., J.D. Eastin and F. Zavala-Garcia. 1994. Grain sor-
ghum panicle respiration and length of grain filling. Agron. Abstr. p.

Gandoul, G.1., 1.D). Eastin, and M.D. Clegg. 1994, Responses of soybean
leaf growth to water stress. Agron. Abstr. p. 149.

Zavala-Garcia, F., M. Chisi, P.J. Bramel-Cox, 1.D. Eastin and C.G.S.
Valdes Lozano. 1994. Reciprocal recurrent selection in sorghum,
Agron. Abstr. p. 107.

Kubik, K.K.,J.D. Eastin, and M.D. Clegg. 1994, Supersweet (Shrunken-2)
sweet corn: Combining strategies for improved stand establishment,
Agron. Abstr. p. 151,
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Figure 1. Relationship between temperature (C) and leaf expansion rate (LER) for dense Clark (CD), normal Clark
(CN), dense Harosoy (HD) and normal Harosoy (HN) under non-stress and stress conditions.
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Pearl Millet Germplasm Enhancement
for Semi-Arid Regions

Project KSU-101
W. D. Stegmeier
Kansas State University

Principal Investigator

Mr. W.D. Stegmeier, Millet Breeder, Kansas State University, Agricultural Research Center-Hays, 1232 240th

Avenue, Hays, KS 67601.

Collaborating Scientists

Dr. Aboubacar Toure, Sorghum Breeder and INTSORMIL Country Coordinator, DRA/IER, Bamako, Mali.
Dr. T. Harvey, Entomologist, Fort Hays Branch Experiment Station, Kansas State University, 1232 240th Ave-

nue, Hays, KS 67601.

Mr. Karim Traore, Millet Breeder, DRA/IER, Cinzana Expt. Station, Segou, Mali.
Drs. C.T. Hash, and K.N. Rai, Millet Breeders, ICRISAT Center, ICRISAT Patancheru PO, Andhra Pradesh

502 324, Hyderabad, India.

Dr. Anand Kumar, Principal Millet Breeder, ICRISAT, West Africa Sahelian Center, BP 12404, Niamey, Niger.
Dr. R.L. Vanderlip, Agronomist, Department of Agronomy, Kansas State University, Manhattan, KS 65506.
Mr. D.J. Andrews, Sorghum/Millet Breeder, Department of Agronomy, University of Nebraska, Lincoln, NE

68583-0910.

Drs. W.W. Hanna and G.W. Burton, Pearl Millet Geneticists, USDA/ARS, Coastal Plain Experiment Station,

P.O. Box 748, Tifton, GA.
Introduction

The landrace varieties of pearl millet that were developed
by farmers throughout the dry tropics typically are narrowly
adapted to their region of origin. They have been selected
for low input, subsistence farming on soils low in fertility
and, while consistent in their ability to produce at least a
small crop under adverse conditions, they usually have low
harvest indices (HI). Frequently these varieties have reduced
levels of tolerance or resistance to one or more of several
serious insect and disease pests, and to Striga parasitism.
Grain yields are often reduced by production hazards such
as poor stand establishment, drought stress, lodging, and
bird depredation. Several of these factors are constraints
encountered in the development of pearl millet as a mecha-
nized grain crop for the U.S. Great Plains area. Characters
incorporated into KSU-101 millet germplasm result in im-
proved ranges of adaptability, Hl, stand establishment,
drought stress tolerance, and lodging resistance. These have
been successfully exploited in India through collaboration
with ICRISAT personnel but have been difficult to incorpo-
rate into African millet germplasm. Downy mildew (DM)
disease susceptibility of KSU-101 materials has been the
main obstacle in the transfer of 71S germplasm to AfTica.
Whereas KSU-101 materials possessed sufficient residual
DM resistance to allow reselection for increased resistance
under Indian disease conditions, these levels of resistance
are insufficient under the virulent DM pressure in West
Africa. Attempts to transfer these characters as advanced
inbred lines have failed but it now appears that crossing Mali
varieties to KSU-101 breeding lines and returning the F and
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F, progenies to Mali followed by selection for the desired
traits should be successful.

Objectives, Production and Utilization Constraints
Objectives
Mali

To determine the efficacy of altemate cycles of crossing
and selection in the western U.S. Great Plains and Mali for
seed and plant characteristics enhancing stand estab-
lishment, drought tolerance, and wider adaptation. A
germplasm presumed to be Striga-resistant will be evaluated
in hybrid combinations with several Malian varieties.

Niger and Zimbabwe

To enhance and enlarge the germplasm base of collabo-
rative projects by the exchange of materials possessing
superior plant and seed characteristics.

ICRISAT/India

To continue the enhancement of A|, A4, B, Rj and Ry
inbred lines by cycling improved materials between projects
followed by crossing and selection at Patancheru and
KSU/Agricultural Research Center at Hays.
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Us.

To continue the development of pearl millet materials
with improved characteristics affecting productivity and to
determing the mode of inheritance of seed, seedling, and
plant characteristics affecting productivity and agronomic
responses,

Constraints

Numerous constraints to successful pearl millet produc-
tion exist throughout the dry tropics. Each constraint varies
in importance and/or severity in the different ecogeographic
zones addressed by INTSORMIL, and in the ease and degree
of success by plant breeding. Drought and heat stress are the
primary constraints in much of the dry tropics since millet
is grown in areas receiving limited erratic amounts of pre-
cipitation. Drought and heat stress influence poor seedling
establishment when associated with factors such as reduced
speed and vigor of germination, and seedling elongation,
shallow planting depths, elevated soil temperatures, and
rapid surface soil drying that interrupts germination. Seed
and seedling characteristics are also involved in the capabil-
ity of a seedling to penetrate and emerge through crusted
soils. The need for adequate levels of resistance or tolerance
to several insects and diseases such as downy mildew, smut,
and rust, and diseases affecting stalk and grain quality is a
continuing constraint, as many of these organisms readily
mutate to forms that overcome plant resistance. Bird depre-
dation is a common occurrence and the incidence of Striga
is becoming more severe as fields remain in cultivation for
longer periods of time between periods of fallow. Several
constraints and problems are associated with the use of the
crop, ranging from stalk characteristics needed for construc-
tion and forage to the apparent food quality of the grain in
regard to nutritional value, ease of processing, and consumer
acceptability.

Research Approach and Project Output
Research Methods

Standard breeding procedures for open-pollinated crops
are used. The pedigree breeding method is used for early
development of nearly all materials entering the program,
the advancement of elite lines, and lines extracted from
populations undergoing recurrent selection. Mass selection,
gridded mass selection, S progeny performance testing, and
recurrent restricted phenotypic selection (RRPS) methods
are used in population improvement. Screening and evalu-
ation is conducted at several U.S. and LDC locations.

New sources of breeding materials and materials for
collaborative work are obtained each year as landraces,
improved cultivars, F hybrids, inbred lines, and germplasm
sources of desired genetic traits. As these materials pass
through the quarantine greenhouse, seed is obtained from
random-mated plants (within the line), self-pollinated
plants of each line, and from crosses involving elite Kansas

materials as seed parents. All new accessions are routinely
exposed to the greenbug aphid, Schizaphis graminum (Ron-
dani), in seedling screening trials to determine resis-
tance/susceptibility reactions to damage caused by the
aphid.

As pait of the collaborative work with Malian millet
breeders, a study will determine if it is feasible to select
within groups of S lines of Malian introductions for root
systems capable of penetrating the B horizon of the silty clay
loam soils found in western Kansas. These soils are charac-
terized by a firm, hard, silty clay B horizon that contains an
average clay content of 45 to 52% in the B,t horizon. Many
of the accessions entering the program appear to have vary-
ing degrees of reduced drought tolerance when planted on
these soils, apparently because of difficulty establishing root
systems that will penetrate the B horizon, explore the soil
profile, and extract stored soil moisture deep in the profile.
Selection for improved plant:soil relationships or the ability
to penetrate these subsoils is possible within many of the
accessions when planted on these soils. This relationship, as
a form of drought tolerance, appears to be effective on
several other soil types. Differences between lines appear as
variations in total biomass production and date of onset of
leaf rolling under stress conditions. A primary concern
regarding selection for drought tolerance in the absence of
downy mildew disease pressure is that reduced levels of
resistance to downy mildew occur if selection extends be-
yond the S| or F, generations. Selection for this type of
drought tolerance will be limited to testing S, lines in
Kansas and returning remnant seeds of superior S;s to Mali
for evaluation and recombination under Malian growing
conditions. Superior S, lines are backcrossed to the best
hybrids and progenies obtained from crosses made during
the quarantine growout and are crossed to additional breed-
ing lines to generate segregating materials for selection in
Mali.

Seed and seedling characteristics affecting stand estab-
lishment are studied and evaluated under laboratory, green-
house, and field conditivns. Materials selected for longer
mesocotyl and seedling lengths are planted 100 mm deep in
greenhouse soil beds to obtain initial germination and emer-
gence indices, seedling vigor scores, and plant weights.
Field tests are conducted on raised beds to minimize damp-
ing-off disease problems associated with water-logged soils
and standing rain water. Seeds of materials placed in field
screening tests are planted at depths of 75 or 100 mm to
identify lines possessing superior emergence charac-
teristics.

Research Results

Precipitation amounts received in 1993 were 73 percent
above normal. All low-lying areas of the station were
flooded in mid-July to depths of two meters or more for
periods of two to five days causing severe damage to about
50 percent of the breeding program materials. All perform-
ance tests of populations, population topcross hybrids, and
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experimental testcross hybrids were abandoned. Thirty of
33 small (60 to 100m?) isolated crossing blocks and seed
increases were abandoned. Variable damage levels were
observed within five of the larger (0.2 to 0.4 ha) blocks
planted to random-mating populations.

Emphasis is being placed on developing a population of
breeding materials, elite inbred lines, and genetically broad
based populations useful to collaborators in LDCs and in
U.S. agriculture. This is a continuing activity with imported
accessions entering the program each y r to increase the
genetic diversity within the program. Progress, as measured
by increases in yield potential, agronomic fitness, and adapt-
ability to a wider range of environments, is enhanced with
new accessions that have received breeding inputs in the
cooperating program,

Accessions

Twenty-four accessions from Mali were grown in quar-
antine and crossed to elite KSU-101 lines to produce 77 F,
hybrids. Seven of the Mali lines were crossed to a line from
Yemen that was reported to be resistant to Striga, producing
13 hybrids.

A total of 72 Malian millet cultivars and synthetics have
been imported since 1991 and crosses to elite KSU-101
breeding materials have produced 369 hybrids. Photoperiod
sensitivity is common in the Malian materials and only a few
lines such as the Souna/Sanio and Souna/Togo materials
flower sufficiently early to allow crossing under field con-
ditions in Kansas. The early maturity of the Kansas parental
materials is dominant in about 80 percent of the hybrids and
segregation for a wide range of maturities occur in the F,
generation, Photoperiod sensitive hybrids are grown in the
greenhouse to produce F, seeds, however, recovery of early
maturing segregates within these materials requires the
growing of large F, families. Drought stress evaluations of
S, selections from four Malian cultivars could not be deter-
mined this year. Above normal rainfall throughout the grow-
ing season provided good growing conditions. Differences
in biomass production were evident and superior &, lines
will be used in future crossing efforts.

The characteristic long-headed phenotype of West Afri-
can pearl millets appears to be regulated by several recessive
genes. Maximum expression of this phenotype occurs in
medium- and late-maturity genetic backgrounds. With the
exception of one cross, all hybridization efforts between
short-headed (togo-type) and long-headed millets result in
short-headed hybrids and very low recovery rates of long-
headed progenies in segregating generations. It is usually
more expedient to backcross superior segregates to the
long-headed parental line to obtain phenotypically desirable
long-headed progenies.

The cross Serere 3Ad, (78-7088) X GR-PI produced a

tall, long-headed (60-80 cm) F; hybrid with head charac-
teristics similar to those of GR-P1. The GR-P1 head is 60 to
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75 cm long with a base diameter of 45 to 55 mm and tapered
to a tip 25 mm wide. Heads of 78-7088 are also tapered and
22 to 28 cm in length. This cross has produced several
desirable F, to Fy segregates producing three to five syn-
chronously flowering tillers per plant, head lengths of 34 to
75 cm, and ranging in height from dwarf to tall. Crosses to
a variety of materials are being made to determine if the
GR-P1 head length characteristics can be utilized to improve
recovery rates of long-headed segregates from crosses in-
volving other Malian cultivars. Two of these hybrids have
produced heads intermediate in length

Pedigree Breeding

Inbred line development continued with selection within
3500 F5, S,, and advanced generation lines derived from
both the pedigree breeding and population improvement
programs. Several genetic height modifiers influence the
expression of plant height within the range of plant heights
considered to be controlled by the d, height gene. In dry
years plant heights of these materials range from 70 to 120
cm and in years of average or above normal rainfall, particu-
larly if conditions are optimal when stalks are elongating,
the d, height range extends from 90 to 175 cm. Selection for
improved grain yield potential in drougiiy envitonments
results in retaining an increased proportion of segregates
from the upper end of the d, height range. The longer
internodes of these plants increase the distance between
leaves which apparently improves light interception and
photosynthetic activity of the plant canopy. Whereas plant
heights of 90 to 150 cm are desired for mechanized agricul-
ture, the taller plant heights would be acceptable for Malian
intercropping situations. For this purpose, several elite, tall
(150-175 c¢m) d, dwarfs were crossed to accessions from
Mali to generate segregating materials for selection in Mali.

Improved stand establishment characteristics have been
obtained by selecting for increased mesocotyl length by
planting to depths of 100 mm in the greenhouse and 75-80
mm depths in the field and identifying early emerging
seedlings with rapid rates of mesocotyl elongation. When
placed at normal planting depths seedlings of lines having
long and rapidly elongating mesocotyls emerge 0.5 to 2 days
earlier than unselected lines. Limited data indicates lines
with improved emergence capability produce larger plants
with increased dry matter contents at 10 days after emer-
gence. Several superior lines have been selected that emerge
from 75 to 80 mm planting depths to final stands that equal
their stands attained when planted 35 mm deep, although
emergence from the deeper planting depths requires an
additional one to two day period of time.

Male sterilization by backcrossing in the Aj and Ay
systems was continued within 290 A/B pairs. Another group
of 132 A-lines, including several A, lines, were tested in
hybrid combinations with two tester R-lines. The maintain-
ers of Aj lines with good combining ability in hybrid com-
binations are being backcrossed into the A, male sterility
system along with several superior R lines. At this time,
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with only limited testing, we have tentatively identified six
restorer lines for the A4 system within this program but more
than 314 lines have been crossed to A, lines for evaluation
in 1994, Several ICRISAT and UNL-1 18 R, lines have been
obtained and are being crossed to elite R, lines. Nearly all
of the lines presently in the sterilization program are derived
from crosses involving advanced KSU and ICRISAT mate-
rials that have received previous breeding attention. Few
B-lines selected from initial crosses involving landrace and
village varietal materials are sufficiently adaptive and pro-
ductive to survive screening but their value as sources of
diversity increases following additional crossing and back-
crossing to elite KSU lines.

The data presented in Tables 1 and 2 are indicative of the
progress made and problems that exist in developing pearl
millet as a grain crop for the central Great Plains. The
development of millet hybrids with maturity characteristics
that approximate maturities of adapted sorghum hybrids has
resulted in similar grain yield potentials. However, breeding
and selection is needed to reduce plant heights of these
hybrids to 150 cm or less and to improve resistance to
lodging before pearl millet hybrids can be considered as
adapted to mechanized farming conditions. Exchanges of
improved germplasm materials with ICRISAT have been
continuous since 1979. Crosses made in 1982 and 1985

resulted in the development of R-line 89-0083 and A-lines
90-0240 and 90-0328. Inbred male-fertility rcstorer lines
derived from crosses involving 1985 to 1988 introductions
are presently producing experimental hybrids with im-
proved plant and agronomic characteristics and with yield
potentials as shown in Table 2.

Lodging

Lodging stalk of millet is a production problem occurring
in both LDC and mechanized farming systems. Harvest of
the crop in the dry tropics is often performed when the grain
is physiologically mature but prior to the drying of foliage
and stalks, whereas with mechanized harvest, the crop must
remain standing in the field until the entire field is ripe and
the grain has dried sufficiently to thresh and separate cleanly
from plant debris. Lodging of millet can be caused or
influenced by several factors: discases and insects, root
lodging in clay or hardpan soils, reduced secondary and
brace root development, nodal abscission layers, and shriv-
eling and disintegration of parenchyma tissues in the stalk
peduncle and intemodes when the plant is drought stressed
as it approaches physiological maturity.

Root lodging is observed only in tall landrace accessions
whose root systems spread horizontally and penetrate poorly

Table 1. Agronomic and grain yield performance of advanced experimental A| cytoplasmic male-sterile lines in
hybrid combination with tester males (averages of two tests grown at Kansas State University, Agricultural

Research Center at Hays, 1992, 1993).

Grain yicld Bloom Plant height Lodging

kg ha! days cm percent
Funk’s 550 Sorghum 6280 68 130 5
90-0240/ 89-0093 6110 63 185 35
90-0302 / 89-0093 5800 61 185 50
90-0205 / 89-0093 5470 60 160 25
90-0189/89-0093 5460 56 160 30
90-0207 / 89-0093 5440 63 165 30
90-0080 / 89-0083 5440 63 165 30
90-0240/ 89-0083 5430 62 168 25
90-0197/ 89-0093 5430 59 163 25
90-0323 / 89-0093 5400 61 155 25
90-0127/ 89-0093 5390 58 160 45
90-0021 / 89-0093 5320 56 152 30
90-0070 / 89-0093 5280 55 150 35
91-1150/ 89-0083 5220 58 147 30
90-0025 / 89-0093 5190 57 155 25
90-0030 / 89-0093 5090 59 150 25
79-2068 / 89-0083 Check 3540 59 140 60

Table 2. Grain yield and agronomic performance of advanced R1 male-fertility restorer lines in hybrid combination
with tester female lines of similar maturity. (From Test 5, Hays, 1993.)

Grain yield Bloom Plant height

kg ha-! days cm
90-0240/91-1047 7660 66 157
79-2068/92-1123 6920 57 119
Funk’s 550 sorghum 6640 66 119
90-0240/92-1063 6340 68 152
81-1056/92-1091 5850 61 142
90-0328/92-1107 5640 63 147
81-1056/92-6166 5610 56 122
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into hardpan and the B horizon of the soil. These plants are
easily uprooted in severe wind storms. Breakage at a stalk
node appears to be inherited as a simple recessive trait and
can be eliminated by selection in early segregating genera-
tions. Crown lodging associated with stalk diseases such as
charcoal rot occurs frequently in this environment. The
post-flowering drought stress necessary for charcoal rot
development is present in varying degrees in nearly all
growing seasons. This provides an opportunity to select for
reduced incidence and severity of charcoal rot, and im-
proved lodging resistance in nearly every generation in the
development of lines and populations.

Lodging resulting from parenchyma tissue shrinkage and
detachment from the stalk rind, when millet is stressed
during the late seed-fill period, continues to be a severe
problem. Apparently, this type of lodging does not occur in
the dry tropics, however, it occurs in every tropical acces-
sion that flowers sufficiently early to produce mature seed
at this latitude. It is closely associated with improved seed
set and grain yield indicating the presence of a source-sink
relationship. Materials with seed sets of 10 to 30 percent
seldom lodge but lodging percentages rapidly increase as
seed set levels of 80 to 100 percent are obtained and as grain
yield levels increase.

Crosses involving IF2789, an early-maturing, club-
headed line from Mauritania (via the ICRISAT germplasm
repository) have produced early-maturing progenies in
which parenchyma tissues remain intact and attached to the
stalk rind. Superior progenies have been crossed and back-
crossed to elite maintainer and fertility restorer lines. Lodg-
ing resistance in F, and F, progenies appears to be controlled
by a recessive factor but good data sets have not been
obtained. Some of the hybrid combinations of susceptible X
resistant lines have intermediate levels of lodging indicating
the factor conditioning lodging resistance may act as a
partial dominant trait in some genetic backgrounds.

Population Improvement

Recurrent selection using mass-selection has been used
on six to eight populations each year and the S; progeny
performance methods is used to advance one or two popu-
lations each year. Three normal height populations were
advanced using mass-selection. Two of these populations,
HMP559 and HMPWCC, are based on different germplasm
sources and are being improved for drought tolerance and
yielding ability under low soil fertility conditions. HMPBR,
a bristled, bird-resistant population, has a normal height
phenotype but also possesses d; and d, dwarfing genes.
PI185642 is a medium-tall, early-maturing, large-seeded,
togo-type landrace from Ghana that has been mass-selected
for increased seed size and lodging resistance.

Dwarf (d,) subpopulations have been extracted from both
HMPBR and P1185642 using glyphosate (Roundup) applied
with a wick applicator to destroy normal height plants prior
to anthesis. Phenotypically the dwarf subpopulations with
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plant heights of 0.9 to 1.2 m appear to be nearly identical to
the original populations (plant heights of 2.0 to 3.1 m)
except for the differences in height.

The development of dwar{ population LMSE for im-
proved characteristics affecting stand establishment contin-
ues to show promise. Four cycles of selection pressure using
75 to 85 mm planting depths has significantly reduced the
incidence of short mesocotyl genotypes and long mesocotyl
seedlings unable to emerge through the soil overburden.
Selective thinning of the stand following emergence has
been effective in increasing the proportion of vigorous seed-
lings showing rapid plant development and leaf expansion.
The improved stand establishment capability of LMSE was
noted in 1992, Comparative data were not obtained in 1993
because of heavy rains during the period of emergence and
the presence of dampening off diseases. This method of
mass selection has been applied to populations HMPBR d,
and P1185642 d, by planting alternating four row blocks
within their isolations at 75 to 85 mm in 1992 and the entire
populations at that depth in 1993,

Collaborative work was started with Dr. Glenn Burton,
Tifton, Georgia to determine if the RRPS procedure could
he adapted to improve grain yield potential of a narrow
genetic-based millet population with a low to moderate
grain yield potential. Dr. Burton’s use of RRPS to increase
forage yields of Pensacola bahiagrass resulted in the same
rate of progress being obtained with both narrow and wide
genetically based populations, and the gain per cycle was
four times more efficient than standard mass-selection. The
largest seeds (seeds held on a 3.2 mm round hole screen) of
P1185642 d, were used as a base population to establish the
initial polycross of 208 plants in the Tifton winter green-
house. Restricted half-sib progenies were generated by pol-
linating each plant with bulked pollen collected from all
flowering plants in the population. The 80 progenies with
the highest per plant grain yields and the base population
were planted in a 9 x 9 lattice progeny performance tests at
FHES each year. Phenotypic variability for grain yield (62
to 140 percent of the test mean in 1993) was greater than
expected considering the narrow base of the population. A
20 percent selection factor in cycle 2 gave a 14.73 percent
selection differential for the 16 entries selected for the cycle
3 polycross. When compared to the 14.87 percent SD ob-
tained from cycle 1 testing it indicates minimal decrease in
genetic variability within the population as a result of pre-

~ vious selection. The low correlation coefficients involving

grain yield and plant height (+0.25) may indicate possible
trends.

Networking
Research Investigator Exchanges
Oct. 6-7, 1993. Traveled to Lincoln and Mead, Nebraska

to view UNL-118 program and evaluate KSU-101 materi-
als.
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Oct. 16-25, 1993. Traveled to Mali.

Jan, 28-Feb. 18, 1994. Conducted breeding operations in
the Mexico winter nursery.

Germplasm Exchange
Germplasm conservation use

Twenty-four cultivars and germplasms were obtained
from Malian collaborators, 145 lines from ICRI-
SAT/Patancheru, and a total of 70 items from UNL-118.

Thirty F| hybrids of KSU-101 X Mali lines and Yemen
(Striga resistant) X Mali lines and nine S, selections from
the Yemen source were sent to Mali. Materials sent to
ICRISAT/Patancheru included 50 elite inbred lines and 150
half-sib selections from population HMP BR d2.

Domestically, a set of the ICRISAT and Mali introduc-
tions and several inbred lines were sent to UNL-118
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Breeding Sorghum for Tolerance to Infertile Acid Soils

Project MSU-104
Dr. Lynn M. Gourley
Mississippi State University

Principal Investigators

Drs. Lynn M. Gourley, Department of Agronomy, Mississippi State University, Mississippi State, MS

Collaborating Scientists

Susana A. Goggi and Brian S. Baldwin, (Served as U.S. Coordinators of MSU-104 while Dr. Gourley was
working with KARI in Kenya), Department of Agronomy, Mississippi State University, Mississippi

State, MS

Dr. Juan Jaramillo, Director of Cereal Crops, ICA, Apartado Aereo 6712, Cali, Colombia (Host Country

Coordinator)

Mr. Luis de Angulo, Vice President Community Affairs, Arauca Project, Occidental de Colombia, Inc.,

Apanado Aereo 092171, Bogota, Colombia

Dr. Fabio Polania, Technical Director, FENALCE, Apartado Aereo 8694, Bogota, Colombia

Mr. J.K. Rutto, Deputy Director, Crops, Soil and Water, KARI; and Dr. A.M. Mailu, Associate Director of
Crops, KARI, P.O. Box 57811, Nairobi, Kenya

Mr. B.M. Kanyenji, Sorghum Breeder and National Sorghum and Millet Coordinator; and Dr. Lawrence
M’Ragwa, Pearl Millet Breeder, Katumani National Dryland Farming Research Center, P.O. Box 340,

Machakos, Kenya

Mr. C. Mburu, Sorghum Breeder, and Mr. C.O.A. Oduori, Finger Millet Breeder (currently on study leave at
MSU), Kakamega Regional Research Center, P.O. Box 169, Kakamega, Kenya
Drs. Sam Z. Mukuru, Sorghum Breeder; and Stanley King, Plant Pathologist, SAFGRAD/ICRISAT, P.O. Box

30786, Nairobi, Kenya

Dr. Guillermo Munoz, Plant Breeder, former MSU-1i 1 1, (currently with Pioneer Hi-Bred International)
Dr. Henry Pitre, Entomologist, MSU-105, Department of Entomology, Mississippi State University,

Mississippi State, MS

Dr. jerry Maianville, Plant Nutritionist, UNL-114; and Mr. David Andrews, Sorghum and Pearl Millet Breeder,
UNL-118, Department of Agronomy, University of Nebraska, Lincoln, NE

Dr. Gebisa Ejeta, Sorghum Breeder, PRF-107, Department of Agronomy, Purdue University, West Lafayette, IN

Dr. Darrell Rosenow, Sorghum Breeder, TAM-122, Texas A & M University Agriculture and Research

Center, Route 3, Lubbock, TX
Summary

The latter part of Year |5 was a time of reorganization
for MSU-104. The MSU-104 PI returned to Mississippi
State University from Kenya after working four and one-
half years as a sorghum and millet technical advisor to the
Kenyan Agricultural Research Institute (KARI) through an
INTSORMIL buy-in. The INTSORMIL Colombian Prime
Site was terminated due mainly to travel restrictions im-
posed by the U.S. Embassy in Bogota.

This project will now be focused on the production
constraints in the East African region. Kenya is currently the
logical choice as the country within the region which could
serve as a center to develop and transfer sorghum and millet
technology throughout the region. Kenya is centrally lo-
cated. geographically representative of the area, has demon-
strated long-term stability, is a communications center used
by many NGOs and PVOs operating in the region, and has
operational seaport, rail, road and international airport fa-
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cilities. With KARI, INTSORMIL now has many U.S
trained collaborators.

In 1994, two sorghum hybrids were entered in the Keny:
National Performance Trials by Kenya Seed Company, :
partially government owned organization. This is unusua
in two respects. First, they are the only hybrids in the tria
and second, the inbreds used to produce these hybrids wer:
developed in the INTSORMIL Colombian acid soil breed
ing program. Stress screening for tropical acid soil toleranc;
appears to impart tolerance and stability to sorghum grow
ing in low-input environments. In subsistence agriculture
stable performance under low-input production practices i
more importait than high yields.

Hybrids have many advantages over inbred varieties i1
the infertile-soil environment: hybrid seedlings exhibi
more vigor during emergence and early plant growth; hy
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brids are almost always more stress tolerant and usually
yield more grain than the most tolerant parent; and hybrids
generally produce more extensive root systems and exploit
available soil nutrients and water better than varieties. The
value of using the holistic plant breeding approach and
measuring the final product. grain, was evident.

Inbred lines which produce high yielding hybrids, toler-
antto infertile soils of the tropics, will be the next generation
of releases from the collaborative research of this INTSOR-
MIL Project and National sorghum breeding programs.
Since tolerance to the infertile soil complex appears to be
dominate in sorghum, either tolerant pollinator or seed
parent lines can be used to produce commercial cytoplas-
mic-genic hybrids in tropic or temperate zones.

Objectives, Production and Utilization Constraints
Objectives

Screen and evaluate sorghum and pearl millet, in the
laboratory and field, for sources of tolerance to infertile
soils, low soil phosphorus (P) content and availability, and
aluminum (Al) and manganese (Mn) toxicities.

Enhancement of'elite U.S. and LDC sorghum germplasm
with sources of tolerance to infertile soils, and Al and Mn
toxicities.

Train selected U.S. and LDC personnel.
Constraints

In tropical countries throughout the world, sorghum and
pearl millet are generally planted on infertile, marginally
productive lands. Large areas of highly weathered, leached
soils make most of these countries the least productive
agriculturally in the developing world. Predominantly these
soils are acid, deficient in most macro and micro mineral
elements, and contain toxic levels of soluble Al and some-
times Mn. Acid soils are found both in humid and arid
regions of the tropics.

This project addresses, through breeding, three major
production limiting constraints of tropical soils; low-input
production on infertile soils, phytotoxic levels of Aland Mn,
and low P availability. To ensure that the end product of the
breeding program is useful, yield and yield stability, disease
and insect resistance, and acceptable grain quality must also
be addressed.

Research Approach and Project Output
Pearl Millet Breeding in Kenya

One cycle of divergent phenotypic recurrent selection for
seedling root length was conducted within each of two

genetically diverse pear] millet populations. Early Dwarf
Synthetic (EDS) is a subpopulation with very carly (blooms

in approximately 45 days) dwarf plant type (about 60 ¢cm in
height) and four or more erect uniform tillers having com-
plete selfed seed set which was derived from the original
Nebraska Dwarf Pear| Millet Population (NDMP), as iden-
tified in a progeny test conducted in 1585 and released as
NPM-2. NDMP originated from a dwarf population of pearl
millet obtained in 1977 from Dr. A. J. Casady, Kansas State
University, Manhattan, Kansas. The dwarf population was
composed of breeding material from the pearl millet breed-
ing programs at Serere, Uganda and Bambey, Senegal. The
seed used in this study was provided by Professor David J.
Andrews, University of Nebraska, Lincoln, Nebraska.

Tift #2 S-1 i> a bulk of equal quantities of seed from 740
accessions, most of which originated from Africa. Seed
were bulked from 20 or more selfed plants of each accession.
Tift #2 S-1 is a source of both dominant and recessive
qualitative and quantitative genes. In a random sample of
300 plants, plant height and infloivscence length ranged
from 90 to 370 cm and from 15 to 66 cm, respectively. Tift
#2 S-1 was developed cooperatively by USDA-ARS and
University of Georgia, Coasta!l Plain Experiment Station,
Tifton, Georgia. Seed of S1 was provided by Dr. Wayne W.
Hanna, USDA-ARS, Coastal Plain Experiment Station,
Tifton, Georgia.

Selection for seedling root length in sand culture was
conducted in the greenhouse at Mississippi State University.
Paper cups (10 cm diameter by 16.5 cm deep) were filled
with washed sand, arranged in metal trays on a greenhouse
bench, and watered to field capacity with tap water. Four
plants were established in each cup. Plants were fertilized
and watered for seven days as required. A total of 180 cups
were prepared and 720 plants of each population evaluated.

Seven days after planting, each cup was slit open on the
side and the seedlings were carefully washed in a water filled
bucket to clean sand from the roots. Seedlings were then
placed on moist paper towels, and their roots were straight-
ened. Root length of each seedling was measured from the
point where the primary root was attached to the seed to the
root tip.

The longest and the shortest 15% of the seedlings with
respect to root length withir each population were evalu-
ated, selected, and replanted in a cup that was filled with
moist sandy soil. One selected seedling was planted in each
cup. The cups were then put in trays on the greenhouse
bench. These plants were transplanted to the field six weeks
after selection. Two divergent populations selected for seed-
ling root length in sand culture were derived from each
parent population.

Seedlings of the four selected populations were trans-
planted in isolation blocks 12 by 12 m with seedlings on |
m centers within each block. After maturation, each plant
was harvested, threshed, and weighed separately. Seed of
each plant within a given block were bulked in equal quan-
tities to constitute the cycle one populations.
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The test locations in Kenya were Katumani and Kiboko
in Eastern Province of Kenya in semi-arid agroecological
zone IV with bimodal rainy seasons. The long rain (LR)
season begins in March and ends in May. The second or
short rain (SR) season begins in October and ends in De-
cember. The SR season is more reliable for crop production
than the LR season, thus, most pear! millet and sorghum are
grown in the SR season. Katumani is 1575 m and Kiboko
975 m above sea level. Soils at both location are alfisols.

The tests were planted in November during the 1991 SR
season and in April during the 1992 LR season. Both loca-
tions were dry planted in the 1991 SR season, irrigated on
day 1 to initiate the study, and received 289 and 294 mm of
rainfall in the next 100 days at Katumani and Kiboko. The
Katumani test was wet planted and the Kiboko test dry
planted for the 1992 LR season. Both trials were irrigated
on day 1, and received 261 mm. No recorded rainfall oc-
curred in the next 100 days at Katumani and Kiboko. The
Kiboko test was irrigated sparingly during the 1992 season;
however, rainfall was poorly distributed and there were
intra-seasonal water stress periods at both locations.

The experimental design was a randomized complete
block with four replications in which populations derived
from each parent population were planted together to pre-
vent shading of dwarf EDS populations by the taller S1
population. Each plot consisted of threc rows, 4.8 m long
and 0.9 m between rows. Seeds were hill planted 60 cm apart
within the row and thinned to one plant per hill, two weeks
after planting. Each row contained eight plants. Measure-
ments were made on the eight plants in the middle row where
possible. The objective of the experiment was to evaluate
the effects of selection for seedling root length on yield and
yield components.

Retesting the selected populations after random mating
sliowed that selecting for longer roots in sand culture was
effective. The cycle one LR populations for EDS LR and S1
LR were both significantly longer than their parent popula-
tions. Population S1 SR was significantly shorter than S1;

however, EDS SR was not different from EDS. Realized
heritability for S1 LR was 0.23 and 0.29 for S| SR. Realized
heritabilities for EDS SR and EDS SR populations were 0.60
and 0.00, respectively.

In a Kenyan test not reported here, seedling emergence
of S1LR was significantly greater than that of the S1 parent,
but this trend was not observed for the EDS LR population.
Seedling shoot height, a measure of growth and vigor, for
the S1 parent population was significantly shorter than SI
LR at Kiboko for four of the five dates of measure for 1991
and for all five dates in 1992. There were few differences
among the EDS populations. For the S| population, selec-
tion for longer seedling root lengths also had faster shoot
elongation. Selection for long seedling root length may have
promise as a means of improving seedling vigor and emer-
gence.

Mean plant grain and stover weight of parental and
selected pearl millet populations grown at Katumani and
Kiboko, Kenya in 1991 and 1992 are shown in Table 1.
Nearly all S| population means were larger than those for
EDS populations. This was due to the generally taller plants
in the S1 populations and the positive association of height
on yield.

The S1 LR population produced more grain than the Sl
parent population at Katumani in 1991 and more grain and
stover at Kiboko in 1992. The trend of more grain and stover
production of SI LR than for the S1 parent and SI SR
populations for both locations and years can be seen from
the means. Due to the limited plot size (8 plants), error was
high and differentiation of mean differences was limited.

Few differences were observed among the EDS popula-
tions for either location or year. There was some indication
that the EDS parent population produced more grain than
the EDS LR population. The few differences observed
among the EDS populations was probably due to overall
uniformity of the EDS populations in general.

Table 1. Mean plant grain and stover weight (g) of parental and selected pearl millet populations grown at Katumani

and Kiboko, Kenya in 1991 and 1992.

Katumani Kiboko
1991 1992 1991 1992
Populations! Grain Stover Grain Stover Grain Stover Grain Stover
S1 Populations
S1 Parent 102.5b 167.8a 60.4a 236.6ab 93.4a 188.9a 57.2b 80.6b
SILR 174.3a 188.3a 88.9a 318.3a 124.0a 255.8a 112.1a 174.6a
S1SR 135.0ab 197.0a 75.5a 168.1b 1154a 189.0a 59.1b 88.2b
EDS Populations
EDS Parent 80.4a 52.8a 62.2a 57.1a 72.5a 64.9a 49.0a 30.0a
EDS LR 67.6a 44.8a 38.6b 47.1a 58.0b 64.5a 453a 32.0a
EDS SR 63.1a 46.7a 58.6a 61.9a 67.0ab 68.4a 36.9a 21.8a

Mecans within a column and a population set (i.e., Si or EDS) followed by the saine letter are not significantly different according to the t-test (’<0.05).

! populations designated $1 are from Tift #2 S-1 (parent), a bulk of equal quantitics of seed from 740 mostly African accessions (Hanna, 1990). Populations designated EGS
are a subpopulation calied Early Dwarf Synthetic which was derived from the original Nebraska Dwarf Pearl Millet Population (NDMP) (Andrews et al., 1992). The longest
(LR) and shortest (SR) 15% of the seedlings sclected for toot length in sand culture from parent populations in a divergent selection procedure were random mated and

consistute cycle onc populations in this recurrent selection scheme.

Adapted from Ph.D. Dissertation of Dr. Lawrenee M'Ragwa. Divergent selection for scedling root length and coleoptile length in pear) millet (Pennisetum glaucum (L) R.

Br.] and effects on seedling emergence, seedling vigor, and agronomic traits.
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The EDS populations were of interest for direct use by
farmers in the semi-arid areas of Kenya. Local pear] millet
cultivars tend to be too tall and late. Farmers are interested
in these early dwarf types for several reasons. Drought
avoidance is the key to survival in semi-arid areas where
rainfall is poorly distributed and unreliable. Farmers are
willing to sacrifice yield for yield stability. Shorter plants
lodge less, require less total water and fertility, and appear
to be more bird resistant than taller and later maturity local
cultivars. Birds are more visible in the shorter plants and
perhaps are more vulnerable to predators and man when
feeding close to the ground. Both the S1 and EDS popula-
tions will add a tremendous amount of genetic variability to
the Kenyan pearl millet breeding program.

Sorghum Breeding in Kenya

Thirty-four genotypes consisting of six cytoplasmic ge-
netic male sterile (A-lines), represented by their respective
maintainer (B-lines), as female parents, four restorer (R-
lines), as male parents, and their 24 F, hybrids from a North
Carolina Mating Design I were utilized in this study. The
low pH tolerant lines used were from the MSU-104 breeding
research conducted in Colombia and had not been tested in
Kenya before. -

The Obambo location in which this study was conducted
is about 1200 m above sea level, has soil of about pH 5.2-5.5
with low fertility, and is where sorghum is an important crop

in the subsistence farming systems. The trial was conducted
ona farmer’s field which had no history of farmyard manure
or fertilizer applications.

Trials were grown in 1990 and 1991 during the long rain
seasons. The experimental design was a randomized com-
plete block with four replicates. Plots consisted of a single
row 5 m in length with 75 cm between rows. After emer-
gence, seedlings were thinned to 20 cm between plants
within rows. Pre-emergence herbicides and fertilizers were
not used. This was done to simulate typical sorghum man-
agement practices of Western Kenya. Periodic sprays of
recommended insecticides were used to control major insect
pests and birds were scared from the plot from the grain
filling period through harvest. The trial was maintained
weed-free throughout the growing period.

Mean grain and total dry matter yields and harvest index
of the 24 sorghum hybrids grown at Obarabo, Kenya in 1990
and 1991 are shown in Table 2. The analyses of variance
showed that genotypes, parents, and Fs were significantly
different for all variables for both years. Within Fis, males,
females, and the M x F interactions were significant for all
variables for both years except total DM in 1991 for males
and the M x F interaction; and harvest index for females in
1991.

Grain yiclds, total DM yields, and harvest indexes ranged
from 819-4020 kg ha!, 2673-9300 kg ha-!, and 17-53%;

Table 2. Mean grain and total dry matter yields and harvest index of 24 sorghum hybrids grown at Obambo, Kenya

in 1990 and 1991.

1990 1991
Yicld Harvest Yicld Harvest
Hybrid Grain Total DM index Grain Total DM index
----kgha'!---. x 100 ----kghat-o-- x 100
Tx623 x IS 7254C 1611 4018 37 1905 6218 38
Wheatland x 1S 7254C 2210 5560 41 789 3061 29
B-Yel P! x IS 7254C 1247 6913 18 1206 3891 3)
ATI152 x 1S 7254C 2321 6020 40 886 3977 20
AT210x 1S 7254C 886 5120 17 505 1927 33
AT136 x 1S 7254C 819 2673 30 1086 3799 32
Tx623 x 1A 28 2981 7033 42 2535 5558 47
Wheatland x 1A 28 2659 7067 38 2326 4315 61
B-Yel PI x 1A 28 2671 7453 39 2381 4307 55
ATI52x 1A 28 3797 9300 41 3636 6324 57
AT210x 1A 28 2375 5067 47 1741 3692 47
ATI36x1A 28 1741 4587 38 2817 5287 54
Tx623 x Tx430 1813 5153 39 2153 5039 43
Wheatland x Tx430 2750 8020 36 2007 3803 56
B-Yel PI x Tx430 1317 4927 27 1607 3661 46
ATI152 x Tx430 3745 7433 53 2423 3757 70
AT210 x Tx430 2891 7127 41 2332 4500 55
ATI136 x Tx430 1364 4113 34 2243 4915 44
Tx623 x Tx432 1661 4927 35 3031 6598 47
Wheatland x Tx432 3493 7893 46 1156 3262 35
B-Yel PI x Tx432 2528 5713 49 2497 5171 49
ATI152 x Tx432 4020 8273 50 1275 3314 39
AT210 x Tx432 1769 6600 28 1555 3127 51
AT136 x Tx432 3330 6980 48 1747 4669 38
Mean 2333 6188 38 1910 4340 45
LSDy s 1672 3248 22 1489 2334 24

Adapted from Ph.D. Dissertation of Dr. Vincent Makumbi Zake. Inheritance of tolerance to soil acidity and effects on agronomic characteristics and leaf mineral element con-

centrations in sorghum (Sorghum bicolor (L.) Moench].
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and 505-3636 kg ha!, 1927-6598 kg ha!, and 20-70% for
1990 and 1991, respectively. Grand means for grain yield
of the hybrids were 2333 kg ha'! in 1990 and 1910 kg ha"!
in 1991, which was indicative of the better growing season
in 1990. From the overall variable means in Table 2, it can
be seen that grain and total DM yields were higher in 1990
than in 1991. Proportionately more stover than grain was
produced in 1990 than 1991, resulting in a lower average
harvest index for 1990.

In general, hybrid arrays with Tx623, Wheatland, and AT
152 as female parents; and 1A 28 and Tx432 as male parents
were superior in grain yield than other inbreds. General and
specific combining ability effects for grain yicld of the 24
hybrids grown at Obambo, Kenya in 1990 and 1991 are
shown in Table 3. The GCA effects for males and femaic
were significantly different from zero in 1990 except for
male Tx430; and in 1991 except for male Tx432 and females
B-Yel PI, AT 152, and AT 136. Among the males, 1A 28
consistently produced high positive GCA effects and IS
7254C consistently produced high negative GCA effects.
The other males produced inconsistent GCA effects. Among
the females, AT 152 consistently produced positive; and AT
210 negative GCA effects. The GCA effects for the other
females were inconsistent.

Hybrids producing positive SCA effects significantly
different from zero in 1990 were At 136 x Tx432 (1050), At
210 x Tx430 (931), and Tx623 x 1A 28 (594); and in 1991
were AT 152 x 1A 28 (918), Tx623 x Tx432 (658), B-Yel
PI x Tx432 (607), and AT 210 x Tx430 (581). Most of the
highest yielding hybrids produced their high yields by
means of both positive GCA and SCA effects.

1A 28 was the best combiner in both years as indicated
by its high positive GCA effects. The female AT 152 was
also a good general combiner. These results suggest that
additive genetic variance was important in the control of
grain yield. When these two inbred were combined, the

resultant hybrid produced high vields both years. The exist-
ence of both additive and non-additive genetic variance for
grain yield were indicated by these data.

Both 1A 28 and AT 152 were selected in the Colombian
breeding effort as being tolerant to infertile low pH soils.
Both inbreds are tropically adapted and combine well with
other inbreds to produce tough, high yielding hybrids. To-
gether they produce a superior hybrid with high grain yield,
high harvest index, and is bird resistant. In Western Kenya,
as in Colombia, high tannin grain is preferred due to the
large numbers of grain eating birds and grain mold toler-
ance. In Western Kenya and Uganda, farmers have used
techniques to neutralize tannins with wood ashes or elimi-
nate the testa by pounding and removing the seed coat for
many years,

Hybrid AT 152 x 1A 28 has performed well in Colombia
and at Mississippi State University. It produced high yields
of grain at Tarna, Bengou, and Konni, Niger as reported in
the INTSORMIL 1990 Annual Report, pages 52-59. Kenya
Seed Company, a partially government owned seed com-
pany, has entered two hybrids in the Kenyan sorghum
National Performance Trials using inbreds developed by
this project. One of these hybrids appears to be AT 152 x IA
28.

Networking Activities
Workshops
Dr. Susana Goggi was an instructer for the 37th Seed
Improvement Course (T.C. 130-3), Seed Technology Labo-
ratory, Mississippi State University, May 31 - July 31, 1993.
The MSU-104 PI presented a paper at the Workshop on

Adaptation of Plants to Soil Stresses, University of Ne-
braska, Lincoln, Nebraska, August | - 4, 1993,

Table 3. General and specific combining ability cffects for grain yield of 24 sorghum hybrids grown at Obambo,

Kenya in 1990 and 1991.

Males GCA effects
IS 7254C 1A 28 Tx430 Tx432 females
Females Year 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991
--------------- SCAEffects == =cmnacacnanaan

Tx623 1990 412 -- 594+ -- -184 -- 822+ .- 317¢ --
1991 -- 346 -- 534 -- -471% -- 658+ -- 496**

Wheatland 1990 250 -- 489+ -- -8 -- 248 .- 445+* --
1991 -- 66 -- 94 -- 220 .- -381 -- -340**

B-Yel P 1990 124 .- 360 -- -604** -- 120 -- 392+ --

1991 - 130 -- -205 -- 5330 -- 607** -- 13

ATI52 1990 332 -- -45 -- 294 -- 83 -- 1137%* --

1991 -- 322 -- 918** -- 150 -- 7475+ -- 145

AT210 1990 2276 -- 24 -- 931** -- -678%+ -- 353 --
1991 -- -181 .- -455* -- 581%* -- 55 -- 378+

ATI136 1990 -177 -- -443 -- -429 -- 1050** -- -520%* --

1991 -- -40 -- 181 -- 52 -- -193 -- 64

GCA effeets
Males 17 84T | 371 663** 21 218* 467%+ -34 -- --

* **Sipnificantly different from zevo according to the t-test at the 0.05 and 0.01 levels of probability, respectively. Adapted from Ph.D. Dissertation of Dr. Vincent Makumbi
Zake. Inheritance of tolerance 1o soil acidity and effects on agronomic characteristics and leaf mincral clement concentrations in sorghum [Sorghum bicolor (L.) Moench).
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Dr. Susana Goggi was an instructor for the 1993 Interna-
tional Fertilizer Development Center (IFDC) Training
Course, Muscle Shoals, Alabama, August 2 - September 3,
1993,

A paper on advances in the selection and breeding of
acid-tolerant plants was co-authored by the MSU-104 Pl and
presented at the Third International Symposium on Plant-
Soil Interactions at Low pH at Canberra, Australia, Septem-
ber 12 - 16, 1993.

Five papers were co-authored by the MSU-104 PI and
presented at the American Society of Agronomy Meetings,
Cincinnati, Ohio, November 7 - 12, 1993,

The MSU-104 PI attended and participated in a KARI-
MIAC-USAID Research Planning Workshop held in Nai-
robi, Kenya, May 18 - 19, 1994,

The Small Ruminant and INTSORMIL CRSP activities
in Kenya were reviewed June 7-10, 1994, The MSU-104 PI
assisted in the coordination of this review since KARI
receives assistance from both CRSPs.

The MSU-104 Pl assisted in the organization and partici-
pated in a National Performance Trial Data and Design
Review Workshop for all KARI sorghum and millet Re-
search Officers held at Machakos, Kenya, June 9- 10, 1994,

The MSU-104 PI assisted in the organization and gave
the opening address at a KARI Technical Assistant’s Train-
ing Course held at Machakos, Kenya, June 13 - 18, 1994,

Research Investigator Exchanges

Dr. Robert Hudgens consulted with MIAC in Kenya
concerning research in systems agronomy. The MSU-104
PI escorted Dr. Hudgens in visits to KARI Centers and in
meetings with KARIand USAID administrators, July 7- 10,
1993,

The MSU-104 Pl assisted in the completion of the KAR]
cereal crops 10-year Strategic Plan.

January 10 - 31, 1994 the MSU-104 PI traveled to the
U.S. where he attended several meetings with Mississippi
State University International Programs and Department of
Agronomy staff. Some time was also spent visiting with
Kenyan graduate students at Mississippi State.

Dr. Charles Campbell, MIAC Coordinator, visited Mis-
sissippi State University and consulted with Kenyan stu-
dents and their Major Professors.

Dr. Susana Goggi left the MSU-104 Project on February
1, 1994 for a position at lowa State University. Dr. Goggi
conducted project research at Mississippi State University
while the MSU-104 PI was in Kenya.

Dr. Clarence Watson, Plant Breeder and Statistician at
MSU, consulted with MIAC in Kenya from May 25 - June
20, 1994. He and the MSU-104 PI are co-Major Professors
for several of the KARI graduate students currently at MSU.

Dr. Larry Butler, Purdue University Biochemist, con-
sulted with MIAC in Kenya on sorghum food science and
Striga research from June 8 - 25, 1994, Together with Drs.
Watson, Hudgens, M'Ragwa, and the MSU-104 PI, several
KARI Centers and Sub-Centers were visited in the dryland
areas of Eastern Kenya.

The MSU-104 PI and his wife left Kenya on June 28,
1994 after completing a 4 1/2 year long-term assignment
with MIAC. This assignment as a sorghum and millet tech-
nical advisor to KARI was the result of an INTSORMIL
buy-in by MIAC. The investment of time spent trying to
improve the KARI §/M Research Program was considered
rewarding and worthwhile.

Germplasm and Research Information Exchange

Hybrid sorghum seed from crosses made in this project
and MSU-111 were imported into Kenya and Brazil for
evaluation at several locations. The hybrid entries were
selected to be useful across several ecological zones.
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Summary

The major focus of this project is to develop high yieiding
sorghum varicties with acceptable food quality and good
nutritional value for utilization in developing countries. A
great deal of progress has been made in two areas.

We now understand many of the factors necessary for
improving the nutritional value of sorghum through local
village processing. Sorghum flour is less digestible than
most cereal flours unless it is processed using local village
procedures that have evolved over hundreds of years. We
now understand the scientific reasons why processing is
important. This knowledge will help us modify and improve
the traditional processing methods and develop improved
processing methods for utilization in other countries in the
world where sorghum is used as a feed or food grain.

This report notes for the first time that a genetic solution
may be possible for the digestibility problem. Bruce
Hamaker in the Food Science Department (PRF-112) has
been collaborating on studies of new genetic lines with
protein digestibility equivalent to com. Studies are in pro-
gress to determine the irheritance of this important trait in
sorghum.

The International Division of the U.S. Census Bureau, in
unique agreement with many other agencies, projects that
the population of the world will double within the next 40-50
years (Jamison, E. 1989. World Population Profile. Bureau
of the Census. Issued September 1989). This means that
agricultural scientists will have to learn how to produce as

much food, feed and fiber in the next five decades as they
have learned how to produce during the past 2,000 years.
There is virtually no alternative scenario to this view short
of a major human calamity. This fact poses an unprece-
dented challenge to plant and animal scientists around the
world. Fortunately, at the same time new and powerful
research tools are available from the explosion of knowl-
edge in the biological and agricultural sciences. Crop and
livestock yields must increase significantly to avoid a level
of human misery in the world which is intolerable to civi-
lized society. Some of this increase will occur on productive
land with adequate rainfall, but many of these lands are
already stretched to capacity. Much of the increase will have
to come from marginal agricultural lands with relatively
poor soils and erratic rainfall, which are subject to frequent
periods of drought. The goal of the INTSORMIL and
McKnight Research Projects is to utilize the best basic
information from recent advances in plant biology to under-
stand the mechanisms of drought resistance in crop plants,
and to apply this knowledge to the improvement of crop and
livestock yields in the U.S. and throughout the world. The
model crop used for these studies is sorghum, which has
developed mechanisms which have allowed it to evolve in
semi-arid regions of the world over the centuries. Sorghum
is generally grown in those parts of the world where it is too
dry to grow corn or other cereals. Even though the drought
resistance of grain sorghum has been known for centuries,
relatively little cffort has been expended in the study of
mechanisms of drought resistance in sorghum at the genetic,
physiological and molecular levels. The mission of our
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interdisciplinary program is to combine the resources of the
International Sorghum Improvement Program at Purduc
University with the expertise of scientists in Stress Physiol-
ogy and Plant Molecular Biology in a concerted effort
toward an understanding of the mechanisms of drought
resistance in sorghum and to utilize this information for the
improvement of sorghum and other crop species such as
maize. An understanding of these mechanisms will provide
better opportunities for more efficient screening activities in
cereal breeding programs. This research program will serve
as an exceptional training ground for graduate students who
will assume leadership roles in U.S. and international agri-
cultural research into the twenty-first century.

Drought Tolerant Hybrid Sorghum for Niger: Trials are
underway at several locations of a new drought tolerant
sorghum hybrid which has proven to be highly productive
and well adapted in Niger. The hybrid designated NAD-1
was developed by Issoufou Kapran (Niger Sorghum
Breeder/McKnight Ph.D. Graduate Student) in collabora-
tion with INTSORMIL scientists. Results from Experiment
Station trials at several locations in Niger have been very
encouraging. Mr. Kapran returned to Niger in June 1993 to
organize and facilitate distribution of secd for on-farm trials
throughout the country and o coordinate plantings of hybrid
seed production plots. The grain quality is acceptable for
local food preparations and the yields reported from dem-
onstration plots in 1992 were approximately twice the yields
of local varicties. Farmer interest has been very high since
this is the first sorghum hybrid that has actually reached
farmer fields and the head size and grain yield have been
impressive. Last year’s trials at over 100 farmer locations
was a critical test of the performance of this hybrid. It is
important now to develop a seed industry (either private or
para-statal) in Niger that is adequate to produce and distrib-
ute hybrid sorghum seed. Our experience with a similar
situation in Sudan suggests that a workshop would be help-
ful in Niger, which brings in experienced seeds men from
both the U.S. and from developing countries to meet and
discuss with scientists and government policy makers in
Niger the necessity of developing a seed industry in Niger.
Indigenous seed industries for hybrid sorghum seed produc-
tion have been successful in India and more recently in
Sudan. We propose that a workshop be held in approxi-
mately 18 months to 2 years in Niamey, Niger to accomplish
this purpose and we will be soliciting financial support to
organize and conduct this workshop.

Otjectives, Production and Utilization Constraints

Nutritional value of sorghum has long been known to be
different from other cereals. This includes the tannin prob-
lem, the protein quality problem, the protein digestibility
problem, and the local processing methods involved in
climinating these problems in the diets of sorghum consum-
ing people. We have made significant progress in coopera-
tion with Dr. Larry Butler on the tannin problem, and Sam
Mukuru has now proven in studies conducted in our labora-
tory that high tannin sorghums traditionally grown at high
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clevations in Eastern Africa are very satisfactory sources of
digestible nutrients if the grain is processed adequately by
traditional means. Protein quality improvement will be a
major breeding objective during the next five years. We
have identified good sources of modified quality protein
sorghums which are comparable in yield potential and grain
quality to quality protein maize (QPM) developed by CIM-
MYT. The tasic high lysine gene, P-721 opaque has been
combined with sources of vitreous endosperm to give the
QPS (Quality Protein Sorghum). The high yield potential
has been demonstrated by Emmanuel Monyo and the modi-
fied vitreous endosperm characteristics have been recently
documented. A major unresolved problem is the environ-
mental stability of these modified endosperm sorghums. A
recent breakthrough on QPM in maize by Brian Lackins and
Mr. Mauricio Lopez has shown a strong relationship be-
tween the gamma-zein fraction and modified vitreous en-
dosperm characteristics. An Elisa technique is being
developed which will make selection for vitreous en-
dosperm opaque-2 much more reliable and faster. The same
technique will be adapted to sorghum. P-721 modified lines
in improvement programs. Trials were conducted at several
locations beginning in 1992 and will continue through 1995
to confirm the stability of the vitreous endosperm trait in
these QPS lines across temperate and tropical environments.
It is interesting to note that the digestibility of P-721 high
lysine sorghum is about 10% greater than that of most
normal sorghum varieties which should be an additional
benefit if present in the QPS lines. The digestibility problem
can also be approached at this time by a better understanding
of traditional processing technologies. We believe the iden-
tification of a low fraction 111 (cross-linked kafirin fraction)
sorghum variety in the World Collection has the potential to
provide a genetic and breeding solution to the digestibility
problem in sorghum which would be a significant achieve-
ment in utilization of sorghum as a food grain and also as a
feed grain.

A major priority will be the development of a vitreous
endosperm high lysine sorghum variety using germplasm
developed from crosses with P-721 opaque. This will be a
combined effort with Bruce Hamaker, Gebisa Ejeta, and
Larry Butler. The modified endosperm high lysine sorghum
parental materials will be tested in Niger, Sudan, and West
Lafayette to verify environmental stability of the vitreous
endosperm and the lysine content. An extensive second
cycle breeding program will be initiated to further improve
the protein quality, vitreous endosperm, and protein digest-
ibility of the new lines.

Drought Research

A major drought occurred across a section of the corn
belt, including West Lafayette, Indiana, in 1992, While
these droughts werc not as extensive as in 1988, it was
devastating to those corn growers who had the misfortune
to farm within the affected regions. The drought in Eastern
and Southern Africa in 1992 was the worst in living mem-
ory. Drought continues to be the major source of crop loss
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throughout the world. The relatively superior performance
of grain sorghum under these stress conditions reiterates our
hypotheses that sorghum contains some important genes for
droughtresistance. It therefore seems logical to use sorghum
as both a mode! system and also as a source of genes for
stress tolerance. We are now in a era when we can think
realistically about identifying, isolating, and transferring
genes between crop species. 1t is our opinion that the best
place to seck and identify genes for drought resistance in
cercal crops is sorghum. We believe that we have a unique
opportunity to improve the drought resistance of maize and
other crop species by conducting the kind of research being
supported by the McKnight Foundation with INTSORMIL

at Purdue University. The implications for the State of

Indiana and the combelt, as well as for drought prone
regions in developing countries, are significant. Our objec-
tive, simply put, is to use the best and most current technolo-
gies from the biological and agricultural sciences to solve
one of the world’s most important and heretofore most
intractable problems, drought resistance.

Objectives

Identify, develop and evaluate sorghum lines or mutants
with improved nutritional quality and superior food grain
quality using both chemical and biological methods.

Develop agronomically elite sorghum lines for Niger,
Sudan, and Ethiopia with good adaptability, good grain
quality, good drought and Striga tolerance, and improved
yield potential.

Use new tools from molecular biology, genetics and plant
physiology to study the mechanisms of drought tolerance in
sorghum.

Investigate the potential for developing varieties of sor-
ghum with high nutritional value and good food properties
for potential use as nutritional foods for young children,
pregnant women and nursing mothers.

Train LDC personnel in plant breeding and genetics.
Research Approach and Project Output
Research Methods

Much of the breeding activities will be conducted in
Niger, Sudan, and also with the ICRISAT Southern Africa
and East Africa regional centers. Collaboration with Sudan
and Niger will continue on Striga tolerance and drought
tolerance. Considerable time and effort will be spend work-
ing with Sudanese and Nigerien scientists on grain quality
using pedigree breeding as well as population and hybrid
development. A major effort will be made to develop A&B
lines with good grain quality, Striga tolerance, drought
tolerance which are adapted to Sudan and Niger.

Breeding for good grain quality and high digestibility in
elite sorghum cultivars which also have African adaptabil-
ity, good yicld and other needed agronomic traits will be
continued. Characteristics such as kernel hardness have now
been identified which will facilitate breeding for grain qual-
ity. This program also will be carried out jointly with Niger
and Sudan. Much of the breeding work will be done in Niger
with backup using laboratory facilities at Purdue. Screening
and trials will be conducted at three locations in Niger as
well as in Sudan.

Our approach to investigating the genetic determinants
of the exceptional drought resistance of certain sorghum
cultivars (P898012 and P954035) will first entail construct-
ing hybrids between exceptionally resistant and susceptible
(e.g., P721-N) lines and evaluating F2, FF3 and subsequent
advanced progeny and their backcrosses to the original
parents, using tracitional plant breeding methods. Secondly,
We propose to generate many susceptible revertant lines by
mutagenesis of drought resistant P898012 and P954035
sorghum. Seed of these pure line varieties were mutagenized
at Purdue in the summer of 1988 and MI plants were
self-pollinated to provide M2 seed to screen for drought
sensitive revertants in Mc xico under water stress conditions.
Stress sensitive revertants will also be obtained by using a
controlling element system in sorghum for transposon mu-
tagenzsis and tagging. The **candy stripe” sorghum pheno-
type is analogous to the variegated pericarp controlling
clement system in maize. Candy stripe sorghum is now
being backcrossed to drought resistant sorghum lines to
produce a pure line drought resistant sorghum variety which
contains the mutable gene system. When this is available, it
should be possible to select for genetic events involving
transposition of the controlling element away from the peri-
carp clement by selecting seed from fully red sectors on the
sorghum panicle. Plants grown from seed having red sectors
will then be seif crosscd and their progeny screened for an
alteration in drought resistance. Any drought resistant gene
identified can then be cloned using as a probe the candy
stripe controlling element we are currently identifying. A
genetic map of sorghum is being generated (currently 100
markers) using restriction fragment length polymorphisms,
and this will be employed to define specific chromosomal
regions containing drought resistance genes and genes de-
termining a range of morphological, physiological and bio-
chemical characteristics of putative adaptive significance in
terms of sorghum stress resistance.

Training M.S. and Ph.D. LDC students will continue as
in the past.

Research Findings

Sorghum Protein Digestibility

Recent research in collaboration with Bruce Hamaker has
identified sorghum cultivars with significantly improved

digestibility. Hamaker's results show that these cultivars
have protein digestibilities comparable to corn and wheat.
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The genetic source of these lines trace back to crosses
between P-721 opaque and improved food grain lines from
the Purdue program. Selections are being evaluated by Dr.
Hamaker’s laboratory using some new and very efficient in
vitro laboratory tests which he developed. Agronomic per-
formance of these lines is quite good since they were first
selected for agronomic performance and yield and then
subsequently tested to identifvihose high yielding lines with
good protein digestibility.

Tagging Genes for Early Maturity in
Sorghum with Molecular Markers

Issoufou Kapran is studying the inheritance of early
maturity in sorghum and the identification of molecular
markers which will allow selection for earliness using a
marker assisted backcross program. The source of carly
maturity include very carly lines from Niger and Sudan.
Earliness is a much desired trait by farmers because they
guarantee a crop even under erratic rainfall conditions. This
study will allow a more cfficient selection of very early
sorghums with good yield potential and good food grain
quality for farmers who live under these cratic rainfed
conditions.

Cold Tolerance in Sorghum

Sorghum cultivars in general lack the ability to grow well
under cool early spring conditions in the central combelt.
However, excellent sources of cold tolerance are known to
exist and have been collected from Northern China where
sorghum has historically been grown under coo! temperate
conditions. Unfortunately, most of these Chinese lines have
undesirable agronomic traits in respect to disease, insect
resistance, and yield potential. We have initiated a long-term
recurrent selection program using the Chinese source of cold
tolerance in an intergression program with elite sorghum
germplasm from the INTSORMIL program. Each cycle is
subjected to a cold test using procedures similar to those
used by com breeders for several decades. Early results
suggest that progress can be achieved but that the process
will be slow. The results however could provide useful
germplasm for semi-arid tropical, high elevation locations,
and also for the central cornbelt.

Development and Characterization of
Epicuticular Wax Mutants in Sorghum bicolor

Sorghum is a major grain crop throughout the world.
Because it is relatively drought tolerant, sorghum can be
grown in areas where conditions are too harsh for corn and
it is therefore one of the primary food staples in the semi-arid
tropics of Africa. Epicuticular wax (EW) has previously
been associated with drought resistance in sorghum. This
may be the result of reduced cuticular transpiration and/or
increased dispersion of heat by reflection of light caused by
the waxy bloom on normal sorghum plants. Our studics
developed sets of near isogenic lines of normal, bloomless
(no visible EW), and sparse bloom (reduced visible EW)
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mutants using chemical mutagenesis of two drought resis-
tant sorghum cultivars, P898012 and P954035. Near iso-
genic Sorghum bicolor mutants for epicuticular wax (EW)
production provide a model system for interdisciplinary
analysis of EW genetics, morphology, physiology, and bio-
chemistry. Mutants were characterized phenotypically and
tests for pleiotropic effects of EW mutations were con-
ducted. Segregation ratios indicate nuclear single gene re-
cessive inheritance for 30 of 38 putative mutants. Allelism
tests distinguished at least six loci involved in EW produc-
tion among 31 mutants and Txbmi. Differences in leaf
blight, Exserohilum turcicum, and leaf rust, Puccinia pur-
purae, susceptibility between EW mutants and normal isoli-
nes were associated with quantitative and qualitative
differences in EW chemical composition and structure. An
inverse relationship between EW amount and leaf disease
susceptibility was found which suggests these waxes may
play an important role in disease resistance.

During the past year considerable progress was made in
characterizing the chemical composition of the epicuticular
waxes of sorghum sheaths. The major constituents of wild-
type sheath waxes were found to be free carboxylic acids of
chain length Cy4 and C;;. Certain of the *‘bloomless” mu-
tants with visibly altered wax loads were found to have
carboxylic acids of much shorter chain length (C55-Cyy).
The latter mutants include bm18. One mutant (bm28) exhib-
ited carboxylic acids of longer chain length than wild-type,
accumulating significant amounts of C3;. The hybrid be-
tween bm18 and bm28 exhibited normal epicuticular wax
carboxylic acid profiles. However, the I, segregated in a
manner consistent with mutations in two separate genes in
two discrete elongate pathways of epicuticular carboxylic
acid synthesis. The double mutant exhibits a markedly dif-
ferent carboxylic acid profile than either parent (bm18 or
bm28) and wild-type.

We examined the influence of epicuticular wax on the
reflection of solar radiation and its affect on crop growth.
Hollow epicuticular wax filaments, which are present on the
sorghum sheath, reflect photosynthetically active and infra-
red radiation. The amount of reflected radiation was directly
proportional to the area of the sheath covered with wax
filaments. Field comparisons between normal sorghum and
a near-isogenic mutant which lacked epicuticular wax fila-
ments were made to test the hypothesis that “bloom™ in
sorghum reduces canopy energy flux and enhances produc-
tivity. No significant differences were measured. Canopy
reflectance and the extent of light penetration into the can-
opy were essentially identical.

A mutant line having alterations in both ecpicuticular
waxes and reduced cuticle thickness was identified. The
mutant with reduced cuticule exhibited increased epicuticu-
lar water conductance (i.e., it lost more water) and increased
susceptibility to the fungal pathogen Exserohilum turcicum.
To our knowledge, this is the first description of a cuticle
mutation in plants. The identification of this mutation in a
near-isogenic background provides a unique system to study
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both cuticle biogenesis, and the role of the cuticle in plant
performance.

Epicuticular Wax Morphology of Bloomless
{bm) Mutants in Sorghum bicolor

Sorghum bicolor mutants for cuticular wax production
provide a model system for analysis of epicuticular wax
(EW) physiology, biochemistry, and genetics. Mutants pro-
duced from seeds treated with the chemical mutagens di-
ethyl sulfate (DES) and ethyl methanesuifonate (EMS) were
selected in the M, generation and self-pollinated to produce
near-isogenic mutants of two classes; bloomless (lacking
visible EW) and sparse bloom (possessing little visible EW).
Scanning electron microscopy was used to further divide 33
selected lines into 14 unique classes based on altered EW
structure. Mutations have affected the structure of cork silica
(CS)cell associated EW or both CS cell and cuticle EW. The
resulting spectrum of altered EW structure indicates unique
alterations in EW biosynthesis or deposition which may
correlate with specific EW alleles and loci within the Sor-
ghum genome.

Transposable Element in Sorghum

Transposable clements have been used to tag *“Epicuticu-
lar Wax Genes” in sorghum. Several sorghum [Sorghum
bicolor (L.) Moench] lines that exhibit variegated pericarp
color have been collected. We selected one of these lines,
referred to as candystripe, for genetic characterization. We
found that the gene involved in the candystripe phenotype
is not only associated with red pigment variegation in the
pericarp layer of the seed, but also determines variegated red
pigmentation in chlorophyll-bleached leaves and yellow
pigmentation in the stigmas of mature flowers. Inheritance
tests indicated that the candystripe trait is monogenic, and
allelism tests showed that it is encoded by an allele of the
sorghum Y locus, which we call y-cs. Segregation studies
suggested that y-cs instability is autonomous and without
extreme dosage cffects. Molecular and mapping data dem-
onstrated that the ¥ gene of sorghum is not homologous to
any of the several (>12) cloned genes from maize that are
known to be involved in flavonoid synthesis. We have
observed germinal instability of y-cs; apparent reversion to
a stable ¥ phenotype occurred at frequencies varying from
<1% to >20%. The behaviors of y-cs are indicative of the
type of transposable element-induced systems that, in maize
and other plant species, have proved invaluable as tools for
molecular, genetic, and developmental studies.

Genetic Analysis of Mutable Phenotypes
Associated with Candystripe Sorghum

A candystripe cultivar in sorghum shows a high fre-
quency of somatic and germinal instability for pericarp
pigmentation resulting in the characteristic phenotype. This
type of instability is associated with the presence of a
transposable element. To date, no molecular evidence exists
to show that a transposon is causing the candystripe pheno-

type. An alternative way to demonstrate the presence of a
transposable element is through its somatic and germinal
instability. The pericarp color is controlled by the Y locus
and the candystripe phenotype is designated y-cs. Excision
and reinsertion of transposon at the Y locus results in a red
head with a small variegated scctor. In addition, these red
heads when grown produce mutations based on where the
transposon has moved to and these mutants in turn exhibit
mutability indicative of transposon induced mutations.

Several putative transposon induced mutants have been
obtained from red heads, cach red head representing an
independent excision event, of the candystripe cultivar.
These mutants include a chlorophyl! deficient, brown mid-
rib color, bloomless (lack of epicuticular wax), wilty seed-
ling, virescent seedling, dwarf growth habit and yellow
stripe mutant similar to yellow stripe in maize. An overall
mutation frequency of 10 in 3,000 was seen. Of the mutant
types, chlorophyll deficient mutant showed reversions to the
wild type green phenotype at different stages of plant devel-
opment, and a morphologically normal plant in a row seg-
regating for the brown midrib phenotype shows tiller
expression for brown midrib trait. This demonstration of
mutable phenotype provides additional suggestive evidence
of a transposable clement in sorghum. The putatively
transposon tagged bloomless mutant will provide a source
of genes for epicuticular wax which could be transferred to
other crop species by transformation.

Sorghum Transformation

Transgenic sorghum plants have been obtained after mi-
croprojectile bombardment of immature zygotic embryos of
a drought-resistant sorghum cultivar, P§98012. DNA deliv-
ery parameters were optimized based on transient expres-
sion of R and C/ maize anthocyanin regulatory elements in
scutellar cells. The protocol for obtaining transgenic plants
consists of the delivery of the bar gene to immature zygotic
embryos and the imposition of bialaphos selection pressure
at various stages during culture, from induction of somatic
embryogenesis to rooting of regenerated plantlets. One in
about every 350 embryos produced embryogenic tissues that
survived bialaphos treatment; six transformed callus lines
were obtained from three of the eight sorghum cultivars used
in this research. Transgenic (T) plants were obtained from
cultivar P898012 (two independent transformation events).
The presence of the bar and widA genes in the T plants was
confirmed by Southern blot analysis of genomic DNA.
Phosphinothricin acetyltransferase activity was detected in
extracts of the Ty, plants. These plants were resistant to local
application of the herbicide Ignite/Baste, and the resistance
was inherited in T plants as a single dominant locus. This
is the first report of stable transformation in sorghum.

Physiology of Drought Resistance
Two contrasting sorghum lines (K886 and CS3541),

differing sharply in their pre-flowering tolerance to drought
and in their capacity for osmotic adjustment, were subjected
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to water deficit, and their solute accumulation patterns were
characterized by Drs. Joly and Premachandra. Line K886, a
drought tolerant accession, exhibited substantially greater
accumulation of solutes over the whole range of leaf water
potentials induced. Of interest is the fact that this pattern was
observed for virtually every solute analyzed, including gly-
cinebetaine, sugars, amino acids, potassium, calcium, mag-
nesium, phosphorus and chloride. The single exception to
this pattern was for proline. Sugars, K*, Cl-and amino acids
were the major contributors to osmotic potential in both
lines, but the extent to which they affected osmotic adjust-
ment varied between lines and with stress development.
Water-stressed plants of line K886 maintained higher leaf
turgor as well as higher rates of CO, assimilation, stomatal
conductance and transpiration than CS3541. Future work
will involve characterization of high- and low-accumulating
lines and their hybrids in order to critically evaluate the
genetic aspects of this character.

Epicuticular Vax Load and Water-Use Efficiency in
Bloomless und Sparse-Bloom Mutants of Sorghum
hicolor (L.).

A mutation breeding approach use utilized to obtain
near-isogenic lines of sorghum [Sorghum bicolor (L.)
Moench] with altered epicuticular wax. Seeds of three
bloomless mutants (bm-15, bm-22 and bm-38) and one
sparse-bloom mutant (h-19) were obtained from M, genera-
tion, and responses of mutants were comparzd to their
corresponding normal, non-mutant sib lines (designated
N-15, N-22, N-38 and N-19). Net CO, assimilation rate,
stomatal conductance, transpiration rate and water-use effi-
ciency were measured on the uppermost, fully expanded
leaves in irrigated and non irrigated 43-day-old plants using
aLiCor L1-6200 portable photosynthesis system. Epicuticu-
lar wax load (EWL) and cumulative water loss from excised
leaves (CWL) were measured, and the relationships among
EWL, CWL and water-use efficiency were assessed. Differ-
ences in response to irrigation level varied among the four
lines. Among irrigated plants, h-19 exhibited a higher water-
use efficiency than N-19. Among non irrigated plants, bm-
15, bm-22 and h-19 exhibited lower water-use efficiency
than N-15, N-22 and N-19, respectively. Water-use effi-
ciency measured in non irrigated bm-22, a mutant line with
no visible wax structures on the abaxial leaf surface, was
more than 40% below that measured in N-22. The water loss
from cxcised leaves was greater in bloomless and sparse-
bloom lines than in normal lines. Water-use efficiency var-
ied linearly with epicuticular wax load under irrigated
(r=0.72) and non irrigated (r=0.94) conditions.

Leaf Water Relations and Gas Exchange in Two
Grain Sorghun Genotypes Differing in Their
Pre- and Post-Flowering Drought Tolerance

Two grain sorghum [Sorghum bicolor (L) Moench] lines
(TX7078 and B35) of similar maturity, but known to exhibit
differences in sensitivity to drought in pre- and post-flow-
ering growth stages, were evaluated in order to quantify the
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physiological basis for differences in drought tolerance be-
tween lines and growth stages. The relationships among leaf
water status, osmotic adjustment, leaf gas-exchange charac-
teristics, and epicuticular wax load were characterized for
irrigated and non-irrigated plants during pre- and post-flow-
ering growth stages. Osmotic adjustment during pre-flow-
ering stress did not differ between lines, and average
adjustment was approximately 0.42 MPa. In contrast, os-
motic adjustment occurred only in TX7078 during post-
flowering stress, and the extent of adjustment relative to
irrigated plants was only 0.16 MPa. Neither osmotic adjust-
ment nor epicuticular wax load appeared to be related o the
relative drought tolerance of these genotypes during pre- or
post-flowering growth stages. A reversal in the ranking of
water-use eificiency (WUE) of TX7078 and B35 occurred
between pre- and post-flowering growth stages. Nonirri-
gated plants of TX7078 exhibited significantly higher WUE
than B35 at the pre-flowering stage, but the opposite was
irue in the post-flowering stage. The reason for the reversal
in WUE is not known, but there was no significant relation
between osmotic adjustment and WUE. TX7078 and B35
showed a contrasting response for intercetlular CO, concen-
tration (C;) in both pre- and post-flowering experiments; C;
was strongly reduced by water deficit in TX7078, but it was
not significantly affected in B35, suggesting that these geno-
types may differ fundamentally in their photosynthetic re-
sponse to low leaf water potential.

Leaf Water Relations, Gas Exchange and Solute Accu-
mulation in Two Grain Sorghum Lines Exhibiting
Contrasting Drought Tolerance

A drought-tolerant grain sorghum line (K886) main-
tained significantly higher relative water content (RWC),
osmotic potential at full turgor [yr 140yl turgor pressure
(‘" ) and leaf gas-exchange rates than did a drought-suscep-
tible line (CS3541) when the two genotypes were grown in
containers and subjected to severe water stress prior to
anthesis. Leaf arca expansion was inhibited to a greater
extent by water deficit in line CS3541 than in K886. Both
the basal wt(y(g) potential and the capacity to accumulate
solutes upon exposure to stress appear to play important
roles in the measured genotypic differences in leaf water
relations. Sap osmolarity was greater in line K886 than in
CS3541 throughout the entire range of water potential in-
duced. With the exception of proline, the baseline concen-
trations of each of eight solutes were higher in K886 than in
CS3541. Further, when water deficit was imposed, K886
exhibited larger increases in sap osmolality than did
CS3541. The concentrations of K*, sugars, Cl- and P, pre-
dominant solutes contributing to osmotic adjustment, in-
creased with increasing stress in K886 but remained
essentially constant in CS3541. The two lines exhibited
large differences in the relative contributions of individual
solutes to osmotic adjustment, and these contributions
changed markedly during stress development both within
and between lines. The most notable differences between
genotypes were with respect to the contributions of sugars
and K* jons.
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Networking Activities
Workshop

Organized External Evaluation Review of the Niger INT-
SORMIL Country Program. October 1993,

Research Investigator Exchanges

INRAN Staff, ICRISAT Staffand INTSORMIL Staffare
regularly involved in exchange visits at Purdue, as well as
Pioneer and DeKalb Secd Company scientists. A partial list
follows.

Dr. Osman Ibrahim, ARC/Gezira Research Station, Wad
Medani, Sudan

Dr. D.S. Murty, Plant Breeder, ICRISAT, Andhra
Pradesh 502 324, India

Dr. Lee House, SADC/ICRISAT Sorghum and Millet
Program, Bulawayo, Zimbabwe

Dr. Vartan Guiragossian, Sorghum Breeder, ICRISAT,
Nairobi, Kenya

Dr. Darrell Rosenow, Texas A&M Agriculture and Re-
search Center, Lubbock, TX 79401

Dr. Lloyd Rooney, Soil and Crop Science, Texas A&M
University, College Station, TX 77843

Dr. Bruce Maunder, DeKalb-Pfizer Genetics, Rt 2, Lub-
bock, TX 79415

Dr. Kay Porter, Pioneer Seed Co., P.O. Box 1506, Plain-
view, TX 79072

Dr. Gene Dalton, Pioneer Seed Co. Johnston, lowa
Germplasm and Research Information Exchange

Extensive germplasm has been provided to INRAN/Ni-
ger, ARC/Sudan, ICRISAT/SADC Zimbabwe, plus numer-
ous seed lots in response to specific requests by both private
and public sector institutions. Several Purdue varieties are
being increased for release in Kenya.
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Development and Enhancement of Sorghum Germplasm
with Sustained Tolerance to Drought, Striga, and Grain Mold

Project PRF-107 and 107B
Gebisa Ejeta
Purdue University

Principal Investigator

Dr. Gebisa Ejeta, Department of Agronomy, Purdue University, W. Lafayette, IN 47907

Collaborating Scientists

Dr. Osman Ibrahim El Obeid, Sorghum Breeder, ARC, Sudan
Dr. Abdeljabar T. Babiker, Striga Specialist, ARC, Sudan
Dr. Mohamed EIl Hilu Omer, Sorghum Pathelogist, ARC, Sudan

Dr. Omar Fadil, NSA, Sudan

Dr. Aboubacar Toure, Sorghum Breeder, IER, Bamako, Mali

Dr. D. Dembele, Striga Specialist, IER, Bamako, Mali

Mr. Issoufou Kapran, Sorghum Breeder, INRAN, Niamey, Niger

Dr. Ouendeba Botorou, Millet Breeder, INRAN, Niamey, Niger

Dr. Sam Mukuru, Sorghum Breeder, ICRISAT, Kenya

Dr. John Axtell, Agronomy Department, Purdue University, West Lafayette, IN

Dr. Larry Butler, Biochemistry Department, Purdue University, W. Lafayette, IN

Dr. Bruce Hamaker, Food Science Department, Purdue University, West Lafayette, IN
Dr. Darrell Rosenow, Texas A&M Univ. Agricultural Research Center, Route 3, Lubbock, TX
Dr. Jerry Eastin, Department of Agronomy, University of Nebraska, Lincoln, NE

Mr. David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE
Dr. Bruce Maunder, DeKalb-Pfizer Genetics, Route 2, Box 56, Lubbock, TX

Dr. Kay Porter, Pioneer HiBred International, Plainview, TX

Summary

Breeding sorghum varicties and hybrids for use in devel-
oping countries requires proper recognition of the major
constraints limiting production, knowledge of germplasm
and appropriate physical environment for evaluation and
testing. Successful breeding efforts also require knowledge
of mode of inheritance and association of traits that contrib-
date to productivity as well as tolerance to biotic and abiotic
stresses. Research and germplasm development activities in
PRF-107 attempt to address these essential requirements.

PRF-107 addresses three major constraints, namely
drought, Striga, and grain mold that limit productivity of
sorghum in many areas of the world. Over the years signifi-
cant progress has been made in each of these areas. Superior
raw germplasm have been identified, mode of inheritance
established, chemical and morphological traits that contrib-
ute to productivity and stress tolerance have been identified,
and gene sources have been placed in improved germplasm
background, many of which have alrcady been widely dis-
tributed.

In year 15 we report on progress made in molecular
mapping of the Striga resistance gene in SRN39 and the
result of our further screening for sources of Striga resis-
tance. We have identified sorghum germplasm that are
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resistant to Striga because they produce low amounts of the
haustorial initiation factor. Our previous sources of resis-
tance have been low producers of the germination signal.

We also report on the result of an extensive international
testing that clearly demonstrated the superior performance
and stability of sorghum hybrids over open-pollinated va-
rieties. The experiment showed that the superiority of hy-
brids over varieties is even greater under low yield (stress)
environments than under optimum (high yield) environ-
ments,

Finally a brief report is given on the introduction, char-
acterization, cataloguing, and distribution to public and
private institutions of over 3000 sorghum accessions from
Sudan.

Project Objectives
Research
To study the inheritance of traits associated with resis-

tance to drought, Striga, pests, and diseases of sorghum
and/or millets,
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To elucidate mechanisms of resistance to Striga, drought
and diseases of sorghum and/or millets.

To evaluate and adapt new biotechnological (techriques
and) approaches in addressing sorghum and millet con-
straints for which conventional approaches have not been
successful.

Germplasm Development, Conservation, and Diversity

To develop sorghum varieties and hybrids with improved
yield potential and broader environmental adaptaticn.

To develop and enhance sorghum germplasm with in-
creased levels of resistance to drought, Striga, diseases, and
improved quality characteristics.

To assemble unique sorghum germplasm, and to encour-
age and facilitate free exchange of germplasm between U.S.
and LDC scientists and institutions.

To assess applicability of various statistical and DNA
fingerprinting technologies for evaluating genomic similar-
ity or for discerning genetic diversity of sorghum and millet
germplasm pools.

Training, Networking, and Institutional Development

To provide graduate and non-graduate education of U.S.
and LDC scientists in the area of plant breeding and genet-
ics.

To develop liaison and facilitate effective collaboration
between LDC and U.S. sorghum and millet scientists.

To encourage and facilitate positive institutional changes
in research, extension and seed programs of collaborating
countries involved in sorghum and millet research and de-
velopment.

Program Approaches

The research efforts of PRF-107 and 107B are entirely
interdisciplinary. Much of the on-campus research at Purdue
is in close collaboration with Dr. Larry Butler (PRF-104B).
Our programs are fully integrated particularly in the areas
of pest, discase, and Sriga resistance, where a concerted
effort is underway in elucidating the biochemical and ge-
netic mechanism of resistance to these constraints. Field and
laboratory evaluations of sorghum and millet germplasm are
coordinated, the results from one often complimenting the
other. In addition, there have been collaborative research
efforts with colleagues in Africa primarily with Dr. A.G.T.
Babiker in Sudan where an integrated approach to Striga
control has been under investigation.

Our germplasm development and enhancement program
utilizes the wealth of sorghum and millet germplasm we
have accumulated in the program. Intercrosses are made in

specific combinations and populations generated via con-
ventional hybridization techniques, through mutagenesis, or
through tissue culture in vitro. Conventional progenies de-
rived from these populations are evaluated both in the iabo-
ratory and in the field at West Lafayette, Indiana for an array
of traits, including high yield potential, grain quality, as well
as certain chemical constituents that we have found to
correlate well with field resistance to Striga or panicle and
leaf diseases. We also evaluate our germplasm for tropical
adaptation and disease resistance during the off-season at
e USDA Tropical Agricultural Research Center at lsa-
bella, Puerto Rico. Selected progenies from relevant popu-
lations are then sampled for evaluation of specific
adaptation and usefulness to collaborative programs in Su-
dan, Niger, and more recently Mali. Evaluation of the
drought tolerance of our breeding materials have been con-
ducted at Lubbock, Texas in collaboration with Dr. Darrell
Rosenow and in a winter nursery at Puerto Vallarta, Mexico.
Assistance in field evaluation of nurseries has also been
provided by industry colleagues particularly at Pioneer Hi-
Bred and DeKalb Genetics.

The training, networking and institutional development
efforts of PRF-107 have been provided through graduate
education, organization of workshops and symposia as well
as direct and closer interaction with research scientists and
program leaders of NARS and associated programs. Much
of the effort in this area has been primarily in Sudan and
Niger, with limited activity in Mali and some in Southern
Africa through SADC/ICRISAT.

Project Output
Research Findings

Striga - Molecular mapping of a gene conferring
Striga resistance in sorghum - Yohan Weerasuriya

Previous studies conducted in our program have shown
the stability of Striga resistance found in the widely adapted
sorghum lines, SRN-39. We have shown that resistance in
SRN-39 is due to low production in the host of the chemical
signal required for initiating Striga germination. We have
also established low stimulant production in SRN-39 is
inherited as a single recessive gene. However, its location
on the sorghum linkage map has not been known. Marker-
based linkage maps provide essential tools for convenient
transfer of genes by plant breeders as well as for tagging and
isolation of genes by molecular biclogists. As part of his
Ph.D. dissertation, Yohan Weerasuriya (a graduate student
from Sri Lanka) generated a sorghum molecular linkage
map with the use of RFLP (restricted fragment length poly-
morphism) and RAPD (random amplified polymorphic
DNA) markers. One hundred, highly homozygous and
highly heterogeneous, recombinant inbred lines derived
from a cross between a Striga resistant, low stimulant pro-
ducer parent, (SRN-39) and a susceptible, high stimulant
producing parent (Shanqui-Red) were used as the mapping
population. About 150 RAPD and 50 RFLP markers were
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used to genotype the RI lines. In addition to the low stimu-
lant production phenotype, several biochemical, morpho-
logical and disease resistance traits were also assessed and
identified. Resistance to the leaf diseases anthracnose,
downy mildew, and rust were evaluated. Levels of phenols
(flavonoids and tannins) in leaf, sheath, and seed were
measured on all the RI lines and parents. Morphological
traits characterized include leaf width, leaf length, midrib
color, plant height, plant color, panicle length, panicle
width, panicle shape, peduncle length, pericarp color and
presence or absence of awns. The map maker computer
program was used to generate linkage groups for each of the
marker-traits associations.

Striga - The use of simple laboratory assays
to identify mechanisms of Striga resistance
in sorghum - Yohan Weerasuriya

Methods that have been available to evaluate Striga
resistance in crops have been rather slow, cumbersome, and
tended to confound an array of environmental influences
that affect Striga infestation in the field. Alternative and
more efficient laboratory procedures were necessary for
efficient germplasm assessment and evaluation. An agar gel
assay recently developed in our laboratory was used to
screen a collection of landraces and improved sorghums
known to have been resistant and tolerant to Striga. Sor-
ghum germplasm were assembled on the basis of published
reports on their field resistance to Striga. Seed samples of
these entries were obtained from ICRISAT the United
States National Seed Storage Laboratory, and from our own
collection of accessions at Purdue University. Several geno-
types that produced low amounts of Striga germination
stimulants or haustorial initiation factor were identified.
These genotypes can be used as useful sources of Striga
resistant germplasm in a breeding program geared to pyra-
mid gene sources for durable resistance to Striga.

Drought - Performance and stability of drought
tolerant lines and hybrids - Yahia lbrahim

Several years of breeding efforts have resulted in a col-
lection of drought tolerant inbred lines of sorghum. The
combining ability and the stability of performance of these
lines per se or in hybrid combination have not been thor-
oughly evaluated, however. Yahia lbrahim, a graduate stu-
dent from Sudan, undertook a study to address this issue as
part of his M.S. thesis project. He pooled an array of drought
tolerant lines from our program at Purdue (PRF-107) and
the Texas A&M program at Lubbock, (TAM-122). Twenty-
five pollinator lines with a range of yicld potential and their
hybrids on three seed parents were tested in 15 different
environments. The lines and hybrids were evaluated for
yield and yield stability in a cooperative international testing
program. Grain yield data were combined and analyzed
according to Finlay and Wilkinson’s model of stability
analysis. For each genotype a regression coefficient (b;) was
calculated and used as a measure of stability. Environmental
mean yields ranged from 2323 to 9524 kg/ha. Overall,
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experimental hybrids yielded significantly higher than se-
lected inbred lines and the yield superiority of hybrids was
greater under low-yield (86%) environment than at high
yield (32%) locations. The lines as a group had b; signifi-
cantly different from unity, and mean yield lower than the
population mean. whereas hybrids had b; not significantly
different from unity, but yielded higher than the overall
mean. The stability response of hybrids for each R-line
varied with the seed parent on to which the hybrid was made.
This study has identified several inbred combinations (hy-
brids) with the desired attributes of high yield and stability
of performance across a range of environments.

Drought - Combining ability and QTL
x Environment interaction of sorghum RI lines
derived from crosses between two drought
tolerant parents - Edwin Grote

Although drought tolerant sorghum inbred lines exist,
their reaction in hybrid combinations is often poor. A study
was conducted to evaluate the combining ability of 100
recombinant inbred (RI) lines, previously characterized for
drought tolerance. Each line was crossed onto two testers,
A4R and Whertland The resulting hybrids and their parents
were evaluated in two environments in Indiana and three
environments in Texas in generalized randomized complete
block designs. Within and among environment analysis of
variation was performed. Significance of GCA for ecach line
was tested. Significant variation exist for grain yield among
crosses in four of the five environments. General combining
ability (GCA) for males was significant in each of the four
environments and accounted for 48% to 52% of the variation
due to crosses in Texas and 66% to 75% in Indiana. Several
of the RI lines with high significant GCA had superior
drought tolerance. Such lines may provide a source of
drought tolerance suitable for use in hybrid combinations.

Efficacy of selection for combining ability based on
agronomic performance is dependent upon the environment
in which selection is practiced. Analysis of marker environ-
ment inteiaction for testcross performance should allow a
better understanding of this selection. We conducted a study
geared to identification of quantitative uait loci (QTLs)
associated with testcross performance across contrasting
environments. A set of recombinant inbred (RI) lines de-
rived by single seed descent from the cross between TX7078
and B35, two inbred lines uniquely contrasted for their
drought responses, was used in this study. The Rl lines have
been genotyped with over 100 RAPD markers. Each line
was crossed onto two testers, A4R and Wheatland A. The
resulting hybrids and their parents were evaluated in two
environments in Indiana and three environments in Texas.
Grain yield, height, flowering, and various other agronomic
variables were measured and analyzed within and among
environments. Significant variation among crosses for grain
yield exists in four of the five environments. General com-
bining ability (GCA) for males contributed at least 50% of
the variation. QTLs for testcross performance in each envi-
ronment were associated with several RAPD markers. Some
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QTLs accounted for 10% of the variation in GCA, but were
not consistently associated across environments.

Diseases - Grain mold resistance in
sorghum - Abebe Menkir

Sorghum germplasm accessions with diverse physical
and chemical kernel attributes were evaluated for grain mold
resistance at different days after flowering in Lafayette,
Indiana, for two years. Fungal pathogens invading sorghum
kernels were monitored. Visual rating identified highly sus-
ceptible accessions as early as 40 days afler flowering,.
However, rating a few weeks after physiological maturity
was more reliable to identify genotypes with higher levels
of resistance to grain mold. The predominant fungal species
recovered from sorghum kernels were consistent across
different sampling dates and years at this test location. A
multiple regression model involving all fungi isolates ac-
counted for 63% of the variation in the final visual grain
mold rating. Gibbrella zea, Fusarium moniliforme, and Al-
ternaria Spp each accounted for 42, 22, and 15% of the
variation in the final visual grain mold rating. Some sor-
ghum accessions were free from infection of certain, but not
all, fungal species across the three sampling dates. Higher
level of resistance to grain mold was associated with in-
creased concentration of flavin 4-ols and tannin, kernel
hardness, kernel density, and intensity of pericarp color.

Nutritional Quality - Characterization of a new
brown-midrib sorghum line - Renée Vogler

Low lignin concentration in brown midrib (bmr) mutants
of maize, sorghum, and pearl millet has been associated with
increased in vitro digestibitity. We recently identified a new
brown midrib mutant in a M3 population of chemically
treated (DES, 1.5 ml/1000 ml water) grain sorghum variety
P898012 (bmr-P898012). Allelism tests with three pre-
viously identified bmr sorghum mutants indicated the new
bmr-P898012 is allelic to bmr-12 and bmr-18, but not allelic
to bmr-6. Mutants bmr-12 and bmr-18 have been known to
be allelic. Sequential fiber analysis of the new bmr-
P898C12, and bmr-12, their FI hybrid, and their normal
counterparts (N-P898012 and N-12) showed significant dif-
ferences between the bmr-normal pairs, with significant
decreases in mean permanganate lignin percentages from
16% to 34% for whole plant, stem. sheath, and panicle
tissues of the bmr lines. Correspondingly, mean in vitro dry
matter digestibility (IVDMD) percentages increased be-
tween 3% to 17% for sheath and panicle tissues in the bmr
lines compared to the normal lines, although the increases
were not significant. Leaf tissue of bmr-P898012 and whole
plant tissue of bmr-12 also had non-significant incieases of
8% and 5% in IVDMD percentages, respectively. Regres-
sion analyses of the five fiber fractions (neutral detergent
fiber, acid detergent fiber, permanganate lignin, cellulose,
and hemicellulose) on digestibility showed that per unit
decreases in lignin percentages were associated with the
largest increases in [VDMD percentages for whole plant,
stemn, and leaf tissues.

Networking Activities
Workshops and Program Reviews

Attended the First Crop Science Conference for Eastern
and Southern Africa. June 14-18, 1993.

Participated at the Summer Institute for African Agricul-
tural Research, University of Wisconsin. June 20-25, 1993,

Visited the University of Hoenheim, Germany, October
1993. Presented a seminar to faculty and students about our
Striga research at Purdue University.

Traveled to IER-Mali and INRAN-Niger, and worked
with collaborators on ongoing collaborative field research.
October 1993,

Attended the American Society of Agronomy Annual
Meetings at Cincinnati, Ohio. November 7-11, 1993,

Participated in a Rockefeller Foundation in-house retreat
on future Rockefeller Foundation plans for Research and
Development program support to Africa. November 11-15,
1993.

Research Investigator Exchange

Interactions with public, private and international sor-
ghum research scientists continues to be an important func-
tion of PRF-107. The following individuals visited our
program or worked in our laboratory during this last year.

Dr. Paula Bramel-Cox, Sorghum Breeder, Kansas State
University spent three months on sabbatic. Nov. - Jan, 1994,

Dr. Fran Bidinger, ICRISAT Sorghum Breeder-Agrono-
mist, October 1993,

Dr. Bruce Maunder, DeKalb, October 1993,

Dr. Gene Dalton, Pioneer, October 1993.

Dr. Kay Porter, Pioneer, October 1993.

Dr. Yilma Kebede, Pioneer, August 1993.

Dr. Sam Mukuru, ICRISAT-Kenya, August 1993.

Dr. Osman Obeid, ARC-Sudan, August 1993,
Germplasm and Research Information Exchange

An effective mechanism has been developed for
germplasm exchange with cooperators both in Sudan and
Niger. Type and extent of germplasm introductions to both
Sudan and Niger from our collection is decided upon either

by specific request from thie collaborators or based on pre-
liminary evaluation of small sets of nurseries introduced the
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previous season. Such an approach has been found to be
satisfactory and workable. A number of early generation as
well as advanced breeding sorghum lines were introduced
in both Sudan and Niger. Such germplasm constitutes a
significant part of the core breeding program in both INRAN
and ARC. Likewise, useful local sorghums from Niger and
Sudan have also been introduced for initial intercrosses to
be made in the winter nurserv in Puerto Rico.

A significant networking activity involving information
exchange is developing through the efforts of this project
and its collaborators. Using information accumulated on
germplasm and environmental data from the INTSORMIL
collaborative effort in Sudan, varieties and hybrids that
showed potential in Sudan are suggested for testing in
similar environments in Niger. Research methodologies (on
drought tolerance for example), as well as results, therefore,
are also shared across countries and zones.

Information and germplasm is routinely contributed to
national and international sorghum research programs. A
major undertaking in the area of germplasm in Year 15 has
been the finalization of characterization, cataloguing, and
seed increase of over 3000 Sudanese sorghum accessions
that we introduced in cooperation with the USDA and
ARC/Sudan. The collection was grown in its entirety at the
USDA quarantine station in St. Croix during the winter
93/94 season. Sorghum breeders from most public and
private U.S. institutions were invited to walk through the
nursery to evaluate and select specific accessions for use in
their respective programs. The quality of the germplasm and
its potential use for further improvement of sorghum, par-
ticularly in the area of drought tolerance and grain quality,
has been appreciated by the participating scientists. Ar-
rangements have been made to distribute samples of the
collection on a request basis. The USDA Plant Introduction
Station at Griffin, Georgia will be responsible for distribu-
tion of seed samples. A complete set of samples is also to be
sent back to Sudan coded with exactly the same accession
numbers assigned by the U.S. National Seed Storage Labo-
ratory. The purpose of doing this is so that ARC/Sudan can
request seed samples for NSSL in case their samples are lost
or found unviable as a result of poor storage facilities. This
cooperative project involving INTSORMIL, USDA, and
ARC that undertook the assembly, characterization, cata-
loguing, and storage of the Sudan Sorghum Collection has
been a significant activity with mutual benefit to both U.S.
and Sudan.
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Summary

The objective of TAM-121 is to bring together in a
focused manner all those traits which cause the production
of higher yielding more stable sorghums with acceptable or
superior food quality, and have adequate resistance to biotic
and abiotic stresses. Successful crop production systems
require cultivars with high yield levels per unit area and
these culiivars must have a genctic potential which can be
expressed over a wide range of environmental conditions.
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Objectives, Production and Utilization Constraints
Objectives

Develop environmentally stable, higher yielding, agro-
nomical desirable sorghums with disease, insect, and envi-
ronmental stress resistance, with high grain quality and
weathering resistance.

Develop specific germplasm pools and resources for use
in impacting productivity in Latin America, South America,
and Africa.
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Distribute improved lines, hybrids, and early generation
populations possessing superior productivity and diversity
to collaborating LDC and domestic programs.

Determine existence of heterotic pools and magnitude of
heterosis and combiring abilities in sorghum.

Sorghum improvement is dependent upon the availabil-
ity of useful germplasm in both varietal and hybrid pro-
grams. The TAES/INTSORMIL sorghum research program
has and continues to develop and enhance germplasm for
utilization in sorghum breeding programs. A blend of prac-
tical field evaluations, with basic research endeavors, iden-
tification, and utilization of exotic germplasm with
protection traits, strengthens enhancement of traits to make
products more useful and economical for the grower and
consumer.

Greater genetic diversity is an increasingly important
goal for the maintenance of stability and productivity. Ma-
terials from the TAES/USDA Sorghum Conversion Pro-
gram have been crossed with elite higher yielding breeding
lines and have been selected to respond to the constraints of
production. Greater stability of yield, greater stress resis-
tance and pest resistance as well as food quality materials
evolve from this project and are distributed to collaborators.
As these elite, more broad based lines and hybrids emerge
they are selected for use in Meso-America, South America,
Africa, and Asia. Successful crop production systems re-
quire genotypes that possess potential which can be ex-
pressed over a wide range of environmental conditions.
Sorghum as a major food resource commodity is used in
much of the arid and semiarid regions of the world. Very
little is known about the genetics of objective food quality.
Even though sorghum has been used for many thousands of
years as a food source, selection for quality has been largely
subjective. Although the sorghum caryopsis is well de-
scribed, very little is known about those characteristics
which impact quality, especially in the variety of food
systems for which sorghum serves as the base raw material.

There is a continuous erosion of germplasm and a pres-
sure to use new diverse sources of resistance to pests,
diseases, and environmental stresses as well as increasing
the superiority of end-products, hence there must be preser-
vation and expansion of collections. Adequate evaluations
of existing collections, new introductions, and converted
lines are needed to determine usefulness of genetic stocks in
solving or impacting worldwide sorghum productivity con-
straints.

Drought stress is a major constraint to sorghum produc-
tion. Even in those areas where rainfall is higher or irrigation
is available on a limited basis, there is need for improved
drought tolerance. Large differences exist among sorghum
cultivars in their reaction to drought and performance under
drought stress. Texas has a semiarid environment and high
temperature during the growing season and is ideal for large
scale field screening and breeding for improved drought

tolerance. Materials selected in Texas have performed well
in other countries, including Sudan, Mali, Niger, Paraguay,
and Honduras.

Diseases are often region or site specific, and on-site
evaluations are necessary to determine severity and possible
race differences. Most of the internationally important dis-
eases are present and are serious constraints in Texas, espe-
cially downy mildew, charcoal rot, grain mold, grain
weathering, head smut, head blight, and MDMV. Many
other diseases such as anthracnose, leaf blight, rust, zonate,
gray leaf spot, and acremenium wilt also are present in
Texas. The south Texas environment is ideal for screening
and selecting sorghums (populations, improved breeding
lines, and parental stocks) with high levels of resistance to
most internationally important diseases.

Food quality characteristics are both cosmetic and or-
ganoleptic. Using local cultivars as controls for accept-
ability, genetic improvement of yield and stability
characteristics can be added in breeding program. Tan plant
color, straw color glumes, round seeds, easily decorticated
pericarps, and reduced phenols impact food quality. These
traits are assembled in breeding stocks that also possess
yield potential, stable performance, and pest resistance.

Whether the constraints that this project interact with are
addressed in Mali, Niger, Sudan, Cameroon, Zambia, Mex-
ico, Honduras, Paraguay, or the People’s Republic of China,
there are germplasm resources available for use. However,
there is a continuing need for adequate evaluations of exist-
ing collections, development of enhanced breeding stocks,
and distribution to collaborating scientists.

Research Approach and Project Qutput

Existing breeding materials were crossed in a winter
greenhouse crossing program with converted or partially
converted lines, other improved stocks, and introductions.
Those materials were grown in a summer F, transplant
nursery for sced increase. Previously generated materials
were screened and evaluated for recombinations of disease
resistance, grain quality, and yield potential in cooperation
with pathologists and cereal chemists. Disease screening
was done in large field nurseries in south and centra) Texas
utilizing natural infection and supplemented with artificial
inoculations for downy mildew, anthracnose, head smut,
and MDM virus.

Crosses were made to generate populations among vari-
ous disease resistant sources, agronomically superior lines,
and those possessing drought tolerance. These materials
were screened in field nurseries at locations in the U.S., other
countries, and in the laboratory. Where possible, replicated
trials were used for critical evaluations.

Crosses were developed to intergress superior previously

identified food quality traits into high yield, nonsenescent,
disease resistant inbred lines. These materials were then
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selected in large field nurseries at several locations with
diverse climatic patterns. Elite inbred lines and F| hybrids
have been used for further screening in cooperative trials.
Special trials have been used for evaluation, ie., ITAT
(International Tropical Adaptation Trial) and IFSAT (Inter-
national Food Sorghum Adaptation Trial). Advanced gen-
cration lines and hybrids were incorporated into various
standard replicated trials for more critical and extensive
evaluations at several locations in Texas, other states, and in
other collaborating countries where these constraints need
to be addressed.

Cytoplasmic diversity and heterotic pools among taxo-
nomic groups of sorghum were tested in trials at several
locations in Texas and in Kenya. Representatives of the
major groups were crossed to different sterility systems.
Parents and Fy (single cross, three-way, and double-cross)
hybrids were grown in replicated trials representative of
tropical and temperate climatic regimes.

Productivity is a summation of a program to include
genetic, physiologic, pathologic, and cultural results into a
delivered crop cultivar. This project utilizes the concept of
enhancement of productivity to deliver improved sorghum
germplasm to collaborating programs. While results from
related CRSP projects and germplasm resources from col-
laborating NARs are combined both new knowledge and
recombinations of useful germplasm result. Large nurseries
in field settings are utilized in areas of significant climatic
variation to identify desirable recombinations for yield,
stability, drought tolerance, discase resistance, and grain
quality. Emphasis has been placed upon development of
tropically adapted cultivars with nonsenescence, high yield,
and food quality grain. This project draws information and
material from INTSORMIL Projects TAM-122, TAM-124,
and TAM-126. Whether used in breeding or directly in F,
hybrids these results are beneficial to each program and to
INTSORMIL.

This project is involved in development of populations
to identify the spzcific sites of dw,, dw,, dw,, and dw,
height genes; maj, ma,, ma, @53. and may mattrity genes;
r, and y pericarp color genes; and several other genes of
known agronomic importance.

Materials from the Sorghum Conversion Program and
selected breeding cultivars from other INTSOMIL projects
are evaluated regularly for resistance to internationally im-
portant diseases and insects in a cooperative/collaborative
program throughout the sorghum growing world. An All
Disease and Insect Nursery (ADIN) with 70 entries and two
replications includes critically chosen materials from sev-
cral TAES sorghum projects to monitor changes in pest
problems and to provide germplasm to collaborators. Addi-
tional specific nurseries are developed cooperatively with
the same basic objectives. Primarily, these germplasm
cvaluation nurseries are used to collect critical data on
genetic/environmental/pest responses which can be used in
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INTSORMIL breeding activities. Secondly, the nurseries
provide useful materials for collaborators wherever grown,

Research Findings

The basic goal of this project is to create a base yield
among clite sorghums that is sustainable across varying
environmental conditions, and to add mechanisms and traits
that increase value and performance. There is substantial
interaction between TAM-122 and TAM-124 for
germplasm and information. The intensive cooperation and
evaluations from TAM-126 insures the inclusion of new
sources ol fuud quality and types for new uses.

In 1993, there was the normal early scason wet cycle
followed by significant drought across much of Texas. Plant
expression and discase reactions were good. South Texas
adaptation and disease nurseries allowed selection of more
than 10,000 panicles from advanced and early generation
materials (Corpus Christi, Robstown, and Beeville). The
breeding and testing site at College Station was very good.
Yield potential expression was excellent and grain quality
high because of the summer drought. Approximately 13,000
items were selected from the College Station site in 1993.
Selected advanced new females were top crossed to elite
tester males for evaluation in F hybrid combinations. Simi-
larlv selected advanced new males were top crossed to tester
females for Fy hybrid evaluations. Hybrids were produced
for use in the IFSAT and ITAT for 1994,

F| crosses made in the 1993 winter greenhouse using
RTx430 and RTx436 as recipient parents and sources of
Striga resistance, aphid resistance, and drought resistance
obtained from Kenya were grown to produce F, seeds for
selection. (Materials were described in 1992 Annual Re-
port).

Experiments were designed to estimate stability, het-
erosis, and performance of single, three-way, and double-
cross hybrids across a wide range of environments. Three
groups of trials were conducted between 1990 and 1993 in
Texas, and in Kenya by Dr. George Ombakho. Trials were
grown under irrigation at College Station (semi-tropical)
and Halfway (temperate); and dryland at Corpus Christi
(semi-tropical) and Chillicothe (temperate), Texas. Trials
were conducted in Kenya during 1992/93 at four locations
(Kibos, Kiboko, Kakamega, and Alupe) with two season
crops at Kakamega. Hybrids uniformly out performed pa-
rental lines and single crosses out performed three-way
crosses and double-crosses. There was evidence of stability
increasing from parental lines to the single crosses, three-
way crosses, and finally double-crosses as the most stable
type. Within plot variability for plant height, panicle length,
and panicle exsertion for the different hybrid types indicated
that differences were minimal and not of agronomic impor-
tance. However, limits of variation that might be tolerated
would differ among sorghum growers. Single crosses exhib-
ited greater heterosis than did three-way hybrids. Negative
heterotic values were preponderant in the three-way crosses.
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The most appropriate three-way cross for commercial pro-
duction should have a male-sterile F| and a fertility-restor-
ing male. Crosses involving SC103-12E exhibited high
heterotic values in single crosses. T

Predication of three-way cross mean grain yields using
Jenkins’ Method B indicated highly significant correlation
with observed grain yields. These results when compared
with others previously reported, especially in maize, indi-
cate that the nonparental single crosses can be appropriately
used in the prediction of three-way cross performances in
sorghum. The identification and utilization of A, and A,
cytoplasmic sterility, with appropriate restorers, allows the
production of not only single-cross hybrids but three-way
and double-crosses in sorghum with increased environ-
mental stability.

In Kenya, 1992/93 mean yield of three-way crosses was
significantly higher than for single crosses, especially in the
better environments of Kibos and Kakamega (short rainy
season). Three-way crosses were considered most stable
under conditions of these studies, while single crosses were
unstable. The variabilities of agronomic traits in single
crosses and three-way crosses were nearly similar in most
instances. A problem of excessive variability in Kenya
might not be as important as is the case in Texas since
harvesting is done by hand.

While this extensive study showed three-way hybrid
stability of production and limited variability of agronomic
traits, it also demonstrated the earlier harvest of Fy female
seed and reduced seed drying costs. The reduced seed pro-
duction costs due to increased yields of the male-sterile
single-cross would indirectly benefit the farmer. Three-way
hybrids introduce variability to the cultivated population.
From the evidence of this study, three-way crosses combine
greater stability with substantial performance and should
prove beneficial to the farmers of Kenya and similar regjons.

A study was conducted by Sergio J. Gouveia (Mozam-
bique) on the effects of chemical desiccation and seed
maturity upon germination of sorghum hybrid production.
The study was conducted at College Station and Lubbock,
Texas in 1992 and 1993. Sorghum plants representing 10
A-lines were desiccated in the field at 35, 30, 25, and 23%
grain moisture and then harvested at 12% moisture. The
same lines were desiccated in a separate study 30, 35, 40,
45, and 50 days after anthesis.

Response of the 10 A-lines to desiccation with sodium
chlorate showed that when seed moisture had reached 35%
(physiolic maturity) germination 21 days after harvest was
95% or greater. However, if the desiccant was applied at
30% to 25% grain moisture, germination was 95% or greater
7 to 14 days following harvest. The duration of dormancy
after harvest was reduced as the percentage of seed moisture
content decreased prior to application of the desiccant.
When application of the desiccant was delayed until grain
moisture was 23%, germination at harvest was optimized.

ATx399 appeared to be the most responsive to early desic-
cation because no improvement in % germination was made
as grain moisture decreased. ATx3042 germination in-
creased until grain moisture was 25% at application of the
desiccant. In general, when seeds were 40 days old germi-
nation did not increase significantly following application
of the drying agent. Dormancy was maintained in the brown
seeded A Combine Sagrain until 50 days past anthesis.
There were differences between the A-lines for response to
desiccation. There were differences between A-lines tested
for ability to germinate when harvested following desicca-
tion at 30 to 50 days past anthesis.

A basic study was conducted by T. Clint Nesbitt (U.S.)
to determine heterotic patterns among diverse sorghum hy-
brids. The study utilized 12 female inbred lines from three
cytoplasmic sterility groups (5=A3, 3=A,, and 4=A)), 9
male lines from the TAES-USDA Sorghum Conversion
Program, and 108 hybrid combinations. In the past, sorghum
hybrids have been produced on Kafir females and durra and
caudatum males. Our exclusive reliance upon such a narrow
base fails to utilize the great diversity which exists within
the specics, and overlooks the possibility of hybrid combi-
nations which provide greater heterosis or other stability
traits. Dependence upon a single cytoplasm (milo) creates a
potential genetic vulnerability problem. The creation of new
male sterility systems greatly increase the diversity of par-
ents from which hybrids can be produced.

Evidence obtained for combining ability and percent
heterosis suggests the presence of heterotic “patterns”
among the hybrids. Hybrids of less closely related parents
demonstrated better heterotic effects than those of related
groups. The Caffrorum working group demonstrates strong
heterotic effects with Zerazera, Caudatum/Kaura, Nigri-
cans/Feterita, and Nigricans groups, and these should he
used in the production of hybrids with A, females. Nigri-
cans/Feterita cultivars were shown to produce exceptional
yields and strong heterosis with Caudatums. Females of the
A, sterility system displayed good heterosis when crossed
with Caudatum/Kaura, Zerazera, and Nigrican/Feterita
males. Males from groups Caudatum, Caudatum/K aura, and
Durra/Dochna had high heterotic cffects with A5 females.
The heterotic patterns discerned in this study should facili-
tate the utilization of hybrid vigor in producing successful
hybrids. New hypotheses may be developed to further evalu-
ate the patterns suggested by this study.

Human food quality sorghum types developed in this
project performed well in a wide range of environmental
conditions. Data presented in Table | show performance of
40 hybrids in the 1993 IFSAT (International Food Sorghum
Adaptation Trial). ATx378*RTx430, a red seed feed grain
type hybrid, ranked 16th in the trial. The top six hybrids over
all locations were of similar pedigrees. RTx436 and
80C2241 were the male parents of the top six hybrids. These
top six hybrids averaged 739 kg/ha more than the check,
ATx378*RTx430. The yield advantage of the tan plant
color, white grain types is significant. In addition to the yield
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Table 1. Performance in kg/ha of white grain food quality sorghum hybrids at selected U.S. and international

locations using the 1993 IFSAT.

No. Entry Pedigree CcC CS H w A PR CH R¥Y
1 13 ATx631*80C2241 2935 5930 8700 5417 12800 6891 10836 7644
2 7 Al55*RTx436 2748 5995 8025 5211 12420 6621 12021 7577
3 8 ATx631*R8511 3252 6228 8360 5802 14290 5988 8473 7485
4 6  ATx635*RTx436 4027 7607 9673 4736 12300 5680 8088 7444
5 15 ATx635*80C2241 3227 7038 9654 5259 14070 7308 5214 7396
6 9  AB606*RTx436 2928 4944 8004  S116 12650 6754 10540 7277
7 31 ATx631*((SC120*Tx7000)*Tx430-4-1-1-2-0P-2*Tx435)- 2839 6366 8494 4495 11780 7384 9429 7255
8 17 AB606*80C2241 2937 SBI8 7595 3881 13830 6019 9673 7108
9 11 AY009*RTx436 3771 6051 7593 4483 12430 5898 10377 7086
10 10 A8610*RTx436 2599 6733 8380  S021 11330 6158 9347 7081
11 19 ATx631*R8504 2371 5935 7747 4150 10580 6568 12036 7055
12 40 ATx631*90M47 2678 6098 8377 5861 10560 7205 8488 7038
13 4 ATx631*RTx436 2661 5916 8636 5687 11900 7084 6577 6923
14 16 A8610*80C2241 2927 5604 8570 4055 13180 6365 7688 6913
15 34 ATx631*87EON361 2996 6337 8093 6431 10460 6184 7155 6808
16 32 ATx378*RTx430 3069 6433 8569 5670 10390 5201 7792 6732
17 26 ATx631*Dorado 2581 6656 8489 4499 8790 6274 9643 6705
18 22 AB610*R8504 2694 6089 6680 5275 10450 5315 10266 6681
19 37 ATx631*871EON366 SIS 2495 5566 8682 4736 8110 7216 9934 6677
20 12 A9017*RTx436 2283 6100 7449 4926 11350 5693 8503 6615
21 5 ATXARG-1*RTx436 2751 5015 7770 5196 9410 5630 10066 6548
22 21 ATx635*R8504 3345 5986 7947 4530 9430 5547 9045 6547
23 35 ATX631*871EON366 3227 6200 7768 4609 8810 6730 8132 6497
24 36 ATx631*87LEON366 SIS 3330 5775 7819 3754 8590 6098 10089 6694
25 24 ATx631*R8510 2061 5353 7252 4657 11390 6064 8607 6483
26 29 ATx631*B,9110 2100 5832 7501 4736 7590 6258 9512 6218
27 18 A9009*80C2241 2970 5775 8092 2075 10350 5824 8273 6194
28 33 ATx635*861:0N361 3562 6158 8081 4166 8470 5583 9897 6170

29 39 ATx631*90M41

30 25  ATXARG-1*R8510
31 1 Sureiio

32 14 ATXARG-1*80C2241
33 28  ATXARG-1*84C7730
34 27  ATXARG-I*Dorado
35 38 ATx635*RTx2816
36 30 ATxO631*(EBA1*RTx433)-C4-C1-CBK
37 23 ATXARG-I*R8S11
38 2 Dorado

39 20 ATXARG-I*R8504
40 3 ICSV-1.M89-520-720

2575 5550 7773 5005 9170 5521 7576 6167
2319 5720 7308 3406 8090 5801 9821 5066
3086 6089 6007 4562 8220 4530 8770 5896
2251 5461 7375 4752 8230 4154 8384 5801
2091 5054 7432 5037 7060  S081 8844 5800
3593 6461 8844 5908 6900 5983 7584 5723
1552 4581 7188 3152 10030 5290 7592 5626
1901 5850 6820 4182 8660 5320 5962 5528
2506 5975 7702 4455 9740 4585 5992 5422
2172 5003 SIS9 4752 7160 4963 8140 5336
2038 5428 6370 --- 5950 4498 7136 4489
1126 2363 4328 .- - 635¢ 1823 7777 3824

CC - Corpus Christi A - South Africa

CS - College Station PR - Puerto Rico
H - Halfway (2 reps) CH - China
W - Weslaco R - Rank/Mean

advantage of these hybrids there is increased leaf quality,
disease resistance, and drought tolerance. In 1993 there were
20 IFSATSs grown throughout the U.S. and internationally.
ATx631, ATx635, and other females from the project are
producing high yielding hybrids when crossed to a wide
array of good R-lines. The new tan plant color, red or red
translucent seed color hybrids are proving to have yield,
grain quality, and weathering resistance. Data from these
trials will be used to justify release of several new R-lines
during 1994,

In 1993, 25 ITAT’s (International Tropical Adaptation
Trials) were distributed to U.S. and international collabora-
tors. This trial is designed to allow collaborators to quickly
recognize useful materials in either inbred line or hybrid
form. Table 2 provides yield performance data from selected
locations. The highest yielding hybrids in College Station,
Texas (ATx635*80C2241=8132 kg/ha); Klerksdorp, South
Africa (A155*RTx436=13680 kg/ha); Mayaguez, Puerto
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Rico (ATx631*Dorado=8542 kg/ha); and Shenyang, China
(ATx626*R9025=12791 kg/ha) show arange of type. There
are seven hybrids that rank higher in yield than the best
overall locations check hybrid (ATx2752*RTx430). Five of
these top seven hybrids are white grain types with tan plant
color. This trial allows us to provide basic yield and adap-
tation in an array of hybrids that collaborators can use in
their own programs.

A set of inbred lines was sent to the Summer Grain Centre
at Potchefstroom, South Africa for evaluation. The best six
inbred lines are listed in Table 3. These inbred lines have
shown wide adaptation and presented good leaf disease
resistance when exposed to different environments.

TAM-121 is designed to enhance germplasm and deliver
that material in a form that can be quickly used by collabo-
rators. Food quality grain and resistances to biotic and
abiotic stresses have been major focus of the project. Sig-
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Table 2. Performance in kg/ha of grain sorghum hybrids and parental lines at selected U.S. and international
locations using the 1993 ITAT.

No. Entry Pedigree CS H A PR CH R ¥
1 23 ATx631*Dorado 7368 9797 10440 8542 9534 9136
2 19 A155*RTx436 5941 8125 13680 6450 9646 8768
3 20 ATx635*80C2241 8132 9458 13490 6435 6313 8766
4 33 ATx638*R8503 6199 7887 11020 6513 11036 8531
5 18 ATx631*RTx436 6190 8255 12710 6851 7850 8371
6 11 ATx2752*RTx430 6611 8624 12210 5733 8645 8365
7 14 ATx378*RTx434 7583 8629 10640 7011 7882 8349
8 25 ATx631*((SC599-6*SC110-9)*Tx2816)-3-3-2- 6468 8249 9640 6724 9824 8181
9 28 ATx631*((SC120*Tx7000)-4-1-1-2-OP-2%Tx435)- 6618 6879 11810 6836 8610 8151
10 15 ATx626*R8503 6380 7971 9830 6757 9635 8115
11 43 ATx635*86EON366 SIS 5967 8860 10730 7206 7633 8079
12 17  ATx638*RTx2783 5690 8317 9990 6418 9389 8061
13 13 ATx378*RTx7000 5641 7681 12570 4599 9575 8013
14 32 ATXARG-1*R8922 5181 7825 8510 6104 12428 8010
15 12 ATx378*RTx430 6110 8406 11310 6509 7614 7990
16 41 ATx638*(R4244*R6956)-C13-C4-C2-CI 6280 6884 10160 5788 10704 7963
17 46  AI*RTx430 6518 6994 9860 6684 9689 7949
18 35 ATx631*((Tx430*Tx2816)-1-1-5-3*Tx433)-C1-B2-T3-CBK 6699 7123 9490 8152 8121 917
19 49 ATx631*86EON361 6232 8794 11450 5524 7059 7812
20 50  ATx631*90M37 5823 7357 10630 8025 7254 7812
21 44 ATx635*86EEON361 7154 8717 10140 6996 6005 7802
22 27 ATXARG-1*(ADN55*SC103-12E)-C1-B14-B2-CBK 5575 7912 10660 5152 8943 7684
23 39  ATXx626*R9025 5647 5022 9460 5476 12791 7679
24 42 A8616*RTx430 5445 7163 10370 5857 9264 7660
25 30 ATXARG-1*((SC120*Tx7000)*Tx430)-*Tx435)-1-73-L5- 5556 8802 8130 5959 9699 7629
26 48  A1*R8503 5847 7811 10480 7052 6866 7611
27 29 ATX631*((Tx430*77CS1)-1-1-5-3*SC326-6)-CF2-B6-B2 5461 8158 11210 6170 7011 7602
28 37  ATXARG-1*R8903 4678 6841 8550 4632 12205 7581
29 26 ATXO31*(((Tx2816*SC326-6)*Tx430)-*Tx435)- 5993 7637 9300 6185 8383 7500
30 22 ATXARG-1*Dorado 6766 7931 8270 7500 6713 7436
31 47  A4R*RTx430 6085 7373 10880 5401 7235 7395
32 45  AI*RTx436 6039 7309 12370 4702 6545 7393
33 16 ATx638*R'Tx434 5303 7633 10760 6205 6562 7302
34 40 ATx626*(Tx7000*R9188)-C7-C2-C1-C4-C3-C2-C] §550 8139 11190 4942 5706 7105
35 36 ATX631*(EBA-1*Tx433)-C4-C1-T2 5503 6870 9770 6322 6125 6918
36 31 ATXARG-1*R8925 4911 6760 8330 4289 9842 6826
37 21 ATXARG-1*R8504 4971 6909 7420 5172 9553 6805
38 24 ATx631*R9021 5029 6549 8410 6183 7613 6757
39 7  R.Tx7000 4161 6271 9790 4338 7543 6421
40 34 ATx638*(Tx434*SC326-6)-1-B10-B2-B1-CBK-CBK-CBK SHI8 5984 7980 4235 7619 6227
41 I B.Tx378 4679 7091 9420 3980 5139 6062
42 2 B.Tx631 2618 5791 8360 5366 6882 5803
43 3 B.Tx635 5413 4108 7180 4986 7225 5776
44 9  Dorado 4888 5014 5470 6064 7137 5715
45 10 80C2241 1510 5102 9030 4216 8057 5579
46 S RTx430 3098 5445 7750 5043 6503 5568
47 6 R.Tx436 3489 4045 9660 4558 6082 5567
48 38 ATXARG-1*{(Combine Shallu*Rio)-*Tx430)-1-B8-B1-B1- 4909 6776 6420 3416 5586 5421
49 8 RTx434 2507 3713 7740 1444 5577 4196
50 4  B.TxARG-1 3053 4757 3700 4167 5044 4144
CS - College Station PR - Pucrto Rico
H - Halfway CH - China
A - South Africa R - Rank/Mean

Table 3. Response of selected recent releases of Sorghum bicolor at Summer Grain Centre, Potchefstroom, South

Africa.
No. Designation Reaction
! Tx2820 good leaf disease resistance, yield potention
2 Tx2823 good lcaf discase resistance, yield potention
3 Tx2835 good lcaf discase resistance, yicld potention
4 Tx2836 good leaf disease resistance, yield potention
5 Tx2839 (best) best leaf discase resistance, yield potention
6 Tx2853 good leaf disease resistance, yield potential and good combining ability
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nificant progress has resulted from the distribution of a large
amount of superior germplasm to many collaborating pro-
grams.

Networking Activities

Workshops

South Texas Nursery and Evaluation Panel presentations
- Corpus Christi, TX, July 12-135, 1993

Farmers Field Day and Tour - (White Food Sorghums) -
Garden City, TX, September 9, 1993

Honduras Collaborative Nurseries and related activities,
December 6-11, 1993

Research Investigation Exchanges
President Yoweri Museveni, President of Uganda

Mr. Dries Booyens, PANNAR Seed Company,
Klerksdorp, South Africa, Angust 30 - 31, 1993

Mr. Enrique Morgan, Morgan Seed Company, Colon,
Argentina, September 19, 1993

Mr. Victor R. Poggi, Morgan Seed Company, Colon,
Argentina, September 19, 1993

Carmine Laserna, Bogota, Colombia, June, 1993
Mr. Antonio Cristiani, Guatemala, June 1993
Dr. Francisco Gomez, Zamorano, Honduras

Dr. A. Toure, Bamako, Mali

Dr. Vartan Guiragossian, Exec. Consultant, Fundacion
Tecnologica de Sinaloa, Mexico

Mr. Tony McCosker, DPI, Queensland, Australia

Germplasm and Research Information Exchange

In 1993, this project distributed a large amount of
germplasm in the form of breeding stocks, F, populations,
and hybrids to both domestic and international collabora-
tors. These materials are listed in summary form in Table 4.
We distributed more than 3000 accessions and 101 trials
during the reporting period. These materials included many
old and new germplasm stocks, plus enhanced materials
possessing resistance to various diseases, insects, drought
stress, temperature stress, genetic stocks for maturity,
height, pericarp color, endosperm type and texture, plant
colors, tropical adaptation, and other traits. Included in the
101 trials which were distributed were the International
Tropical Adaptation Trials, International Food Sorghum
Adaptation Trials, International Sorghum Virus Nursery,
Genetics of Pericarp Nursery, and many modified Hybrid
Evaluation Trials. Sorghum advanced breeding selections
were made and entered into cooperative international trials
including the ADIN, IDIN, GWT, IDMN, 1AVN, UHSN,
and several drought nurseries. Large amounts of germplasm
were sent to collaborators in Honduras, Paraguay, Mexico,
Mali, Zimbabwe, Sudan, and People’s Republic of China.

Developed lectures for presentations in field nurseries for
international and domestic exchanges in Weslaco, Corpus
Christi, Robstown, Bceville, College Station, and Lubbock,
Texas.

Prepared three separate release proposals for inbred lines
(17)and A+/B, germplasm stocks (12). Approval for release
is pending as of this date.

Publications and Presentations

Publications

Collins, 8.D., R.A. Frederiksen, D.T. Roscnow, and F.R. Miller. 1993,
Registration of Tx2891 sorghum germplasm line. Crop Sci. 33:1109

Collins, S.D., R.A. Frederiksen, G.N. Odvody, D.T. Roscnow, and F.R.
Miller. 1993. Discase resistant converted sorghum lines. p 151, Proe.
18th Biennial Grain Sorghum Research and Utilization Conference.
Lubbock, TX, Feb 28 - March 2.

Escle, J.P., R.A. Frederiksen, and F.R. Miller. 1993. The association of
genes controlling caryopsis traits with grain mold resistance in sor-
ghum. Phytopathology 83:490-495.

Table 4. Seedstocks discributed from College Station, Texas in 1992-1993 to collaborating programs within the U.S.

and internationally.

Materials International Domestic
Breeding Stocks 424 974
F, populations 95 e
Hybrids 420 1038
(Sum) (939) (2091
Trials
ITAT 16 9
IFSAT 12 8
Experimental hybrids 4 32
Texas State Performance .- 10
Regional Performance -- 10
(Sum) 32) (69)
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Gouveia, S.J., F.R. Miller, and D.T. Rosenow. 1993, The effect of different
rates of glyphosatc on development of charcoal rot (Macrophomina
phaseoling) on some sorghum cultivars. p. 35. Proc. 18th Biennial
Grain Sorghum Research and Utilization Conference. Lubbock, TX,
Feb 28 - March 2.

Harrison, R.L and F.R. Miller. 1993, Registration ot *Della’ sweet sor-
ghum. Crop Sci. 33:1416.

Khizzah, B.W., F.R. Miller, and R.J. Newton. 1993, Inheritance and
heritability of heat tolerance in several sorghum cultivars during the
reproductive phase. African Crop Sci. J. 1:81-85.

Miller, F.R. and F.L. Green. 1993. Hew to raise sorghum in a semi-arid
arca. Mississippi/Zimbabwe Partnership, Jackson, MS.

Miller, F.R., and G.G. McBee. 1993, Genetics and management of physi-
ologic systems of sorghum for biomass production. In Biomass and
Biocnergy. 5(1):41-49.

Morgan, P.W., C-J He, K.L.. Childs, K.R. Foster, J.I. Sarquis, M.C. Drew,
W.R. Jordan, J.E. Mullet, J-L Lu, J. Caimey, and F.R. Miller. 1993,
Hormones as components of plant regulartory systems: examples from
tropical grasses. p. 18. Proceedings of the Plant Growth Regulator
Socicty of America. August 6-9. St. Louis, MO.

Pammi, Sujata, K.F. Schertz, F.R. Miller, and J.IE. Mullet. 1993, Optimal
conditions for gencrating PCR amplificd RAPD markers for sorghum
genome analysic. p. 33. Proc. 18th Biennial Grain Sorghum Rescarch
and Utilization Conference. Lubbock, TX, Feb 28 - March 2.

Reoney, L.W., F.R. Miller, D.T. Rosenow, and R.D. Waniska. 1993.
JOWAR, a new cereal for food utilization. p. 63. Proc. 18th Biennial
Grain Sorghum Rescarch and Utilization Conference. Lubbock, TX,
Feb 28 - March 2.

Sanderson, Matt A, Fred R. Miller, Mark A, Hussey, Ronald M. Jones, and
G. Ali. 1994. Quality of forage sorghums: Response to genctics and
management. p.55. National Conference on Forage Quality, Evalu-
ation, and Utilization. April 13-15. Lincoln, NE.

Sanderson, Matt A, G. Ali, Mark A. Hussey, and Fred R. Miller, 1994,
Plant density effects on forage quality and morphology of four sorghum
cultivars. Proc. American Forage and Grassland Council. 3:237-241.

Tarpley, L., D.M. Victor, and F.R. Miller. 1993. "C-assimilate export from
upper leaves of sweet and grain sorghum hybrids. p. 139. Proc. 18th
Bicnnial Grain Sorghum Research and Utilization Conference. Lub-
bock, TX, Feb 28 - March 2.

Tarpley, L., ).A. Dahlberg, D.M. Vietor, and F.R. Miller. 1993, Batch anion
exchange and quantification of "*C hexose and "*C sucrose. Crop Sci.
33:338-341.

Tenkouano, A., F.R. Miller, R.A. Frederiksen, and D.T. Rosenow. 1993,
Genctics of nonsencscence and charcoal rot resistance in sorghum.
Theoretical and Applied Gencetics 85:(5):644-648.

113



Germplasm Enhancement and Conservation

Germplasm Enhancement for Resistance to Pathogens
and Drought and Increased Genetic Diversity

Project TAM-122
Darrell T. Rosenow
Texas A&M University

Principal Investigator

Darrell T. Rosenow, Sorghum Breeder, Texas A&M Agricultural Experiment Station, Lubbock, TX

Collaborating Scientists

Dr. Aboubacar Touré, Sorghum Breeder, Sorghum Team Leader and INTSORMIL Country Coordinator,

SRA/Sotuba, DRA/IER, Bamako, Mali

Dr. Francisco Gomez, Sorghum Breeder and Head, Sorghum Investigations, EAP/SRN, Zamarano, Honduras
Lr. Osman El Obeid Ibrahim, Sorghum Breeder, ARC, Wad Medani, Sudan

Dr. L. E. Clark, Sorghum Breeder, TAM-122 (Cooperating Investigator), Texas A&M University, Vernon, TX
Dr. R.A. Frederiksen, Plant Pathologist, TAM-124, Texas A&M University, College Station, TX

Dr. F.R. Miller, Sorghum Breeder, TAM-121, Texas A&M University, College Station, TX

Dr. L.W. Rooney, Cereal Chemist, TAM-126, Texas A&M University, College Station, TX

Dr. R. D. Waniska, Cereal Chemist, TAM-126, Texas A&M University, College Station, TX

Dr. G. N. Odvody, Plant Pathologist, TAM-128, Texas A&M University, Corpus Christi, TX

Dr. G. C. Peterson, Sorghum Breeder, TAM-123, Texas A&M University, Lubbock, TX

Dr. G. L. Teetes, Entomologist, TAM-125, Texas A&M University, College Station, TX

Dr. Gebisa Ejeta, Serghum Breeder, PRF-107, Purdue University, West Lafayette, IN

Summary

The principal objectives of TAM-122 are to identify and
develop disease resistant and drought resistant sorghum
germplasm in genetically diverse backgrounds for use by
host county and U.S. scientists, and to collaborate with host
country scientists, especially those in Mali, Honduras, and
Sudan, in all aspects of their crop improvement programs.

The disease and drought resistance breeding program
continued to develop excellent germplasm for use in the
U.S. and host countries. New cultivars were introduced into
the U.S. and evaluated for useful traits. New breeding
germplasm was developed from new crosses. This new
segregating material plus other sorghum lines, germplasm,
and hybrids was used in the U.S. and distributed to LDC
collaborators.

New white seeded, tan plant derivatives of crosses of the
line, BTx635, looked very good for drought resistance, head
smut resistance, and lodging resistance. These should prove
very useful as parents of white sceded and food-type sor-
ghum hybrids both in the U.S. and host countries.

A few sorghum lines were identified with the dominant
type of stay green, a post-flowering drought resistance trait.
These lines, SC35-14E, B35, SC56-14E, and some SC33
derivatives should be useful breeding sources for the stay
green trait.
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Some F6 white-seeded, tan-plant Guinea type breeding
progeny involving the Guinea, Bimbiri Soumale germplasm
looked outstanding for yield and adaptation in Mali. They
may be very useful in Mali and West Africa as an improved
guineense type sorghum for enhanced utilization.

Two non-guineense Malian developed lines, Malisor 92-
1 and Malisor 92-2, were selected for increase and on-farm
trials in 1994,

Objectives, Production and Utilization Constraints
Objectives

Enhance the germplasm of LDCs by developing and
distributing early generation breeding germplasm involving
genetically improved discase and drought resistance and
other desirable traits for use by host countries with emphasis
on Honduras, Sudan, Mali, and Niger.

Develop high yielding cultivars for LDCs and the U.S.
with enhanced resistance to downy mildew, charcoal rot,
grain mold/weathering, anthracnose, head smut, head blight,
and foliage discases.

Develop, through breeding and selection, high yielding,
agronomically desirable types with superior combination of
pre- and post-flowering drought tolerance for use in the U.S.
and host countries.
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Identify, in basic sorghum germplasm lines, new sources
ofdroughttolerance and resistance to diseases of importance
in the U.S. and LDCs.

Collect and evaluate new sorghum germplasm for traits
needed in the U.S. and developing countries, and introgress
these traits into improved lines.

Constraints

Drought is the major constraint to sorghum and nuillet
production around the world. Large differences have been
demonstrated among sorghum cultivars in their reaction to
drought and performance under drought stress. Texas, par-
ticularly West Texas, has a semiarid environment with high
temperatures and is ideal for large scale field screening and
breeding for improved resistance to drought. Sorghums with
identified high levels of specific types of drought resistance
in Texas, specifically pre- or post-flowering, perform simi-
larly under drought response in other countries of the world,
including Sudan, Mali, Niger, and Honduras. However,
other adaptation traits such as grain quality, disease resis-
tance, and grain yield must be combined with drought
resistance to make a new cultivar useful.

Diseases are important worldwide but some diseases are
often region or site specific, and on-site evaluation is neces-
sary to determine severity and possible race differences.
Most of the internationally important diseases are present
and are serious production constraints in Texas, especially
downy mildew, charcoal rot, grain mold/weathering, head
smut, and head blight. Many other diseases such as anthrac-
nose, leaf blight, rust, zonate, and gray leaf spot are ziso
present in Texas. The Texas environment, particularly South
Texas, is ideal for screening and breeding sorghums with
high levels of resistance to most internationally important
diseases.

In Sudan, the major constraint is drought and drought
related production problems. Moisture-stress related char-
coal rot and subsequent lodging is a serious discase problem,
Many U.S. sorghums perform quite well in Sudan, but
improved drought resistance, local adaptation, and kisra
food quality are needed.

Mali and Niger are both drought prone areas. Thus, pre-
and post-flowering drought tolerance, is extremely impor-
tant to both countries. Foliage diseases such as anthracnose
and sooty stripe are important in the central and southern
parts of Mali. Long smut is important in Niger and in the
drier northern portion of Mali. High yielding improved
introductions often fail in West Africa due to the head bug
- grain mold - grain quality complex, stand establishment
problems, improper maturity, or lodging, whereas the local
sorghums appear well adapted. Head bugs are the major
constraint for the use of nonguineense type sorghums in
much of West Africa. Head bug damage is often com-
pounded by grain mold resulting in a soft and discolored
endosperm, rendering it unfit for traditional food products.

The early maturity of introduced types also compounds the
grain deterioration problem. Therefore, head bug resistance,
grain mold/weathering resistance, and proper maturity are
essential. In sonthern Mali, later maturing, photoperiod
sensitive sorghums are needed to assure grain maturity after
the rainy scason. In the drier northern areas of Mali and in
Niger where drought stress is severe, earlier, less photosen-
sitive material can be used, and drought tolerant Durra and
Feterita sorghums generally perform well.

Striga is a major constraint in Mali, Niger, and Sudan,
and soil toxicity problems are important in Mali and Niger.
Genetic sources of resistance to Sriga and soil toxicity
problems arc used whenever possible in crosses involving
disease, drought, and head bug resistance to develop breed-
ing progeny for selection in host countries.

In Honduras, diseases are a major constraint, including
downy mildew, foliar diseases, acremonium wilt, and the
grain mold/weathering, food quality complex. Drought is
also important in Honduras and the Central American Re-
gion. Improvement in the photoperiod sensitive, food-type
maicillos criollos grown in association with maize on small,
hillside farms in southern Honduras (as well as in southeast
Guatemala, El Salvador, and northwest Nicaragua) is a
unique challenge, because breeding and selection must be
done under the specific daylengths and environment in the
host region. Improvement in the nonphotoperiod sensitive
combine-type sorghums used over much of Central America
can result directly from introduction of Texas adapted cul-
tivars or hybrids.

There is a constant need in both host countries and the
U.S. for new diverse germplasm sources with resistance to
pests, discases, and environmental stress. New collections
can provide sources of desirable traits. Many developing
countries are an important source of diverse germplasm in
sorghum and millet. The collection, preservation and utili-
zation of genetic diversity in sorghum is tremendously im-
portant to long-term, sustainable sorghum improvement
programs. The use of such diverse germplasm is critical for
producing sufficient food for increasing populations in the
future,

Research Approach and Project Qutput
Research Methods

Introductions from Mali, Sudan, Niger, Honduras, Zim-
babwe, Zambia, Botswana, Somalia, Senegal, and ICRISAT
with desirable drought or disease resistance, or specific
desirable grain or plant traits, are crossed in Texas to appro-
priate elite U.S. lines and elite breeding materials. Seed of
the early generation are sent to host countries, particularly
Sudan, Mali, Niger, and Kenya, for selection of appropriate
traits and adaptation. Technical assistance is provided, as
time and travel permits, in the selection and evaluation and
use of such breeding material in the host country.
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New breeding material is generated from crosses among
various disease resistant sources, agronomically elite lines,
and new sources of resistance. Advance generations of
breeding lines also are selected each year. Initial screening
is done in large disease screening nurseries utilizing natural
infection in South Texas, supplemented by artificial inocu-
lation. Selected advanced materials are then sent to host
countries for evaluation and incorporated into standard rep-
licated trials for evaluation at several locations in Texas and
host countries.

New breeding crosses among various sources of pre- and
post-flowering drought resistance and elite, high yielding
lines are made. Progeny are selected under field conditions
for pre- and post-flowering drought resistance, yield, and
adaptation at several locations in West Texas. The locations
vary in their degree and time of moisture and heat stress.
Selected advanced materials are sent to host countries for
evaluation and use, as well as incorporated into standard
replicated trials for evaluation at several locations in Texas
and host countries.

Converted and partially converted lines from the Sor-
ghum Conversion Program, exotic lines, new introductions,
and breeding materials are screened and evaluated in Texas
for new sources of resistance to intemationally important
diseases and resistance to drought.

New sorghum germplasm is collected from several coun-
tries, introduced into the U.S. through the quarantine green-
house, and evaluated in Puerto Rico and Texas for useful
traits. Selected cultivars are designated for entry into the
cooperative TAES-USDA Sorghum Conversion Program.
Cultivars that are not photoperiod sensitive and with known
merit are incorporated directly into the breeding program.
We also work with NARS to assure their country’s indige-
nous sorghum cultivars are preserved in long term perma-
nent storage, as well as evaluated and used in germplasm
enhancement programs. Assistance is provided in develop-
ing smaller working or core collections for the NARS to
actively maintain and use in their improvement programs.

Research Findings

Breeding, selection, and screening for drought resistance
continued, using field drought screening nurseries at Lub-
bock, Halfway, Lamesa, and Chillicothe. The hot, dry sum-
mer contributed to excellent post-flowering stress at
Halfway, and pre-flowering stress at Lubbock and Lamesa.
The “‘stay-green” line, B35, appears to be the best source of
post-flowering drought resistance in breeding progeny. The
male sterile parental line, A35, continued to show outstand-
ing post-flowering drought resistance in hybrids with little,
if any, premature death, charcoal rot, or lodging. Breeding
derivatives of the parental line, B1, a derivative of B35,
showed good stay-green, and many had outstanding lodging
resistance. Advanced generation drought tolerant breeding
A and R lines were tested statewide in hybrid combinations.
Progeny from drought tolerant breeding lines were back-
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crossed and intercrossed with agronomically elite lines and
were evaluated at several locations. Sterilization of new
females (B-line material) continued and new experimental
hybrids produced and evaluated. Thirteen new A-B line
pairs were assigned codes for extensive testing. New breed-
ing materials, as well as early generation Fps and Fss,
involving drought tolerant introductions, converted lines,
and U.S. elite lines, were grown under field drought stress
conditions and selected.

The derivatives of new white seeded, tan plant female
parental line, BTx635, showed a significant level of stay
green (post-flowering drought tolerance), especially in com-
binations with B1, plus outstanding lodging resistance and
head smut resistance. Sterilization of several of these was
initiated.

New disease resistant breeding materials were devel-
oped, screened, and selected along with advanced genera-
tion breeding materials for improved agronomic types with
high levels of disease or multiple disease resistance. Screen-
ing and selection was done primarily in large disease screen-
ing nurseries, mostly in South Texas. Major diseases
involved were charcoal rot, grain mold/ weathering, downy
mildew, head smut, anthracnose, and foliar diseases such as
rust, zonate, and leaf blight. Derivatives involving the white,
tan B-line, BTx6335, showed outstanding resistance to head
smut in South Texas. The line appears to be an excellent
source of resistance to head smut in B-lines.

Several new advanced generation breeding lines were
identified for release as germplasm stocks. These lines con-
tain various desirable traits, including resistance 1o downy
mildew, head smut, grain mold/weathering, anthracnose,
charcoal rot, both pre- and post-flowering drought resis-
tance, food type grain quality, and ludging resistance.

Recombinant inbred (R1) F7 lines of (B35*Tx430) and
(B35*Tx7000) for RFL.P and RAPD uenome analysis were
grown and evaluated for pre- and post-flowering drought
resistance with excellent post-flowering drought stress ob-
tained. Genetic variation for drought was great among the
Rllines in both populations. RFLP linkage maps have been
developed for 110 loci in B35*Tx7000 and for 60 loci in
B35*Tx430. New crosses were made for RFLP analysis
involving other sources of drought resistance, grain mold
resistance, and anthracnose resistance, and progenies will be
advanced for future use. Another graduate studeni study
involved the evaluation of various germplasm and parental
lines and their Fls for grain mold/weathering resistance
across diverse locations around the world.

Hybrids among various released parental and experimen-
tal male sterile (A) and restorer (R) sorghum lines were used
to study the nature of the dominance of the stay-green
post-flowering drought resistance trait. There was a wide
variation in the expression of the trait in F| hybrids. Excel-
lent post-flowering moisture stress occurred at both Lub-
bock and Halfway test sites. Only a few stay-green lines
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showed strong dominance of the trait. These were SC35-
14E(IS12555C), SC56-14E(1S12568C), A35 (a BC1 de-
rivative of [S12555), some SC56*SC33 derivatives, 1790E
and 1790L, and an SC33 (IS12553) derivative, (P407x?)
(Table 1 and 2). SC33 and 35 are Durras from Ethiopia,
while SC56 is a Caudatum/Nigricans from Sudan. The stay
green in some lines was completely recessive, while several
showed partial dominance of the stay green trait. The stay
green in some derivatives of B35suchas B1, A2-1, A2-2(B),
and A4 was completely recessive. The stay green in most
Rio selections and derivatives was recessive. In Table 3, the
stay green ratings and percent lodging of selected hybrids is
presented. The data show the strong relationship of good
stay green with resistance to stress-type stalk loging.

Many new crosses and new breeding material was gen-
erated primarily for use in Host Countries. Important traits
include head bug resistance, Striga resistance, grain
mold/weathering resistance, lodging resistance, sugarcane
aphid resistance, as well as drought and discase resistance.
Seme of the lines used in crosses were Malisor 84-7,
ICSV1089BF, Surefio, Dorado, SRN-39, Sepon82, Macia,
WSV387, SVI, B.BON34, BTx635, MR732. 86EON361,
and 87EON366, all of which are white seeded, tan plant

types.

Some new Australian B and R lines with stay green
and/or midge resistance were introduced and crossed to elite
lines. These include A&BQLA41 (stay green), B86815-1-3
(stay green and midge), and R90562 (stay green and some
midge).

In Mali, some white seeded, tan plant Guinea type F6
breeding progeny from crosses involving Bimbiri Soumale

(a late maturing southern Mali Guinea) looked outstanding
in Preliminary Yield Trials. These were given the highest
priority in the breeding program for advance, evaluation off
station, and for use in evaluating the potential of grain from
white seeded, tan plant Guineas for enhanced utilization
products. Two new non-guineense Malian developed lines
were selected for increase and on-farm trials in 1994. The
two lines, R6078 and BTx635, continued to show excellent
head bug resistance.

In Sudan, numerous F3 derivatives of Ajabsido (a
drought resistant Sudan Feterita), were received from TAM-
122 and evaluated. The objective was to obtain Ajabsido-
like cultivars with shorter plant height, tan plant color,
and/or absence of testa. In Honduras, a sorghum-sudan
forage sorghum, Ganadero (ATx623*Tx2784), is ready for
release. The downy mildew resistant male parent of this
hybrid was developed jointly by TAM-124 and TAM-122.

Networking Activities
Workshops

Participated in and presented paper at Workshop on
Adaptation of Plants to Soil Stresses, Aug. 1-4, 1993, Lin-
coln, NE.

Participated and chaired the A frican INTSORMIL Coun-

try Coordinators Strategic Plan Conference, October 17,
1994, Niamey, Niger.

Table 1. Classification of male sterile A-lines of sorghum for stay green and dominance of the stay green trait in

hybrids.
Dominance**
Stay Green* classification
Designation Pedigree of line in hybrids
A3S 1S12555der VG Dom
Al (BTx625*B35) G Rec
ATx635 M S-Dom
ATx638 M Rec
A4R (B406xRio) G P-Dom
A2-1 (BTx625*B35) G Rec
A2-2(B) (BTx625*B35) G Rec
A4 (BTx625*B35) G Rec
A6 (BTx624*B35) G P-Dom
A7 (BTx624*B35) G P-Dom
Al1778 (SC56*SC33) VG P-Dom
A1887 (SC599*SC134) VG P-Dom
A599 Rio Der. G Rec
A803 (BTx3042*(BTx625*B35)) M S-Dom
AQL41 Australian line G P-Dom
Non-stay green A lines
ATx623 (BTx3197*SC170) p -
ATx399 Wheatland p -
A807 (BTx3042%(BTx625*B35)) P -
ATx378 Redlan P -

* Classification of A line for stay grcen, based on previous data where: VG = very good; G = good; M = moderate; P = poor.
** Overall classification of the dominance of the expression of the stay green trait in F1 hybrids where: Dom = strong dominance; P-Dom = partially dominant;

§-Dom = slightly dominant; Rec = complete or nearly complete recessive.
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Table 2. Classification of restorer sorghum lines for stay green and dominance of the stay green trait in hybrids.

Dominance**

Stay green* classification
Designation Pedigree of Tine in hybrids
SC35-14E 1$12555C/Durra VG Dom
SC56-14E 1S12568C/Cau Nig VG Dom
NSA 440 Karper/Gaines/Kafder vG S-Dom
1790E (SC56*SC33) VG Dom
1790L (SC56*SC33) VG Dom
R9188 Rioder, SC599-6 VG Rec
SC599-11E Rioder, BC3 G S-Dom
R1922 (SC56*SC110) G P-Dom
R1584 (SC56*SC170) VG Rec
(P407*HUC (SC33 der) VG Dom
KS19 Kansas Release G P-Dom
R8503 (5C599-6*Tx430) G Rec
88V1080 (Tx430*R9188) G Rec
R3224(sh) (TAM428*(GbTx7000der)) M S-Dom
R3224(1) (TAMA428*(GbTx7000der)) M S-Dom
82BDM499 (SC173*SC414) M P-Dom
R90562 Aust. Linc G P-Dom
88B1016 (Tx430*Rio)UC VG Dom-P-Dom
Tx430 F Rec
Tx436 F Rec
Tx433 F Rec
Tx432 M Rec
Tx435 G Rec
88BE2668 (Tx2783*(SC748*SC630)) F Rec
850G4300-5 (Gb430*(SC170*4671)) P -
88B943 (Rio*CS3541) P -
86E0361 (Tx432*CS3541)*SC326-6)) P -
87E0366 (TAM428*(Tx432*CS3541)) P -
P37-3 (Tx2794*K22/35) P -
R7730 (77CS1*Tx430) P -

* Classilication o restorer line for stay green based on previous data where: VG = very good; G = good; M = moderate; F = fair; P = poor.

**Ovenall classification of dominance of the expression of the stay green trait in F1 hybrids where: Dom = strong dominance; P-Dom = partially dominant;

S-Doin = slightly dominant; Rec = completely recessive.

Research Investigator Exchanges

Traveled to Mali Oct. 7-16, 1993 to help plan and partici-
pate in the INTSORMIL EEP Review, evaluate the INT-
SORMIL/IER collaborative research program, and plan
future collaborative research with the 1ER National Pro-
gram.

Traveled to Niger Oct. 16-20, 1993 to participate in and
chair the African INTSORMIL Country Coordinators Stra-
tegic Plan Conference, Oct. |7 at Niamey, and participate in
the EEP Review of the INRAN/INTSORMIL program.

Traveled to Honduras Dec. 6-10, 1993 to evaluate the
INTSORMIL/SRN/EAP collaborative sorghum research
program, and plan future collaborative research for Hondu-
ras and networking possibilities for Central America.

Traveled to St. Croix, U.S.Virgin Islands, Jan. 13-21,
1994 to assist in classification, characterization, taking de-
scriptive notes, and checking correctness of the 3,160 item
Sudan Sorghum Collection grown out in quarantine, and
select a smaller working collection.
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Coordinated a six-week sorghum breeding training for
Aboubacar Toure, Mali sorghum breeding technician at
Lubbock, July-September, 1993,

Served as coordinator and host for Study Leave for Dr.,
Samy M. Beder, Egyptian sorghum breeder, at Lubbock,
October, 1993 thru March, 1994,

Coordinated sorghum training and research in sorghum
breeding, drought resistance, and germplasm for two visit-
ing scientists, Tony McCosker (sorghum breeding Research
Associate from Australia) and Geremew Gebeyehu (Sor-
ghum Breeder from Ethiopia), April - September, 1994,

Participated in Sorghum Commodity Advisory Commit-
tee (CAC) as Ad Hoc Member at ASA Meeting (Nov. 1993),
and in St. Croix (Jan. 1994).

Other Collaborating/Cooperating Scientists

Cooperation or collaboration with the following scien-
tists in addition to the collaborating scientists previously
listed was important to the activities and achievements of
Project TAM-122,
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Table 3. Stay green (LPD rating) and lodging of selected
sorghum hybrids under post-flowering stress.

Hybrid/Pedigree LPD rating® Lodging %
Al1*Tx430 39 31
A35*Tx430 2.7 2
ATx635*Tx430 39 26
ATx638*Tx430 43 50
A2-2(B)*Tx430 4.1 28
A4R*Tx430 33 11
A35*Tx7000 34 11
A4*Tx7000 4.2 60
A2-1*Tx7000 44 52
AlI*TAM428 4.2 23
A35*TAM428 3.0 4
Al*Tx436 4.1 7
A35*Tx436 27 !
AQL41*Tx436 3.1 5
A1*Tx433 38 27
A1*SC35-14E 2.7 1
A4R*SC35-14E 2.7 2
A1*SC56-14E 29 2
A35*SC56-14E 2.0 2
A1*R9188(Rio Der) 42 27
A35*R9188(Rio Der) 26 2
ATx623*R9188(Rio Der) 4.1 40
AI*NSA440 33 2
A35*NSA440 2.6 0
A1*R3224(sh) 37 6
A35*R3224(sh) 3.0 0
AQLA41*R3224(sh) 33 1
A1*R8503 47 76
A35*R8503 3.1 4
AQL41*R8503 3.7 40
A807*R8503 4.6 93
A2-2(B)*R8503 44 77
A1*88V1080(Tx430*R9188) 43 54
A35*88V1080(Tx430*R9188) 22 0
AQLA41*88V1080(Tx430*R9188) 32 9
A1*88BE2668 4.0 22
A35*88BE2668 2.7 4
AQL41*88BE2668 35 10
A4R*88BE2668 29 2
A803*88BE2668 3.1 6
A807*88BE2668 4.1 26
ATx399*88BE2668 3.7 6
A1*(Tx430*Rio)UC 2.9 9
A35*(Tx430*Rio)UC 2.5 ]
Al*(P407x?)UC 24 |
A35*(P407x7)UC 23 I
A1*82BDM499 3.8 14
A35*82BDM499 2.6 2
Al1*1790E 29 2
A35*1790E 22 0
Al*R1922 31 3
A1*87E0366 43 68
ATx635*87E0366 4.5 62
Al1*86E0361 45 38
A35*86E0361 29 3
ATx635*86LE0361 4.0 35
Al*P37-3 4.7 62
A35*P37-3 24 3
Al*R90562 34 15
A35*R90562 2.3 5
AQL41*R90562 2.8 2
ATx399*Tx430(Check) 42 41
ATx2752*Tx430(Check) 4.0 27
ATx378*Tx430(Check) 43 55
DK46(Check) 3.2 8

¢ Leaf and plant death rating: 1=completely green; 3=50% of leaf area dead,;
S=cntire plant dead. Ratings are mean of Lubbock and Halfway,

Mr. Issoufou Kapran, Sorghum Breeder, INRAN, Ma-
radi, Niger.

Dr. A. Tunde Obilana, Sorghum Breeder SADC/ICRI-
SAT, Bulawayo, Zimbabwe,

Dr. Chris Manthe, Entomologist, DAR, Gaborone,
Botswana.

Dr. El Hilu Omer, Pathologist, ARC, Wad Medani,
Sudan.

Dr. Sam Z. Mukuru, Sorghum Breeder, ICRISAT,
Nairobi, Kenya.

Mr. Ben Kanyenji, Sorghum Breeder, Katumani Sta-
tion, Machakos, Kenya.

Ing. Rene Clara, Sorghum Breeder, ICRISAT/CIM-
MYT, El Batan, Mexico.

Dr. Guillermo Munoz, INTSORMIL/CIAT, Cali, Co-
lombia.

Dr. Manuel Torregroza, Director of Annual Crops,
ICA, Bogota, Colombia.

Mr. Shi Yuxue, Director, Sorghum Research Institute,
Liaoning Academy of Agricultural Sciences, Sheny-
ang, China.

Dr. Jeff Dahlberg, Sorghum Curator, USDA/ARS
Tropical Agriculture Research Station, Mayaguez,
Puerto Rico.

Dr. A. Sotomayor-Rios, Geneticist, USDA/ARS
Tropical Agriculture Research Station, Mayaguez,
Puerto Rico.

Dr. L.E. Claflin, Pathologist, KSU-108, Kansas State
University, Manhattan, KS.

Dr. L.M. Gourley, Sorghum Breeder, MSU-104, Mis-
sissippi State University, Mississippi State, MS, and
Sorghum Breeder, MIAC/KARI Project, Nairobi,
Kenya.

Prof. D.J. Andrews, Sorghum/Millet Breeder, UNL-
115, University of Nebraska, Lincoln, NE.

Dr. J.D. Eastin, Physiologist, UNL-116, University of
Nebraska, Lincoln, NE.

Dr. R.R. Duncan, Sorghum Breeder, University of
Georgia, Griffin, GA.

Dr. K.F. Schertz Geneticist, USDA/ARS - Texas
A&M University, College Station, TX.
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Dr. John H. Mullet, Biochemist, Texas A&M Univer-
sity, College Station, TX.

Dr. Andrew Paterson, Molecular Biology, Texas
A&M University, College Station, TX.

Dr. A.B. Onken, Soil Scientist, Texas A&M Univer-
sity, Lubbock, TX.

Dr. Henry Nguyen, Geneticist, Texas Tech University,
Lubbock, TX.

Germplasm Conservation and Use

Seed of the Sudan Sorghum Collection of approximately
3,160 cultivars of Sudanese origin was introduced into the
U.S. and grown out and seed increased under quarantine in
St. Croix, U.S. Virgin Islands during the winter 1993-94.
Each entry was checked for correctness, purity, and classi-
fied using the Harlan Race systemn and the Modified Murty
Working Group system. Over 30 other plant and grain
descriptors were also taken on each line. A tentative Work-
ing Collection was selected representing genetic diversity,
agronomic eliteness, and diversity of origin. Twenty-five of
the Sudanese cultivars were selected for entry into the
Sorghum Conversion Program. This was a joint effort with
USDA/ARS Puerto Rico and St. Croix, USDA Regional
Plant Introduction Station, Griffin, GA. INTSORMIL (Pur-
due-Gebisa Ejeta; Texas A&M - Darrell Rosenow; Sudan,
ICRISAT, ARC), and the Sorghum CAC. Seed was sent to
the National Seed Storage Lab, Sudan, ICRISAT, to inter-
ested sorghum workers, and all data was entered into the
USDA GRIN System. Some very unique (high yielding
Guinea - Caudatum derivatives) sorghums from Southern
Sudan were discovered in the Sudan Collection.

Thirty new introductions, primarily from Mali and Zam-
bia, were evaluated and seed increased in Puerto Rico. A
few showed excellent agronomic potential and disease re-
sistance: (1) 92SBF4DT-79(M84-7*TRPSS49CC); (2)
90CZF4-117(ICSV1063*M84-5), and (3) 91PreGpl#424
(87E0366*ICSV 1086). Nineteen new sorghums from Mali
(17) and Niger (2) were identified and introduced into the
U.S. in 1993. These included improved breeding lines and
a Striga resistant Guinea landrace, ‘Seguetana Cinzana’.

A total of 56 new exotic sorghums were selccted from
evaluation in Texas and Puerto Rico for enty into the
cooperative TAMU/TAES-USDA/ARS Sorghum Conver-
sion Program in the fall of 1994. These included 5 downy
mildew resistant lines from Ethiopia (Frederiksen), 4 fall
armyworm resistant lines from Sudan (Pitre), 3 acid soil
resistant lines from Zambia (Duncan), 17 elite agronomic or
unique lines (J. Dahlberg) from various Puerto Rico and St.
Croix increases and 25 Sudan Collection lines. Twelve of
these lines being similar to or appeared to be derivatives of
the midge resistant line, AF28, and are suspected to possess
midge resistance.
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Seed Production and Distribution

A large number of sorghum breeding and germplasm
lines, including F2 to advanced generation breeding prog-
eny, A,B, and R lines, converted lines, and experimental
hybrids were increased and distributed to numerous interna-
tional and domestic collaborators. These contained sources
of desirable traits such as disease resistance, pre- and post-
flowering drought resistance, grain mold and weathering
resistance, and lodging resistance. Seed was increased and
many sets of standard replicated trials containing elite
germplasm and source lines were packaged and distributed
in the U.S. and internationally. These include the ADIN (All
Disease and Insect Nursery), IDIN (International Disease
and Insect Nursery), GWT (Grain Weathering Test), DLT
(Drought Line Test), DHT (Drought Hybrid Test), CLAT
(Converted Line Anthracnose Test), and the UHSN (Uni-
form Head Smut Nursery). Countries to which large num-
bers of germplasm items were distributed include Mali,
Sudan, Honduras, Kenya, Zimbabwe, Botswana, and ICRI-
SAT/LASIP.

Assistance Given

Evaluation of germplasm was done collaboratively with
national scientists in Mali and Honduras. This included
training in disease and drought screening and rating meth-
odology, as well as information on sources of new useful
germplasm and sources of desirable traits. Similar training
was provided to LDC graduate students in the Texas breed-
ing and disease nurseries in the Lubbock and Corpus Christi
areas. Short term training was given at Lubbock to Abouba-
car Toure, a Malian sorghum breeding technician, Samy
Beder and Geremew Gebeyehu, sorghum breeders from
Egypt and Ethiopia, respectively, and Tony McCosker, re-
search associate from Australia. Pollinating bags and breed-
ing supplies were provided to the Mali breeding program.

Publications and Presentations

Publicazions

Walulu, R.S., D.T. Rosenow, D.B. Wester, and H.T. Nguyen. 1994. Inheri-
tance of the stay-green trait in sorghum. Crop Sci. 34:970-972.

Gilbert, M.L., D.T. Rosenow and H.T. Nguyen. 1994, Utilization of
alternate cytoplasms to evaluate combining ability in a diverse group
of sorghum B-lines. Crop Science 34: (In press)

Mansuetes, S.B., R.A. Frederiksen, R.D. Waniska, G.N. Odvody and D.T.
Rosenow. 1994, The effect of glume characteristics of sorghum on
infeciion by Fusarium moniliform. Plant Discase 78: (In press).

Rosenow, 0.7, 1994. Evaluation for drought and discase resistance in
sorghum fcr use in molecular marker-assisted selection. p.27-31. In:
Proc. of Conference Use of Molecular Markers in Sorghum an Pearl
Milles B3r=eding for Developing Countries. March 29 - April 1, 1993,
Norwich, UK.

Rosenew, NT. 1923, Lelecting plants for drought. In: Proc. A Workshop
on Adaptatior of Plants to Soil Stresses. Aug., 1-4, 1993, Lincoln, NE.
15+ SUKMIL Publication No. 94-2. p.133-141
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Rosenow, D.T., H.T. Nguyen, C.T. Gorman, and L.E. Clark. 1993. Evalu-
ation of exotic sorghums for drought resistance. Agron. Absts. p.193.
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Peterson, G.C., J. Dahlberg, D.K. Multize, D.T. Roscnow, and F.R. Miller.
1993. Multi-location nearest neighbor analysis of sorghum data using
Agrobase/4™. Agron. Absts. p.192.

Rooney, L.W., F.R. Miller, D.T. Rosenow, and R.D. Waniska. 1993. Jowar,
A new cereal for food utilization. Mexico Food Congress, March 15-17.
Mexico City, Mcxico.

Linn, Yann-Rong, K.F. Schertz, D.T. Rosenow, R.A. Wing, and A 1L
Paterson. 1994. DNA markers for height and maturity genes in sor-
ghum. p.47. In: Proc “Plant Genome 11" International Conference,
January 24-27, 1994. San Diego, CA.

Presentations

Roscnow, D.T. Breeding and sclection for drought resistance in sorghum,
Seminar, Texas Tech University, Feb. 1994, Lubbock, TX.

Roscnow, D.T. Sorghum conversion and germplasm. Liaoning Institute,
Shenyang, China, August 24, 1993,

Rosenow, D.T. Breeding for disease resistance. Liaoning Institute, Sheny-
ang, China. August 25, 1993.

Roscnow, D.T. Drought resistance - Concepts and breeding procedures.
Liaoning Institute, Shenyang, China August 26, 1993.

Roscnow, D.T. Mapping and evaluation of the stay green drought resistant
trait in sorghum. Annual TAES StafT Conf. Biotechnology Group,
January 11, 1994,

Rosenow, D.T. New sorghum parental lines for South Texas. San Patricio
County Farm Tour, June 22, 1994.
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Increasing Resistance to Insects and Improving Efficient
Nutrient Use in Genotypes Adapted to
Sustainable Production Systems
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Summary

Sorghum midge (Contarinia sorghicola) is the most
widespread insect pest of grain sorghum. It is also among
the most devastating insect pests and sorghum midge infes-
tation results in direct economic loss. At anthesis, sorghum
midge oviposit in the flowering floret. The larvae feed on
the developing kernel causing aborted development and a
‘blasted’ appearance of the sorghum panicle. Genetic resis-
tance to sorghum midge has been used in a breeding program
to develop elite germplasm with excellent resistance and
agronomic characteristics. All known resistance sources are
poor agronomically and difficult to use in a breeding pro-
gram, the resistance being inherited as a recessive quantita-
tive trait. Use of sorghum midge resistant hybrids has been
restricted due to lack of A-lines with excellent yield and
resistance in hybrids.
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Four new A-lines have been identified which possess
excellent resistance as lines and in hybrids. When evaluated
as the female parent in hybrids, grain yield is significantly
better than that of the standard resistant check (ATx2755 x
Tx2767). When compared to susceptible checks grain yield
is significantly better, the experimental hybrids producing
several times more grain.

Seed quantities of the new lines will be increased in the
next year for release. Large quantities of hybrid seed will
also be produced to test performance and stability of resis-
tance in larger sized fields.
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Objectives, Production and Utilization Constraints
Objectives

Obtain and evaluate germplasm for resistance to arthro-
pod pests. Determine the resistance source or mechanisms
most useful to sorghum improvement.

Determine the inheritance of insect resistance

Develop and release high yielding, agronomically im-
proved sorghums resistant to selected insects including the
sorghum midge and greenbug.

Identify and define potential sources of more cfficient
plant nutrient extraction and/or utilization in sorghum.

Develop agronomically elite sorghum with improved
nutrient use efficiencies.

Develop new methods for determining nutrient use effi-
ciencies and study responsible mechanisms when appropri-
ate,

Determine the effects of nutrient use efficiency on water
use efficiency in sorghum.

Develop analytical procedures for determining chemical
and physical properties of Sahelian soils and diagnostic
techniques to use in predicting crop response and need for
fertilizers or corrective amendments.

Identify and define sorghum genotypes with varying
levels or tolerance to drought and chemical stress of Sa-
helian soils and determine how each trait is inherited.

Constraints

Sorghum production and yield stability is constrained by
many biotic and abiotic stresses. Insects pose a production
risk in all areas of sorghum production, severity of damage
depending on the insect and local environment. To reduce
stress impact, research to develop crop genotypes with en-
hanced environmental fitness for use in more sustainable
production systems is nceded. Development of a single
genotype with genetic resistance to multiple stresses will
provide additional reductions in environmental risk and
contribute to improved LDC and DC productivity. This is
important as local production ecosystems (cultivars and
technology) experience induced change, the natural balance
between cultivars and biotic stresses also change and insect
damage becomes increasingly severe.

Host plant resistance to insects is a continual effort in
response to a dynamic evolving production agroecosystem.
Genetic resistance may be used to meet the demands of
increased food production in an economically profitable,
environmentally sustainable production system with no ad-
ditional producer inputs. To accomplish this task a multidis-

ciplinary research program to integrate resistant hybrids into
the management system is needed. Cultivars and hybrids
resistant to insects readily interface with other inputs as part
of an ecologically sound integrated pest management and
stress control strategy with large potential benefits to sub-
sistence and mechanized agriculture.

Depending on the environment many other insects, in-
cluding aphids, head bugs, and borers damage grain sor-
ghum. For each insect pest genetic resistance exists and may
be integrated into the production system in an ecologically
safe, economically inexpensive, and environmentally sus-
tainable manner. Sorghum midge, Contarinia sorghicola, is
the only cosmopolitan insect pest of sorghum and is among
the most destructive. As LDC research programs introduce
exotic germplasm with superior agronomic traits into in-
digenous genotypes, progeny and eventually cultivars will
be developed which are more photoperiod insensitive. Due
to the wider range in time of anthesis, damage due to
sorghum midge should become increasingly severe.

Among the major constraints to sorghum production in
Sahelian Africa are: soil acidity, extremely deficient levels
of N and P, spatially variable soil toxicity and limited
available water. Interaction of these factors frequently re-
sults in food shortages. Solutions to these problems must
meet site specific needs of soil, rainfall, resources, labor and
capital. It has long been assumed that water was the first
limiting factor to plant growth in much of the semi-arid
tropics. However, Stroosnijder and his associates from the
University of Wageningen have shown conclusively that
due to a lack of nutrients, principally N and P, usable water
is left on the soil profile even by native range plants. We
have determined that on Aflisols in Texas (same soil family
as many in SAT areas of Africa) usable water is left in soil
zones of low nutrient supply. Consequently, increasing
grain production under simultaneous low soil water supply
and low soil fertility is important as well as conditions of
low soil fertility with adequate water.

Research Approach and Project Output
Research Approach

The research approach of this project is to conduct col-
laborative research in LDC’s on specific problems. On-site
research is supported by participation in graduate education,
germplasm exchange and evaluation, site visits, and re-
search conducted at nursery locations in Texas. Collabora-
tive research has focused on evaluation of sorghum lines and
hybrids resistant to sorghum midge. In the U.S. greenbug
and yellow sugarcane resistant sources have been identified
and are being used in developing elite resistant sorghums.
Through collaborative ties with other projects genetic in-
heritance and resistance mechanisms are determined. Meth-
odology has been developed to quantify the response of
sorghum genotypes to high and low soil fertility levels, to
identify response of specific genotypes to fertilizer, and to
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evaluate the effect of water and/or nutrient use efficiency on
grain yield.

Germplasm is evaluated for resistance to insects of eco-
nomic importance in the collaborative breeding/entomology
program in field nurseries or greenhouse facilities, depend-
ing on the insect mode on infestation. Sources of germplasm
for evaluation are elite accessions from other programs
(including ICRISAT), introductions, and partially or fully
converted exotic genotypes from the sorghum conversion
program. New sources of resistance are crossed to elite
material in the breeding program and to other germplasm
lines with superior trait(s). Studies to determine the genetics
of resistance and the resistance mechanism are conducted
when possible. Advanced elite materials are evaluated at
diverse locations for stability of resistance, adaptation, and
reaction to additional stress factors., Based upon data col-
lected, crosses are made among elite lines to produce addi-
tional germplasm for subsequent evaluation. Improved
adaptation, other stress resistance (disease resistance and/or
drought tolerance), and additional favorable traits are incor-
porated into insect resistant germplasm whenever possible.

Elite lines and hybrids are provided to LDC cooperators
for evaluation in indigenous environments. The germplasm
is evaluated under the local production system (fertilizer,
tillage, plant population, etc.) and agronomic and yield data
collected. For insects important in LDCs but not in the U.S.,
an array of germplasm is provided to the LDC cooperator.
The germplasm is evaluated for resistance to the specific
insect by the cooperator. Based upon experimental results
crosses are made to produce relevant populations for inheri-
tance and entomological studies. These populations are pro-
vided to the cooperator for further evaluation.

Diverse cultivars of grain sorghum from the breeding
programs at Lubbock, and introductions from LDCs are
screened for N, P, and Fe use efficiencies in nutrient culture
in greenhouse studies at Lubbock and field nurseries in Mali,
West Africa and at Beeville and Lubbock, Texas. Priority is
given to lines that have shown promise in previous tests
including nurseries in LDCs. Lines from the sorghum con-
version program are also evaluated. Genotypes relatively
different in N and/or P nutrient use efficiency are grown in
a greenhouse in soil deficient in the respective nutrient.
Water use is determined and water use efficiency defined as
dry weight production per unit of available water. Water use
efficiency for selected genotypes differing in N use effi-
ciency is determined in an N deficient soil under field
conditions based on grain and forage yields, available water,
and water used. Water use is determined by neutron probe.
Particular attention is given to determination of soil chemi-
cal and physical characteristics for nurseries in Mali.

Research Findings
Research continued in the objective of developing elite

sorghum midge resistant lines suitable for hybrid seed pro-
duction. Major emphasis was to broaden the genetic base of
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the breeding program, incorporate additional sources of
resistance into elite lines, identify new superior R-lines, and
identify new A-lines with excellent resistance and yield
potential. Elite advanced lines were evaluated for resistance
to sorghum midge and agronomic desirability in the midge
line test. Data on performance of superior lines are presented
in Table 1. Sixty lines were evaluated with twenty-three
selected for further evaluation and testing. Eighteen of the
selected lines (designated as ‘MB’) are B-lines (A1l cyto-
plasm)and in the sterilization program to develop new seed
parents. A major constraint to production and use of sor-
ghum midge resistant hybrids has been the lack of superior
A-lines that possess excellent resistance and yield potential
under pest infestation, and excellent yield potential in the
absence of the pest. The usefulness of ten of the lines as
female seed parents in hybrids is under investigation and
four of the lines, designated MB104-B9INF6, MB104-
B92NF9, MB110-B92NF3 and MBI110-B93NF6, have
been selected for release.

Forty experimental hybrids representing new hybrid
combinations were evaluated in the midge hybrid test (Table
2). The test included new R-lines and A-lines evaluated in
hybrid combination for resistance and yield potential. When
compared to the standard sorghum midge resistant hybrid,
ATx2755 x Tx2767, several experimental hybrids ex-
pressed significantly better yield potential and pest resis-
tance under high population density at Corpus Christi. Each
of these superior hybrids had as a parent a new A-line that
has been in development. Based upon results from two years
of evaluation, as lines and in hybrid combination, four new
B-lines, listed above, have been selected for release. The
lines will produce a sorghum midge resistant hybrid with
excellent resistance under high population density and ac-
ceptable agronomic traits. While the differences were not as
large under moderate density (at College Station) the experi-
mental lines still express better yield potential and resistance
than previously available hybrids.

A replicated fifteen entry trial containing sorghum midge
resistant lines and standard resistant check was provided to
IER, Mali. The lines were to be planted in replicated trials
in at least one location in Mali to evaluate for sorghum
inidge resistance. The trial will be evaluated during an
on-site visit in October 1994.

Research was conducted to develop germplasm resistant
to biotype E greenbug. Advanced hybrid trizis were con-
ducted to test new R- and A-lines in hybrid combination.
Data from the yield trial was used to identify superior lines
for additional evaluation in 1994. Several potentially useful
R- or B-lines were identified for further testing. Selections
were made in breeding populations to develop elite
germplasm resistant to biotype I greenbug. Many crosses
were made to introgress the resistance gene(s) into an array
of elite germplasm in both R- and B-line genetic back-
grounds. A major emphasis is to backcross the resistance
genes into elite genes already widely used. It was deter-
mined that P1550607 will restore fertility (is an R-line) in
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Table 1. Midge damage rating and selected agronomic traits in the 1994 Midge Line Test, Corpus Christi, Texas.

Ling MDRt DES?} Height§  Exsertiony 1Y LPDt
Tx3042 (S-CK)1T 9.0 30 105 16 29 50
Tx623 (8-CK) 8.3 24 1s 9 2.6 40
Tx430 (S-CK) 8.3 22 108 I 23 33
TAM2566 (R-CK) 8.0 3. 93 6 32 70
MB110-B93INF6 5.7 2.6 102 9 33 37
Tx2755 (R-CK) 43 2.7 82 3 2.8 50
Tx2880 (R-CK) 43 2.8 98 8 29 43
MB104-BYINF6 (R-CK) 37 28 95 1 2.4 47
(Tx2872*Tx2880)-BMS 3.7 25 98 8 29 53
(Tx2887*Tx2890)-BM2-LMBK 37 29 10 18 28 63
(860362* MR 106-1/T'%2883)-SM6-CM 1 33 25 105 2 1.5 53
(Tx2880*Tx2882)-BM1-LMBK 33 26 102 7 2.5 47
MB104-B92NF9 3.0 26 92 7 23 47
MB110-B92NF3 3.0 26 93 6 2.8 37
MB120A-BM57-CC1-BM1-LMBK-CMBK 3.0 25 95 6 24 88
(MB110-21-L1-BM2-CC1*Tx623)-CM8-CM| 3.0 24 107 9 1.9 60
(TXx2782*Tx2876)-BM13-CM2 3.0 24 108 6 22 58
(Tx2872*Tx2880)-SM10 3.0 26 102 1 2.5 60
(Tx2877*86PL2i 19,20)-BM22-LMBK-CM2-CM1 27 2.4 108 7 2.0 60
(Tx2782*Tx2878)-BM28-LMBK 2.7 25 117 4 18 70
(Tx2782*Tx2878)-SME-LMBK 2.7 26 107 8 23 63
(MR114-90M11%Tx2767)-SM8 2.7 2.5 s 7 27 53
((SC228-14*Tx2767)-2-B2-BM2-1.M2* Tx2876)-CM4-CM2 2.7 25 97 5 1.6 40
Tx2767 (R-CK) 23 25 120 4 19 53
Tx2782 (R-CK) 23 3.0 78 4 24 60
MR114-90M11 23 26 102 7 26 43
MR126-BMS5-BM2-LMBK-CM2-LMBK 23 26 97 9 1.5 40
(MR114-90M1 1 *6EQ361/(R5646*SC326-6))-SM6-CM| 23 23 108 5 1.4 37
Tx2882 (R-CK) 2.0 24 98 5 26 60
3 4. 2.6 105 8 24 5.2
LSD.05 11 0.2 10 4 04 16

t MDR = Midge damage rating. Rated on scale of | = 0-10% blasted seed, 2 = 11-20% blasted seed,..., 9 = +81% blasted seed.

1 Des = Desirability. Rated on scale of | = most desirable to 5 = least desirable.
§ Mcasured in cm from base of the stalk o top of peduncle.
% Measured in em from Nag leaf to peduncle base.

# 1B = Insecticide phytotoxicity causing leaf discoloration. Rated on scale of 1 = no discoloration to § = 100% discoloration

111.PD = Leaf and plant death. Percent of leaf tissue dead at maturity.
$$S-CK = Susceptible Check; R-CK = Resistant Check.

Al cytoplasm and that P1550610 will not restore fertility (is
a B-line) in A1 cytoplasm. Based on the fertility analysis, it
was decided that PIS50607 would be used only in R-lines
and PI550610 would be used only in B-lines. This should
improve the genetic diversity of sorghum hybrids and main-
tain yield potential. It was also determined that both biotype
I resistance sources were also resistant to biotype E.

Selections were made to develop F3 populations in the
sorghum midge, and greenbug biotype E and I breeding
programs suitable for use in mapping and identifying the
resistance genes. For the sorghum midge, populations with
resistance derived from cither TAM2566 (SC175-9) or
SC423-14 have been developed. For the greenbug, Tx2783
(resistance derived from Capbam) will be used for biotype
E and P1550607 will be used for biotype I. A team composed
of a sorghum breeder (TAM-123), an entomologist (TAM-
125), and two molecular geneticists (a mapping specialist,
and a marker-assisted selection specialist) has been assem-
bled and graduate students recruited. Two small grants have

been obtained to fund start-up costs. There is the need during
the INTSORMIL 1994-95 year to identify funds to fully
support the graduate student portion of the research. It is
anticipated that when completed the research will have
identified the gene(s) for resistance to sorghum midge or
biotype E or I greenbug and determined genetic differences
at the molecular level between resistance sources.

Research continued for the introgression of genes for
resistance to yellow sugarcane into elite adapted material.
Evaluation of F5 progeny derived from P1457709 resulted
in identification of progeny with a useful level of resistance.
The germplasm is currently undergoing additional further
crossing with adapted germplasm and selection to develop
elite resistant lines. The initial FIs and F2s derived from
P1453951 were planted. Selection in the F2 populations will
emphasize short, early genotype that may be screened for
presence of the resistance gene(s).
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Table 2. Grain yield, midge damage rating and selected agronomic characteristics in the 1994 Midge Hybrid Test,

Corpus Christi, Texas.

Girain yield
Hybrid o lbs)/,\ MDR7? DES} Height§ Exsertiony IB# LPDtt
A9INF6(MB110)*Tx2880 2573 2.7 23 112 9 3.0 37
A92NF3(MBI110)*Tx2882 2031 4.3 24 108 13 29 33
A9INF6(MB104)*Tx2882 1958 3.7 24 115 15 2.7 33
ATx2755*Tx2880 (R-CK)}1 1931 47 2.5 115 13 34 43
A9INFHMB104)*Tx2882 1734 3.7 2.5 112 13 2.7 37
A9INF6(MB110)*Tx2882 1695 4.3 24 105 11 29 30
AQINF6(MB104)*Tx2880 1651 47 2.6 120 14 29 30
A92NFH(MBI104)*Tx2767 1585 4.7 2.6 123 15 24 40
ATx2755*Tx2767 (R-CK) 1383 6.0 25 122 11 2.7 40
A92NFIMB104)*Tx2880 1379 5.7 2.8 120 12 3.1 43
ATx2801*Tx2882 (R-CK) 1251 53 25 17 12 2.7 30
ATx2755*MR114-90M11 1196 6.7 2.6 17 15 2.7 37
A9INF6(MBI104)*Tx2767 1169 6.0 26 128 13 2.6 37
A'Tx2755*Tx2882 (R-CK) 1104 6.0 25 105 9 2.8 40
ATx2752%Tx2783 (5-CK) 289 8.7 2.7 127 9 23 27
ATx2755*Tx430 (R&S-CK) 217 9.0 24 120 9 2.7 40
ATx2801*Tx430 (R&S-CK) 152 9.0 24 133 9 3.1 37
ATx2752*Tx 130 (8-CK) 50 9.0 24 123 11 2.1 30
ATx3042*Tx2737 (8-CK) 48 9.0 25 125 19 2.6 30
X 1060 6.2 2.5 124 13 2.7 36
1.SD.05 3719 1.3 0.2 6 4 0.4 11

t MDR = Midge damage rating. Rated on scale of 1 = 0-10% blasted sced, 2 = 11-20% blasted seed, ..., 9 = +81% blasted sced.

1 DES = Desirability. Rated on scale of | = most desirable to § = least desirable,
§ Mueasured in em from base of the stalk to top of peduncle.
§ Measured in e from {tag leaf to peduncle base.

# 1B = Insecticide phytotoxicity causing leaf discoloration. Rated on scale of 1 = no discoloration to 5 = 100% discoloration.

t+1LPD = Leaf and plant death. Percent of leaf tissue dead at maturity.

$11CK = Resistant check; 8-CK = Suseeptible check; R x S-CK = Resistant x Susceptible check.

Twenty breeding lines and four hybrids were evaluated
for nitrogen usc efficiency at low and high levels of available
nitrogen and for responsiveness to fertilizer nitrogen appli-
cation. Significant differences in grain yield were found. No
relationship was found between grain yield and cither high
or low levels of available nitrogen and responsiveness to
nitrogen application.

We have previously found and reported that transpira-
tional water use efficiency is linearly related to harvest
index. Changing harvest index through plant breeding
and/or cultural practices could significantly affect water use
efficiency. We measured the harvest index of 10 breeding
lines at two levels of nitrogen fertilization. Harvest index
increased with nitrogen fertilizer application and was sig-
nificantly different between breeding lines at both levels of
nitrogen fertilization. A highly significant relationship was
found between harvest index at low nitrogen and high
nitrogen which had the form of y=axb. Grain yield was
related to harvest index within and across both levels of
nitrogen fertilization. These relationships also had the form
of y=axP. A significant interaction was found between
breeding line and nitrogen level on harvest index. This
interaction effect (genotype X nutrient level) has also been
found, in the past, to affect grain weight, nitrogen uptake,
nitrogen translocation, metabolic nitrogen use efficiency,
grain produced per unit of nitrogen supply, transpirational
water use efficiency based on grain weight and evapotran-
spirational water use efficiency. These studies have shown
that plant breeding can be used to improve these plant
characteristics important to improving production effi-
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ciency. They also show the necessity of quantifying the
interaction of genotype and nutrient supply for any given set
of production conditions.

A 46 entry paired plot screening nursery for soil toxicity
was established, jointly with TropSoils, on the Cinzana
Experiment Station at a previously selected site. Checks
used were Bagoba (resistant) and Malisor 84-5 (suscepti-
ble). This nursery was evaluated on October 14, 1993. A
Gadiaba selection made on the Cinzana Station was rated
higher than the resistant check. It was concluded that this
technique of paired planting coupled with appropriate soil
analyses would be useful in screening for tolerance to the
soil toxicity problem. The nursery was planted again during
the 1994 growing season.

To evaluate the U.S. acid soil response of African sor-
ghums with good response to soil toxicity or acids soils (in
Africa), a two-hundred-ten entry two replication test was
sent to Dr. R.R. Duncan at the University of Georgia. The
lines will be evaluated under conditions of known pH and
nutrient concentration to identify their response to U.S. acid
soil conditions. This will increase the opportunity to identify
genotypes with resistance or tolerance to a range of acid soil
conditions throughout the world.
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Networking Activities
Workshops

G.C. Peterson. Intemational Consultative Workshop on
Panicle Insect Pests of Sorghum and Pearl Millet, 4-7 Oct
1993, Niamey, Niger.

Research Investigator Exchanges

G.C. Peterson. Oct. 1-8, 1993, Participated in and pre-
sented paper at the International Consultative Workshop on
Panicle Insect Pests of Sorghum and Pearl Millet, Niamey,
Niger.

G.C. Peterson and A.B. Onken. Mali. Oct. 8-16, 1993.
Participated in review of collaborative IER/INTSORMIL
research program by the INTSORMIL External Evaluation
Panel. Collaborative research was reviewed at Sotuba,
Samanko, and Cinzana. Evaluated field research in the joint
INTSORMIL/TropSoils soil toxicity/stress and planned fu-
ture collaborative activities.

Mr. Sun Guihuang, Sorghum breeder, Liaoning Ac-
adamy of Agricultural Sciences, Shenyang, P.R.C. con-
ducted research on resistance in grain sorghum to aphids,
July I, 1993 - March 31, 1994. Toured sorghum nurseries
at Corpus Christi, Beeville and College Station.

Mr. Tony McCosker, Queensland Department of Pri-
mary Industries, Australia, conducted research on resistance
in grain sorghum to sorghum midge, biotype E greenbug and
drought at Luboock, April 15, 1994 - September 31, 1994,
Evaluated germplasm generated for research activities at
College Station and Lubbock. Toured and worked in sor-
ghum nurseries at Corpus Christi.

Other Cooperators

Dr. B.R. Wiseman, Entomologist, Insect Biology and
Population Management Research Lab., P.O. Box 748,
USDA-ARS, Tifton, GA 31793-0748

Dr.R.R. Duncan, University of Georgia, Georgia Station,
Griffin, GA 30223-1797

Dr. A. Sotomayor-Rios, Tropical Agriculture Research
Station, USDA-ARS, P.C. Box 70 Mayaguez, PR 0068]-
3435

Dr. J. Dahlberg, Tropical Agriculture Research Station,
USDA-ARS, P.O. Box 70, Mayaguez, PR 00681-3435

Dr. Y.O. Doumbia, Entomologist, IER/SRCVO, Sotuba,
B.P. 438, Bamako, Mali

Dr. C.S. Manthe, Ministry of Agriculture, Dep. of Agri-
cultural Research, Private Bag 0033, Gaborone, Botswana

Dr. R.G. Henzell, Hermitage Research Station, Yangan
Road, MS 508 Warwick Q 4370 Australia

Germplasm Exchange and Conservation

G.C. Peterson participated in classification and descrip-
tion of the Sudan sorghum collection when it was grown at
the USDA Quarantine Center, St. Croix prior to introduction
of the collection into the U.S. plant germplasm system.
Approximately 1,353 introductions from the Sudan sor-
ghum collection are being grown in research plots at Lub-
bock to evaluate for photoperiod sensitivity and to cross to
A-lines for fertility restoration analysis.

Seed samples were sent to the following countries includ-
ing, but not liniited io: Australia, Mali, China, Colombia
and Egypt.

TAM-123 also provided seed for entries in the ADIN (All
Disease and Insect Nursery), which is grown in many loca-
tions throughout the world, and the TAT (Tropical Adapta-
tion Test),

Impact of Technology Developed

This project has developed numerous germplasm lines
resistant to biotype C and/or E greenbug which have been
distributed to private seed companies for use in their breed-
ing programs. Lines developed by this project which have
been extensively used directly in the production of hybrids,
including ATx2752, Tx2737, Tx2783, Tx2864, and
Tx2862. It has been estimated that the net social benefit to
the U.S. from the resistance to greenbug breeding program
is at least $113 million.

Germplasm resistant to sorghum midge which has been
developed by this project has served as the foundation for
many similar breeding programs throughout the world.
Lines used, or which could be used, directly in sorghum
hybrids include ATx2755, Tx2767, Tx2880, and Tx2882.
New A-lines selected for release have the potential to sig-
nificantly increase use of sorghum midge resistance hybrids.

Assistance Given

Provided computer software to Honduras.

Provided technical support to Dr. A. Toure (Mali) on
computer software for breeding programs, and on computer
operation.

Publications and Presentations

Abstracts

Peterson, G.C,, J. Dahlberg, D.K. Mulitze, D.T. Rosenow, and F.R. Miller.
1993. Multi-Jocation nearest neighbor analysis of sorghum data using
Agrobase/4 . Agronomy Abstracts. Nov. 7-12, 1993, Cincinnati, OH
p. 192,
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Dahlberg, J., G.C. Peterson, and D.K. Mulitze. 1993. Sorghum pedigree
management using Agrobasc/4 . Agronomy Abstracts. Nov. 7-12,
1993. Cincinnati, OH p. 69.

Newsletter

Peterson, G. C. 1994. Sorghum and plant resistance to insects problems.
Annual Plant Resistance to Insects Newsletter 20; 3-5.

Peterson, G.C., G.L. Teetes, R.M. Anderson, and B.B. Pendleton. 1994.
Yield and selected traits of sorghum midge-resistant sorghum hybrids.
Annual Plant Resistance to Insects Newsletter 20: 30-31.

Peterson, G.C., G.L. Tectes, and B.B. Pendleton. 1995. Resistance of
sorghum to sorghum midge in the United States. Sorghum Newsletter
35: (in press).

Refereed Journal

Teetes, G.L.., RM. Anderson, and G.C. Peterson. 1994, Exploitation of
sorghum nonpreference resistance to sorghum midge (Diptera: Ceci-
domyiidae) using mixed plantings of resistant and susceptible sorghum
hybrids. J. Econ. Entomol. 87:826-831.

Pendleton, B.B., G.L. Teetes, and G.C. Peterson. 1994, Phenology of
sorghum anthesis. Agron. J. 86: (in press).

Presentations

Peterson, G.C., J. Dahlberg, D.K. Mulitze, D.T. Roscnow, and F.R. Miller.
Multi-lpeation nearest neighbor analysis of sorghum data using Agro-
base/4 . Annual meeting of the American Socicty of Agronomy/Crop
Science Socicty of America/Soil Science Society of Ameriea. 7-12
Nov. 1993. Cincinnati, OH.

Dahlberg, J., G.C. Peterson, and D.K. Mulitze. Sorghum pedigree manage-
ment using Agrobase/d . Annual meeting of the American Society of
Agronomy/Crop Science Society of America/Soil Science Society of
America. 7-12 Nov. 1993. Cincinnati, OH.
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Breeding Sorghum for Stability of
Performance Using Tropical Germplasm
Project UNL-115

David J. Andrews
University of Nebraska

Principal Investigator

Professor David J. Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Collaborating Scientists

Dr. L ouis M. Mazhani, Chief Agricultural Research and Sorghum Breeder, Department of Agricultural

Research, P.O. Box 0033, Sebele, Botswana

Dr. Chris Manthe, Cereals Coordinator, Department of Agricultural Research, P.O. Box 0033, Sebcle, Beiswana

Mr. Peter Sctimela, Sorghum Breeder, Department of Agricultural Research, P.O. Box 0033, Sebele, Botswana

Dr. Tunde Obilana, Sorghum Breeder, SADC/ICRISAT, Southern Africa Regional Sorghum and Millet
Research Program, P. O. Box 776, Bulawayo, Zimbabwe

Mr. Gilles Trouche, Sorghum Breeder, CNRA, B.P. 5!, Bambey, Senegal

Drs. J. W. Stenhouse and Belum Reddy, Sorghum Breeders, ICRISAT/India

Dr. Fred W. Miller, Sorghum Breeder, TAM-121, Texas A&M University, College Station, TX

Dr. D. T. Rosenow, Sorghum Breeder, TAM-122, Texas A&M University, Lubbock, TX

Dr. Paula Bramel-Cox, Sorghum Breeder, Kansas State University, Manhattan, KS

Dr. Jerry W. Maranville, Physiologist, UNL-114, University of Nebraska, Lincoln, NE

Summary

Most sorghum is grown for food in low resource semi-
arid (LRSA) conditions in Africa and Asia where there are
many environmental constraints to production, the principal
of which are low nutrient levels, a variable and uncertain
moisture supply and many severe pests and diseases. Actual
production is the interaction of these constraints on the
genetic yield potential (the comparative yielding ability) of
the cultivar. The tolerance of the genotype to the sum of
these constraints constitutes adaptation. Good adaptation
alone, however, is not enough, since yield potential has to
be raised to increase production. Though some constraints
are more common than others, there are different combina-
tions of constraints in different regions, and hence there are
different areas of adaptation which need to be bred for
separately. Many cultivars from ICRISAT’s breeding pro-
grams, while they have raised yield potentials in many
LRSA regions, have not, in general, involved much of the
high yield potential available in U.S. combine sorghum
parents. In turn the genetic base of hybrid parents in the U.S.
is very narrow in terms of the total range of genetic diversity
available. This is a fertile breeding area, therefore, this
project seeks to exploit crossing of higher yielding adapted
food quality tropical sorghums and U.S. parents.

On the one hand, the resulting segregating populations
are selected in situ in collaborative LRSA breeding pro-
grams to the benefit of developing countries, and on the
other, selections .ie made from the same crosses for adap-
tation and combining ability to broaden the genetic diversity
in parental lines in the U.S.

This project works principally with the breeding pro-
grams in Senegal and Botswana (but has also provided
material to China, India, Mexico, Nigeria, Niger, South
Africa, Zambia, and Zimbabwe), as well as in the Midwest
of the U.S.

In Senegal, hybrids made from INTSORMIL parents
continued to perform well in tests in the Senegal River
Valley, where alternatives are needed for the existing rice
monoculture. Further hybrids were sent in 1993, together
with parents, so that seed of these hybrids could be increased
in Senegal.

In Botswana, development of adapted drought-tolerant
seed parents continued at Sebele and in the winter nursery
provided by SADC/ICRISAT in Zimbabwe, where testcross
seed was also produced. Initial hybrid tests were promising,
SADC/ICRISAT has produced three seed parents from Uni-
versity of Nebraska-Lincoln germplasm.

Multilocation tests in Kansas and Nebraska showed
yields of hybrids made with several new tan-plant seed
parents equalled or exceeded commercial hybrid checks.
One of these was released in March 1994 as N148 A and B.
Earlier work on seedling vigor identified non-destructive
methodology, located several good sources, and showed that
there is good potential for improving this trait through
breeding. Research on determining the most efficient way
to assess combining ability early in the selection process
continued.
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Objectives, Production and Utilization Constraints
Objectives

Objectives have changed little from the previous year as
this is a long-term breeding project. A principal aim of this
project is to introduce and utilize newly bred high yielding
tropical food quality sorghums which have so far not been
widely used in U.S. breeding programs. Utilization will be
mainly through selection of progeny from crosses with
superior U.S. lines. Conversely, through the same crosses,
high yield traits from U.S. sorghums are made available for
selection in developing countries. Appropriate parts of this
variability in early generations will be used to support
breeding projects in developing countries, and in the U.S. to
develop new varieties and parental lines.

Constraints

Constraints to sorghum production are both genetic and
physical factors in the growing environment and the effects
of inelastic markets. Many existing landrace varieties,
though they are well adapted to low moisture and fertility
situations and to numerous pests and diseases, are not effi-
cient in converting dry matter they produce into grain. Their
harvest index (HI) efficiency is poor. There are breeding
stocks such as U.S. hybrid parent lines, which are twice as
efficient in this process but they generally perform poorly
in Africar. conditions because they have little adaptation or
pest/disease resistance. A combination of traits conferring
adaptation and grain production efficiency is required
through breeding, as well as further improvement in the
basic breeding stocks (particularly seed parents) for grain
yield potential. Combinations (lines/plants) with good ad-
aptation and seed qualities can only be identified in situ in
developing countries. Thus, segregating material generated
from crosses with stocks known to perform well in the
region concerned, in crosses with selected high Hi lines, are
supplied for selection in collaborative projects.

Research Approach and Project Output
Research Methods

The most widely adapted high yielding lines and seed
parents from the ICRISAT sorghum food quality breeding
program in Indiaand Mexico, and the Botswana and Zambia
NARS and the IRAT West African sorghum breeding pro-
grams were introduced and crossed with U.S. B- and R-
lines. New lines are being produced by pedigree selection
during which criteria for agronomic value and evident food
quality grain are used. After F; evaluation, remnant seed of
F; and the preceeding Fs of crosses between appropriately
adapted exotic lines are provided to host-country breeders
to initiate collaborative selecticn programs. At Fy/F s, selec-
tions with per se worth are tested for drought/heat stress
resistance and for combining ability through test crosses.
Those which act as non-restorers will be considered for
producing new seed parents. Well adapted partial in-
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breds/lines are released as germplasm stocks/parental lines
for use in the U.S.

The introductions are also tested for per se performance
and in hybrid combinations for possible dissemination in
international nurseries together with hybrids made with
lines derived from the exotic x U.S. crossing program.

The research program provides opportunities and mate-
rial for post-graduate student thesis problems. Currently,
student research is on methodology for determining com-
bining ability. Both selection and testing in the UNL-115
project is conducted without added fertilizer (about 50 kg
N/ha is available from the proceeding soybean crop), since
r.ost LDCs use little chemical fertilizer on dryland cereals
but can use rotations with legumes.

Research Findings

Thirty-four new F s were grown, with emphasis on util-
izing tropical, large seeded germplasm from West Africa
and Zambia with good evident food grain quality. One
thousand six hundred F, to Fg lines were evaluated for
potential use in host-count.y programs and the U.S. Seed
parent development was coatinued on 80 lines and 140 were
increased and testcrossed.

Seed parents both for the U.S. and collaborative pro-
grams were evaluated in testcross nurseries, initial and ad-
vanced tests, and in collaboration with Kansas State
University in multilocation tests.

With assistance from the Nebraska Grain Sorghum
Board, 115 new seed parents in 28 family groups, were
evaluated for their combining ability. Each was mated with
two testers and the resulting hybrids divided among five
trials, all of which contained the same three cheek hybrids.
Many individual hybrids equalled or exceeded the yields of
the best checks. However the best combining ability was
shown by 15 seed parents where the mcan of both their
hybrids equalled or exceeded, by 3-17 %, the average of the
three checks (Table 1). One of these seed parents, 524A, a
derivative of a cross between a U.S. cold tolerant line and
an ICRISAT food quality introduction, had been tested
earlicr and hybrids with it had equalled or exceeded checks
in Kansas and Nebraska tests. In 1993, Nebraska State tests
hybrid 524A x RTX2737 averaged 7% more yield than the
mean of 34 or more commercial hybrids in five locations.
Seed parent 524A was released as N148A & B in March,
1994,

Fabien Jeutong from Cameroon, in the first part of his
dissertation research on evaluating combining ability, tested
5 female lines against 14 male testers. Results indicated that
seed parents N122A and 538A (a sister selection of 524A)
were superior in general combining ability to two of the
other three seed parents. Among the male testers various
differences existed, but three of those tested had combining
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Table 1. New sorghum seed parent hybrid tests, Mead, 1993. Grain

yields (kg/ha) of best hybrid, mean of best pair

of hybrids with same seed parent, and average of three check hybrids.
Best hybrid Mecan yield
Test # Parentage Yield Best pair of hybrids 3 checks
t 901A x TX2737 7520 7020 5640
2 363A x TX2737 7840 6870 5880
3 857A x TX7000 7270 6770 6580
4 919A x TX7000 7460 7020 6710
5 759A x TX2721 7520 6770 6270

abilities equal to RTX430, a male parent well known for its
general combining ability.

Networking Activities
Botswana

A number of sorghum hybrids and varieties have been
identified for multilocation testing, and demonstration plots
prior to possible release. Most likely for release are SDSH48
(ICSA12 X SDSR 6013) and Macia, especially as the latter
has been released elsewhere in the region. Eleven seed
parents developed from UNL-115 material are in BC,. The
first testcrosses on these looked good at Sebele and were as
early as Segeolane. The sorghum program at the
SADC/ICRISAT Center has also developed three seed par-
ents from the sam