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EXECUTIVE SUMMARY

Introduction and Program Overview

Sorghum and millet are important food and feed crops.
They remain the staple crop for millions of people in semi-
arid regicns of the world. Their unique ability to withstand
periods of drought and other adverse edaphic and climatic
factors have led %o their widespread cultivation, utilization
and consumption in Latin America, Africa and Asia. Sor-
ghum and millet are grown in some of the harshest environ-
ments and most fragile lands in the world resulting in low
and unstable grain production. As population pressure in-
creases in these areas, the need to boost production in
environmentally sound ways becomes increasingly urgent.

To increase sorghum and millet productivity and utiliza-
tion, INTSORMIL was created in 1979 by the U.S. Agency
for Intemational Development (USAID) and operates under
the Bureau for Research and Development. Over the past
twelve years, INTSORMIL has established a dynamic,
multi-institutional and interdisciplinary collaborative re-
search and training program. INTSORMIL. currently links
the expertise of 30 U.S. scientists from six american univer-
sities with over 100 intemational scientists in six key sites
ard 15 other countrics. Individual country programs re-
spond io National Agricultural Research Systems’ (NARS)
requests for research support. INTSORMIL provides tech-
nical hackstopping, conducts collaborative research, trains
national staff and students, and contributes to overal! NARS
sorghum and millet program operations support. The suc-
cess of INTSORMIL can be attributed to five unique fea-
tures,

©  INTSORMIL capitalizes on over 90% of U.S. Uni-
versity sorghum and millet expertise where most
basic and strategic research is conducted. This al-
lows the unique opportunity to support and comple-
ment applied field work conducted at NARS by
adding an otherwise unknown dimension to the re-
search.

¢ INTSORMIL is an integrated, interdisciplinary or-
ganization encompassing breeding, agronomy,
physiology, inscct and disease management, food
quality, economics, and sociology.

® INTSORMIL enhances the capacity of NARS to
solve country and region sperific problems through
collaborative research, thus increasing NARS tech-
nical and institutional productivity.

° INTSORMIL activities are constraini and NARS
driven: identification and alleviation of priority pro-
duction constraints are achicved in concert with

collaboraiing National Agriculture Research Sys-
tems, NARS.

Productivity constraints were identified in concert with
Host Country scientists and became the basis by which the
program matrix was developed. The matrix was utilized to
create and implement a comprchensive interdisciplinary
research program. Progress has been ade to alleviate the
constraints but soine problems have not yet been eliminated,
The constraints listed below are resolvable impediments to
productivity both economically and institutionally.

® Poor and unstable yields due to low and emratic
rainfall,
Biotic stresses such as plant disease and insects.

© Lack of appropriate value-added crop wutilization
technolegies.

¢ Lack of productive resource efficient germplasm.

®  Lack of profitable and sustainable production sys-
tems,

®  Need for human resource development.

®  Need for cffective research infrastructures and op-
erations.

These and other constraints arc addressed in a well
planned approach described in a Global Plan which outlines
a comprehensive approach to the resolution of the con-
strants. The INTSORMIL strategy focuses on five tecknical
thrusts, each ainsed at increasing productivity:

¢ Gemmplasm Enhancement - the development of re-
source efficient cuitivars.

°  Sustainable Production Systems - establishment of
environmentally sound and financially profitable
production systems.

°  Biointensive Plant Protection Systems - the devel-
opment of environmentally and economically sound
pest ccatro! systems.

¢ Crop Utilization and Marketing - development of
shelf stable processed foods with good marketing
potential.

° National Sorghum and Millet Research Program
Enhancement - short and long tenn training for
NARS staff, equipment procurement, and overall
NARS operations support.

INTSORMIL collaborative research programs are di-
rected at alleviating the priority constraints within a collabo-
rating host developing country through interdisciplinary
research. American scientists work together with host coun-
try scientists to resolve priority constraints. The U.S. Land
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Grant Universities actively participating with INTSORMIL
are:

Kansas State University
Mississippi State University
Purdue University

Texas A&M University
University of Nebraska

INTSORMIL collaborates with many different conntzies
and institutions. Of these institutions, INTSORMIL has
designated six country/institutions as prime sites for long
term collaborative research because of their ecogeographic
location, national importance of sorghum and miliet, and
their desire to collaborate. The INTSORMIL prime sites and
institutions are currently as follows:

The Department of Agricultural Research, DAR,
Botswana

The Institute of Rural Economy, IER, Mali

The National Institute for Agricultural Research,
INRAN, Niger

The Agricultural Research Corporation, ARC,
Sudan

The Secretariat for Natural Resources, SRN,
Honduras

The Institute for Colombian Agriculture, ICA,
Colombia.

This report summarizes the program effort during the
thirteenth year of implementation. These thirteen years of
experience continue to reaffirm the global need for INT-
SORMIL to improve sustainable and profitabie sor-
ghum/millet production systems in developing countries.
The report is organized by discipline and project and pro-
vides a detailed description of relevant annual activities at
the project !cvel. These activities have been summarized by
subject and presented in the following pages in summary
form.

1990/91 Activities
Administration and Management

The University of Nebraska (UNL) is the Management
Entity' (ME) for the Sorghum/Millet CRSP and is the pri-
mary grantee of A.LD. UNL subgrants are made to the
participating U. S. Universities for the research projects
between individual U. S. scientists and their host country
couanterparts, Country project funds, managed by the ME
and U.S. participating institutions, flow to the country pro-
gram in support of the research activities at the host country
level. The Board of Directors (BOD) of the CRSP serves as
the top management/policy board for the CRSP. The Tech-
nical Committee (TC), Ecogeographic Zone Council (EZC),
External Evaluation Panel (EEP) and A.LD. personnel ad-
vise and guide the ME and the Board in areas of policy,

viii

technical aspects, collaborating host couniry coordination,
budget management, and review.

The 1990/91 year was a very busy, but fruitful one, for
the ME, BOD, TC and EZC, Below are listed several major
accomplishments for the year.

° INTSORMIL was awarded a new five year Grant
from A.LD. in September, 1990. This extends the
life of the INTSORMIL program from July 1, 1990
to June 30, 1995,

®  Organized and implemented an international sor-
ghum/millet research conference in Corpus Christi,
Texas. The conference, attended by 200 persons
from 21 countries, addressed issues of sustainable
sorghum/millet production, biotechnology issues in
sorghum/millet research and crop utilization ad-
vances in sorghum and miliet utilization.

°  Presented CRSP activitics to U.S. Congressional,
World Bank, Environmental, A.LD, and USDA
delegations in Washington, D.C, This initiative re-
sults in higher visibility and recognition among im-
portant domestic and international groups for the
CRSP Progr ns.

° INTSORMIL was awarded a three year grant from
USAID/Egypt to conduct collaborative research
with the Bgyptian Agriculture Research Center and
the USAID/NARP project on “Water Use Efficiency
on Sorghum” and “Sorghum Stalk Rot Research”.
The two subgrant institutions in INTSORMIL are
the University of Nebraska and Kansas State Uni-
versity". This new grant is effective July 1, 1991,

°  Developed the INTSORMIL Five Year Calendar
with dates of all INTSORMIL major activities to
provide more orderly and efficient annual planning.
In addition, annual EEP reviews have been incorpo-
rated in order to keep the panel abreast of project
activitics and to allow input from the EE® on a yearly
basis as required by USAID guidelines.

° INTSORMIL/Mississippi State University organ-
ized the first ICA/INTSORMIL Sorghum Workshop
in Colombia. The Workshop was held at CIAT near
Cali, Colombia. Two hundred were in atiendance,
The Colombian Minister of Agriculture was present
when two new sorghum varieties, Sorgo Real 40 and
Sorgo Real 60 were released. These were joint re-
leases between INTSORMIL and the Instituto
Colombiano Agropecuaria (ICA).

°  Dr. Gebisa Ejeta, INTSORMIL Sudan Country
Coordinator, Purdue University, in conjunction with
Sudan INTSORMIL counterpart scientists and
USAID/Khartoumn developed a proposal for local
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currency funding from PL480 generated funds to
support local cumrency costs for INTSORMIL col-
laborative research in Sudan. This proposal was
submitted to USAID/Khartoum, the Sudan Ministry
of Agriculture and the Sudan Ministry of Finance
and Planning in early 1990. This proposal was
funded at 1.7 million Sudanese pounds per year in
October, 1990. This is equivalent t¢ about $100,000

per year.

® INTSORMIL was awarded $100,000 from A.LD. to
support identification of Cross CRSP opportunities.
This grant was made to INTSORMIL in September,
1990. Participating CRSPs are Bean/Cowpea CRSP,
Fisheries Stock Assessment CRSP, Nutrition CRSP,
Peanut CRSP, Pond Dynamics CRSP, Small Rumi-
nants CRSP, Sorghum/Millet CRSP (INTSOR-
MIL), and the Tropical Soil Management CRSP
(TROPSOILLS).

® Initiated and awarded $25,000 grant from
USAID/S&T to co-sponsor Sorghum Utilization
Symposium with ICRISAT. This conference was
cancelled for Bamako, Mali for reasons beyond INT-
SORMIL’s control. It was rescheduled and pro-
grammed as part of the INTSORMIL International
Sorghum and Millet CRSP Conference in July,
1991, The Symposium highlighted current state of
the art technologies and focused on future research

directions.
®  The INTSORMIL Newsletier was re-initiated under
anew format,
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 ecological changes which affect sorghum and
millet. A well balanced institution will have (o be prepared
to prioritize and blend its operational efforts to accomplish
the task of conserving and efficiently utilizing its na ural
rescarces.

During 199091, 99 siudents from over 35 different coun-
tries were enrolled in an INTSORMIL advanced degree
program and advised by INTSORMIL pincipal investiga-
tors. Gver 80% of these students are from countries other
than the U.S. which shows the eriphasis placed on interna-
tional development, INTSORMIL also places importance
on training women which is refiected in the fact that 20% of
all INTSORMIL graduate participants are women.

The number of students receiving 100% Ifunding by
INTSORMIL in 1990/91 totaled 22. An additional 17 stu-
dents reccived partial funding from INTSORMIL. The re-
maining 60 students are funded from other sources but are
woiking on INTSORMIL projects.

Total student numbers remained constant with that of last
year which has increased by 18% compared to 1988. How-
ever, the number of INTSORMIL funded students as com-
pared to 1987 has decreased. This decvease is partially due
to an equivalent increase in the numtber of students sup-
ported through other sources. An even more significant
factor is that budget flexibility for supporting training under
INTSORMIL projects has be:n greatly diminished because
of inflationary pressures.

In addition, INTSORMIL also manages the
SADCC/ICRISAT Southern African training program
which placed an additional 22 scientists from nine southern
African nations into graduaie programs in the U.S. , Canada,
and Brazil. This brought the total number of active SADCC
swdents to the record high of 67 and met our targeted
cummulative total of 100 students since the program began
in 1985,

Networking

Bstablished networking activities have continued with
ICRISAT, SADCC/ICRISAT, SAFGRAD, ICRISAT Sa-
helian Ceriler, ICRISAT West Africa Sorghum Program,
East Africa ICRISAT, ICRISAT/CIMMYT and CIAT.
There has been excellent collaboration with each of these
programs in cosponsoring woikshops and conferences, for
coordination of research and long term training.

INTSORMIL is collaborating with TROPSOILS in Mali
with extremely good results. Collaboration among CRSPs
is essential for providing a broad systems approach to ad-
dressing many of the natural resource constzaints that now
face us. New opportunities for Inter-CRSP collaboration are
of concem to all CRSPs.

Current Country Specific Activities
Botswana

The Botswana program is essentially two related compo-
nents: An INTSORMIL researcher stationed in country and
scientist to scientist collaboration in areas of agronomy,
plant breeding, plant pathology and entomology. Various
aspects of collaboration can be seen in other projects. Prin-
cipal in country ccllaboration has been with the Department
of Agriculture Research (DAR), however, collaboration
also occurs with the Palapye Development Trust, Arable
Lands Development Program, and FAO sponsored Soil
Survey and Mapping services. Entomology, pathology, and
plant breeding also collaborate with ICRISAT in Bulawayo,
Zimbabwe,
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Sorghum is an important crop in Botswana. The grain is
a food source for the general population and the stalks are
used as cattle feed for livestock. Even in dry years 70% of
the land planted is harvested. Howevei, ovei the last lO years
(1980’s) farmers’ yiclds have averaged 161 kg ha'!. These
low yiclds somewhat reflect hectares that are planted but are
not harvested. The low, irregular, 2ad low-cfficiency rainfall
pattern, sandveld and hardveld soils with low moisture
retention, low N and P content, broadly graded sand frac-
tions, and unsiable surface all contribute to the low yield of
sorghum and millet. In addition io yicld enhancement and
crop profection activities, greater effort is required for mois-
ture conservation and redistribution technologies, fertility
improvement, residue incorporation, and weed control in
order to improve soil structure and rainfall infiltration and
availability for promoting crop establishment and improved
grain and stover yields.

Research to date has demonstrated:

°  The importance of primary tillage in achieving better
crop stands and yields.

®  Generally, it is better to apply fertilizer broadcast
before planting rather than banding next to sced.

° In general, lower yiclds were obtaincd with animal
versus tractor power for tillage operations. However,
comparison of the economic benefits from using
animal versus tractor power showed no clear trend.
Bencfits were comparable for the two systems, with
lower yiclds under animal power being offset by its
lower costs,

°  Fertilizer studies showed significant response (o P
when the mmal soil P level (Bray 2) was less than
10 mg kg However, the response was not eco-
nonucal where the soil P level was greater that 5 mg
kg . A_significant response to N was obtained only
when rainfall was well established throughout the
growing scason.

¢ Ms, Dollina Malepa, for her Ph.D. dissertation study
under the SADCC/ICRISAT/INTSORMIL Train-
ing program, is continuing to establish critical base-
line levels for soils from 14 sites across the major
grain producing regions of Botswana. Those soils
are subjected to adsorption isotherms and soil analy-
sis using a varicty of soil extractants for N, CA, Mg,
K, S, P, Mn, Cu, Fe, and Zn. Results from this
research will allow more precise interpretation of
soil test analyses.

©  Chris Manthe, Entomologist, DAR is writing his
Ph.D. dissertation under the gaidance of INTSOR-
MIL entomologist, Dr. George Teetes. Mr, Manthe's
work is based upon research conducted in Botswana
and Zimbabwe on sorghum resistance to sugarcane

aphid. Resistance to the sugarcane aphid has been
identificd. The source of resistance has been found
to be simply inherited and controlled by a single
completely dominant gene.

°  Professor David Andrews, University of Nebraska,
continues to foster collaboration between INTSOR-
MIL Projcets UNL-115 and UNL-118 and Dr. Louis
Mazhani at the DAR Sebele station. This collabora-
tion involves both sorghum and millet germplasm
improvement, INTSORMIL. involvement has prin-
cipally been ir the supply of both segregating popu-
lations and advaaced lines in sorghum and
information on and participation in recurrent selec-
tions in pearl millet. PI visits have been timed sc
materinl can be jointly evaluated and selected in the
ficld,

° Training of Botswana students through
SADCC/ICRISAT/INTSORMIL, INTSORMII.,
USAID/Botswana, and ATIP educational programs
is continuing. Chris Manthe, Dollina Malepa, Rose-
mary Lckalake, and Etani Lele are completing their
studies.

Colnmbia

The INTSORMIL program in Colombia has effectively
engendered the support of the National Agricultural Re-
scarch Institute, ICA, Colombian Universities, Private com-
panies, CIAT, and Extension organizations to form a
dynamic program on sorghum improvement. In 1988, re-
scarch was initiated in the acid savannas of Arauca State
through a Memorandum of Agreement between INTSOR-
MIL and the El Alcaravan Foundation - a consortium of
petroleurn companies (Shell, Ecopetrol, and Occidental de
Colombia). Informal agreements and very strong links have
been established with nonprofit organizations such as
FENALCE-a production extension-orienicd organization
and three universities in Colombia. Program focus has been
on the adaptation of sorghum varieties to the acid and
aluminum saturated soils of the savannah region,

New approaches have included establishing research re-
lations with different South American countries, trying to
develop a Latin American Sorghum Research Network
which is to facilitate exchange of germplasm and informal
cooperation among scientists from each counfry. During the
1990/91 period, a new organization was established in Co-
lombia, the CIS (Intemmational Committec for Sorghum).
This is aresult of joint economic and research efforts among
ICA, FENALCE, INTSORMIL and the private sector.
CIS’s objectives for Latin America are:

°  To promole integration among institutions and per-
sons related to sorghum research and production.
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®  To provide orientation and enhance development of
research and technology transfer programs on sor-
ghum production.

®  To serve as a mechanism where sorghum research,
transfer, and development programs can seek advice
and orientation.

¢ To promote and sponsor the organization and con-
duct of research and transfer activities related to
so:ghum production, as well as to diffuse informa-
tion through publications and other documents on
the subject.

®  To establish a liaison with interational institutions
having similar objcctives.

Two varieties, Sorgho Real-40 and Sorgho Real-60, were
released in January, 1991 from the program and have been
accepted by growers as reflected by the documented demand
for seed. These varieties have the potential to allow over
200,000 hectares of acid savannah soils to be utilized for
sorghum production where other crops cannot grow.

Two new lines are under evaluation for release as a result
of significant advances in ICA’s breeding program, thanks
to collaboration with INTSORMIL and the El Alcaravan
Foundation. Research conducted by INTSORMIL in col-
laboration with ICA and other organizations in Colombia
has attracted private sector funds to further long-term re-
search goals in Colombia. The El Alcaravan Foundation has
provided substantial operational and training funds for re-
search conducted in the territory of Arauca. This research is
oriented toward plant breeding, for both acid and nonacid
soils; agronomy; phytopathology; and sorghum utilization.

Fourteen populations of aluminum-tolerant lines, ob-
tained from the U.S. private sector, were evaluated under
thiee levels of aluninum saturation. Selections were also
made in the diffcrent ecosystems from 500 Fs lines sent by
INTSORMIL/MSU-104 project. These selections were
short-stature lines with good yield capacity. They are being
evaluated in regional trials. These lines, considered second
generation, have better agronomic type than lines directly
from the world collection.

Twenty F3 populations from Mississippi were screened
in both vega and savanna environments. Promising breedin g
material was identified and is available for future work. The
lines selected have short stature and good yield potential.

Honduras

INTSORMIL works in conjunction with the National
Research Institution, Recursos Naturales, the Pan American
Agricultural School, EAP and The Soil Conservation Pro-
gram, LUPE. The INTSORMIL collaborative program in
Honduras is multidisciplinary, and multiinstitutional in

scope. The program includes all aspects of sorghum im-
provement with major emphasis on the tall, photoperiod-
sensitive local landrace varieties called maicillos criollos,
which are grown in association with maize by subsistence
farmers on small nillside farms. Research is focused on the
development of high yielding sorghum varieties and hybrids
for the two major igroecological zones of Honduras. The
prograra effectively integrates the disciplines of pathology,
entomology, food quality, agronomy and economics into a
powerful technology generating unit.

The enhanced maicillos show advantage in yield, espe-
cially when combined with improved agronomic practices,
as well as in traits such as grain quality and disease resis-
tance. Some of the improved maicillos have been saved and
used by farmers after collaborating in on-farm testing trials.

Screcning of non-photoperiod sensitive hybrids and
breeding materials from the INTSORMIL /Texas A&M I1-
temational Sorghum Tropical Adaptation Trial (ISTAT)
and the Intemational Food Sorghum Adaptation (IFSAT) in
1990/91 showed excellent potential for use in Honduras of
Dorado, 86EON361, 87EON366,SC1207-2, R8503,
R8510, R8606 (male lin~s) and the best female lines were

Tx626, A Var (ATx635), and ATx631.

An INTSORMIL/TAMU drought trial under low rainfed
conditions at Rapaco, Honduras revealed that several Texas
and international cultivars showed excellent adaptation and
drought tolerance.

The sorghum-sudangrass forage hybrid, ATx623*
Tx2784, performed well in pilot production and feeding
trials, and is planned for release in 1991. It is resistant to
pathotype one of downy mildew. The new hybrid will be
called, “Ganadero”.

Grain from two enhanced maicillos and their criollo
(landrace) counterparts grown at two farm sites in Honduras
were lime-cooked and pmcessed into tortillas in the Cereal
Quality Lab at Texas A&M University. They were com-
pared with tortillas processed from Surefio (used as a posi-
tive control). Kemels from the criollos were less dense,
softer, and required less cooking time than grain from the
improved cultivars. Both improved criollos compared fa-
vorably with Surefio.

Disease ratings were mage in on-farm trials and in the
breeding trials with some of the improved maicillos show-
ing high levels of disease resistance. The more common
sorghum diseases in Honduras are leaf blight, gray leaf spot,
rust, grain mold, anthracnose, MDM, acremonium wilt,
zonate. oval leaf spot and downy mildew.

Research has continued, by three host country graduate
students, on the langosta complex (a group of four lepidop-
terous larval insect pests) which causes extensive damage
to sorghum and maize seedlings in Southern Honduras. A
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new student has been identified to initiate research on a third
predator of the langosta complex, paper wasps.

Farm level economic analysis of new technologies in
Southern Honduras is continuing on the social returns to the
introduction of new sorghum cultivars, Surefio and Ca-
tracho. At the present level of diffusion of the new cultivars
on approximately 13% of the sorghum area, there would be
an intemnal rate of return of 32% or, on an annuity basis,
$700,000/ycar for the next 30 years. Use of new cultivars
should include the cost of the expensive soil-conservation
techniques (SCT) (rock terraces) to prevent soil erosion.
With moderate policy changes and the new technologies
including the SCT, farm income can be increased by 58%.

Six Honduran and Central American students have been
trained, with most conductiny their research in Honduras.
Several Central American researchers have been involved
in short term training missions to the U.S.

Mali

INTSORMIL works with the National Research Insti-
tute, IER, and uses a strong interdisciplinary approach to
sorghum and millet improvement as inandated by the very
complex nature of the constraints in both sorghum and millet
production in Mali. In Mali, each Malian scientist develops
research plans cooperatively with an INTSORMIL counter-
part which provides for effective research planning, com-
munication and coordination. Major INTSORMIL
collaborators travel to Mali annually during the critical
period of the crop year to consult, review progress and plan
future activitics with their Malian counterparts. INTSOK-
MIL cooperates with the TROPSOILS CRSP in the area of
soils and plant/soil relationships.

Yicld stability in sorghum/millet production is of major
importance where food production is marginal relative to
population. Low soil fertility, drought, diseases, and insecis
are major factors affecting yield stability. Milling properties
are critically important. Head bugs and molds adverscly
affect grain quality, especially of the high yiclding intro-
duced sorghum lines, sometimes rendering the grain unfit
for human food. Surplus production of grains in good years
causcs reduced prices. Transformation of sorghum and mil-
let into new shelf stable foods and industrial products is
required to encourage local production of grains and to
cnhance agribusiness activitics, i.e., food processing and
poultry feeding.

Drought resistance and tolerance are associated with soil
fertility. Due to a lack of nutrients, principally N and P,
usable water is left in the soil profile even by native range
plants in the Malian Sahel. Thus, work continues on the
relationship between soil nutrients and water use efficiency
in sorghum and wmillets grown at different fertility levels. To
make the best possible progress in grain production in Mali,
the development of an effective knowledge of soil propertics
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is required. Hence, the saong interaction between TROP-
SOILS and INTSORMIL has been developed from the
inception of the Malian program.

Efforts arc concentrated to strengthen sesearch on breed-
ing, crop physiology, soil and water relationships, entomol-
ogy, pathology, and food processing and techriology. An
effort to develop new food products from cereals and leg-
umes is emphasized. Selection for drought resistance is a
major concem. Major activities involve the introduction and
usc new genetic materials in breeding programs to develop
cultivars to increase grain yields with desirable food quality.

Germplasm from U.S. breeders and the INTSOR-
MIL/Texas A&M University/USDA sorghum corversion
program has been incorporated into the Malian breeding
programs, Testing in Texas and Mali has demonstrated that
the drought response in Mali is similar to the drought
response in west Texas. In general, sorghums identificd at
Lubbock, Texas as preflowering drought tolerant performed
better than other varieties. The material identified in these
trials is being uscd in crosses in Mali and the U.S. to enhance
the drought resistance in sorghums for use in both countrics.

Sorghum and millet postharvest technology systems in
Mali have been documented and strategies for evaluating
the quality of cereals, especially sorghum, for thick porridge
(t8) were devised. Mini tests for cvaluating milling and t6
propertics were developed and currently are used in the
laboratory. Equipment for the new Food Technology Labo-
ratory has been purchased and personnel have been provided
short tcrm training programs in the U.S.

Sorghum dehulling properties were defined by combined
village trials in Mali and laboratory work in the U.S. This
research showed that sorghum with hard endosperm and
thick pericarps is definitely required for efficient traditional
hand pounding.

Parboiling can convert sorghum and millet into accept-
able products. A processed food product called ‘sori” was
developed to add value to sorghum grain produced at the
farm level and is in the carly stages of consumer acceptance
testing. If acceptable, *Sori’ has the potential to offset shift-
ing consumer preference to imported, more convenicnt
grains, especially rice and wheat, which drain foreign ex-
change. The increase in volume of parboiled sorghum is an
important factor because a given weight of parboiled sor-
ghum could feegd significantly more people than nonpar-
boiled sorghum. The preparation of couscous is time and
energy intensive. Production of couscous via parboiling
could be economically feasible and could diversify available
sorghum products.

Collaborative sorghum entomology research in Mali has
a three-fold objective: (1) to develop screening methods for
cvaluating sorghum lines for resistance to panicle feeding
bugs that arc usable by plant breeders to cvaluate progeny
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lines and make selections; (2) to determine the relationship
between resistance and glume, kemel and panicle relation-
ships; (3) and to determine the relationship between bug
abundarice and damage, pathogen infection, grain deterio-
ration and food quality.

The severity and persisteace of the adverse effect of head
bugs on food quality of introduced sorghums was first
generally recognized in Mali. I{cad bugs reduced sorghum
and milling yields and gave tg, a local thick porridge, an
unacceptable texture and keeping propesties.

F4 progenies viith excellent tolerance to head bugs were
identified and seed was increased in the off season for entry
in advanced trials across Mali in 1991. Malisor 84-7 and
other lines were the source of resistance. ICSV 1079 and
ICSV 1089 also possess uszful head bug resistance, Many
of the Malisor 84-7 crosses were made in Texas by A. Toure,
aMalian Ph.D. candidate. These improved types, in general,
have improved yields and good food quality properties.

Progress his been made to determine factors affecting the
“soils problems” in Mali through joint INTSQR-
MIL/TROPSOILS collaboration. Some “dune varicties” of
millet originating in Niger arc tolerant. A method of screen-
ing large numbers of sorghum and millet lines, for early
generation selection, for seedling stage drought resistance,
using a charcoal pit has been adapted and is being used.

INTSORMIL has provided short term and graduate train-
ing for several key Malian scientists. Scientists trained in
food technology, paihology, breeding, physiology and
agronomy have returned to Mali and collaborate in the
program. Six graduate students are currently training in
INTSORMIL universities to provide personnel to continue
the progiams, The programs include agronomy, breeding,
physiology, economics and soils.

Technical assistance to develop the Cinzana station, to
map the soils, and obtain detailed physical and chemical
analysis of the soil profiles has been provided. Equipment
and short term consultanis were supplied to establish and
install sprinkler systems and screening procedures for
drought tolerance and research at Cinzana.

Niger

In collaboration with the Institute of National Agronomic
Rescarch, INRAN, INTSORMIL has developed strong pro-
grams in the areas of sorghum/millet breeding, agronomy,
physiology, pathology, and food technology. Tke program
has developed an effective laboratory screening technique
for Striga resistant sorghums. This method could be impor-
tant to resolving the problem of the perasitic weed, Striga,
in Africa and India.

Innovative disease screening techniques were developed
in collaboration with INRAN and are being employed in

several other countries. 1>r. Omer El Hilu from ARC/Sudan,
working with Richard Frederiksen and John Clark continues
to explore an initiative 1o set up an All Africa Long Smui
Diseasc Nursery. This nursery will serve te screen all ad-
vanced breeding material for Long Smut, a major disease of
sorghumn in Africa. Most recently research in NMiger has
identified 11 cultivars to be resistant or moderately resistant
to long smut. The most resistant cultivars were Terra,
SC326-6, SC630-11E, BTx2775, Tx378, B8106, RTx7078,
QL3, R9188, 8713450 and 84C9408. The relationship be-
tween date of flowering and incidence of disease was high,
suggesting that all lines flowering early are subject to es-
cape.

Field rescarch in farm production economics has made
important contributions to the INRAN economics and on-
farm testing programs. One study indicates that farmers
have other more favorable altemative investments rather
than most types of crop technologies. Hence, further devel-
opment of technologics and policies is recessary for devel-
opment of sustainable agricultural systems.

Research is now underway on biological control of the
major insect pest of miliet, the millet girdler.

Significant advances have been made in the breeding
program at INRAN, primarily on sorghum, as a result of
collaboration with INTSORMIL. Intercrossing of adapied
cxotic germplasm with local Nigericn varietics has yielded
useful selections that are currently under regional evalu-
ation.

A hybrid sorghum breeding program, initiated at IN-
RAN, in collaboration with INTSORMIL, has also made
useful contributions. Issoufou Kapran, working with Gebisa
Ejeta, identified five experimental sorghum hybrids with
excellent adaptation and yicld potential in Niger. These
hybrids yielded much higher than local varicties both under
rainfed (149%) and irrigated (1619-) locations in Niger.

Experiments are in progress by Dr. Paresh Verma and Dr.
Jerry Eastin which will provide information needed to opti-
mize water-use efficiency of the millet/cowpea intercrop-
ping systems. Once the water extraction patterns of the two
crops and the optimum shade level needed to maximize
photosynthesis, but minimize transpiration for maximura
water-use efficiency in cowpea are known. we will be able
to alter the time of cowpea planting and hence shading level,
to increase overall production of the intercropping system,

Senegal

Pearl millet and sorghum production in Senegal suffers
from the same general farm and market constraints as in
other West African countries. Pearl millet and sorghum are
the countries’ major dryland food cereals with pearl millet
accounting for about 70% of :he total arca planted to cercals
(0.8 to 1.1 million ha). Yiclds are limited primarily by
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variablc rainfall, poer cultivation practices, low soil fertility
and not fertilizer use, discases and pesis (principally downy
mildew, smut and the head worm - Raghuva) and poor
markets with a narow range of end-uses. The collaborative
research program between the Institut Sencgalais Recherche
Agronomique (ISRA)and INTSORMIL has bzen supported
by the Senegal Agricultural Research Project II from
A.LD./Dakar, managed by Michigan State University.
There are two principal thrusts in the ISRA/INTSORMIL
collaborative research activity; (1) to evaluate sorghum and
pear] millet germplasm, both existing and introduced, in the
Senegal River Valley under irrigated conditions in both the
summer season and the dry season, and (2) to supplement
the ongoing dryland sorghum and millet breeding progr.ms
at the central research station (CNRA) of ISRA at Bambcey.

Progress to date has resulted in superior varictics, hy-
brids, and parenta! lines supplicd from INTSORMIL /Texas
A&M University and INTSORMIL /University of Nebraska
being retained for retesting in 1990/91 on the Senegal River
Valley. Some sorghum see:! parents and sclections from
segregating populations were retained for rainfed condi-
tions. Yield potential of varieties in ircigated summer or
cooler winter season were demonstrated to be 4 t/ha. Hybrid
yields are significantly higher. The best hybrid yiclds are
from INTSORMIL hybrids or INTSORMIL seced parents
with eristing pollinators, Dwarf pearl millet varicties and
new hybrids froza INTSORMIL/Nebraska and INTSOR-
MIL/Kansas State University-Hays were tested in the
Scenegal River Valley and selections from segregating popu-
Iations retained in 1989 for rainfed conditions were retestcd.
Plant population levels and alternatives to flooded bed irri-
gation were investigated in agronomic tests with pearl millet
in the hot winter scason in the Senegal River Valley. The
best opportunity for irrigated pearl miliet production in the
Sencgal River Valley, vis-a-vis other crops, is in the hot
season, planted in February. Use on lighter sandy soils is
indicated, where water control is less of a problem. Opti-
mum fertilizer levels may be much less than expected.
Future tests should concentrate on comparing irrigation
frequencies and moderate levels of fertilizer application.
Grain yiclds of 4t/ha of pearl millet were nbtained from three
separate tests in the kot winter season (February-May) using
dwarf cultivars taking 80 drys to mature. This is clearly the
most advantageous pericd in which dwarf pearl millet va-
rietics and hybrids can best realize their potential, Yields at
other times or locations, or with tall varieties are 56-60% of
this. Palatability tests showed that the grain of dwarf varie-
ties is acceptable.

Sudan

The INTSORMIL progran in Sudan has worked closely
with the Govemment’s Agricultural Research Corporation,
ARG, to build a strong national program for its most impor-
tant staple crops, sorghum and millet. The poiential for
expansion f sorghum in the rainfed areas of Sudan is
enormous, .iowever, the major coustraints limiting expan-
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sion are inadequate soil moisture, inadequate soil nutrients,
and shortage of labor. Cther factors which reduce sorghum
yiclds in Sudan include insect pests, plant diseases, and
Striga. High yielding cultivars with good grain quality suit-
able for mechanical harvesting are also requirements for
future expansion of sorghum in the rainfed central clay
regions of Sudan. Breeding efforts currently under way in
Sudan to incorporate drought tolerance with higher-than-av-
erage yield potential in sorghum are limited by the lack of a
rapid ficld screening procedure and the lack of knowledge
on sources of germplasm with useful iraits. Insect pests
known to attack sorghum, especially in the rainfed areas of
Sudan, include stem borers, American bol'worm, and cen-
tral shoot fly. The major fungal discases 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 germplasm with resis-
tance to Striga and the mechanism that renders resistance to
Striga is oniy beginning to be well understood. The lack of
absolute definitions and good screening methods for food
quality, to some extent, also limits the utilization of high
yielding varietics and hybrids in Sudan. Work on all these
aspects is needed to improve sorghum production and utili-
zation in Sudan.

Almost all of the pearl millet grown in Sudan is used for
home consumption by farmers in western Sudan. In western
Sudan, the crop/bush fallow system of production has tradi-
tionally been used to provide enough nutrients and possibly
some moisture for a period of crop years (5-10 years fal-
low/2-4 years cropping). Crops are often grown in an inter-
cropping system with millet to maximize production. Over
the last 20 ycars, rainfall has declined, thus reducing the soil
recovery rate during fallow. Fallow pcriods have also de-
creased die to higher human and animal pressure on plant
cover, further aggravating the loss of moisture, nutrients and
soil structure. 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), discases and Striga are also important factors
limiting production.

The sorghum breeding program at the Gezira Research
Station continues to develop well. The ICRISAT/INTSCR-
MIL sorghum hybrid, "Hageen Dura-1’ was released in
1984 and the Sudan Gezira Board projected 55,000 heclares
to be grown in 1991. This technology is in its initial stage
of diffusion and has already shown a high rate of return to
society of 32%. The ARC is currently considering the re-
lease of two INTSORMIL/ARC developed open pollinated
varictics, namely M90303 and SuCr38:17, for use in the
irrigated arca, particularly in the Gezira.

ARG, in collaboration with INTSORMIL food utiliza-
tion scicntists, developed a composite flour using 30%
sorghum and 70% wheat, which can reduce wheat imports,
thus economizing precious foreign exchange.
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An array of other collaborative Striga research activities
are underway at ARC, Sudan. Several years of tesling has
confirmed the superior Striga resistance of the SRN39 cul-
tivar. This line also has a good level of drought tolerance
and possesses good stand establishment characteristics. The
SRN39 is atan plant with good grain quality characteristics.
SRIN39 has been intercrossed to other genotypes and proge-
nies were selected for agronomic superiority as well as grain
quality. Field tests have confirmed that many of the new elite
progenies derived from crosses to SRN29 are resistant to
Striga.

The USDA National Sorghum Crop Advisory Commiit-
tee, in conjunction with INTSORMIL and ICRISAT, will
grow e intemational Sudan sorghum collection at ARC in
1991. The purpose of this is to provide proper documenta-
tion of this valuable germplasm for the benefit of Sudanese,
U.S. and other international sorghum scientists.

United States

INTSORMIL research is performed at all participating
universities. INTSORMIL investigators routinely evaluate
international material for disease and insect susceptibility
which is beneficial tv all sorghum producers, U.S. and
international. Much of the U.S. research conducted utilizes
“upstream”, hi-tech approaches to solve “downstream”,
farm level problems. Other research is being performed to
alleviatz constraints in the U.S. that are very similar to those
in the developing world.

Drought is a world-wide constraint to the sorghum pro-
duccrs. INTSORMIL workers at Texas A&M, Purdue, and
the University of Nebraska have begun to study drought
effects from physiological, biotechnical, and genetic per-
spectives uiilizing drought tolerant germplasm from Africa.
Breakthroughs from stateside effoits will be readily trans-
ferable to other countries since germplasm sources are simi-
lar.

Recent economic studics have revealed that funds appro-
priated for INTSORMIL research have resulted in dividends
that exceed initial expenditures several fold through the use
of technologies gencrated by the program v'ilized for U.S.
agriculture,

Future Directions

Over the past 12 years the INTSORMIL program has
developed an effective research network on grain sorghum
and pearl millet which is bringing about improved produc-
tion and utilization of these crops in the developing world.
The research in each of the collaborative countries has
grown and the operational needs >f the progrems are now
exceeding the resources of the program. It is also recognized
that these programs must be: nurtured until they become self
sustaining and can move into a different phase of collabora-
tion. New rescarch emphasis must be given to sustainable

production and utilization systems which conserve natural
resources and at the same time utilize those resources effi-
ciently and effectively. In order to address these concems,
greater emphasis and resources are needed to address the
following concems;

°  Sustainable millet production and protection Sys-
tems,

¢ New sorghum/millet food product development.

°  Development of stable marketing systems for sor-
ghum/millet.

Striga control.
Quela bird control,

°  Biotechnology for understanding the host/pathogen
gene relationships, diseasz/insect control, Striga,
nutritional quality, ard other abiotic stresses.
Adaptation of crops to stress soil environments.

¢ Communications for developing materials for tech-
nology dissemination. This includes development of
maierials to enhance technology dissemination be-
tween host country rescarch and extension pro-

grams,

The nev: directions build upon the necessity to approach
constraints to production and utilization from an ecological
setting. INTSORMIL has organized its whole program ap-
proach around protection and enhancement of biological
diversity, integrated pest management, sustainable produc-
tion systems, and sustainable product utilization and mar-
keting systems. The four global technical thrusts of the
program are germplasm enhancement, sustainable produc-
tion systems, sustainable plant protection sysiems, and crop
utilization and marketing. A fifth global thrust is host coun-
try program enhancement.
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Summary

Xanthomomas campestris pv. holcicola, 1i¢ causal agent
of bacterial streak of sorghum (Sorghum bicclor) was found
to be bome both on and inside the seed coat of sorghum
seeds. X. c. pv. holcicola was isolated from surface-steril-
ized and unsterilized seeds from sorghum plants that were
inoculated in the field. This pathogen was also isolated from
leaf, lemma and palea tissue on seeds. Concentration of
bacterial cells in the sced decreased gradually from 8.4 x 10°
at harvest to 4.4 x 10° after 24 months of storage The
number of bacterial cells decmased from 8 8 x 10° and 4.1
x 108 at harvest to 5.0 x 10° and 3.3 x 10° cfu for leaf and
glume/lemma/palea tissuc, respectively, after being in stor-
age for 24 months. The effect of seedbome inocula on
bacterial streak development was determined by planting
sorghura seed that was vacuum-infiltrated with different
levels of X. c. pv. holcicola inoculum and assessing symp-
tom development under greenhouse condxlnons Plants from
seed with low inoculum levels (10 cfu/ml) had lower
incidence and a delayed onsct of symptorns compared to a
high inoculum density (10 cfu/ml). Sorghum plants inocu-
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lated at seven weeks or younger with X. c. pv. holcicola
developed distinct bacterial streak symptoms whereas
inaize plants inoculated after five weeks developed no or
barely discernible symptoms. Selected antibiotics were
screened for in vitro efficacy in inhibiting growth of X. c.
pv. holcicola. Doxycycline, streptomycin and vancomycin
were effective against all tested strains.

Objectives, Production and Utilization Constraints
Objectives

To ascertain the prevalence and importance of Pseudo-
monas avenae and Xanthomonas campestris pv. pen-
namericanum in pearl millet production areas in West
Africa.

To develop an antisera bank for LDC scientists for the
purpose of diagnosing bacterial discases of pearl millet and
sorghum,
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To identify and characterize Fusarium moniliforme iso-
lates from LDC’s with respect to mating type and vegetative
compatibility group.

To determine if techniques developed for Fusarium spp.
for placing fungal isolates into vegetative compatibility
groups can be applied to other fungal pathogens of sorghum
ard millet such as Claviceps spp. and Acremonium spp.

Coustraints

Laboratory facilities in LDCs are usually poorly
equipped and have limited chemicals or other scientific
supplies for discase diagnosis. When equipment is avail-
able, often it is not functional due to a minor problem such
as a bulb that is buned out in a microscope. In this context,
researchers may cvaluate germplasm accessions in a screen-
ing program based solely on disease symptoms. With some
diseases such protocols may be more than adequate, but with
diseases that are difficult to diagnose, such as those often
incited by bacteria and viruscs, the results may be erroneous.
In those instances where the causal agent is scedbome, a
definitive diagnosis is very important since many countries
require a phytosanitary certificate stating that the seed or
feed grain is free of specified disease causing organism(s).

Since it is prohibitively expensive to set up laboratory
facilities for discase diagnosis with the accompanying
highly traix:ed personnel in each developing country, alter-
natives to 1 1is process need to be seriously considered. One
alternative would be to develop diagnostic kits that utilize
immunological procedures developed from biotechnologi-
cal research such as the dot-immunobinding assay. This
procedure is simple, inexpensive, and requires very limited
equipment, such as a refrigerator. The limiting factor in this
technique is the availability of specific antisera to the major
diseases. A bank of high-quality antisera available to LDC
researchers could permit rescarchers with limited training
and/or poorly equipped laboratories to apply this powerful
technique to their local conditions.

Mrnoclonal antibodies incorporated into such assays
coula resolve most, if not all, of the bacterial disease diag-
nostic problems. They are expensive to develop, however,
and the screening methodologies are laborious, but once
developed the antisera is of high quality and available in
copious quantity.

Stalk rots of sorghum and millet are a continuous prob-
lem wherever these crops are grown and losses usually range
from 5-10% annually. Some of these fungi can also cause
other disease problems such as grain mold and are essen-
tially endophytes that coexist with the plant from seed to
harvest. The identity of many of the fungal strains within the
genus Fusarium associated with sorghum and millet is
unclear. One of the most fertile areas of research for Fusar-
ium t~xonomists has been the study of strains associated
with sor;hum and mille: from Africa. We have been devel-
oping techniques based on sexual and vegetative compati-

bility that provide accurate identification of species and fine
levels of genetic discrimination using simple techniques that
require little more than petri dishes, mi~robiological media,
and incubator space. The vegetative compatibility trzits that
we have pionecred may be applicable to other fungi and
could be useful in identifyiv.g particular races and/or strain
*ypes for use in resistance breeding programs.

Research Approach and Project Output
Research Methods

The specificity of monoclonal (versus polyclonal) antis-
era in detecting bacterial and fungal organisms has been
widely reyorted. Development of monoclonal sera involves
a hybridoma technology in which mice are inject.d with a
purified antigen from the bacteria. We will utilize a selected
proicin from the bacterial cell wall that was identified as
unique to the target organism via sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. A selected strain of
mice (BALB/c) will be immunized with the protein for three
weeks. The mice will then be sacrificed and their spleen
removed. Spleen cells will be fused with myeloma cells (cell
line NS-1) to produce the hybridomzs. Myelomas are essen-
tially malignant cells that secrete antibodies and provide the
“immortality” needed for continuous antibody formation.
The spleen cells impart the specificity of the serum.

The causal agents of bacteiial diseases will be identified
primarily by the dot- immunobinding assay. Cooperating
scientists will be sent 3 x 5 cm strips of nitrocellulose paper.
Leachate from suspected discased tissue will be applied to
the paper. After soaking the paper in ethyl alcohol and acetic
acid to fix the bacteria, these scientists will return the
nitrocellulose paper to the project locations for completion
of the test. It is advisable to complete the technique at the
project locations because of refrigeration requirements,
availability of antisera, and the case in purchasing and
storing the protein A-alkaline phosphatase conjugate for the
enzyme reaction. In cases where LDC laboratories are suit-
ably equipped and personnel adequately trained to complete
the entire procedure, we will provide antisera and the enzy-
matic reagents for the cooperating scientists. Permits for
importing plant materials or microbial cultures are not re-
quired because the analysis process requires that the nitro-
cellulose strips be soaked in ethyl alcohol and acetic acid
prior to shipment (USDA-APHIS, personal communica-
tion).

Upon receipt of the nitrocellulose paper containing the
unknown bacterial pathogen, approximately 24 hours will
be required to finish the test. The test results will be mailed,
faxed, or telexed (if possible) to the cooperators. Previous
research has shown that successful results can be obtained
up to three months after the bacterial pathogens have been
placed on the nitrocellulose paper. The only equipment
needed by the LDC cooperator will be pipettes, small test
tubes, 5 ul glass capillary pipettes, and several liters of acetic
acid and ethyl alcohol. Total costs of supplies for each
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cooperating scientist should not exceed $50 and should be
sufficient for approximately 100 tests.

Fusariun. moniliforme is the name applied to a group of
related fungi that can be broken down into a series of mating
populations (=biological species) on the basis of sexual
mating behavior. Within each mating population, isolates
can be further classified into a VCG (vegetative compatibil-
ity group) based on a vegetative compatibility test, The
diversity in the population as measured by these tests can
indicate the amount of genetic recombination that is occur-
ring with the pathogen population and the ease with which
new pathogenic combinations may arise.

VCG testing usually involves the generation of nitrat.-
nonutilizing mutants to be used in the forcing of het-
erokary2ns. These mutants can be generated spontanenusly
at high frequency in a number of different fungal species,
including many Fusarium spp. We will attempt. to apply
these techniques to other important fungal pachogens of
sorghum.

Research Findings

Pseudomonas andropogonis is the causal agent of bacte-
rial leaf stripe in sorgham. Research is in progress to develop
a complementary DNA specific probe for this organism.
The vector pBluescript, and genomic DNA from P. andro-
pogonis have been isolated. Only limitzd success has been
accomplished with ligation and transformation of the DNA,
but a protocol for a more efficient transformation system is
being investigated. Research on a sclective or semiselective
medium for isolating P. andropogonis from plant tissue is
in progress. Approximately 50 chemical compounds have
heen tested at a variety of concentrations and in numerous
combinations. i addition, approximately 25 antibiotics
have also been tested. Of these, sodium acetate and silver
nitrate appear to be the most promising.

The PCR (polymerase chain reaction) techniques is a
recent biotechnological development and preliminary stud-
ies by others have shown that detection protocols including
a PCR as the primary detection component can detect even
a single bacterium within a seed lot. DNA was extracted
from iive pathovars of Xanthomonas campestris and two
strains of X. campestris pv. holcicola (causal agent of bac-
terial leaf streak in sorghum). This DNA was tested for
strain-specific amplification with tea-mer oligonucleotide
primers. Differences were noted between the pathovars and
the X. c. pv. kolcicola strains, however the banding patterns
were not always reproducible, Attempts to identify celils X.
c. pv. holcicola from infested sorghum sced and the control
(realthy seed) were unsuccessful. The banding patterns in
these experiments were nearly impossible o interpret and
the reactions were not reproducible. Additional experiments
designed to remedy these technic:l difficulties, including a
program with a “slope” for temperatures in the denaturation
and reannealing phases were terminated due to a lack of
funds and to the departure of a student from our program.

PCR experiments with Fusarium spp. were more suc-
cessful. A screening protocol in which a number of bands
could be identified repeatediy and unambiguously was de-
lineated, and primers potentially suitable for discriminating
different mating populations as well as for measuring ge-
netic variability within a mating population were identified.
In some cases, the genetic variability of these banding
patterns was also checked. Work in this area wiil be contin-
ued during the coming year when a replacement for the
postdoctoral researcher who had been working in this area
is hired.

The second year of an experiment to determine the over-
wintering of cells of X. c. pv. holcicola in infested grain
sorghum debris is in progress. Bacterial cells were found to
overwinter in leaves, stems and sceds of grain sorghum
during the tests conducted in 1990-1991. In addition, volun-
teer seedlings from overwintered seed also were found to be
infested with X, ¢. pv. holcicola.

Studies of an extensive collection of over 1200 isclates
of Fusarium from sorghum, maize, banana, and rice in
Thailand during October 1989 were continued, The diver-
sity observed in this population is being nsed to deiermine
if the same pathogen can be recovered from rice, banana,
maize, and sorghum. Preliminary evidence from: Kansas
collections suggests that there is one population that pre-
dominates on sorghum (“F”), and two other populations that
predominate on maize (“A” and “D”). Southeast Asia would
be expected to have large numbers of the “C” population,
but the ability of these strains to cause stalk rot in sorghum
and millet is unknown. Collections from the United States,
Southeast Asia, and Africa all need to be made because the
fungal populations may have evolved with the ancestral host
in each region (United States - maize, Southeast Asia - rice,
and Africa - sorghum and millet). It is important to establish
if the differences detected in U.S. populations are the result
of host preference or geographical distribution. All of the
isolates collected from Thailand have now been purified
through a uninucleate microconidium via micromanipula-
tion and preserved in 15% glycerol for long-term storage at
-80°C and analyses of mating populations »1d V2G diver-
sity have begun. We have found that isolates belonging to
both the “A” and the “‘F”’ populations can be recovered from
banana and suggest that inteicropping may provide an im-
portant refuge for tnese pathogens during times when the
susceptible crop is not present.

We continue to develop testers for both sexual and vege-
tative compatibility testing and to identify possible trouble
spots in the applications of cur techniques not only to
isolates of Fusarium from sorghum and millet, but also from
other hosts and for other fungal species as well, At this time
we have establisked a working set of standards that have
been made available on request to researchers doing these
types of identification. Two SADCC students are planning
to incorporate these techniques into their thesis studies and
Dr. Gary Odvody has been exploiting these techniques for
the analysis of strains recovered from his field populations.
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Dr. W. A. J. deMilliano had been planning a sabbatical with
us beginning in August 1991 for approximately one year and
was going to work on the application of these techniques to
other fungal pathogens of sorghum and miilet. With Dr. de
Milliano’s departur> from the SADCC/ICRISAT/SMIP
program however, these studies have been shelved for the
present. We have done some testing of strains of Acre-
monium from Egypt to determine if the VCG testing can be
applied to these pathogens. Unfortunately of the ten isolates
that we examined, no nit mutants could be induced and we
were unable to procecd further with our tests. Additional
strains from different locations should be tested before
concluding that this technique will not be applicable to
Acremonium spp., however. Similar studies with Colle-
toirichum spp. have been successful.

As part of a joint research effort with USDA scientists
we have begun studies of the fumonisin toxins produced by
some strains of F. moniliforme. These toxins are of potential
importance in both human and animal nutrition and are
associated with serious toxicological problems, cancer and
death in horses, donkeys, swine, laboratory rats and mon-
keys, and humans. We anticipate further work in this area
to determine if these toxins pose a threat of the same mag-
nitude to sorghum utilizers as they now appear to pose for
maize utilizers.
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Presentations

Dr. Lestic mad= invited presentations or seminars as follows during 1990:
American Phytopathological Society Annual Meeting, Grand Rapids,
Michigan. Fourth Intemational Mycology Congress, Regensburg, Fed-
eral Republic of Germany. Norwegian Society for Plant Pathology, As,
Norway. Station de Pathologie Vegetale, INRA, Montfavet, France,

Networking A ctivities
Workshops

Dr. Leslie attended the Seventh Regional Workshop on
Sorghum and Millets for Southern Africa in September 1990
in Manzini, Swaziland, and followed this meeting with
several days at the SADCC/ICRISAT center in Bulawayo
Zimbabwe discussing potential research projects with
Fusarium spp. and the application of techniques developed
for Fusarium to other fungal plant pathogens.

Dr. Leslie also participated as an invited speaker in a
session on “Problems in Fusarium Systematics™ held at the
1990 annual meeting of the American Phytopathological
Society. His talk focused on techniques related to mating
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populations and how the technigues developed for the study
of Fusarium populations from maize and sorghum can be
used to approach other difficult problems in Fusarium tax-
onomy.

Research Investigator Exchanges

Dr. Demba M'Baye, Plant Pathoiogist, ISRA/CNRA,
Bambey, Senegal worked in Dr. Claflin’s laboratory from
July 12-20, 1991. Dr. M'Baye conducted experiments for
identifying bacterial diseases of sorghum and pearl millet.
He also utilized library facilities and reprint collections to
further strengthen his background and resources on diseases
of millet and sorghum,

Dr. J.R. Reddy, Plant Pathologist, Plant Quarantine Unit,
ICRISAT, is presently developing a monoclonal antibody
to the bacterial streak pathogen (Xanthomomas campestris
pv. holcicola) in Dr. Claflin’s laboratory. He is also studying
several epidemiological parameters of bacterial diseases of
sorghum.

A consulting trip to Kenya was made by Dr. Claflin to
determine disease incidence on sorghum and pearl millet,
Activities included training in-country plant pathologists
and breeders, and recommending protocols for screening
germplasm to long smut, covered kernel smut, downy mil-
dew of sorghum, and smut of pearl millet. This visit was
sponsored by MIAC (University of Missouri)/Kenya Agri-
cultural Research Institute/INTSORMIL

Dr. Ibrahim Mansour, from the Institute of Plant Pathoi-
ogy, Agricultural Research Council, Giza, Egypt visited in
both Dr. Leslie’s and Dr. Claflin’s laboratories from April
6 - June 22, 1991. Dr. Mansour also visited Plant Pathology
Departments at Texas A & M University, Virginia Tech and
University of Nebraska - Lincoln, and attended a workshop
on fumonisin toxins sponsored by North Carolina State
University. His visit was sponsored through a training pro-
ject of the Egyptian National Research Project
(NARP/USAID) via San Diego State University. Other
long- and short-term visitors are expected during the next
two years.
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Summary

A principal constraint to sorghum and maize intercrop-
ping in Honduras is a lepidopterous pest complex (referred
to as langosta) damaging or destroying the crops carly in the
growing season. Current entomological investigations cen-
ter on aspects of the biology and ecology of the four princi-
pal insect species in this complex. Particular attention is
given to identification of noncrop host plants and the role of
this vegetation in the establishment of infestations and dy-
namics of each species in the population. With knowledge
of seasonal occurrence of the pests and availability of suit-
able noncrop plants, insect populations can be monitored
closely for pest outbreaks.

Insect feeding studies reveal that sorghum and maize may
be a sink habitat for two of the species in the langosta,
whereas the fall armyworm utilizes the crops as source
habitat to increase population. The net population of the
other two armyworm species decreases in the sink habitat,
i.e., survival and population increase may depend cn nearby
noncrop source habitats,

Egg laying preferences for noncrop vegetation by the
three main species in the langosta have been investigated.
Specific weed grasses have been identified as preferred
hosts for two of the armyworm specics, whereas fall army-
worm prefers sorghum and maize. This information, along
with larval feeding preference and performance on noncrop
host plants, is useful in sampling to determine infestation
levels in areas with known suitable host noncrop vegetation,
and in predicting potential for infestation of the grain crops.

In host plant resistance studies larval mortality, pupal
weight, generation time, intrinsic rate of increase and rela-
tive fitness were used to make inferences about antibiosis to
fall airmyworm. Antibiosis resistance appears to be wide-
spread in landrace populations. The selected landrace San
Bemardo III is combined with TAM428 (with some resis-
tance to fall atmyworm) fo produce an enhanced level of
antibiosis. Studies reveal that sources of resistance to fall
armyworm in Honduran native sorghums may be polygenic
and should be stable over time,

Objectives, Production and Utilization Constraints
Objectives

1. Study the biology and population dynamics of insect
pests responsible for destruction of sorghum and maize seed
and seedlings.

2. Evaluate sorghums for resistance to specific insect
pests.

3. Develop integrated insect pest management methods
employing basic concepts of ecological crop management.

Constraints

MSU-105 rescarch in Honduras and-the_United States
emphasizes biological investigations involvi g relation-
ships between insects and plants to develop an ecological
framework for understanding the structure and function of
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organisms in different sorghum cropping agroecosystems.
This information will allow for integration of cultural, bio-
logical and chemical control tactics in the implementation
of insect pest control programs. This project has a principal
objective to work with insect pest problems encountered by
low income, subsistence farmers in developing countrics
and to investigate the principal insect pests in Mississippi
for development of pest control methods which do not rely
entirely on chemical insecticides. These control methods
have emphasized host plant resistance, cultural control tac-
tics, biological control, and selective use of insecticides.
Investigations of root, foliage, stalk, and panicle feeding
insect pest biology, ecology, behavior, population dynamics
and reactions to insecticides have contributed to our under-
standing of insect ecology, migration and development of
insecticide resistance in pest outbruaks in specific host coun-
tries and in the southcasten United States. This program
provides assistance to farmers in the developing countries,
and also is designed to facilitate the development of strate-
gies for managing insect pests of intemational importance,
especially those entering the continental United States.

Many of the insect pest constraints to sorghum and maize
production in Honduras are recognized. Some insects in the
soil that damage and/or destroy sorghum seed, lepidopter-
ous larvac that damage or destroy seedling plants, stem and
stalk borers that weaken and/or kill maturing sorghum and
head feeding bugs and caterpillars that destroy the sced have
been identified; all are important in reducing crop yields.
Therefore, a range of insect pest management tactics have
been evaluated to determine the effective practices that have
application in the developing countries in the Central
American Ecogeographic Zone. Principal emphasis has
been on development of nonchemical pest contro! practices
that may or may not include minimum use of insecticides.
This is important in production areas where financial invest-
ment in crop production must be held to a minimum. These
insect pest control methods have emphasized host plant
resistance, and cultural and biological control tactics.

Insect pests common to the Americas have been investi-
gated in the United States to elucidate the biological and
ecological relationships of populations and the influence of
these populations from specific geographical areas upon the
population densitics and crop damage by the pests in other
geographical arcas. Yield losses and costs of control attrib-
uted to the complex of insect pests (e.g., fall armyworm,
stalk borers, sorghum midge, webworm, and corn earworm)
on sorghum in the southeastern United States are consider-
able. Crop and insect pest management systems have beer.
developed, but must be improved to provide the sorghum
producer with a reliable scheme for management of pests
with minimum use of toxic chemicals to achicve an environ-
mentally acceptable and sustainable sorghum production
“Xystem in the United States. This must be achieved in
regioR& where insect pests on sorghum have historically
been contrtiied with insecticides.

Research Approach aiid Project OQutput
1. Pest Biology and Population Dynamics

A lepidopterous pest complex, collectively referred to as
“langosta” by subsistence farmers, is an important con-
straint to sorghum and maize production in southern Hon-
duras. Four species, the fall armyworm, Spodoptera
frugiperda, two other armyworms, S. latifascia and Meta-
ponpneumata rogenhoferi, and the grass looper, Mocis la-
tipes, were previously identified as the principal insect
species in the langosta complex. Spodoptera frugiperda was
the predominant species on intercropped sorghum and
maize from May to August. Spodoptera latifascia and M,
rogenhoferi were present only early in the crop growing
season. Mocis latipes was present in mid-season.

The recent emphasis in MSU-105 in the langosta studies
has centered on aspects of the biology and ecology of the
four above-mentioned insect species. Particular attention
has been given to identification of noncrop host plants and
the role of this vegetation in the establishment of infestations
and population dynamics of each pest species. The suitabil-
ity of the noncrop grasses anu ather vegetation for insect
development was emphasized ~ studies in 1991. With
knowledge of the seasonal oc urence of the pests and
availability of suitable roncrop host plants for the langosta,
insect populations can be monitored closely for pest out-
breaks. Some evidence may be obtained for identifying
“source” and “sink” habitats for the species. This can be
helpful in the application of pest management tactics in
these specific habitats. Whereas the fall atmyworm can
usually be found in all stages in grasses growing in and along
irrigation ditches (source habitat) on the plains in sonthern
Honduras during the day season, no information has been
obtained to identify source habitats for the other species in
the langosta complex. However, these insects may also
survive in this or similar habitats during periods when
suitable host plants are not present in dry areas before the
rainy seasons in this region. It is possible that when these
insects ieave their dry season niches at the onset of the rains,
there is sufficient noncrop vegetation to sustain the popula-
tions in sorghum and maize production areas (sink habitat).

In laboratory feeding performance studies with S. latifas-
cia and M. rogenhoferi, sorghum and maize were found to
be less suitable as hosts than some broadleaf weeds occur-
ring in southern Honduras. This suggests that sorghum and
maize may be a sink habitat for these two species. A sink
habitat is defined as the area where the net pest population
decreases, and survival and population increase may depend
on nearby norcrop source habitats. Changes in the agroeco-
system (i.e., intercropped sorghum and maize) which do not
confer stability similar to the insect’s original ecosystem
(i.c., the source habitat) have forced the pests(s) to tempo-
rarily fecd on the crops. But these two species disappear
after about four to five weeks even when sorghum and maize
and a great variety of noncrop vegetation are available as
potential hosts.
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Although many farmers spray their crops afier these
insects arrive early in the season, benefits of insecticide
applications on the core population of these two pests is very
limited. The two species appear to have only one generation
in the area, and it seems that they are unable to complete or
have diffiralty completing their life cycle on sorghum and
maize.

An explanation for the disappearance of S. latifascia and
M. rogenhoferi from the scrghum and maize production
fields in southern Honduras has not been elucidated. Para-
sites (predators were not evaluated) were shown to be an
important mortality factor in the field, but there is insuffi-
cient evidence to indicate that ihey are key to the disappear-
ance of the two species.

Field studies showed that populations of S. latifascia
were higher in plots with weed control, whereas M. rogen-
hoferi was not affected. However, the influence of cropsand
noncrop vegetation on the biology and population dynamics
of these two insects is still not fully understood.

Three areas of study are being investigated in order to
assist in the development of an efficient program for man-
agement of these two insect species, 1) oviposition and
feeding preferences and their modification, considering host
plant specics and phenology, 2) the possibility that M.
rogenhoferi can diapause (aestivate), and 3) identification
of sex pheromones and their use to monitor these two insect
species to determine their presence during mid- to late-
season and/or migration from other areas.

Noncrop Host Plants

The most common weeds found around and in production
fields in the hills (La Coyota) and plains (El Conchal) were
collected and identified before the production fields were
planted and during the early growing season of sorghum and
maize in the summers of 1990 and 1991. As soon as the
noncrop vegetation flourished after the rains began, whole
plants (n=200) of eac!: species were sampled biweekly in
three fields on the plains and three in the hills. The plants
were scarched in the field for S. latifascia, M. rogenhoferi,
and §. frugiperda eggs and neonates. No cggs of M, rogen-
hoferi or S. latifascia were collected on any of the samples
taken on crop or noncrop vegetation, but neonates were
observed on sorghum and maize scedlings more than on
noncrop vegetation. S. frugiperda eggs were commonly
collected from the grass weed Ixophorus unisetus as well as
sorghum and maize seedlings. These observations will con-
tinue in 1992. Knowledge of the preferred ovipositional host
plants, especially if these turn out to be weeds present early
in the season when sorghum and maize are planied, may
provide the basis for specific recommendations for manage-
ment of these plants in such a way that the crops are least
affected by insect pests. On the other hand, if crops are
preferred as ovipositional hosts, sampling for eggs and
neonates would have to be emphasized.

Host Feading Performance

Field collected broad leaf weed species (n=4), sorghum,
maize, and a grass weed specics in two phenological growth
stages (seedlings and older plants) were evaluated as feeding
hosts for S. latifascia. Mortality throughout development
was recorded, larval weight was measured 15 days after
hatching, pupac were weighed on day two, and sex ratio was
determined. Time (days) from larvae to pupae, pupae to
adult and adult to death was also recorded.

Pupac from each treatment, subtreatment and replication
were kept separately for emergence. Newly emerged female
moths were mated, allowed to lay cggs and eggs were
counted. Adult male and female life spans were recorded.

The differences in fitness of insects fed seedlings and
mature plants might explain the population decrease of S,
latifascia and M. rogenhoferi as the season progresses.
Preliminary feeding studies proved sorghum and maize to
be unsuitable hosts. These studies have not been completed,
but show that observations confirm the same and also jadi-
cate that plant phenology may influence fitness of the in-
sects.

Host Preference Studies

S. latifascia and S. frugiperda were randomly selected
from an egg mass and placed individually in petri dishes
with a thin layer of agar (to maintain leaf turgor) containing
pairs of foliage disks of two hosts arranged alternately in a
circle. Comparisons of hosts were: sorghum and Ixophorus
unisetus, sorghum and Amaranthus hibridus, sorghum and
Portulace oleracea, sorghum and Ipomoea sp., and sor-
ghum and Melampodium divaricatum. Maize was also
paired with all of the above plus sorghum.

Larval choice was recorded for a period of six hours and
will be assessed statistically using a test for goodness of fit
1o a binomial distribution. Results observed from this study
will elucidate the importance of vegetation around the crops
as they are preferred or not by neonate larvae. This informa-
tion then will be used in a pest management program for the
incorporation of adequate weed management as this relates
to the insect’s behavior.

Determination of Larval Feeding Induction

S. latifascia and S. frugiperda neonates were reared for
15 days on diets as in the feeding performance study. Sor-
ghum and the other plants were offered one at a time within
petri dishes to larvae reared on ear’, of two hosts. Larvae
were starved for 24 hours and tested for three hours. The
sequence of hosts visited. iime spent, and dry weight con-
sumed was recorded, initial weight of each host was esti-
mated by using dry-weight to fresh-weight ratios obtained
from similarly sized oven-dried foliage samples. A mean
consumption index (MCI) will be calculated by subtracting
dry weight sorghum or maize consumed from dry weight of
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the other host with which sorghum or maize is compared.
These values (MCI) will be analyzed using ANOVA.

The ability to discriminate among hosts based on host
quality may be important in S. latifascia and S. frugiperda
especially because we know that noncrop plants are more
suitable hosts than sorghum and maize for S. latifascia.
However, if larvae can get induced to feed on anonhost plant
(i.e., sorghum and maize) they are more likely to continue
feeding on a selected plant than moving to look for a more
suitable host. Likewise, if larvae arc feeding or a vreed plant
and can get induced to it, they may be expected to stay there
resulting in lower crop damage. These and other results
related to oviposition preference and neonate preference
will elucidate the importance of weed management for
management of these iwo insect species in the langosta.
These studies will be expanded in 1992,

Host Oviposition Preference

S. latifazcia and S. frugiperda moths (five days old)
reared in the laboratory on a meridic diet were tested for
ovipositional preference for weed plants in the presence of
sorghum and maize inside a field cage. Although the data
have not been analyzed at this time, observations reveal that
cggs were laid only on a grass weed /. unisetus, maize,
sorghum and a broad leaf weed, Amaranthus hibridus. This
study was conducted separately for the two insect species
and will be repeated in 1992.

A no choice oviposition test was also conducted in 1991.
Results of this test indicated that S. latifascia may lay eggs
on Melampodium divaricatum and Ipomoea sp., however,
itdid not lay eggs on Portulaca oleracea. In the case of .
Sfrugiperda eggs were laid only on 1. unisetus and Ipomoea
sp. Interestingly no eggs were laid on maize or sorghuza.

Observations

The occurrence of the lepidopterous pest complex on
sorghum and maize creates the biological illusion that the
component species coexist conjointly. Actually, the com-
plex is the product of a fine-grained mosaic of different
microhabitats, each supporting a well-adapted successful
species. Except for S. frugiperda, sorghum and maize ap-
parently serve as a sink habitat where the net lepidopterous
population decreases, and survival and population increase
depend on nearby noncrop source habitats.

Because of the geographical and biological diversity
involved by the complex, controlling the langosta is a for-
midable challenge. Altiiough manv farmers spray their
crops after the langosta has arrived, this has no effect on the
core population of at least two of the species, nor does it
reduce tieir subsequent generations since these specics are
unable to complete or appear to have difficulty in complet-
ing their life cycle on maize and sorghum.
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More effective control measures would include manage-
ment of noncrop vegetation or source habitats. Monitoring
source habitats and synchronizing planting dates to follow
migration would be a low cost control measure that could
be employed by subsistence farmers. Likewise, destruction
of relatively small source habitats before planting could lead
to local populatior extinction of some pest species. These
tactics are within the means of resource-poor farmers sirice
they primarily involve investment of their own labor. Inscc-
ticide applications could contain the insect pest in the source
habitat but it is unlikely that subsistence farmers will be
willing to invest in spraying weeds.

The diversity of the lepidopterous pest complex ensures
that sustaining adequate control of the langosta will depend
on an array of integrated pest management pr.:tices. Be-
cause manipulation of a niche may affect one species ad-
versely only to benefit another, as in the case with weed
control which reduced the population of M. latipes but
increased population size of S. frugiperda, a greater under-
standing of the ecology behind each species is required
before a technological control package can be developed.
Other areas of additional needed research include host
oviposition preference of moths, additional studies on feed-
ing preference including young and old plant tissues, and
parasitization of larvae.

2. Host Plant Resistance

Plant resistance is one of the most effective and ideal
methods for controlling crop pests. The uses of a resistant
cultivar for management of pests by itself or in combination
with other components of IPM are biologically, ecologi-
cally, economically, and socially feasible. Plant resistance
is the most environmentally safe component of IPM. The
National Research Council reported that classical plant
breeding to develop new varieties is the most successful
biological method of pest control. Genetic engineering
promises to accelerate breeding for pest resistance. It has
been predicted that resistant cultivars in American agricul-
ture would have a major role in pest control until 1992 and
that a demand for their use beyond that time would sharply
increase, In sustainable agriculture, or any agricultural sys-
tem, the use of a resistant cultivar should be the foundation
or hub of any crop protection scheme where damage from
insect pests is a major concem.

Some levels of plant resistance to insects has been re-
ported in sorghum for at least 17 insect and mite species.
MSU-105, in collaboration with TAM-131, has emphasized
research on the tropical landrace sorghums called maicillo
criollo, which arc widespread in Central America, Their
greatest concentration is in El Salvador and Honduras.
These sorghums are more sensitive to photoperiod than
other known photosensitive sorghums, require shorter day
lengths to initiate flowering than other known photosensi-
tive sorghums, and are adapted to intercropping with early
maturing maize.
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Since the fall armyworm appears to be the principal
lepidopterous pest in the langosta complex, this species was
emphasized in MSU-105/TAM-131 sorghum host plant re-
sistance investigations during the past two to three years.
Studies have been conducted in Honduras and in the United
States 1) to determine if insect resistance is present in
commonly used sorghum cultivars as well as improved
lines, and 2) to determine types and levels of resistance
(particularly antibiosis, i.e., adverse effects on the insect).
Deployment of resistant genes into sorghum cultivars would
reduce producer insecticide inputs and provide a sustainable
insect pest management control altemnative that would be
persistently effective, ecologically compatible, and safe to
humans,

In these studies larval mortality, pupal weight, generation
time, intrinsic rate of increase and relative fitness were used
to make inferences about antibiosis to fall armyworm. Sor-
ghums with evidence of insect resistance were used in initial
antibiosis studics. The selected landrace San Bemardo III
suppressed fall armyworm population density increase and
showed that its resistance could be combined with that of
TAM428 (with reported resistance to fall armyworm) to
produce an enhanced level of antibiosis. Further studies
revealed that antibiosis may be widespread in landrace
popuiations. Cohorts of larvae raised on several landrace
accessions attained significantly lower pupal weights than
those raised on a recognized fall anmyworm resistant vari-
ety. Antibiosis resistance to fall armyworm was also de-
tected in the accessions Hilate-179, Pina-61, and Lerdo-104.

A reduced fecundity as suggested by smaller pupa size
induced by maicillo sorghums and inability of survivors to
overcome maicillo’s antibiosis to produce larger pupae sug-
gests that this resistance in these genotypes is polygenic.
The maicillos resistance should be stable over time and
furthermore the traditional practice of growing sorghum
landrace mixtures in Honduras increases the probability thai
antibiotic genes are widespread within the maicillos popu-
lation. These hypotheses require confirniation,

In expanded antibiosis studies, 15 landrace sorghums
common to production areas in southem Honduras were
evaluated in laboratory screening tests. In one study fall
armyworm larvae fed Pompom-170 had the shortest devel-
opmental time, but the longest time in the pupal stage;
insects on Porvenir had the longest time in the pupa stage.
The landraces Catura-68, Porvenir, Paquete, Peloton-99,
and Pompom-170 did not influence generation time, fecun-
dity, intrinsic rate of increase, net developmental rate, or
total mortality compared with a sorghum having some insect
resistance.

Inasecond study, lower pupal weight and fecundity were
observed for insects fed Variedad Blanca, and lowest intrin-
sic rate of increase and developmental rate were observed
for larvae fed Variedad Blanca, Angel de Limon, Corcna-
195, and Norteno-72. Larvae raised on Cola de Caballo-159,
and 845 cm experienced the shortest time for development

to pupae, whercas insects on 845 cm had the lowest pupal
weight, fecundity, intrinsic rate of increases and net devel-
opmental rate. In a fourth test larvae fed DMV-143, Gigante
Pavara, Porvenir, and DMV-197 had the longest generation
times; DMV-197 and Porvenir resulted in low pupal weights
and fecundity; and DMV-143, DMV-197 and Gigante
Pavana, resulted in low intrinsic rates of increase and net
developmental rates. These studies reveal the presence of
various levels of antibiosis resistance in the landrace sor-
ghums planted by subsistence farmers in Honduras. The
characteristic expression of vesistance varies in type of
influence on the insect. Although the levels of resistance
varies among sorghum genotypes and may be low, the host
plant resistance observed can be used in breeding programs
to increase levels of antibiosis.

The large number of lepidopterous larvae feeding on
intercropped sorghum and maize (exerting feeding pressure
on plants) influences plant selection through indiscriminate
attack during the early growing scason. Insect feeding may
or may not kill the crop plants, but surviving plants are
weakened. Differential selection may have resuited in
maicillos accumulation of antibiotic alleles which appear to
confer a broad level of intermediate resistance through
reduced fecundity. The inclusion of these traits into conven-
tional cultivars not only will enhance productiviiy and make
the environment safex by reducing dependency on insecti-
cides, but it will also conserve these genes in situ where
evolutionary processes can continue,

Studies presently completed revealed that sources of
resistance to fall armyworm in the maicillo sorghums may
be polygenic and should be stable over time. A study was
conducted to determine if maicillo sources of fall armyworm
resistance are stable and are not lost or reduced in magnitude
over time (e.g., several generations). A series of five tests to
evaluate antibiosis resistance to fall armyworm in San Ber-
nardo IIT was conducted over five successive generations.
Results from this study were inconclusive. Studies will be
repeated.

3. Development of Pest Management Systems

The MSU-105 Project has emphasized research on the
fall armyworm, an insect that annually migrates into the
southern United States where it causes economic injury toa
large number of crops, including sorghum and com. This
pest shows a desired preference for plants in the grass
family. The literature reports conflicting views on €gg iay-
ing behavior on sorghum and maize in relation to age (size)
of the plants. Since this insect is a migratory species and may
immigraie into areas at different times during the crop
growing season, when the crops can be in different stages
of plant development, MSU-105/TAM-131 research is in-
vestigating stage of maturity of the grain crops as a factor
influencing plant acceptability by fall armyworm for ovipo-
sition.

11
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The objectives of this research are 1) to determine ovipo-
sition preference by fall atmyworm moths of different ages
for sorghum plants at various stages of maturity, and 2) to
assess the effect of light on oviposition by fall armywonm
moths of different ages on sorghum plants at various stages
of maturity. This research is incomplete and will be contin-
ued in 1992,

Publications

Portillo, Hector E., Henry N. Pitre, Dan H. Meckenstock and Keith L.
Andrews. 1991. Langosta: A lepidopterous pest complex on sorghum
and maize in Honduras. Florida Entomologist. 74: 287-296.

Meckenstock, D. H., M. T. Castro, H. N. Pitre, and F. Gomez. .
Antibiosis to fall armyworm in Honduran landrace sorghum. Environ-
mental Entomology. (Accepled).

Networking Activities
Research Investigator Exchanges
Sudan

Collaborative INTSORMIL relationships between re-
search entomologists in the Sudan (ARC) and at Mississippi
State University were established in 1987 in association
with the Purdue (PRF) Project. The principal pest con-
straints to sorghuin production in Sudan are shoot fly,
stem/stalk borers, American bollworm, aphids and sorghum
midge. The levels of damage caused by these pests vary in
rainfed areas and irrigated areas,

Present studies by in-country scientists emphasize
screcning of insecticides against sorghum shoot fly and stem
borers. Results have been limited in providing information
for pest control recommendations. Accordingly, only Sevin
remains as the insecticide recommended for stem borer
control. Tests to evaluate selected insecticides for efficacy
against shoot fly and stem borers on sorghum seedlings and
whorl stage plants will be continued.

Sorghum breeding lines have been and will be screened
in the field for resistance to stem/stalk borers.

Malawi

The participation in MSU-105 of a graduate student
(M.S. level) from Malawi in 1991-93 will provide opportu-
nity for further expansion of research on insect pest con-
straints on sorghum in Africa. The SADCC student is
currently investigating aspects of insect migration (using
fall armyworm) in relation to age of the insect and phe-
nological growth stage of sorghum plants.
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Germplasm and Research Information Exchanges

Impact of CRSP-produced or Recommended Technol-
OgY

Host plant resistance screening techniques and proce-
dures that have been developed by U.S. scientists (Wise-
man, GA, MSU-105) for laboratory, greenhouse and small
field plot evaluations of plant materials for insect resistance
continue to be used in the U.S. and some have been accepted
by most programs in Third World countries. An INTSOR-
MIL graduate student in MSU-105 obtained training in these
new host plant resistant methods and is utilizing them in
research in Honduras. This technology is being dissemi-
nated into Honduras.

Assistance Given

One binocular microscope was hand-carried to the
Panamerican School of Agriculture in May, 1991 for use by
INTSORMIL students and collaborating scientists conduct-
ing research in Honduras. INTSORMIL students transport
materials and supplies from Mississippi State University for
use in the conduct of their research in the laboratory and in
the field. INTSORMIL collaborators use some of these
supplies as well.

Other rescarch equipment shipped to the Scheol in May,
1991 included five 6x6x6 foot saran screen cages for use in
field studies, ten 2x2x2 foot metal and wire cages for hold-
ing insects in laboratory tests, one hypothei.nograph for
recording temperature and humidity in planned studies, and
a thermal box for holding insect and plant materials at cool
temperatures for short term preservation,

Routine research and office supplies are shipped each
year to Honduras to assist the students and collaborators.
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Role of Polyphenols in Sustainable Production and
Utilization of Sorghum and Millet

Project PRF-104B
Larry G. Butler
Purdue University

Principal Investigator

Dr. Larry Butler, Department of Biochemistry, Purdue University, West Lafayette, IN 47907

Collaborating Scientists

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

Medani, Sudan

Dr. Dale Hess, Millet Pathology, ICRISAT Sahelian Center, B.P.12404, Niamey, Niger (via Paris)
Drs. Axtell and Housley, Department of Agronomy, Dr. Rogler, Animal Science, Dr. Kirleis, Food Science, Dr.
Nicholson, Botany & Plant Pathology, all at Purdue University, West Lafayette, IN 47907

Summary

1. Water soluble root exudate compounds similar to
strigol, ratiler than sorgoleone, control Striga seed germina-
tion in the field. The simple agar gel assay we devisad using
S. asiatica seed to screen sorghums for low stimulant pro-
duction gives excellent correlations with resistance to S.
hermonthica in infested ficlds in Africa (Sudan and Niger).
Low stimulant production is a simply inherited recessive
trait. We have transferred this resistant trait to agronomi-
cally elite sorghums and shown that they are both productive
and resistant to Striga in Sudan and Niger.

2. Sorghum genotypes differ by up to a billion-fold in the
amount of this Striga germination stimulant they produce.
Sorghums which produce the most stimulant and which are
the most susceptible to Striga are from China, where they
have developed in the absence of Striga. Genotypes capable
of producing relatively large amounts of stimulant produce
approximately a million fold more when the seedlings are
grown with only 2 hours of light per 24 hours than if they
have 16 hours of light. Low stimulant genotypes produce
the same low amount regardless of the light regime.

3. The sorghums tested, both high and low stimulant
producers, all produce the same three active stimulant com-
pounds readily separable by HPLC. The single pearl millet
cultivar tested does not produce stimulant active toward our
S. asiatica seeds. The single proso millet cultivar tested
produces even higher zmounts of stimulant than high stimu-
lant producing sorghums, The proso millet produces the
same three stimulant compounds as sorghum, although there
isa difference in which of the three is most abundant. These
stimulants have not yet been identified. At least some cow-
peacultivars produce root exudate compounds which stimu-
late our §. asiatica seeds to germinate, although cowpeas are
ahost for S. gesneroides and not S. asiatica. We may be able

to screen for low stimulant production in cowpeas using our
S. asiatica seed.

4. Both S. hermonthica and S. asiatica produce, in their
vegetative tissue, readily extractable toxins with the former
showing greater virulence. Sorghum genotypes differ
greatly in their susceptibility to this toxin, especially when
the toxin is present in in vitro sorghum cultures. We are
using the Striga toxin as a selecting agent to screen out
susceptible sorghum cells in culture. We have over 30
sorghum plants regenerated from the few clones which were
developed from the survivors rescued after long exposure to
the toxin. We will be testing their progeny for enhanced
resistance to Striga.

Objectives, Production and Utilization Constraints
Objectives

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

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

To eliminate or diminish the antinutritional effects of
sorghum tannins and other phenols while maintaining or
enhancing their agronomic bencfits.

To minimize the effect of Striga on sorghum and millet
production in Africa,

13



Sustainable Plant Provection System

Constraints

This project addresses some of the most important world-
wide constraints to sorghum and millet production and to
sorghum utilization. These include grain-eating birds and
Striga in much of Africa, grain molds and weathering in
India, and grain-eating birds and weathering in the south-
eastern U.S. Accumulated evidence indicates that phenolic
components of these plants (including tannins in the case of
sorghum) correlate to some degree with resistance to the
above constraints, with the possible exception of Striga.

However, it is widely recognized that the presence of
these phenolic materials in the seed of sorghum and millet
also constitutes a formidable constraint to their utilization
as food and feed. Phenolic materials, usually assumed to be
tannins, are thought to diminish the palatability and digest-
ibility of the food prepared frem sorghum, and create unde-
sirable colors in both sorghum- and millet-based foods.
Until now it has been considered necessary, in several areas
of the world, io accept the utilization constraints in order to
overcome the production constraints by growing *“high-tan-
nin” pest resistant sorghums, or in the case of Striga simply
to abandon infested fields.

Research Approach

All of this research is coordinated closely with that of Dr.
Ejeta. We have founid that a fully integrated interdisciplinary
program, with the breeding done by Dr. Ejeta and the
laboratory work done here, can be quite productive.

The general approach we use is to put highest emphasis
on crop improvement, but we also try to contributc new
basic knowledge about the crop/constraint systems we in-
vestigate. The specific approach we often use is to identify
superior sources of resistance (to birds, mold, Striga, etc.),
establish in the laboratory the biochemical mode of resis-
tance, develop a simple method of screening for the resistant
trait, screen genotypes in the laboratory for the trait, confirm
their resistance in the field, and use them in breeding im-
proved sorghums, The major emphasis we place on devel-
oping pest resistant sorghums (rather than chemical or
technological “fixes’ of the pest problem) is consistent with
the current thrust toward low input sustainable agriculture,
and is particularly appropriate for African subsistence farm-
ers with limited access to inputs. Other approaches we
utilize in specific cases will be described below.

Project Output/Research Findings

Antinutritional efiects of high tannin sorghums: The
major antinutritional effects of high tannin sorghums are
decreased weight gains and diminished feed utilization ef-
ficiency. We have previously shown that the major under-
lying basis for these effects is not inhibition of digestion of
dictary proteins, which is largely overcome by the special-
ized salivary tannin-binding proteins. The basis for the
antinutritional effects of high tannin sorghum appears in-
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stead to be systemic (in bodily tissue, not just in the intestinal
tract) inhibition of the metabolic utilization of digested and
absorbed nutrients.

In this past year, Lilian jimencz-Ramsey, a Brazilian
PhD student under Dr. John Rogler, poultry nutritionist in
Animal Sciences, has in our laboratoqr metabolically 1a-
belled developing sorghum seeds with *CO, and isolated
several polyphenol fractions, including condensed tannin,
labelled with *C. On feeding these materials to chicks
Lilian found that none of the tannin fraction was absorbed
from the digestive tract, and thus the systemic effects could
not be due to tannin. On the other hand, Lilian found that
nontannin polyphenol fractions associated with tannins and
presumably absent in low tannin sorghums, were readily
absorbed from the digestive tract. Significant levels of e
were found in liver, kidney, serum and bone. Thus, these
tarinin-associated materials could be responsible for the
systemic effects of high tannin sorghum. Lilian is now
preparing large amounts of these various polyphenol frac-
tions, including tannin, so that they can be fed individually
to determine which are responsible for the antinutritional
effects.

If we can identify the tannin-associated component re-
sponsible for the antinutritional effects of high tannin sor-
ghum, we will develop a specific assay for it, screea for it,
and eventually develop sorghums which have little of it and
are nutritionally superior. We expect that these sorghums
will maintain the pest resistant characteristics of high tannin
sorghums.

Tannin-free bird resistant sorghums: We previously ob-
tained two sorghum genotypes which have excellent bird
resistance yet have no tannin, one from Brazil/Dr. Robert
Schaffert and one from Arkansas/Dr. John York. We have
shown that these have good bird resistance in our trials, and
that the Arkansas line has excellent nutritional quality as
determined in rat feeding trials. The Brazilian sorghum is a
hybrid, and we only recently obtained seed of its parents.
We have been selecting for bird iesistance in the F2 and F3
generaiion of the hybrid material and have three selections
with useful resistance, although they may not be as resistaat
as the hybrid. We have aPSTC/USAID grant to charicterize
these sorghums with Kenyan and Brazilian collaborators.
Thadeo Tarimo, a SADCC-supported PhD student from
Tanzania, is working on this project although he is formally
in the Forestry Department’s Wildlife Management pro-
gram, with Dr. Harmon Weeks as his major professor.
Tarimo has shown, with trapped wild sparrows, that when
given achoice, the sparrows prefer Pioneer 8333, a bird-sus-
ceptible sorghum hybrid with brown-colored seed but no
tannin, about 3 to 1 over the tannin-free Arkansas line. This
test was done with mature grain, and shows that it is not
necessary to utilize immature grain to get bird repellency.
Tarimo will be looking at extracts of the grain to sec if the
repellent factor can be extracted, purified and characterized.
It may be useful as a natural and safe bird repellent for other
crops. This repellent characteristic will certainly be useful
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in developing improved bird resistant sorghums with good
nutritional quality. If the gene controlling synthesis of the
active compound(s) can be isolated, pe-iaps other crops can
eventually be transformed with it.

Mold resistance in sorghum: Dr. Admasu Melaky Ber-
han, postdoctorate from Bthiopia, has continued his studies
on this problem at alow level while he works on the sorghum
RFLP map in Dr. Bennetzen’s laboratory. Hze is now joincd
by a new PhD student under Dr, Ejeta, Richard Johnson,
who is supported by a grant from Pioneer Seed Co. Although
the data are incomplete, it is clear that the new studies agree
with our earlier work which showed that resistance is more
highly correlated with occurrence of flavan-4-ols than with
tannins or with 3-deoxyanthocyanidins.

Coincidence and significance of observations that the
biological activities (bird repellency, mold repellency and
antinutritional effects) considered to be due to “tannins’ are
instead due to nontannin materials which occur with tannins:
We have shown that sorghum tannins in the diet of rats and
mice induce production of proline-rich salivary protcins
which strongly bind tannin and effectively minimize its
antinutritional effects. With Dr. Nicho!son, we have shown
that at least one of the mold fungi on sorghum (Colletet-
richum graminicola) also produces tannin-binding proteins
that secm {0 play a role in proiccting against tannin which
would otherwise prevent spore germination. And now we
have shown that tannins are not responsiblc for the major
antinutritional effects, but that tannin-associated phenolics
are probably responsible. These findings explain the resison-
ably good correlations of repellency and antinutritional ef-
fects with tannin content, because the nontannin
components responsible appear to occur exclusiveiy with
tannin. The results indicate, however, that cbservation of a
high correlation of a biological activity with the occurrence
of tarnin is not sufficient proof that tannin is actually
responsible,

The results must now be followed by identification of the
active nontannin material(s) in each case: bird and mold
resistance, and antinutritional factors.

Tissue culture: in this past year our tissue culture pro-
gram has mainly emphasized development of high quality
suspension cultures suitable for transformation with exoge-
nous DNA using a particle gun, and selection in what we
call liquid culture for resistance to Striga toxin. Cai Tishu,
visiting scicntist frc'» PRC, now has fast growing, stable
suspension cultures of saveral sorghum genotypes. So far,
she has not been atle to regenerate these, although we
continue to refine the system in hopes of obtaining regen-
eration. Meanwhile, we utilize “liquid” cultuics, in which
the cells are not finely divided but are in somewhat larger
clumps. These cultures are readily established and are read-
ily regenerated. Cai has used these liquid cultures to screen
for resistance to Striga toxin. She now has over 30 plants
regenerated from clones of cells which survived exposure
to Striga toxin, We are collecting selfed seed from these

greenhouse-grown plants. Their progeny will be evaluated
for resistance to the Striga toxin, and those that appear to be
resistant will be evaluated in collaborators® Striga-infested
fields. In this way we hope to develop new sources of
resistance to Striga.

Striga: The simple laboratory assay using sorghum seeds
germinating in agar gels in Petri dishes that we developed
for screening scrghums for ‘ow stimulant production has
now been run on over 1000 eniies by R. Vogler, graduate
student under Dr. Ejets, and M. Alkire, technician. Many
low stimulant produc:rs have been identified. Previous re-
sults assure that low stimulant producers are resistant in
Striga-infested African fields. I assume Dr. Ejeta’s report
will describe these results and their significan:e,

We have confirmed that sorghum SRN-39, identified by
Dr. Ejeta as a superior source of broadly expressed resis-
tance to Striga, is resistant at least partially because it
produces extremely small amounts of water soluble stimu-
lant required to trigger germination of Striga seeds. Yohan
Weerasuriya, graduate student from Sri Lanka, has shown
that under our defined laboratory conditions, the amount of
this stimulant produced by a highly susceptible cultivar such
as 184225 can be as much as a billion-fold greater than that
produced by SRN-39 under the same conditions. On the
other hand, both these cultivars and all others tested produce
equivalent amounts of sorgoleone regardless of whether
they are resistant or susceptible to Striga. Sorgoleone does
not appear to be a controlling factor in Striga germination,
so we 1o longer work on it. From now on “stimulant” refers
to the water soluble stimulant measured by the agar gel
assay, and not to sorgoleone.

Characterizing the production of the stimulant, Yohan
has shown that in our conditions using glass wool as the
substrate, high stimulant producing sorghums such as
124225 are quite sensitive to light, producing at least a
million-fold more stimulant when light is limited to two
hours a day than they do in 16 hours of light/day. Low
stimulant producers such as SRN-39 do not respond to light:
they produce the same low amount regardless of the light
regime. Under our cenditions (growing in pure water with
no minerals added) most cultivars begin stimulant produc-
tion within two days after the radicle emerges from the
germinating sorghum seed. Production is maximal around
seven days and essentially ceases around 14 days when the
scedling has exhausted its stored energy.

The one cultivar of pearl millet we have analyzed pro-
duces virtually no stimulant to which our Striga asiatica
seeds respond, but a cultivar of “white” (proso?) millet
produces even more stimulant than sorghum 184225, The
stimulant is so active and occurs in such small amounts that
we can detect it by its stimulant activity at concentrations at
least 12 orders of magnitude lower than by any chemical
assay. Itis extremely difficult to obtain enough pure sample
tochemically characterize this material, Bupe Siame, gradu-
ate student from Zambia, has developed methods for con-
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centrating and purifyiny the stimulant a thousand-fold, but
we have not yet been able to identify it. The purified stimu-
Iant from sorghum and from proso millet can be separated
by HPLC into the same three active fractions. Scrghum
cultivars such as low stimulant producer SRN-39 and high
stimulant producer 1S4225 do not differ in the nature or
proportion of the threc active fractions, only the amount.
Tte major fraction from sorghum is one of the minor frac-
tions from proso millet. The major fraction from proso
millet, which corresponds to one of the minor fractions from
sorghum, chromatographs on HPLC and TLC (s2veral sol-
vents) with strigol, the water soluble Striga germination
stimulant previously identified from the root exudate of
cotton, a nonhost. Bupe’s results indicate that the water
soluble germination stimulants produced by sorghum and
proso millet may be strigo? and strigol analogs.

We have observed that some sorghum genotypes produce
in their root exudates inhibitors of Striga sced germination.
For genotypes which are high stimulant producers this inhi-
bition is not significant. We have found two classes of
synthetic compounds effective as inhibitors of Striga germi-
nation at concentrations which do not affect smghum ger-
mination or growth, Simple nonsubstituted phenols are
inhibitory; catechol is the most inhibitory. These phenols are
not sufficiently stable fo be utilized in the field as Striga
control agents. However, Yohan has found that certain
synthetic nonionic detergents strongly and specifically in-
hibit Striga germination and are stable enough for use in the
field. We are considering using inhibitory detergents as a
crop seed treatment, much as fungicides are used, in order
to at least delay the onset of Striga infestation. This seed
treatment approach is more feasible for subsistence farmers
than the formerly proposed soil trcatment with synthetic
germination stimulant to clean up infested fields.

Yohan has developed rabbit antibodies to surface anti-
gens on Striga seed. These antibodies can distinguish be-
tween Striga hermonthica and Siriga asiatica, between the
seeds of Striga and those of other planis of the Scrophu-
lariacea family, and between Striga seeds which have been
preconditioned, germina‘ed cr devitalized and those which
have not. Yohan also has chicken antibodies which inhibit
germination of Striga sees, suggesting they may be specifi-
cally bound at the receptor site for the germination signal,
permitting its recognition and manipulation by the methods
of molecular biology. We hope to obtain seed samples
representing various populations of Striga hermonthica
which vary in host specificity in different locations, and
develop specific antibodies to them. This would permit
development of a simple ELISA assay which could be used
to determine the degree of contamination of crop seed or soil
samples with Striga seed, and the proportions of the varying
host-specafic Striga strains within the sample and within any
Striga seed sampie. Knowledge of the local Striga strains is
essential for breeding Striga-resistant sorghums for specific
locations.
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Futuro, Jan. 16-18, 1991, CIAT, Cali, Colombia,

“The Role of Tannin in Nutritional Quality”, Proceedings of Sorgo Paru El
Futuro, Jan. 16-18, 1991, CIAT, Cali, Colombia.

“Some Novel Approaches to the Striga Problem” (with G. Ejeta, D. E.
Hess, B. Siame, Y. Weerasuriya and T. Cai), Proceedings, Sth Intema-
tional Symposium on Parasitic Weeds, June 1991, Nairobi, ..enya, pp.
539-544.

“Genctics and Breeding Strategies for Striga Resistance in Sorghum” (with
G. Ejeta, D. E. Hess and R. K. Vogler, Proceedings, 5th Intemational
Symposium on Parasitic Weeds, June 1991, Nairobi, Kenya, pp. 539-
544,

“Research Into Germination of Striga Seed by Sorghum Root Exudates”
(with D, E. Hess and G. Ejeta), P:oceedings, 5th Intemational Sympo-
sium on Parasitic Weeds, June 1991, Nauubi, Kenya, pp. 217-222,

“Antinutritional Effects of Condensed and Hydrolyzable Tannins”, Pro-
ceedings, 2nd North American Tannin Conference, June 1991,
Houghton, Michigan.

“Several Approaches to the Siriga Problemi Being Developed at Purdue
University” (with G. Ejeta), Proceedings of the 2nd Workshop of the
Pan African Striga Control Network (PASCON), June 1991, Nairobi,
Kenya.

Abstracts

“Somaclonal Variation in Sorghum"”, Rice Biotechnology Quarterly S:
40-41 (1991)

“Absorption and Distribution of 14C-Condensed Tannins and Related Sor-
ghum Polyphenols in Chicks™” (with L. M. Jinienez-Ramaey, J. C.
Rogler, T. L. Housley, and R. C. Elkin), 2nd North Armerican Teznin
Conference, Houghton, MI, June 1991, and Intemational INTSORMIL
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“Sorghum Suspension Cultures and Callus Formation from Suspension
Culture Protoplasts” (with T. Cai), Intemational INTSORMIL Confer-
ence, Corpus Christi, TX, July, 1591.

Inhibition of Striga Seed Germination” (with Y. Weerasuriya), Intema-
tional INTSORMIL Cor ference, Corpus Christi, TX, July, 1991,

“Water-Soluble Germination Stimu'ant for Striga” (with B. Siame), Inter-
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Networking Activities
Workshops

Intemational Workshop organized by IITA, ICRISAT,
and IDRC, 22-24 August, 1988. IITA, Ibadan, Nigeria, pp.
42-47 (1991).

International Conference on Sorghum Nutritional Qual-
ity, Purdue University, Feb. 26-March. 1, 1990

15th International Conference of the Groupe Polyphe-
nols, 9-12 July, 1990, Strasbourg, France

Sorgo Para El Futuro, Jan. 16-18, 1991, CIAT, Cali,
Colombia.

Sth International Symposium on Parasitic Weeds, June
1991, Nairobi, Kenya

2nd North American Tannin Conference, June 1991,
Houghton, Michigan

2nd Workshop of the Pan African Striga Control Net-
work (PASCON), June 1991, Nairobi, Kenya

Intemational INTSORMIL Conference, Corpus Christi,
TX, July, 1991

Other Collaborating Scientists

Dr. P. Pushpamma, IDRC/Andra Pradesh Agricultural
University, Hyderabad, India

Drs. R. Jambunathan and V. Subramanian, ICRISAT
(_enter, Hyderabad, India

Dr. Sam Mukuru, SAFGRAD/ICRISAT, Nairobi, Kenya

Drs. K. Bressan and M. Hasegawa, Horticulture Dept,
Purdue University

Drs. L. Rooney, R. Waniska, D. Rosenow, and R.
Frederiksen, Texas A&M University

Dr. R. Duncan, University of Georgia
Dr. A. Hagerman, Miami University, Oxford, Ohio
Dr. J. Riopel, University of Virginia

Research Investigator Exchange

Tishu Cai, Beijing Agricultural University, People’s Re-
public of China

Research Information and Material Exchange

Polyphenol analyses and samples of tannin, sorgoleone
and other materials were provided for several of the collabo-
rators listed above and for others not listed.

Laboratory supplies were provided for Dr. A. G. Babiker,

ARC, Sudan, and for Dr. Dale Hess, ICRISAT Sahelian
Center, Niger
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Disease Control Strategies for Sustainable Agricultural Systems

Project TAM-124
R. A. Frederiksen and R. W. Toler
Texas A&M University

Principal Investigators

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

tion, TX 77843

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

77843

Collahorating Scientists

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

tion, Wad Medani, Sudan

A. S. Ferrcira, EMBRAPA/CNPMS, Caiza Postal 151, Sete Lagoas, M. G., Brazil, South America

Jesus Narro, Campo Agricola Experimentai Bajio, Apdo. Postal 113, Celaya, Guanajuato, Mexico

Larry Claflin, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506

G. Odvody, Texas A&M University Agricultural Research and Extension Center, Highway 44, Route 2, P.O.

Box 589, Corpus Christi, TX 78410

Jim Starr, Department of Plant Pathology and Microbiology, Texas A&M University, College Station, TX 77843
Ralph Waniska, Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 77843
Baikabile Motalaote, Agricultural Research Station, Private Bag 0033, Gaborone, Botswaiia

Mamourou Diourde, Institute Economic Rurale, Republic of Mali, Bamako, Mali

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

Issafou Kollo, INRAN, Niamey, Niger

Dan Meckenstock, Dep. de Ciencias de Suclos y Cultivos Escuela Agricola Panamericana, Apdo. Postal 93,

Tegucigalpa, Honduras

Ronny Duncan, Department of Agronomy, Georgia Agricultural Experiment Station, Experiment, GA
Paul Hepperly, USDA-ARS, South Atlantic Area, Tropical Agriculture Rescarch Station, Box 70, Mayaguez,

P.R. 00709

Peter Escle, Uganda Agriculture and Forestry Research Organization, Sorghum & Millets Unit, Serere, P.O.

Soroti, Uganda

Walter de Milliano, SADCC/ICRISAT, Sorghum Millet Improvement Program, P.O. Box 776, Bulawayo, Zim-

babwe

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

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

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

Melville D. Thomas, ICRISAT, B. P. 320 Bamako, Mali

Bhola Nath Verma, Sorghum and Millet Coordinat~r/Sorghum Breeder, Mt. Makulu Central Research Station,

Private Bag 7, Chilanga, Zambia
Summary

Progress has been made in the development of tools w
recearch plant pathogens. The sugarcane mosaic virus
(SCMYV) strains reported from various parts of the world
have been uncertain taxonomically. Working as a tcam,
INTSORMIL, American University, Australian and other
national workers have demonstrated that the group attacking
sorghum is composed of four distinct potyviruses. Thesc are
Johnsongrass mosaic virus (JGMYV), maize dwarf mosaic
(MDMYV), sorghum mosaic virus (SrMV) and SCMV. The
technique used required peptide digests of the virus protein
coats. These data corfirm previous findings of a classifica-
tion of SCMYV strains based on N-terminal scrology. Con-
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siderable progress has been made on the methodology of
genetic fingerprints of isolutes of Colletotrichum gramini-
cola using sclected DNA. isolation. These techniques will
permit the evaluation of shifts in this pathogen within a
season arnd between scasons. The technique will permit
superior sclection of sorghum with durable resistance to
anthracnose as well as provide the basis for expanding the
approach for monitoring the pathogen genetically. Gener-
ally only the phenotype of the pathogen could be observed
through its rcaction on a host diffcrential. By genctically
characterizing the pathogen the work can be done directly
in the laboratory. Progress has been made in the application
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of other DNA technologics to defining species of the downy Sooty Stripe/Kollo Spot
mildew fungi and the smut fungi. Some of these techniques - Evaluate yield cffects caused by sooty stripe.
now permit identification of pathogens to species by their - Determine effect of “kollo spot” on production at
DNA profiles directly. various stages of plant growth.
Research Objectives Striga
- Evaluate reaction of 25 cultivars of pearl millei io
Sudan Striga at Bengou.
- Repeat 1989 study on effect of soil amendments (or-
Long Smut ganic maltter).

- Identify sources of resistance.
» Identify plant traits leading 1o discase escape.
- Collaborate with All African Long Smut Nursery.

Striga
- Begin studics or; histopathology ot resistant sorghum.

Honduras

- Evaluate sources of resistance to Peronosclerospora
soighi in Honduras,

Brazil

« In1990/1991, we will continue our collaborative work
on anthracnose, particularly in the area of dilatory
resistance. The possibility of holding a major confer-
ence on anthracnose to consider the worldwide threat
of this discase is scriously being considered. Such a
conference was recrnmended at the global confer-
ence in Zimbabwe,

India

- A proposal was prepared for collaborative work on
long smut and ergot. Status uncertain.

- Collaborate with Dr. T. B. Garud on virus problems in
India.

Mali

- Study the epidemiology of long smut.

- 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 insccts on grain
deterioration,

Niger

Long Smut

- Evaluate reaction of high and low smut selections
made in 1989.

- Continue monitoring survival of long smut inoculum.

« Inoculate and evaluate long smut nurseries at Kollo
and Tillabery.

- Study effect of organic matter on Striga infection in
sorghum (in cooperaticn with agronomists).

- Begin study on Striga - sorghum host - parasite -
interactions.

Macrophomina

- Cross inoculate sorghum/millet/cowpea with isolates
of Macrophomina phaesolina using both natural hot
spots and laboratory approaches.

Venczucla

- Evaluate sorghum virus strains using both the ISVN
and the Antiscra Bank. Determine the incidence of
SYBYV,

Zambia

- Evaluate sorghum virus and strains using both the
ISVN and the Antisera Bank.

Zimbabwe

- Evaluate sorghum viruses and strains using both the
ISVN and the Anuscra Bank.

Tanzania

- Characterize the discases caused by Fusarium Spp. on
sorghum in Tanzania,

- Identify various mechanisms of genctic resistance in
sorghum to the various discases caused by different
Fusarivm species.

Mr. A. Mansuetus will be traveling to Tanzania somelime
during the next 12 months to survey the discases of sorghum
caused by Fusarium spp. The discases include: seed rot,
head blight, small sced, pokkah boeng, and grain mold.
Much of the actual research will be done in Tanzania by Mr.
Mansuctus over the next 2-3 years for a doctoral disserta-
tion. Co-chairing his committee will be Dr. Odvody. It is
also proposed to invite Dr. John Leslic, Kansas State Uni-
versity, to assist in the development of Mr. Mansuetus’
research.

Domestic

- Identify sources of resistance to discase.
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. Assist in the incorporation of multiple sources of
resistance to disease.

. Delecrmine inhceritance of resistance.

. Improve discase screening methods.

. Complete biology of discase where needed.

. Evaluate epidemiology of anthracnose and lcaf blight.

. Organize, maintain, and distribute (with TAM-121
and 122) the international sorghum discase and patho-
gen identification nurscrics.

. Identify sources of resistance 1o viruscs and strains.

. Incorporate multiple virus resistance to type viruses
and strains into new sorghum genotypces.

. Determine inheritance of virus resistance in sorghum.

. Produce, distribute and cvaluate the Intcrnational Sor-
ghum Virus Nurscry both domestically and world-
widc.

. Maintain and strengthen the Sorghum Virus Antis-
crum Bank and provide antiscra intemationally. Pro-
duce monoclonal antibodics to sorghum ycllow
banding virus.

. Detect, identify and catalogue sorghum viruscs and
strains worldwidc.

. Study the cffects of sorghum viruses on the host plant
including yield.

. Collcct and evaluate populations of plant viruses for
range or changes in virulence and to develop discase
diagnostic systems including immunoblot assay for
strain comparisons.

. Employ the new scrology tcchnique ELISA to deter-
mine virus concentration in sorghum. Virus concen-
tration is being used as a new tool to breed for MDMV
resistance in sorghum,

Research Approach and Project Qutput
Research Methods

Currently we combine scveral approaches to controlling
discases of sorghum and millet. Our system of nctworking
includes the growing of several uniform nurserics in loca-
tions where certain discases arc imporiant, such as the
Intemational Sorghum Anthracnose Virulence Nursery (1S-
AVN) which is grown in arcas where anthracnose is cn-
demic. Other nurserics include the Uniform Head Smut
Nurscry, the Sorghum Downy Mildew Virulence Nursery
and thc International Sorghum Virus Nurscry. These nurs-
enes are distributed on request to interested partics world-
wide and provide information on sources of discase
resistance and sathogen variability. Basced on the ISAVN,
for example, Mr. Diourtc in Mali believes that he has iso-
lates of Colletotrichum graminicola different from those
that arc present in the U.S. Based on ficld trials, this appcars
to be truc and would be expected. By combining ficld data
with that of the laboratory, Dr. R, W. Toler and colleagues
have characterized the sugarcanc mosaic virus subgroup
into four distinct potyviruscs. We expect to reduce the
number of significant pathotypes of C. graminicola (0 a
smaller more uscful number using RFLP, and PCR/RAPD
technologics. Last year we reporied on the progress in
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characterizing the different specics of tropical downy mil-
dews utilizing the combination of ficld and laboratory data.
Similar progress is being made for the fungus causing head
smut; however, it has been much more difficult because of
the unique biotropic relations betwesn the host and pathogen
and difficultics in isolating DNA, The project has also
screened and evaluated thousands of sorghum entrics for
resistance to the major discases of sorghum, This work is
done annually and continues as long as there is hope that
snrgaum will be improved genctically, Another approach
asks the question about durability of the discasc resistance.
In this approach we scck to characierize resistance that may
prove to be more durable by augmenting the resistance in a
varicty of ways to increase the durability of the resistance.
This is important becausc the cffort and time spent in
developing superior sources of resistance need not be lost
becausc of failure on the part of someone on the tcam to
anlicipate a change in the pathogen population or deploy a
cultivar susceplible to a damaging discase. Most of the work
is interdisciplinary and involves specialists from many dis-
ciplines. The widc acceptance of germplasm developed
from INTSORMIL institutions and the use of this
germplasm in national programs demonstratcs the impor-
tance of this approach,

Research Findings

Sorghum Smuts
Long Smut

Long smut caused by Tolyposporium ehrenbergii Pat. is
prevalent and severe on sorghum in the dricr regions of Mali
and Niger. Little is known about the discase and its
cpidemiology. In Mali, we have looked at date of planting
as a means of determining aspects of the epidemiology and
possible control of the discase froi: the various dates of
planting in 1989-1990. At Bcma, where long smut is gener-
ally more scvere, later plantings have had less discase,

In Niger, work has been focused on long smut because it
is important in Niger. Most of the work is being donc at the
Kollo Station because the discase is endemic in the area.

In 1990, 75 sorghutn accessions were evaluated in a
nursery with susceptible spreader rows. Data were collected
on the basis of a 04 scalc as follows:

0 = Resistant 0 sori/head

1 = Modcrately resistant 0 sori/hcad< 5

2 = Moderately susceptible 5 sori/head< 10

3 = Susceptible 10 sorifhead < 20
4 = Very susceptible 20 sorifhead

Bascd on these ratings the following entries were found
10 be moderalely resistant: Terra, SC326-6, SC630-11E,
BTx2775, BTx378, B8106, Tx7078, P1.3, R9188, 871.3450
and 84C9408. Since many of these are carly maturing lincs,
a regression of long smut on maturity was done. A coeffi-
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cient of determination R? was 0.55. This means that 55
percent of the variability is due to maturity. All e: v matur-
ing lines with a low score will need to be evaluated under
controlled conditions to eliminate the possibility of escape.

A date of planting experiment was done using four culti-
vars. This experiment was done to test the hypothesis that
there is a probability that the incidence of disease will
increase as the season progresses. These data appear to
support the hypothesis (Fig. 1). EI Mota, an early maturing
cultivar, had an increase in disease with each planting date.
Disease increased between dates of planting 1 and 2 but the
3rd date of planting did not differ from the second.

Head Smut

There is currently little information available on the
genelics of Sporisorium reilianum, the causal agent of head
smut of maize and sorghum. This is partly due to the lack of
naturally occurring phenotypic mutants and the difficulty in
generating auxotrophic mutants. RFLP’s and RAPD’s are
being sought which will be useful as genetic markers. One
of the limiting factors has so far been the efficient extraction
of fungal DNA. Commercially synthesized RAPD primers
are being screened for their usefulness in differentiating
between the hest specialized isolates of S. reilianum. De-
creasing the annealing temperaturc of the PCR demonstrates
that RAPD markers are a very quick and easy way of
differentiating between the different pathotypes using min-
ute amounts of template DNA. However, their validity with
larger sample sizes has yet to be confirmed. Pulse field gel

electrophoresis (PFGE) and southern hybridizations are be-
ing employed to describe the karyotype. Southern hybridi-
zations are being used to localize the ura3, tpil and leu2
genes from Ustilago maydis on individual S. reilianum
chromosome-sized {ragments. Nine discrete chromosome-
sized fragments were separated using PFGE. The width and
densities of the bands suggest that there may be as many as
15 such fragments. This was substantiated using CHEF
which also serves to differentiate between the host special-
ized isolates (Fig. 2). Fiftcen chromosomes were scen in
smut samples isolated from infected maize plants while only
13 chromosomes were found in isolates from sorghum. This
difference seems to be very consistent. Using Saccharomy-
ces cerevisiae as a standard, preliminary estimates indicate
that the genome size ranges between 18 and 27 Mbs. Flow
cytofluorometric measurements of nuclear DNA reveal a
genome size of 30 Mbs.

Downy Mildew

Dr. I. Kunene completed her work on biological control
of sorghum downy mildew. Her dissertation was on the role
of the chytrid, Gaertneriomyces longispore, as a hyper-
parasite of oospores of Peronosclerospora sorghi. The hy-
perparasite was demonstrated to reduce levels of the disease
under field conditions and the organism would survive in
the soil. There was a linear relation in the level of chyrid in
the soil and disease control. Mr. Chenlin Yao continued to
characterize downy mildew fungi genetically. Cloned DNA
fragments have been used to identify downy mildew in-
fected seeds of maize as to species. This is particularly

Fig. 1, Effect of three weekly plantings on incidence of long smut in four sorghum cultivars a¢ Kollo, Niger.
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Fig. 2.

CHEF separated chromosomes. Run conditions: Pulse time 60s for 15 hr and 90s for 9 hrs at 200v. Sam-

ples from L-R, Lanes 1, 7 & 10 Saccharomyces cerevisciae; 2&3 U. maydis; 4,5&6 CHS (different iso-
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significant in that the species of the organism could not be
identi:*»d by conventional means and by the fact that the
organism was never grown or alive during the analysis. It is
now possible to characterize specics of thesc fungi from
their DNA alone (Note Phytopathology 81:901-905, 1991)
and not introduce living pathogenic agents.

Anthracnose

Several projects are under way in our study of anthrac-
nose. Under field conditions, we have demonstrated that
there is evidence for dilatory resistance to Colletotrichum
graminicola. Based on field cvaluations of ten sclected
genotypes, significant differences in dilatory resistance
were observed. In addition, the resistance was closely cor-
related with latent period. Mr. Cascla and Mr. Collins also
evaluated the role of sclerotia of C. graminicola on the
epidemiology of anthracnose. They found that plants in
plots with these sclerotia had discasc earlier and at a greater
intensity than control plots. The significance of this work
demonstrates that the sclerotia are important in the discase
cycle of this pathogen and probably account for much of the
inoculum survival in ficlds with short term rotations or no
rotation.
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RAPD markers are a tool with which we can quickly and
easily characterize differcnces among isolates of Colle-
totrichum graminicola, the causal agent of sorghum an-
thracnose, and so begin to map diversity within the pathogen
population of any given arca, and follow the effects of
different cultivar deployment strategics upon pathogen
genotype distribution. Preliminary data have been obtained
for 15 isolates, consisting of threc each from Africa, U.S.,
India, Puerto Rico, and three Johnsongrass (Sorghum
halepense) isolates collected from Texas. DNA from each
isolate was amplificd in three separate reactions using three
different 10-base primers, and the resulting fragment size
data were combined to yield the accompanying chart, show-
ing the composite signature of DNA fragment sizes for ecach
isolate (Fig. 3). Although the sample size is low, analysis of
these data shcws, perhaps not surprisingly in view of the
isolated nature of the habitat, that the greatest homology
within groups occurs among the Puerto Rican isolates.
Analysis of percentage of alleles shared between three-iso-
late groups ag=in shows that the Puerto Rican isolates lie at
the greatest distance genetically from the others, followed
in genetic distance by the U.S. Johnsongrass isolates. The
characteristic of the DNA signatures of certain groups of
isolates permits RAPD-based technique not only for ge-
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netic studies but also in applications such as tracking down
the possible source of a sudden disease outbreak, and detect-
ing quarantine violations.

Fig. 3. RAPD signatures - composite chart.
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Mr. C. Cascla observed variability in pathogenicity
among monoconidial isolates from individual lesions and
from monoconidial cultures. Fifteen monoconidial isolates
were obtained from one lesion each of the sorghum cultivars
TX623 (Griffin, Georgia), called L-1, and SC748-5 (Brazil),
called L-2. Fifteen monoconidial subcultures were further
obtained from each of two original monoconidial cultures,
L-1.1and L-2.1, respectively, followed by a second genera-

tion of 15 monoconidial isolates from each of two mono-
conidial subcultures,L-1.1, 11 and L-2.1, 13. Virulence tests
were performed on a group of five differential cultivars,
TX378, SC326-6, SC414-12E, TX2536, and SC748-5.

From the 15 monoconidial isolates of L-1 and L-2, seven
and three pathogenic races, respectively, were identified.
The 15 monoconidial cultures from L-1.1 and from L-2.1
were separated into two and four races respectively. Finally
the second gencration of monoconidial isolates from L-1.1,
11 and from L-2.1, 13 produced six and four different races,
respectively. These data demonstrate the high variability
existing in Colletotrichum graminicola and raises questions
about the mechanisms responsible for such variation,

Sorghum anthracnose is generally more prevalent and
severe in southern Mali. Recent surveys have demonstrated
the importance of the disease at Sotuba and Samako. The
growing of the international sorghum anthracnose virulence
nursery has not provided convincing evidence for differ-
ences among isolates in Mali as of yet. The reactions how-
ever, have unique differences from those produced in the
U.S. Differences probably are present in Mali, however until
there is genetic control of the disease these differences will
not present agronomic problems.

Grain Mold

Grain mold damages sorghum through actual loss in yield
and reduction in quality and nutritional value of the grain,
Fusarium moniliforme and Curvularia lunata are the most
important fungi causing grain mold.

The only practical methods for controlling grain mold are
avoidance or escape and the use of grain mold resistant
sorghum cultivars. Development of resistant cultivars
should be based on knowledge of the genetics of the disease
resistance. So far, little information is available on grain
mold resistance. Research has been done by J. Peter Escle
at College Station, Texas, U.S., and at Serere and Namu-
longe in Uganda. Mr. Esele studied the effects of the testa
(B1-B2-), red pericarp (RRYY), purple plant color (P-Q-),
thin mesocarp (ZZ) and the intensifier gene (I1). The pres-
ence of a pigmented testa was the single most important
character conferring grain mold resistance. Although not as
significantly as a pigmented testa, the effect of red pericarp
color in conferring resistance is enhanced when the intensi-
fier gene is present. Mesocarp thickness was found to have
no significant role in grain mold resistance. Tan plant color
confers grain mold resistance, purple plant color does ne.
The presence of the intensifier gene in the grain improves
resistance to grain mold with either purple or tan plant color,
Grain mold reacions at College Station and Serere were not
significantly different and these sites could become excel-
lent locations for grain mold resistance selection. Namu-
longe is not a suitable location.

Mr. Anaclet Mansuctus is studying the mating popula-
tions of F. moniliforme section liseola on sorghum and pearl
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millet from Tanzania to Jnd the vegetative compatibility
groups in which they fall. Mr. Mansuetus collected speci-
mens from Tanzania in June 1991 from entries in the sor-
ghum grain mold resistant nursery and from pearl millet
variety trials at Ilonga and Ifahara. Additional collections
were made from local sorghum cultivars grown in fields of
tra zitional farmers. Mr. Mansuetus is also isolating these
fungi from sorghum grown in Texas. Fusarium spp. were
collected from heads of sorghum cultivars differing in grain
mold resistance and grown at College Station, Corpus
Christi, Beeville and Victoria. Isolates of F. moniliforme
section Jiseola accounted for 35% of the isolates, but none
were obtained from black seeded sorghum. Forty-five iso-
lates from this section were crossed with standard mating
tester strains (A-F) to determine the mating population of
the isolate, All six mating populations were found but not
all from each site. Dr. John Leslie, Kansas State University,
provides materials, guidance and leadership for Mr. Man-
suetus’ research program.

Sorghum Virus

Sorghum yellow banding virus (SYBV) was observed in
one county nonadjacent to and seven counties contiguous
with the initial site of observation near Floresville, Texas in
1984. SYBV occurred naturally only on sorghum x sudan
grass hybrids except for one occurrence on grain sorghum
tillers. No SYBV was observed on primary growth and
initial or highest incidence was generally observed at field
per:meters on basal rather than stem tillers, The virus can be
detected ia several infected plant tissues including roots, In
an irrigated field, incidence of SYBV increased with each
of two ratooned crops (< 1% and 10-30%). The slow recov-
ery single raioon crop of s¢veral dryland fields had a higher
incidence of SYBV (10-25%) than the comparable irrigated
ratoon crop. In greenhouse tests, SYB Y occurred in the first
(1991), third (1990), and subsequent ratoon crops of sor-
ghum x sudan only when grown in soil from an SYBV-af-
fected field. Wider row widths increased field incidence of
SYBVin 1990. Aphids did not transmit the virus and vectors
are yet unknown, but results indicate a soilborne mechanism
for SYBV. Mechanically inoculated sudan grass and sor-
ghum x sudan cultivars differed in resistance to the virus.
Sorghum x sudan hybrid tissuc of SYBV infected plants was
analyzed serologically for the presence of SYBV. Virus was
present in roots, leaves, culms, pedicels, stem exierior,
flowers, and in the stem exterior but not in the pith. SYBV
showed an apparent increase in incidence after ratooning,
but the increase occurred only in new tillers of plants already
infected. All plants with symptoms were tested serologi-
cally, and those testing positive were rated as susceptible.
The percentage of infection and the mean disease incidence
ratings of three replications for each entry were tested. Of
the 51 entries tested, 22 were rated as susceptible, and 29 as
resistant. A definite synergistic effect between SYBV and
MDMVA on grain sorghum host exists. The multiple in-
fected plants were more severely diseased than those with
either virus alone. All plants doubly infected died after 17
days. The number of sorghum cultivars tested for suscepti-

A

bility to sorghum yellow banding was increased to 516; 138
cultivars were susceptible to the virus and 378 were resis-
tant. This is a 26.74% susceptibility. In total, more than 516
sorghum cultivars have been tested for host range to sor-
ghum yellow banding virus.

The taxonomic status of sugarcane mosaic virus (SCMV)
strains reported from various parts of the world has been
uncertain. Previous analyses of 17 SCMYV strains with vi-
rus-specific polyclonal antibodies demonstrated that they
represent four distinct potyviruses, namely Johnsongrass
mosaic virus (JGMV), maize dwarf mosaic virus (MDMYV),
sorghum mosaic virus (StMV), and SCMV. To confirm this
classification, we have now compared six strains of SCMV,
three strains of JGMYV, and two strains each of MDMYV and
SrMV using high-performance liquid chromatographic
(HPLC) peptide profiling of tryptic digests of their coat
proteins. The results showed that peptide profiles could be
divided into four distinct groups, which are as different from
each other as are peptide profiles of other distinct poty-
viruses. These findings confirm our previous classification
of SCMYV strains based on N-terminal serology.

Other virus related research included the distribution of
the International Sorghum Virus Nursery, supplying antis-
erum from the International Sorghum Virus Antiserum
Bank, and antiserum to sugarcane mosaic strain H was
added to the Antiserum Bank. MDMV-B infected plants
with necrotic reactions were reduced in height, panicle
length and stem diameter by 40%, 40%, and 25%, respec-
tively. Yield was reduced an average of 70% in plants with
necrosis. In 1990, 150 commercial grain sorghum hybrids
were evaluated for their reactions to MDMV-A under field
conditions, Disease pressure was very high with about 99%
of the plants infected.
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Networking Activities
Workshops

Dr. Frederiksen participated in the “Sorghum for the
Future” Conference at Cali, Colombia, January 16-18, 1991.
He presented a paper on "Diseases affecting the grain and
panicle of sorghum”, Drs. Toler and Frederiksen partici-
pated in the International Sorghum and Millet Conference
at Corpus Christi, Texas. Dr. Frederiksen presented an invi-
tational paper on the Role, Contribution and Direction of
Biotechnology in a Sustainable Production Network.

During the past year we introduced 151 accessions of
sorghum and pearl millet from Sudan, Mali, India, Zim-
babwe, Zambia, and France, These items were grown under
quarantine conditions and released to the breeder or individ-
ual requesting the service. Tx 2891, a multiple disease
resistant sorghum breeding line, was released. Tx 2891 has
excellent resistance to downy mildew and head smut in the

U.S. The line was developed originally in a program to
improve grain mold resistance in selected sorghum lines
with resistance to downy mildew.

Tvelve Sorghum Downy Mildew Virulence Nurseries,
eight Intemational Anthracnose Virulence Nurseries and
five other related anthracnose nurseries were distributed to
collaborators. Distribution of the Intemational and All Sor-
ghum Diseasc and Insect Nurseries were also distributed as
part of the cooperative program with other TAMU projects.
Essentially all of the TAMU projects collaborate on these
nurseries. Several Intemational Sorghum Virus Nurseries
were also distributed. Sorghum antiserum was supplied to
Venezuela, Zambia, India, and U.S. agencies.
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Summary

Project TAM-125 is developing integrated pest manage-
ment strategies for sustainable sorghum/millet production
with concentration on plant resistance and biological con-
trol.

On-site collaborative research activities are in Honduras,
Mali, and Niger. Research in Texas is used for technology
development, graduate student training, and short-term
training. Insects on which major effort is made for develop-
ment of insect resistant cultivars are sorghum midge, yellow
sugarcane aphid, greenbug, and panicle feeding bugs. In-
sects of major focus for biological control are sorghum and
millet stalk borers, millet head caterpillar, fall armyworm,
and aphids.

The collaborative research effort in Honduras has fo-
cused on biological control of fall armyworm in Honduras.
This effort progressed to completion of a third Master of
Science degree. The mc st recent degree program examined
the suppressive impact and techniques for managing two of
the three primary predators of fall armyworm. Plans were
developed with collaborators Escuela Agricola Panameri-
cana and SRN to continue rescarch on biological control of

26

fall armyworm with « €ourth Master of Science to begin in
1992,

In Mali, a second year of research nn panicle-feeding
bugs of sorghum was completed. Methodology for screen-
ing sorghums for panicle-feeding bug resistance has been
tested. A damage rating scale is being evaluated, and special
plastic bags to protect panicles from bugs for comparison to
naturally bug infested panicles has been shown to be effec-
tive in determining degrec of bug susceptibility. These
subjective ratings in conjunction with germination trials will
allow plant breeders to make judgment decisions during
progeny selection and line evaluation. This multidiscipli-
nary program has been extremely successful, with the prin-
cipal collaborator, Dr. Y. Doumbia, being recognized by
SAFGRAD for outstanding rescarch contribitions.

In Niger, work plans were developed to continue the
research program on biological control of millet stem borers
and millet head caterpillar. Gilstrap visited Niger in the Fall
of 1990, and the visit resulted in a proposal to INTSORMIL
for additional funding to support a greater collaborative
effort in Niger and Mali. The program sceks to place aPh.D.
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graduate student from Niger or Mali in the graduate training
program at Texas A&M University. This graduate program
is expected to begin in the fall of 1992. A work plan for the
collaborative research on MHC was developed by Gilstrap
and Dr. Youm (ICRISAT-S' ‘hore) and consists of four
objectives. A second initia . was developed in 1991 to
provide short term fraining to a Nigerian employed by
INRAN. This plan has been submitted to INRAN for ap-
proval and action. If approved, the trainee is to arrive at
Texas A&M University in January or February of 1992. The
training seeks to prepare a continuiug INRAN collaborator
to work with Drs. Gilstrap and Youm on biological control
of millet stem borers.

Graduate students from Colombia, Mexico, Malawi,
Honduras and Botswana are being trained in entomology.
Technology transfer has occurred through publications and
exchange visitation. Collaboration with ICRISAT scientists
has continued strong,

Objectives, Production and Utilization Constraints

Objectives

Botswana sugarcane aphid research: This collaborative

project was dissertation research of Chris Manthe, a Bot-
swanan graduate student. The research is completed and the
dissertation is being prepared. The research results were
reported in a previous report and will not be repeated here.

Mali sorghum panicle-feeding bug research: The objec-

tives are to develop practical techniques for screening sor-
ghums for resistance to panicle-fecding bugs; relate
resistance to glume, kernel, and grain texture characteristics:
and relate panicle-feeding bug abundance and kernel dam-
age to pathogen infection, grain deterioration and food
quality.

Honduras fall armyworm_and sorghum stem borer re-

search: The objectives are to identify biological control
agents and assess the efficacy of these agents on stem borers,
fall armyworm and other pests of sorghum.

Technology development and student training research:
The objectives of research conducted in Texas are to provide
a mechanism for graduate student training programs, to
identify and evaluate sorghums resistant to insect pests,
determine resistance mechanisms, investigate plant-pest
ecological responses and determine economic injury levels;
and identify potential biological control agents for use
against sorghum and millet insect pests, and integrate effec-
tive biological controls with local production practices.
Individual student research program results are reported
under Student Training in the section on Research Approach
and Project Output.

Constraints

The role that insect pests play as a deterrent to sustainable
agriculture is a constraint that must be dealt with in a
biologically/ecologically sound manner. The negative im-
pact of aphids, panicle- feeding bugs, stem borers, army-
worms, the sorghum midge, and the millet head caterpillar
in traditional farming systems is dramatically increased
when improvements in agricultural production are at-
tempted through breeding and changed cultural practices.
Also, the public mandate in the U.S. for safe food, clean
water, and wildlife conservation requires insect pest control
strategies that are less dependent on insecticides. The spe-
cies of insect pests that infest sorghum and millet vary
geographically, and in intensity and persistence. Sorghum
and millet in different production areas encounter at least
one key insect pest species, and several occasional insect
pest species. Reducing the severity of these insects requires
an integrated approach using several control tactics. The
Texas Sorghum/Millet Entomology project focuses on de-
veloping insect control technologics applicable to sustain-
able agriculture systems. The tactics developed and
evaluated include plant resistance to insects, biological con-
trol, and manipulation of cultural practices. Each tactic is
supported with ancillary inscct pest biological and ecologi-
cal research to ensure its proper use and impact in insect pest
management strategies. The project’s approach involves
on-site collaborative research, complementary U.S. technol-
ogy development activities, and graduate student training,
The collaborative research in Mali is on damage assessment
and plant resistance to the sorghum panicle-feeding bug
complex. Collaborative research in Honduras is on biologi-
cal control of fall armyworm, and the collaborative research
in Niger is on biological control of millet head caterpillar
and millet stem borers. Research in the U.S. is for graduate
training programs and involves a holistic approach to iden-
tifying, evaluating, and deploying sorghum midge resistant
sorghums as a component of integrated pest management,
and developing and validating sorghum plant and sorghum
midge dynamics computer models; and developing and
evaluating greenbug and yellow sugarcane aphid resistant
sorghums. Student training in the area of biological control
involves recognizing, conceptualizing and defining func-
tional ecosystems of key pests for biological control tactics;
developing experimental methodologies for measuring the
actual and potential impacts of natural enemies; and validat-
ing results of biological control studies by implementing
research results in production agriculture systems.

Research Approach and Project Output

Mali_sorghum panicle-feeding bug (Eurystylus margi-

natus) rescarch: This collaborative research project contin-
ues to be extremely productive. At Sotuba during 1950, a
number of experiments were conducted. One cxperiment
related to developing and evaluating screening methods for
breeders to use in making selections and testing materials
for resistance to panicle feeding bugs. The objective of the
study was to determine the level of damage of 89 sorghum
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lines by the panicle feeding bug under conditions of natural
infestation in an attempt to identify resistant lines. Geno-
types with the best resistance are subjected to further testing.
In 1989 the preliminary screening nursery consisted of 100
sorghum entries from the National Program with ICRISAT
and Texas A&M University. In 1990 the number of entrics
was reduced to 89. Sorghum lines were evaluated using
natural bug infestations, two replications, and two five meter
rows per entry. Bug abundance was recorded from five
panicles per plot. Two panicles of each entry were protected
using bags over the panicles. Data collected included panicle
shape, length of glumes, and grain color. Visual ratings were
made of bug damage and grain mold. Also, vitrosity and
weight (1000) of kemels, percent germination, and number
of floating kemels were determined. Comparisons were
made between kemels from protected and unprotected pan-
iclcs. Sorghum lines tested in the preliminary screening
nursery were damaged to different degrees. A study of the
distribution of damaged lincs showed that during 1989 and
1990 7-17% of the sorghum lines had an infestation level of
100 to 150 bugs per five panicles. The sorghum line S34 had
an infestation level of 1185 bugs per five panicles in 1990,
In 1989 15% of the entrics rated low bug damage of 1 or 2,
while in 1990 39% rated low damage, but this difference
may have been due to differences in bug abundance. To
determine the relationship between bug damage and patho-
gen infection, a correlation analysis was conducted using 72
Lres i 1989 and 89 lines in 1990 (two replications). There
w~s a positive cormelation between the two parameters. The
cormreiction was strongest using 1990 data. A similar positive
relationship between bug abundance and grain mold was
found using data from an advanced trial using 12 sorghum
lines. Relative to 1000 kemcl weight, vitrosity, flotation,
and germinalion, a positive correlation existed between bug
damage and these parameters. Bug feeding increased vitros-
ity, reduced kemel weight and germination, and increased
the number of floating kemels. These relationships were
cspecially positive when data from susceptible sorghum
lines were used. Afier two ycars of screening, only nine
sorghum lines were considered to have any level of resis-
tance to panicle-fecding bugs. These sorghum lines were
damaged iess than or no more than Malisor 84-7, the resis-
tant standard check. The sorghum lines were further tested
for degree of resistance under artificial bug infestation.
These sorghum lines including Malisor 84-7 are listed be-
low with bug abundance and daniage ratings for 1989 and
1990.

# bug/s panicies Damage ratings
Sorghum line 1989 1999 1989 1990
Malisor 84-7 21.5 79.0 1.7 23
87-SB-F4-54-2 37.5 188.5 1.7 20
1516357 85.0 454.0 1.0 25
1S2074C 20.5 7.5 1.0 1.0
1S21468 16.5 22.5 2.0 2.0
1S21525 18.0 51.5 20 20
1827477 15.0 138.0 1.0 20
R6078 325 110.5 1.5 23
BVARI1 6.5 89.5 1.7 20
1082 Sel dur 32.0 51.0 1.0 2.0
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A second experiment was conducted to determine the
reiationship between bug damage to kernels and the degree
of pathiogen infection. Four replications of treatments were
used including application of fungi~ide (Benomyl), protec-
tion from bugs using plastic bags, plastic bags plus
Benomyl, and natural infestation and no fungicide. Bug
abundance was determined from five panicles 14 days after
anthesis, and at grain maturity. Bug da.iaage and pathogen
infection were visually rated. Also, kamel weight and flota-
tion were determined. The level of bug intestation was
uniform, but bugs per five panicles varied from 24 to 48.
Fungicides did not appear to affect br:g damage. Pathogen
cifects were greater on unprotected than on fungicide pro-
tected panicles. The correlation coefficient comparing bug
damage to grain mold ratings was 0.313. The correlation
was low due to low humidity levels. Kemels from panicles
not protected from bugs were severely damaged based on
flotation tests. A third experiment determined the level of
bug damage using different methods of panicle protection,
These ircatments included natural infestation, protection
from bugs using constructed cages, protection of panicles
using paper pollinating bags, and protection of panicles
using diazinon insccticide. Using these treatments in 1989
provided outstanding results that showed the high level of
damage tokemels inflicted by bugs. In 1990, bug abundance
was less than in 1989 and the magnitude of bug damage was
much less. However, tiic general results were similar, At-
tempting to protect paricies using paper pollinating bags
was time consuming and the bage often tore after much rain,
The use of constructed cages was not practical for several
reasons. Protecting panicles using an insecticide was prac-
tical and differences in protected and unprotected panicles
were found. For example, protected panicles had higher seed
weights. Bug infestation, damage, and grain mold, in gen-
eral, were less in 1990 than in 1989. The level of the efrect
of bug damage was reflected in the lower infestation level
between the two years.,

Technology support and student trmining research: The
following arec summarics of the results of graduate student
research projects associated with INTSORMIL, or are sum-
maries of technology devclopment that supports interna-
tional research collaboration.

Technology Development

The occurrence of a new greenbug biotype (biotype I)
was confirmed using TAES deveioped biotype E resistant
sorghum lines and the original released biotype E resistant
line (Tx2783) compared to KS96, a biotype I resistant line,
All TAES biotype E resistant sorghum lings are susceptible
to the new biotype. Crosses 10 onc biotype I resistant sonrce
were attempted. Those crosses, plus ones that will be made
in Puerto Rico will be tested in greenhouse trials. To date,
biotype I is most prevalent in southwest Kansas, but is alsc
present in several northwest Texas arcas. A major effort
recently has been to evaluate TAES greenbug resistant
sorghums at Beeville and College Station to sclect strongly
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for adaptation to the harsh south Texas climate and prevail-
ing diseases.

Sorghum midge resistant sorghum lines were advanced
two generations; selections for resistance among agronomi-
cally improved segregating germplasm lines were made and
elite sorghum midge resistant lines and parent lines in hybrid
combination were tested at Corpus Christi, College Station,
and Lubbock. Excellent progress in developing acceptable
sorghum midge resistant hybrids continues to be made. In
spite of this progress, the ultimate goal has not been reached.
New converted exotic lines were screened and one line was
considered to be a potential new source of sorghum midge
resistance. We continue to introgress different gene sources
to elevate the resistance level. Plans are to release another
gre.ap of sorghum midge resistant R-lines in the ncar future.
'The problem in developing midge resistant hybrids is still
with the A-line side of the F; hybrid. F, populations of
TAM2566 sources by ICRISAT resistant lines were evalu-
ated. Among these populations fairly high levels of resis-
tance are found, but plant agronomics are nat acceptable.

Student Training

Bonnie Pendleton, Ph.D. student from the U.S.: A simu-
lation model of sorghum midge population dynamics based
on developmental rate equations was developed and field
tested for two years in the Texas Brazos Bottom. The model
predicted the build-up of midge populations in mid- and
late-planted fields very well. Early planted ficlds were not
as well modeled, probably because sampling efficiency was
$0 poor for easly fields with low midge densitics. In order
to predict accurately the number of midges emerging from
sorghum ficlds, a scalar was used in the model. The scalar
was found to be strongly positively correlated with the size
of the ficld studied. A dissertation on this rescarch is being
prepared and at least two journal publications will follow.

Doug Jost, M.S. student from the U.S.: The ovjective of
this project is to validate a sorghum midge component of the
sorghum crop growth model, SORKAM. Valication of the
model requires sampling sorghum midge abundance and

distributions as well as damage to the crop and loss of yieid.
Incorporation of such an element into SORKKAM will kelp
predict initial emergence of sorghum midge, abundance
increascs, and overall crop yield loss, Two years of data have
been collected at two regions in the state. Early, normal and
late planted sorghum fields were chosen and weather data
collected at each site. The data in the table below represent
the results of the validation effort. None of the data have
been tested against the predicted results of the model, but
will be the content of a thesis and subsequent publications.

Ricardo Magallanes, Ph.D. student from Mexico: Re-
search was initiated to determine the differences in the
habits, behavior and biology of sorghum midges within
florets of resistant and susceptible sorghum lines. Research
is being conducted in four general areas: life cycle length,
cgg laying, fecding site, and survivorship of sorghum
midges infesting resistant and susceptible sorghums. The
approach will be a life table analysis comparing sorghum
midge development and survival of initial cohorts on the
different host types. These data are being collected, and it is
too soon to provide any results,

Nora Jimenez, M.S. student from Colombia: The objec-
tives of this project are to determine the feasibiiity of using
mixed planting of sorghum midge resistant and susceptible
sorghum Fybrids to exploit the sorghum midge nonprefer-
ence resistance mechanism and to determine the nature of
the nonpreference of sorghum midge resistant cultivars,
Relative to the first objective, per panicie yields were higher
for the resistant hybrid than the susceptible hybnd. How-
ever, per plot yields showed no consistent pattern. Evidence
of sorghum midge attraction to susceptible panicles result-
ing in increases in yield of the resistant hybrid was not
apparent, The data suggest that other factors had greater
effect than the attraction of midges to the susceptible pan-
icles. Some of these factors include overall midge abun-
dance levels, midge abundance during flowering, genotypic
yield potential, and location of plots in relation to the source
of sorghum midges. To further explore the nonpreference
resistance mechanism, additional data were collected. These
data included the time of day when actual floral anthesis

Maturing Avg. Avg. Avg. # of midge Avg, panicle Avg, grain yield
varicty sowing date harvest date collected (300 plants) uamage (mature) in kg/ha
Nueces County — 1990

Early 2/25/90 6/17/90 8 11% 3,249

Nomnal 3/18/90 6/20/90 79 12% 1,561

Late 32790 6/29/90 m 14% 2,328
Hill County - 1990

Early 372290 7/26/90 211 10% 2,601

Nomnal 3/28/90 712890 225 16% 3,338

Late 4/28/90 8/5/50 357 17% 2,301
Nueces County — 1991

Eary 22091 6/25/91 93 37% 3,677

Nermal 31291 6/26,91 17 34% 4,094

Late 31191 6/26/91 4,558 67% 1,813
Hill County — 1991

Early 3/1081 72591 322 23% 4,107

Nomal 372991 12591 376 34% 3,338

Late SR 72591 4,147 36% 3331
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occurred, numbeis of midges on panicles from 8:30 a.m. and
12:30 p.m. (time when female midges are most abundant on
flowering panicles), oviposition behavior in the field, actual
proportion of flowering panicles of each genotype, and the
distance of plots from the source of midge infestation.
Preliminary review of the results indicated that there is a
marked difference when spikelet anthesis occurs between
the resistant and susceptible cultivars. The florets of the
resistant cultivar opened starting at midnight while the
florets of the susceptible cultivar began opening at about
8:00 a.m. causing floret opening to be synchronized with the
presence of female midges. Female midges on the resistant
cultivar showed no apparent nonpreference and attempted
to oviposit, but the rate of successful oviposition was much
less than on the susceptible cultivar. The value of this
resistance mechanism is lower when midge abundance is
very high. Female midges did not appear to recognize
whether a floret was open or closed until oviposition was
attempted by probing with the ovipositor. Midge abundance
in plots appeared to be dependent on how close the plot was
to the source of the midge infestation and how many midges
the source was providing. This observation was supported
by additional data using oil-coated solo cups to trap midges
to determine abundance in time and space. Midges appear
to have power of directional flight at least for short dis-
tances, and the insect appears to be phototactic toward the
sun. Spatial distribution of midges appeared not to be uni-
form. Many midges were trapped on the flag leaf when it
was oil coated. On close observation, midges appeared to
lick the tip of the glumes and were adversely affected by the
procedure. Also, in some cases the ovipositor of female
midges got caught between the glumes because there was
not sufficient room for the egg to exit the ovipositor. Addi-
tional experiments are planned to examine the effect of floral
anthesis time on sorghum midge oviposition.

Anderson Paliani, M.S. student from Malawi: Visual
damage ratings of seedling sorghum plants grown in flats in
a greenhouse showed that sorghum lines PI457709 (rated
5.9) and P1453951 (rated 5.6) were moderately but signifi-
cantly resistant to yellow sugarcane aphid compared to
Tx430 (rated 7.8), and Tx2783 (rated 7.0), a greenbug
biotype E resistant sorghum line. Based on two different
designs of free choice tests, the aphid showed no preference
for the susceptible sorghum lines over the resistant lines,
indicating that antixenosis is not an important resistance
mechanism. However, based on a measure of plant damage
of susceptible and resistant plants including infested and
noninfested plants, plant growth of the susceptible plants
was mor> severely affected than growth of the resistant
plants, indicating a level of tolerance to aphid feeding. These
results are shown in the following table.

Sorghum Tolerance to Yellow Sugarcane Aphid
Plant growth (cm)

Sorghum line Infested plants Uninfested plants
PI457709 33.8a 35.9a
PI453951 29.3ab 30.4ab
Tx430 24.3b 27.4ab
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Lorena Lastres, M.S. student from Honduras: This report
summarizes studies conducted during 1988, and was sub-
mitted as a thesis in August 1990. The studies were con-
ducted on sorghum and maize in central Honduras, and
evaluated the impact of two key predators of fall armyworm
(= whorlworm), Spodoptera frugiperda J. B. Smith, Preda-
tors evaluated were an earwig, Doru taeniaturn Dohm, and
the tropical fire ant, Solenopsis geminata F. These are two
of the threc most common predators of whorlworm in cen-
tral Honduras. The third common predator is of a species
complex of predatory paper wasps, Polybia spp., and this
group will be evaluated for predatory impact during 1992-
93.

The suppressive impact of Solenopsis and Doru on

whorlworms: An initial set of studies was conducted on
naturally occurring populations of predators and
whorlworms on primera and postrera maize. These studies
used a selective exclusion procedure to establish four treat-
ments, with.D. faeniatum and S. geminatabeing absent from
half of the plots. Each treatment was replicated four times.
Treatments consisted of plots with 1) Solenopsis-absent and
Doru-absent, 2) Solenopsis-absent and Doru-present, 3)
Solenopsis-present and Doru-absent, and 4) Solenopsis-pre-
sent and Doru- present. To measure the effects of the four
treatments on phytophagous arthropods, destructive whole
plant samples were taken wecekly in all plots. Natural popu-
lations of D. taeniatum, S. geminata, aphids, whorlworm
larvae, and Listronotus sp. were present in all plots soon
after plant emergence. As previously reported for central
Honduras, mean percent plants infested with whorlworm
were greater in primera (80%) than postrera (37%). Num-
bers of whorlworms were nearly three larvae per plant in
primeraand only about one per plant in postrera. Listronotus
sp. and Agrotis sp. occurred almost exclusively during pos-
trera. Aphids were present during both growing seasons, but
were never dense enough to cause economic damage.

Solenopsis geminata in Solenopsis-precent plots aver-
aged 2.4 ants per m2 during primera, and 13.7 ants per m2
during postrera. Numbers of fire ants in Solenopsis-present
plots in both primera and postrera increased as the plants
aged. A substantial increase in the postrera ant population
occurred soon after the plots were cleared of plant debris
from the primera plantings. Though S. geminata reportedly
destroys sorghum seed in southern Honduras, it was not
obscrved feeding on maize seeds after postrera planting
despite high ant densities in the Solenopsis-present plots.
Nests of Solenopsis geminata in primera were scarce and
limited 1o plot borders, and densitics of S. geminata varied
greatly and never exceeded 6 ants per m2, The scarcity of S.
geminata may have been due to the studies being located on
land that was in continuous cultivation during the previous
several growing seasons.

Doru taeniatum densities in Doru-present plots averaged
0.04 earwigs per plant during the primera, and 0.18 during
postrera. These densities did not significantly reduce densi-
ties of whorlworm or aphids when compared to densities in
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Loru-absent plots. Doru taeniatum is naturally rarc on early
primera maize because the earwig is just coming out of a
reproductive diapause on undisturbed weedy plants. To
increase numbers of Doru in the Doru-present plots, 50
carwigs were released in each Doru-present plot during the
second week of the study. The primera studies were on soil
titat was continuously cultivated during several previous
growing seasons and was not densely populated by S. gemi-
nata; whereas, postrera studies were located on soil not
previously cultivated and was densely popelated by fire
ants.

Solenopsis geminata and D. taeniatum did not consis-
tently maintain whorlworm infestations at significantly
lower densities in either primera or postrera maize. Postrera
samples revealed neither a significant effect of D. taeniatum
nor an interaction effect between D. taeniatum and S. gemi-
nata on densities of aphids or Listronotus sp. Numbers of
whorlworm larvae per plant and percent plants infested with
whorlworm were consistently greater in Solenopsis-absent
than in Solenopsis-present plots. However, during the first
four weeks after primera plant emergence, S. geminata at a
mean minimum density of 10 ants per m2 significantly
reduced infestations of 8. frugiperda. Solenopsis geminata
in primera also significantly reduced seedling cutting by
Agrotis sp., and reduced Listronotus sp. infestations during
the third and fourth weeks after plant emergence. Being a
ground predator, S. geminata caused greatest mortality to
whorlworm and Listronotus sp. mortality during early crop
stages when these prey were dispersing on the ground. As
occurred in these studies, D. taeniatum typically colonizes
primera crops as the season progresses. Doru taeniatum was
also absent from all postrera plots until the third week of
sampling, and earwig densities in the fourth week of sam-
pling averaged only 0.38 per plant. The Doru that were
present did not cause a significant reduction in whorlworms
oraphids. The differences in percent postrera infestation and
insect numbers in all Doru-present plots were due only to
presence of S. geminata. Though D. taeniatum eventually
occurred at a density of 0.18 earwigs per plant, it had no
significant effect on densities of S. frugiperda or aphids.
Neither S. geminata nor D. taeniatum edversely affected the
abundance of parasites during primera or postrera.

Manipulating numbers of Doru. A second set of studies

was conducted to examine prospects for manipulating den-
sities of D. taeniatum. These studies sought to promote an
increase in numbers of earwigs on plants in half of the plots
by providing D. taeniatum with whorl-like paper refuges
pinned to plants. Refuges were not provided on plants in the
remaining plots. Effects studied included plant associations
of D. taeniatum, and D. taeniatum abundance and location
on plants. The study field contained 25 species of common
Honduran weeds and was selected because of its weed
abundance and diversity. Weeds present represented 12
plant families. On each sample occasion, plots were
scarched for earwigs for a total of 15 minutes. Resulls
showed that numbers of D. faeniatum per unit area were
increased by habitat manipulation. Provision of four ref-

uges/m2 resulted in a two fold increase in numbers of
naturally occurring D. taeniatum. Barwig densities can ap-
parently be managed, but success depends in part on the
availability of suitable shelters. Astificial whorls were the
most common refuges used by D. taeniatum in both
gramineous and nongramineous plants. Apparently, the ab-
sence of such structures in nongramineous plants prevents
D. taeniatum from occupying these plants. Paper refuges did
not affect the seasonal naturally occurring 1:1 ratio of im-
matures to adults. Greater numbers of earwigs occurred on
the plants as plants aged, and predation of whorlworm larvae
by D. taeniatum also increased significantly as plants aged.

Publications and Presentations

Publications

Teetes, G. L., M. J. Scully, and G. C. Peterson. 1991. Partial Life table for
corn earworm (Lepidoptera: Noctuidae) on compact- and loose-panicle
sorghum hybrids. J. Econ. Entomol. (In press).

Merchant, M. E. and G. L. Teetes. 1991. Evaluation of selected sampling
methods for panicle-infesting insect pests of sorghum, J. Econ. Ento-
mol. (In press).

Youm, O,,F. E. Gilstrap and G. L. Teetes. 1990. Pesticides in traditional
farming systems in West Africa. J. Agric. Entomol. 7: 171-181.

Peterson, G. C. and G. L. Teetes. 1991. Registration of 22 midge resistant
sorghum germplasm lines. Crop Sci. 31: 498-499,

Peterson, G. C.,, T. L. Archer, G. L. Tectes, and J. W. Jones. 1991.
Registration of 10 biotype E greenbug resistant sorghum germplasm
lines. Crop Sci. 31: 499-50,

Youm, O, F. E. Gilstrap, and H. W, Browning. 1990. Parasitism of stem
borers (Lepidoptera: Pyralidae) associated with com and sorghum in
the lower Rio Grande Valiey of Texas. J. Econ. Entomol, 83: 84-88.

Youm, O. and F. E. Giistrap. 1990. A note on the bioecology of the millet
stem borer, Coniesta (=Acigona) ignefusialis (Lepidoptera: Pyralidae)
in Niger. Abstract, Proc. Entomol. Soc. Nigeria.

Gilstrap, F. E., and G. W. Brooks. 1991, Sorghum midge and midge
parasitism on johnsongrass. Jour. Econ. Entomol. 84; 431-5.

Invited Presentations

Teetes, G. L. 1990, Insect Biotypes in Sorghum: The Challenge of Devel-
oping Resistance to Aphids. Entomological Society of America, Sec-
tion F Symposium, The Challenge of Biotype to Insect Resistance in
Cereals. New Orleans, LA,

Tectes, G. L. 1990. Integrated Pest Management. Licensed Pesticide Ap-
plicator Worksho 5, Texas Seed Trade Association. Dallas, TX.

Teetes, G. L. 1991. The development and use of insect resistant sorghums,
9th Bicnnial Conference on Plant Resistance to Insects: Toward a More
Sustainable Agriculture, College Park, MD.

Teetes, G. L. 1990. The Role of Plant Resistance to Insects in IPM.
Department of Entomology Seminar Series. College Station, TX.

Teetes, G. L. 1990. The Development and Use of Insect Resistant Sor-
ghums in Integrated Management of Insect Fests. Tntemational Sor-
ghum Conference, “Sorghum For The Future”. Cali, Colombia.

Teetes, G. L. 1991. Sorghum Management Options to Reduce Insect
Induced Stress. Seventcenth Biennial Grain Sorghum Rescarch and
Utilization Conference, “Directing the Decade.” Lubbock, TX.

Teeles, G. L. 1991. Integrated Pest Management in Grain Sorghum, Texas
Conscrvation Research Workshep. Temple, TX.

Gilstrap, F. E. 1991. Westem Regional Coordinating Commiltee-66: “The
Final Chapter for Russian Wheat Aphid Biological Control.” Portland,
OR.

Gilstrap, F. E. 1991. Biological Control Quarantine Workshop, “Routing
and Customs Problems Imponting Exofic Arthropods.” Baltimore, MD

Gilstrap, F. E. 1991. Amarillo TAES Seminar Series, “Biological Control
in Annual Crops.” Amarillo, TX.

Gilstrap, F. E. 1991. North Carolina Strategies in the 90's Conference on
Biological Control, “The Regional Impact and Use of Biological Con-
trol Facilities.” Raleigh, NC.
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Networking Activities
Research Investigator Exchanges

Fifteen LDC scientists visited the sorghum entomology
program at Texas A&M University. Mrs. Niamoye Diarisso
Yaro spent three months during the summer at Texas A&M
University for short-term training. Her research project was
to characterize flowering and grain filling properties of a set
of diverse sorghum lines. A first draft of a resulis report was
prepared and will be reported in next year’s INTSORMIL
annual report. This effort will likely result in Mrs. Yaro
coming to Texas A&M University for a Ph.D. degree in
entomology. George L. Teetes traveled to Mali to review
rescarch progress on panicle-feeding bugs. The collabora-
tive research conducted in Mali is reported in an earlier
section in this report, and is further described in the Mali
Country report. A major effort is needed to get the Mali
panicle-feeding bug rescarch results pubiished in a refereed
joumnal.

Germplasm and Research Information Exchange

Seed requests were received from eight LDC scientists,
and these were forwarded to Dr. Gary C. Peterson. Publica-
tion reprints or copies related to sorghum entomology were
sent to 27 LDC scientists. Research supplies and equipment
were sent to Mali to support on-site research activities.
Material for cages, bags to cover panicles, insect-collecting
supplies, insect-preservation supplics, computer software,
and other research related supplies were provided.

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

Frank Gilstrap visited with collaborating scieniists in
Honduras to continue studies on biological control of fall
armyworm on sorghum and maize in Honduras. Discussions
showed that information on predation by tropical fire ant and
earwig predator are essentially complete. This information
is the product of work by previous M.S. students, R. Jones,
R. Sequeira and L. Lastres. A decision was made to pursue
the next step in this program, focusing on Polybia. Polybia,
acomplex of paper wasps, is the only unstudied predator of
the three predator systems attacking fall armyworm in Cen-
tral America. Gilstrap met and visited with two students at
Escuela Agricola Panamericana, and will provide short term
training to one of these students in the spring of 1992. The
training will consist of a 2-3 month period during which the
student will work in the Gilstrap laboratory. This training is
a prelude to the student being admitted to Texas A&M
University in the fall of 1992 to pursue a Master of Science
degree. The student’s graduats research will be conducted
in Honduras, probably beginning in the spring of 1993,
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Frank Gilstrap visited Niger in the fall of 1990, and began
developing a work plan to continue the research of Dr.
Ousmane Youm on biological control of millet head cater-
pillar (MHC) and millet stem borers. The visit resulted in a
proposal to INTSORMIL for additional funding to support
a greater collaborative effon in Niger and Mali. The pro-
posal seeks to place a Ph.D. graduate student from Niger or
Mali in the graduate training program at Texas A&M Uni-
versity. A work plan for the collaborative research on MHC
was developed by Gilstrap and Dr. Youm (ICRISAT-Sad-
hore) and consists of four objectives.

OBJECTIVE #1: Determine the bionomics (= field biol-
ogy) of the MHC at key locations in Niger. Activities will
include taking samples of the MHC from fields of millet
production and from noncultivated Penrisetum spp. Several
kinds of samples will be taken, and will include 1) removal
of MHC immature stages that are part of naturally occurring
field populations of MHC, and 2) field exposure of MHC
immature stages that were produced in the laboratory. Data
recorded from samples will be used to construct life tables
and survival budgets. These will be used for estimating the
importance of MHC and its respective natural enemies in
key regions of Niger. Samples will include data needed to
estimate crop losses due to MHC damage.

OBJECTIVE #2: Identify and evaluate the natural ene-
mies of MHC. Natural enemies identified in samples of
Objective 1 will be the basis for this objective. Selected
natural enemies will be cultured, and information sought
from these cultures will include host stage aitacked, host
response to parasitization, adult enemy behavior and nutri-
tional requirements, enemy immature developmental biol-
ogy and enemy population growth estimates in response to
selected environments (e.g., photoperiod and temperature).
These studies will provide a basis for rearing procedures
needed for Objective 3, and for using selected species of
natural enemies in field efficacy studies of Objective 4.

OBJECTIVE #3: Develop laboratory rearing procedures
for producing MHC and one or more of its natural enemics.
This objective secks to optimize rearing procedures to pro-
duce the natural enemies selected out of Objective 2 for
further testing in Objective 4.

OBJECTIVE #4: Evaluate tactics for implementing bio-
logical controls of MHC, and establish procedures for de-
livering these to small farns in the sub-Sahel. Objective 4
will field test the impact of biological control tactics applied
to ficlds or smail farms. These studies will examine the costs
and impact of several strategies for controlling field popu-
lations of MHC. Studies will use natural populations of
MHC, and artificially increased populations. Control tactics
for testing are 1) improving field survival of naturally oc-
curring populations of natural enemies (= biological control
by enemy conservation), and 2) augmenting naturally occur-
ring natural enemy populations with additional laboratory
produced natural enemies (= biological control by augmen-
tation). The former tactic optimizes availability of essential
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requisites needed to target natural enemies, and the latter
optimizes a target natural enemy’s population response to
MHC.

A second proposal and work plan was developed in 1991
to provide short term training to a Nigerian employed by
INRAN. This plan has been submitted to INRAN for ap-
proval and action. If approved, the trainee is to arrive at
Texas A&M University in January or February of 1992. The
training seeks to prepare a continuing INRAN collaborator
to work with Drs. Gilstrap and Youm on biological control
of millet stem borers.
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Development of Plant Disease Protection Systems
for Millet and Sorghum in Semiarid Southern Africa

Project TAM-128
G.N. Odvody
Texas A&M University

Principal Investigator

Gary N. Odvody, Texas A&M Research and Extension Center, Rt. 2, Box 589, Corpus Christi, TX 78410

Collaborating Scientists

L.E. Claflin/I.F. Leslie, Plant Pathologists, KSU-108, Department of Plant Pathology, Kansas State University,
Manhattan, KS 66506

W. A. J. deMilliano, Plant Pathologist, SADCC/ICRISAT, Sorghum Millet Improvement Program, P. O. Box
776, Bulawayo, Zimbabwe

R.A. Frederiksen, Plant Pathologist and Principal Investigator, TAM-124, Department of Plant Pathology and
Microbiology,Texas A&M University, College Station, TX 77843

G.M. Kaula, Plant Pathologist, Private Bag 7, Mt. Makulu Research Station, Chilanga, Zambia

E. Mtisi, Plant Pathologist, Plant Protection Research Institute, RSS Box 8108 Causeway, Harare, Zimbabwe

F. R. Miller, Sorghum Breeder and Principal Investigator, TAM-121, Department of Soil and Crop Sciences,
Texas A&M University, College Station, TX 77843

B. Motalaote, Plant Pathologist, Agricultural Research Station, Private Bag 0033, Gaborone, Botswana

P.E. Nelson, Plant Pathologist, Department of Plant Pathology, 211 Buckhout Lab, Penn State University, Uni-
versity Park, PA 16802

G. C. Peterson, Sorghum Breeder and Principal Investigator, TAM-123, Texas A&M Agricultural Research and
Extension Center, Route 3, Box 219, Lubbock, TX 79401

A. S. Ring, Research Associate, Tezas A&M Agricultural Research and Extension Center, Xoute 2, Box 589,
Corpus Christi, TX 78410

D.T. Rosenow, Sorghum Breeder and Principal Investigator, TAM-122, Texas A&M Agricultural Research and
Extension Center, Route 3, Box 219, Lutbock, TX 79401

R.W. Toler, Plant Pathologist, Principal Investigator, TAM-124, Department of Plant Pathology and Microbiol-
ogy,Texas A&M University, College Station, TX 77843
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Summary

A chytrid parasitic to oospores of Peronosclerospora
sorghi reduced incidence of sorghum downy mildew in field
microplots and was detectable in soil after one year. Taxo-
nomic studies identified the chytrid as Gaertneriomyces
semiglobiferum. Isolates of Fusarium spp. section Liseola
were predominantly of the A mating group on corn and A
and F on sorghum as determined by standard tester isolates
from other geographical locations. Successfut intercrossing
among local isolates of each mating group demonstrated the
ability of local populations of section Liscola to maintain
variability through sexual recombination. Eleven species of
Fusarium were isolated from sorghum and pearl millet grain
collected in Zambia, Zimbabwe, and Botswana, Predomi-
nant species were F. chlamydosporum, F. equiseti, F.
moniliforme, and F. semitectum. Not all species ocurred on
both pearl millet and sorghum but F. equiseti was isolated
from 90% of the samples from both hosts and F. semitectum
from 60 and 75% of host samples, respectively.
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Objectives

Characterize Macrophomina phaseolina from diverse
hosts in Southemn Africa.

Determine stability and sources of resistance to foliar
diseases through use of field nursery evaluations.

Host:pathogen interaction of Exserohilum turcicum on
sorghum cultivars with specific and gencral leaf discase
resistance,

Evaluate naturally occurring and introduced biological
control techniques for sorghum downy mildew,

Identify and characterize the Fusarium species occurring
on pearl millet and sorghum in the SADCC region and
assess their mle in discases of each host and their potential
for mycoioxin contamination of seed used for human con-
sumption.
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Develop a race (pathotype) typing system for isolates of
Colletotrichum graminicola from sorghum using RFLP
analysis or related bictechnology.

Develop and deploy germplasm nurseries and
germplasm screening for major diseases in the SADCC
region,

Researci Approach and Project Output
Characterization of Macrophomina phaseolina

Pure culture isclates of M. phaseolina were obtained
from all host specimens collected in 1990 from graminecus
(sorghum and pearl millet) hosts at Lusitu, Zambia and from
gramineous (sorghum, pearl millet, and corn) and non-
gramineous (sunflower, cowpea, peanut, and sesame) hosts
at Sebele, Botswana. Isolates are being evaluated for host
preference differences similar to those reported in U.S.
isolates obtained primarily from corn and soybeans. Host
preference differences are correlated with observed differ-
ences in ability to grow on potassium chlorate amended
media. Our initial results with a small number of isolates
collected in 1988 had indicated a differential growth re-
sponse beiween isolates from gramincous and nongramine-
ous hosts; however, repeated tests with those isolates,
known standard isolates and selected isolates from the 1990
collection produced variable results indicating a need to
refine and stabilize the cultural evaluation techniques.

Foliar Disease Resistance in Nursery Evaluations

Additional candidates for anthracnose screening in
Southern Africa were identified in U.S. nurscries through
collaboration with TAM-121, TAM-122, and TAM-124.
Many have genctic relationship to sorghums (TX434,
BTX631, SC326-6, SC414-14E, BTX378, SC748-5) pre-
viously displaying good adaptability and excellent resis-
tance to anthracnose and other diseases at several locations
in the SADCC region.

Exserohilum turcicum general and specific resistance

Return of E. Mtisi to Zimbabwe and the resignation of
W. deMilliano have necessitated a revision of this objective
to begin in 1992 with an increased field research approach
in Zimbabwe.

Bivlogical Control of Sorghum Downy Mildew(SDM)

LS. Kunene completed her dissertation research on bio-
logical control of SDM using the chytrid, Gaertneriomyces
semiglobiferum. She demonstrated in field microplot stud-
ies that the chytrid parasitized soilborne oospores, which
reduced both soilbome inoculum and subsequent SDM in
comnand sorghum planted into that soil. She determined that
the chytrid could survive in detectable levels in the soil for
up to one year after application. Using ultrastructure of the
zoospore, morphology, nutrition, and development, she was

able to identify the previously unclassified Gaertneriomy-
ces spp. and the species semiglobiferum.

Identification and Characterization of Fusarium Species
on Sorghum and Millet ir, ithe SADCC Region

A. Mansuetus traveled to Tanzania in June 1991 and
collected sorghum and pearl millet specimens from nurser-
ies in Ilonga and Ifakara and from local scrghums at
Bukiriro/Kachiri. Fusarium species, including prominent
grain mold fusaria (Fusarium spp. section Liseola), are
being isolated from the specimens for identification and
characterization through sexual crossing and vegetative
compatibility group studies.

In related studies in south Texas, A.S. Ring showed that
mating group A (F. moniliforme, pink) predominated on
comn, and groups A and F (F.moniliforme, yellow) predomi-
nated on sorghum. All Fusarium species were low on cot-
ton. The yellow F. moniliforme is widespread, occurs
predominantly on sorghum, and may be a new species that
is being described by J. Leslie of KSU-108. Initial charac-
terization to mating group and type (+ or -) was done with
standards provided by J. Leslie; this facilitated intercrossing
of local isolates and further established the ability of the
local population to sexually recombine.

P. Nelson completed final identification of Fusarium
species isolated from sorghum and pearl millet grain col-
lected in Zambia, Zimbabwe, and Botswana in 1989, Eleven
Fusarium species were identified but those most predomi-
nantly isolated (of a total 71 isolates selected for identifica-
tion) were F. chlamydosporum (11), F. equiseti (21), F.
moniliforme (9), and F. semitectum (15). Numbers of Fusar-
ium species isolated from each seed sample ranged from
zero to five for pearl millet and one to seven for sorghum.
Not all species occurred on both pearl millet and sorghum
but F. equiseti occurred on 90% of samples from both hosts
and F. semitectum on 60 and 75% of host samples, respec-
tively.

Anthracnose

P. Guthrie, working with TAM-124 and TAM-128, has
utilized RAPD (Random Amplified Polymorphic DNA)
technology to characterize isolates of Colletotrichum
graminicola collected from infected sorghum at diverse
global locations. Analysis of the data from 15 isolates shows
that there is genetic homology among isolates from specific
geographic regions that distinguish them from those of other
regions. But some regions (e.g., Puerto Rico) had more
DNA homology among their isolate group than other re-
gions which may be due to geographic isolation. See TAM-
124 report for details.

Publications and Presentations

deMilliano,W.AJ., G.N. Odvody, G.M. Kaula, E. Mtisi, A.M. Mbwaga,
and B. Motalaote. 1990. Foliar discase resistance of improved local
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Research and Utilization Conference. Feb. 17-20, 1991. Lubbock, TX.
(In Press)

Invited Presentations

Odvody, G.N. 1991, Seed treatment to reduce disease. Oral presentation
given during Discussion Session: Production Practices for Control of
Seedbome Discases, August 21, 1991 at national meetings of the
American Phytopatiological Society, August 17-21, 1991, St. Louis,
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Networking

Principal Investigator’s Conference: Principal investiga-
tor of TAM-128 served on the conference planning commit-
tee, poster committee, and organized nursery ficld tours for
the International Sorghum Millet CRSP Conference held
July 8-12, 1991 in Corpus Christi, TX.
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Summary

Consistent differences in kemel weights among sections
of the sorghum panicle were found. Seed weights were
highest at the tip of the panicle and progressively decreased
to the base. These differences were due to differences in fill
rate, not duration of fill. These trends were found irrespec-
tive of kernel numbers within each segment. These data
suggest that within-head compensation cannot completely
remove differences in growing conditions during the grain
fill period. Causes for the differences in grain fill rates need
to be determined.

Tiller number in eight widely different genotypes was
linear early related to daily growth rate. The relationship
varied among cultivars at low (20/15°C) day/night tempera-
tures and at high (30/25°C) temperatires. No differences
among cultivars were found at an intermediate (25/20°C)
temperature. These results can partially explain differences
in cultivar performance across planting dates and location
where temperatures are likely to be different. Responses are
of utmost importance in determining the compensatory abil-
ity of sorghum at low plant populations under relatively
good growing conditions.

Objectives, Production and Utilization Constraints
Objectives

1. Determine the characteristics of yield components
which allow sorghum to compensate for stress.

2. Determine under controlled and field conditions the
interactions of tillering and environmental factors.
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Constraints

Constraints to productivity include climatic, edaphic, and
biological factors. The climate of sorghum and millet pro-
ducing regions has low and erratic rainfall which has high
within- and between-year variability. The solar radiation is
high due to frequent cloudless conditions and humidity is
low, resulting in a high potential evapotranspiration (PET)
rate. In Botswana the average PET exceeds the average
precipitation in every month. The soils are often of low
fertility and are prone to crusting, rapid drying, and high soil
temperatures which reduce crop establishment. Sorghum
and millets are small seeded crops requiring shallow plant-
ing. Social and economic constraints add to the difficultics
of crop management. Low yields are the norm in these
regions and crop failure is common, Farmers may be unable
to produce subsistence grain and seed for the following
season. Low yiclds are a function of the harsh environment
and the low Ievel of management which ofter: do not enable
the farmer to obtain a satisfactory stand.

Project Qutput

Current work at KSU is primarily aimed at strengthening
the modeling of sorghum and pearl millet by both field and
controlled environment studies.

Objective 1. Determine the characteristics of yield
components which allow sorghum to compensate for
stress.

Kemel weight is an important yield component of grain
sorghum. The sorghum plant adjusts kemel weights to com-
pensate for changes in the environment which occur late in
the growing season. This mechanism of compensation is
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particularly important in climates where rainfall is unreli-
able. The factors which influence kernel weight patterns
within the panicle can provide important clues to the plant
processes which determine final kemel weights. Intrapani-
cle kernel weights and the factors which influence thesc
weights need to be investigated. Our objectives were to
determine the pattemn of kernel weights found in hybrid
grain sorghums, to see if there are differences in kernel
weight patterns between a closed panicle hybrid and an open
panicle hybrid, and to determine whether the intrapanicle
kemel weight relationships observed are the result of the rate
of grain fill and/or the length of the grain fill period.

Approach

A dryland field study was conducted at Manhattan, Kan-
sas to investigate intrapanicle kemel weight relationships
for two sorghum hybrids: DeKalb DK 46, an open panicle
hybrid, and Pioneer 8500, a closed panicie hybrid. The
experiment was designed as a split-split plot with hybrids as
main plots blocked over three bloom dates. Subplots con-
sisted of harvest dates with sub-subplots of panicle sections.
Hybrids were planted on 25 May in rows 12.2 m long and
0.76 m wide. Plots were thinned to 123,000 plants per
hectare.

At first bloom, 200 panicles from either DeKalb DK 46
or Pioneer 8500 were randomly selected and tagged. This
process was repeated on alternating days, first for 8500 and
then for DK 46, for a total of three bloom dates for each
hybrid (Table 1). Starting six days after the last group of
heads were tagged, 10 panicles from each of the six bloom
dates were harvested twice weekly. Sampling continued
over a period of 6.5 weeks for a total of 13 harvests.

hybrid and panicle section, regression equations were cal-
culated using harvests containing kemel weights between
10% and 90% of final kemel weight. We defined the effec-
tive fill period (EFP) as beginning at the X intercept of the
regression equation and ending when kemel weights
reaciied 90% of the maximum weights observed. T-tests
were used to determine differences in slopes (rate of grain
fill) between hybrids and among panicle sections. The
length of the EFP was calculated for each bloom date by
hybrid by panricle section combination. The effective fill
periods were compared between hybrids and among panicle
sections using analysis of variance.

Results

Analyses of variance showed a hybrid by section inter-
action for both kemel weight and kemel number, Kemel
weights were heaviest in the apical sections of both hybrids
when compared to the base or middle sections. The middle
sections of both hybrids were significantly heavier than the
base sections, however, the two middle sections were not
significantly different from each other. There were signifi-
cant differences between the corresponding sections of the
two hybrids. The lower middle and basal sections of DeKalb
DK 46 were heavier than the same sections of Pioneer £500.
Conversely, the apical section of the Pioneer hybrid was
heavier than that of DK 46 (Fig. 1). In both hybrids kernel
weights increased from the base to the apex.

Table1.  Dates of first bloom and tagging for the hy-
brids tested.
Hybrid DeKalb DK 46 Pioncer 8500
Block Date of first anthesis
Group 1 August 1 July 31
Group 2 August 3 August 2
Group 3 August § August 4

Heads from these samples were split into four equal
sections by removing the branches from the rachis based
upon the number of whorls present. Two whorls each went
into the base, lower middle, and upper middle sections with
the remaining whorls being placed in the apical secticn.
Each section was hand threshed. Kemels were counted,
dried at 65°C for at least two days, and weighed. Individual
kemel weights were determined by dividing section weight
by the total number of kemels within the section. Kemel
weights and numbers for hybrids and for individual panicle
sections were compared using analyses of variance.

Rates of grain fill and the length of the fill neriod were
compared using regression analysis. Least squares, linear
regression equations were fit to kemel weight as a function
of growing degree days using a base of 5.7°C. For each

Figure 1. Comparison of seed weights for each of the
four sections of DeKaib DK 46 and Pioneer
8500. Means with different letters are signifi-
cant at p<.05.
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Figure 2. Comparison of seed numbers for each of the
four sections of DeKalb DK 46 and Pioneer
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Figure 3. Rates of fill for the different panicle sections
of DeKalb DK 46 and Pioneer 8500 as a
function of GDD.
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Kemel numbers were signiiicantly greater in the upper
middle sections of Pioneer 8500 thun in the remaining
sections. The lower middle and apical sections did not differ,
but had more kemels than did the base section. In contrast,
DeKalb DK 46 had the most kemels in the base section. The
lower middle and apical sections did not differ but had more
kemels than the upper middle section. DK 46 had signifi-
cantly greater kerr:el numbers in each section of the panicle
when compared to Pioneer 8500 (Fig. 2). If should be noted
that the two hybrids had nearly opposite patterns of kemel
numbers within the panicle.

Comparisons of slopes (rates of fill) among panicle sec-
tions using the t-test showed significant differences with the
rates increasing from the base to the apex of the panicle.
Wltlun DK 486, rates of fill went from a low of 0.038 mg
GDD'! at the base section to 0.050 mg GDD'! at the apex.
All pamclc sections within DK 46 showed significant dif-
ferences in rates of fill at p<0.1. W nhm Pioneer 8500, rates
of fill mnged from 0.041 mg GDD! at the base t0 0.051 mg
GDD ! at the apex. All sections showed differences with the
exception of the two middle sections and the apical and
upper middle sections (Fig. 3). Between hybrids, PIOIICCI‘
8500 had a significantly higher rate of ﬁll (0.040mg GDD" )
than DeKalb DK 46 (0.046 mg GDD"}).

Analysis of variance for effective fill periods found sig-
nificant differences between hybrids and among panicle
sections, In both hybrids the base section had a significantly
longer EFP than any of the remaining panicle sections.
Between hybrids DeKalb DK 46 had a longer EFP than
Pioneer 8500 (Table 2).

Table 2. Length of the EFP for individual panicle
sections and hybrids.
Hybrid
Section DeKalb DK 46 Pioneer 8500
Length of the EFP period

GDD GDD
Apex 402a 384 ab
Upper middle 412a 375b
Lower middle 442 a 402 ab
Base 4900 426b
Total panicle 437 397

Meams in the same columu® followed by the same letter are not significantly differ-
nt at p<.05.

Discussion

In both the open panicle hybrid, DeKalb DK 46, and the
closed panicle hybrid, Pioncer 8500, kemel weights in-
creased from the base to the apex. This intrapanicle kemel
weight relationship is not the resuit of kemnel numbers within
the panicle. Kemel numbers do not appear to influence the
keme! weight relationship within the panicle. Differences in
intrapanicle kersiel weights are the result of the increased
rate of grain fill from the base to the apex. In DK 46 there
was a 25% increase from the base to the apex, while within
panicles of Pioneer 8500 there was a 20% increas;. The
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Iength of the fill period did not change significantly among
most panicle sections. Where differences were detected the
base section always had the longest EFP,

There were no differences in kemel weights between the
two hybrids. While Pioneer 8500 had a significantly higher
rate of grain fill, DeKalb DK 46 had a longer EFP, The final
yield of DK 46 was greater than that of Pioneer 8500, since
DeKalb DK 46 had more kemels.

Objective Z. Determine under controlled and field
conditions the interactions of tillering and environ-
mental factors,

Tillering in grain sorghum provides the crop with the
ability to compensate for poor stand establishment caused
by adverse environmental xactors (soi! crusting, moisture
stress, high temperature, diseases, insects, etc.), and this
may prevent subsequent yield loss.

Genotypic variability in tiller production has been re-
ported over a range of environmental conditions. Tempera-
tures greatly influence tillering in sorghum. Recent studies
on modelling sorg’.am growth and development suggest
that the minimum dry mattcr accumulation rate required to
maintair tiller growth depends upon cultivar and daily mini-
mum air temperature

Our objectives were the following:

1. Determine the relationship between grain sorghum
growth rate and tiller number for a range of temperate and
tropical cultivars.

2. Determine the effect of temperature on these relation-
ships.

3. To use field data to validate the established relation-
ships.

Approach
Growth Chamber

Eight cultivars (Table 3) were grown in a growth cham-
ber from seven days after emergence to growing point
differentiation, at Manhattan, Kansas. Per plant dry matter

Table3.  Cultivars used in the growth chamber and
field experiments.

Brand Cultivar Adaptation Maturity

DeKalb DK 39Y Temperate Eary

DeKalb DK 46 Temperate Late

DeKalb DK 57 Tropical Early

Pioneer 8500 Temperate Bary
RS610 Temperate Early
ATx623XRTx430 Tropical Late
Segaolane Tropical Late
CSM63 Tropical Late

was determined at the beginning of the growing period and
dry matter and tiller number at the end.

Temperature regimes were 20/15, 25/20, and 30/25°C,
day/night. Coinbinations of light intensity, plant density,
and nitrogen level were used to influence dry matter accu-
mulation rate.

Growth rate was computed from initial and final plant
weight. Daily growth rate was regressed on number of tillers
to determine slopes which represent the caily assimilate flux
required to maintain each tiller. Individual and combined
regression analyses were performed to compare cultivars
within a temperature regime. Assimilate flux required
(slope) was regressed on daily minimum air temperature to
determine the effect of temperature on tillering for each
cultivar.

Field Environment

The field study was designed to provide a range of
tillering responses and serve as validation data for the rela-
tionships obtained under controlled environments. The eight
cultivars (as above), two planting dates (mid-May, early
planting and mid-June, late planting) and three plant popu-
lations, (40,000, 80,000, 160,000 plants per hectare) were
used to create growth environments that should influence
sorghum growth and development, particularly tiller pro-
duction. The experiment was conducted at two locations:
Manhattan and St. John, Kansas. The design was a split-split
plot with dates as main plots, densities as subplots, and
cultivars as sub-subplots.

Results

Tiller number increased as growth rate increased. Regres-
sion analyses indicated a strong positive linear relationship
(R2 > 0.70) between dry matter accumulation rate and tiller
number for most cultivars “vithin each temperature regime
(Table 4).

Dry matter required per growing point varied among
cultivars at low temperature, 20/15°C (Fig. 4) and at high,
30/25°C (Fig. 6) temperature (P<0.01). No differences were
found among cultivars at the intermediate temperature,
25/20°C (Fig. 5). Pioneer 8500 required the lowest amount
of dry matter per tiller at the low temperature, while at the
high temperature, CSM63 had the lowest requirement. At
both temperatures ATx623XRTx430 was associated with
the highest requircment. Requirement per tiller was not
related to iemperate or tropical adaptation (P>0.05).

Daily dry matter accumulation rate required per growing
point increased as daily minimum air temperatu: 2 increased.
Althoug*: zuch cultivar showed alinear relationship between
the requirement per tiller and the daily minimum air tem-
perature (R2 > 0.75), no significant differences in tempera-
ture response were found among cultivars. Combined
response for all cultivars is shown in Figure 7.
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Tabled.  Slopes of the linear relationship between growth rate and tiller number at three day/night temperature
regimes.
20/15C 2520 C 30/15C .
Cultivar Slope R* Slope R* Slope R”
Pioneer 8500 0.0038 d 0.80 0.026 0.85 0072 ¢ 0.87
RS610 0.0058 ¢ 047 093 0.081 be 091
DK 46 0.0068 b 092 0.017 0.72 0.076 ¢ 0.95
DK 39Y 0.0073 ab 0.83 0.024 095 0.062 ¢ 0.87
DKS7 0.0055 ¢ 093 0 0.14 0.080 be 048
CSM 63 0.0048 ¢ 091 0.025 0.85 0.049. d 0.80
ATx623XRTx430 0.0076 a 0.36 0.025 0.95 0.092 ab 0.78
Segaolane 0.0050 ¢ 0.86 0.024 0.85 0.097 a 0.84
ns
Figured. Combined regression analysis of growth tillering will be used as validation data for cultivar specific
rate and tiller number for cultivars of simi- tillering coefficients obtained from the controlled environ-
lar requirements. ments.
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0.25 |- O RS610. DK 57. CSMGJ, Segaolane Mortlock, M.Y., and RL. Vanderip. Germination and seedling estab-
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0 All cullivars
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The requirement per srowing point was greatly increased 3
at high temperature. However, a cultivar that produces less Z o005 L |
dry matter, regardless of temperature, will bear relatively =
fewer tillers. This can partially explain d:fferences in culti- = 0.5
var performance across planting dates and location latitude e
and altitude which influence temperature. £ o
o 0.15 | < 0 /c)
. o . z 8 &
Field results showed variation in tillering due to cultivar, > Q gt
plant population and date 2f planting with interaction among a 010 5 ’/./?_: e ]
all factors. Date of planting which influences temperature 0 D -8B B
had a significant interaction with cultivar at both locations 0.05 1 -8 8 1 7
(P < 0.05). At both locations, CSM63 and Pioneer 8500 P Y X a
produced the highest number of tillers, while RS610 was 000 e , ! !
. . . . . H < Nl U il
associated with fewer tillers. A“.hOllgh cultivars had differ- TILLER NUMHER PER PLANT

ential responscs to dates, tillers per plant diminished as
planting date was delayed. Figurcs 8 and 9 show the com-
parison for all the cultivars across dates. These variations in
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Figure 6. Combined regression analysis of growth
rate and tiller number for cultivars of simi-
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lar requirements.

Figure 8. Sorghum tillering as affected by cultivar by

date interaction, Manhattan, KS, 1990.
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Summary

Since 1983 INTSORMIL has participated in collabora-
tive studics with Cotswana’s agricultural research scientists
in their cfforts to develop improved soil and crop manage-
ment technology for dryland sorghum and millet produc-
tion. In designing these studics, Botswana and INTSORMIL
scientists recognized the need for practical and sustainable
technologies to deal effectively with the twin primary con-
straints of soil-moisture and soil-fertility deficits.
USAID/Botswana and the Ministry of Agriculture are sup-
porting these cfforts both financially and logistically.

Multilocational on-station and cn-farm trials at nine sites
were carried out during Year 12, These trials were ainied at
improving tillage and fertilizer practices for dryland sor-
ghum. Results from these trials der .onstrated the impor-
tance of early primary tillage in achicving better crop stands
and yiclds. Tillage and fertilizer did not interact at any of th?
sites, indicating that their effects tended to be independent
of each other. It was better to apply fertilizer broadcast
before planting rather than by banding next to the seed. In
general, lower yields were obtained with animal versus
tractor draught for tillage operations. However, comparison
of the financial benefits from using animal draught versus
tractor draught for sorghum production showed no clear
trend. Benefits were quite comparable for the two systems,
with lower yields under animal draught being offset by its
relatively lower cosls.

Results from the fertilizer studies showed significant
response to P when the initial soil P levels by Bray Z, the
standard laboratory method, were less than 10 mg/kg. A
significant response to N was obtained only where rainfall
was well distributed throughout the season.
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Objectives, Production and Utilization Constraints
Objectives

The major purpose of the KSU-107 sorghum/millet ac-
tivity is to assist Botswana’s Department of Agriculture
with dryland sorghum/millet research and development.
This purpose is achieved by providing research input, tech-
nical assistance as requested, and training of Botswana’s
agricultural research scientists and technicians,

The specific Year 12 objectives covered in this report
were:

To evaluate, for various soils and for different rainfall
conditions, the effect of several tillage practices, with and
without fertilizer, on dryland sorghum production.

To evaluate the relative merits of animal versus tractor
draught for tillage operations for dryland sorghum produc-
tion.

To develop fertilizer response curves for dryland sor-
ghum from field trials and to determine economically opti-
mal fertilizer recommendations.

Constraints

Most of the cereal productior in Botswana comes 1rom
traditional, smallholder, subsistence-oriented dryland
farms, An average of aboui 4-5 ha are ploughed per farm
family, mostly by cattle or donkey teams, although the use
of tractors is increasing. Crops are weeded once or not at an
Kraal manure, fertilizers, pest control, crop rotations, and
crop residues are rarely used.
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Most arable soils of Botswana fall into the FAQ units
arenosols and luvisols. They are relatively infertile. The
arenosols have a relatively high sand content and are textu-
sally classified as either sands, loamy sands, or sandy loams.
The texture of luvisols can vary from sandy to clayey loams.
These soils are “hard-setting”, i.e, they are structureless and
become compact, dense, and hard when dry. Their surface
structure is unstable resulting in surface sealing and crust
formation. Many of these arable soils are shallow, have a
low moisture retention capacity, and are weakly developed.
Soil moisture deficits are frequent because rainfall is low
and unreliable over most of the country. All assessments of
these soils agree that they are marginal for arable farming,

The single-furrow mouldboard plough is the primary
tillage implement used by most Botswana farmers. Plough-
ing in of broadcast seed i. the most prevalent planting
method used in about 80-90% of the cropped arca. Rela-
tively few farmers row plant their crops. It takes about two
to three days working about four to five hours per day to
plough/plant a hectare with animal draught. Farmers there-
fore plough/plant their fields progressively in portions dur-
ing the growing scason whenever there is adequate rainfall,
and whenever draught animals and time are available, until
the entire field is planted. These tillage operations are the
most costly inputs for dryland crop production in Botswana.

Tillage practices that can reduce soil and water losses
compared to the traditional or conventional tillage methods
used for dryland crops in Botswana have not been compre-
hensively evaluated. Previous tillage studies were done at
the Sebele Research Station except for some trials initiated
in 1978 on Kalahari sands at Motapi. No attempt was made
to evaluate tillage systems and practices across soil types.
Efforts were focused on comparing primary tillage using
various implements with and without surface residues.
Measurements were made of tillage and its residual effects
on soil physical propertics. In its entirety, this tillage re-
search was oriented more towards engincering aspects of
tillage than towards production agronomy and soil and water
conservation. Much valuable information resulted: how-
ever, no definite and acceptable recommendations resulted
that matched improved tillage prectices to soil and crop
needs and the environmental, economic, and social condi-
tions of the farming systems in Botswana.

Currently farmers receive state subsidies through the
Arable Lands Development Programme only for animal
draught for tillage operations. Studies on the performance
of ~arious tillage practices im>lemented with animal
draught are needed to enable ALDEP to effectively direct
its assistance to the smallholder farmers in Botswana. Spe-
cifically, ALDEP needs to assc.s whether there is a signifi-
cant economic advantage between animal versus tractor
draught tillage operations. In addition, from a soil conserva-
tion perspective there may be longterm effects of tractor and
animal draught on soil physical propertics and productivity.

It is fairly well established that lack of adequate P in the
soil is a major limiting factor for crop growth in Botswana.
However, little is currently known about the levels of P and
other nutrients that are needed to produce economically
optimal yields of specific crops on specific soil types in
Botswana. Previous fertilizer trials did not provide suffi-
cient data to produce response curves for various soil types.
More recent fertilizer studies have not shown significant
response to applied P and N in inherently deficient soils
when there was soil moisture stress and poor rainfall distri-
bution. These results indicated a need for tillage research to
include study of the interrelationships between tillage sys-
tem and soil fertility and how these affect crop growth and
crop yields. Parallel studies on soil fertility and its manage-
ment are also needed to complement those on soil moisture
conservation tillage for the following reasons:

The berefits of improved tillage practices can be more
fully realized if soil fertility is not limiting production.

In semiarid climates a careful balance between soil mois-
ture availability and soil fertility is needed because over-fer-
tilization can result in profuse vegetative growth and thus
induce moisture stress.

Research Approach and Project Output

INTSORMIL in close collaboration with scientists of the
Department of Agricultural Research and the Department of
Field Services in the Ministry of Agriculture helped initiate,
develop, and implement a comprehensive program to ad-
dress the foregoing needs. Program planning activities were
appropriately structured to ensure that the program re-
mained relevant and responsivc to the needs in the specific
areas of research,

Multilocational trials were designed to meet the objec-
tives outlined above. These trials are as follows:

El. Evaluation of tractor-implemented tillage systems
with and without fertilizer.

E2. Evaluation of animal-implemented tillage systems.

E3. Development of fertilizer response curves from ficld
trials to determine economically optimal fertilizer recom-
mendations,

There were nine sites coded as follows: Mathangwane:
F1 and F2. Mahalapye: M3 and M4, Sebele: S1, Palapye:
M5, Tswidi: P2, Mushopa: P3, and Sese: J1. The locations
of the three experiments on the nine sites were as follows:

Sites
Experiment FI T2 S1 M3 M4 MS P2 P3 J|
El X X X X X X X X
E2 x x X X
E3 X X X
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The El trials were laid out in split plots in randomized
complete blocks. At least two replications were laid out.
Where space, time, and equipment permitted, third and
fourth replications were added.

Treatments were as follows:

T1 =Conventional: Single mouldboard ploughing on day
of planting. Crop row-planted to obtain 50,000 plants per ha
+/- 10%

T2 = Double ploughing: Early spring mouldboard
ploughing with first rains followed by second ploughing on
day of planting. Crop row-planted to obtain 50,000 plants/ha
+/- 10%

T3 = Deep ripping : Deep ripping to 50 cm on 150 cm
centres as soon as possible after harvest followed by shaping
and other secondary tillage as appropriate with this system.
Crop row planted along riplines to obtain 20,000 plants/ha
+/- 10%.

T4 = Ploughing and cultivation : Early ploughing as in
T2 followed by tined cultivation on day of planting. Crop
row-planted to obtain 50,000 plants/ha +/- 10%

T5 = Conventional with wide row spacing: As for T1 but
with 150 cm row spacing as in T3. Crop row planed to
obtain 20,000 plants/ha +/- 10%

T6 = Broadcast plough/plant ; Broadcast seed at 5 kg/ha
followed by single mouldboard ploughing to 10-15 cm
depth. This is the traditional method.

The main plot size was 40 x 15 m. To compare these
treatments with and without fertilizer each main plot was
split lengthwise and commercially available fertilizer 2:3:2
applied to one half of each plot. Fertilizer was banded at
planting at a specified rate per linear metre of mw, except
for the deep ripping treatment, T3, where it was applied at
various depths in the riplines at time of ripping, and for the
broadcast/plough trcatment, T6, where it was broadcast
before ploughing.

Treatments for trial E2 were the same as T1, T2, T3, T4,
and T6 for E1 but using animal draught implements. The
deep ripping in trial E2 was done with chiscls and was
designated as T3 : precision chisel ploughing. Chiselling
was done using a two-tincd chisel plough drawn by an oxen
or donkey team, to a depth of 25-35 cm on 150 cmn centres
at the onset of the early spring rains. This was foliowed by
weed control between the chiselled strips. The crop was later
row planted on the chiseiled lines to obtain 20,000 plant/ha
+/- 10%.

Plot size was 40 x 10.5 m. At F2, the tillage treatments

were evaluated with and without fertilizers in the same
manner as described for trial E1.
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In the E3 fertilizer ' Is, nitrogen (N) x phosphate (P)
factorial trials were can.2d out at three sites namely P2, P3,
and J1. At each site 20 samples were taken evenly distrib-
uted over the field to detect any heterogeneity. Suitable
locations for the experimental plots were then selected.

The same treatments were applied at all sites for the N x
P trials, namely 0, 20, 40, 60 kg/ha N as lime ammonium
nitrate (LAN) and 0, 10, 20, 40, 80 kg/ha P as single
superphosphate (SSP). The treatments were combined fac-
torially then replicated twice, giving 40 plots per site. In
applying the treatments, the plots were ploughed then the
fertilizer broadcast and disced in. The seed was then row
planted to give 50,000 plants/ha. The plots 10 x 10 m. were
laid out in randomized complete blocks.

Crop measurements for E1 and E2 were taken on ten 2m
x 2m quadrats systematically sampled in the centre rows of
each plot or subplot. Plant counts were taken at 3-4 weeks
after emergence to assist in thinning, if needed, to the
required plant population. At harvest, after threshing and
recording the weight of threshed grain, samples were taken
for determination of moisture content. An average head
weight was calculated and this was used to adjust the yield
from the quadrats, if necessary, for heads already harvested
by the farmers, immature, or grazed heads. The moisture
content was then used to calculate the adjusted grain yield
at 10% moisture.

For E3, a6 m x 6 m quadrat was sampled in the centre of
each plot. All mature ready-for-harvest heads in the quadrat
were then harvested. Moisture content of the grain from each
plot was measured and used to express the grain yield as iry
matter.

Field operations were done as the rainfall and other
logistical factors permitted. All trials except those at M3 and
M4 were planted prior to the end of December. At these sites
planting took place in late January. Care was taken to eisure
the operations at the nine sites were standardized.

At each site, two plastic 1ain gauges were appropriately
installed and daily rainfall recorded. Table 1 summarizes the
rainfall at the nine sites. It is notable that all sites received
substantially below-average seasonal rainfall, Sites F1, F2,
and S1 recorded approximately 100 mm below average.
Others were 150 to 250 mm below average. Only two sites
received more than 225 mm in the period between planting
and physiological maturity. For Segaolane, the sorghum
variety used in all the trials, this period varies from 100 to
130 days. All sites recorded a prolonged dry spell in the
December/January period when temperatures and evapora-
tive demand were at their maximum.

Table 2 presents the results for the effect of the six tillage
treatments on grain yields for trial El at the nine sites. In
these tables overall treatment means across the sites are
reported including and excluding site F2. This was done
because the crop in sevenil trcatments at F2 almost failed,



Sustainable Production Systems

Table 1. Rainfall data summarized for the nine sites used for the trials E1 and E2.
Site

Fl F2 Si M3 M4 _ MSs P2 —P3 J1
Rainfall! 360.0 369.0 433.0 2718 270.5 309.0 328.8 394.5 267.0
Raindays 32 33 30 29 27 27 23 31 30
No. >10 mm 14 14 19 12 8 1 14 12 8
Mean depth il3 11.2 8.7 9.4 10.0 11.4 14.3 127 8.9
Ratio %100 12.6 18.1 23,6 13.7 12.7 12.7 15.2 14.6 16.5

Trial Bl
DEP to DOP
Rainfall 116.5 158.5 30.0 58.0 56.0 920 75.0 165 49.0
Days 2 42 11 68 69 38 34 8 2
Raindays 7 12 3 6 7 s 6 2 5
DOP to DOP+100
Rainfall 173.5 148 245 167 158.5 139 165.5 2385 160.5
Raindays 18 15 26 18 14 16 12 17 17
DOP to DOP+130
Rainfall 209.5 175.0 286.0 168.5 160.5 ° 186.0 165.5 289.0 214.0
Raindays px) 18 37 19 15 19 12 21 .
Trial B2

DEP to DOP
Rainfall —_ 118.5 21.0 —_ _— — 55.0 82.0 41.5
Days - 21 12 — - - 13 px) 3%
Raindays - 7 2 —_ — - s 8 s
DOP to DOP+100
Rainfall —_— 176.5 251.0 - — —_ 165.5 185.5 167.0
Raindays - 18 27 —_ —_ —_— 12 13 18
DOP to DOP+130
Rainfall —_ 215.0 286.0 - —_ —_ 165.5 415 1725

23 37

17 19

&'ndayl —_

Records Fl, F2, J1 from October to March/ Records
? Ratio = number of mindays divided by total days in period of record.
Note: DEP = date of carly ploughing, DOP = date of planting.

due to poor crop establishment and stands, and the yields
weie very low compared to the other sites. It was considered
useful to present both means in interpreting the results. The
ranking in ascending order of the overall site mean yields
were as follows:

1 2 3 4 h] 6
F2,+f F2,-f J1,-f M4 ,f Fl,-f MS,-f
7 8 9 10 11 12
F1,+f M4, +f P3,-f MS +f J1+f P2f
13 14 15 16 17 18
P3,+f S1+f M3,+f M3,.f Sl f P2,+f

From the results in Table 2 the following trends are
apparent:

Overall yields of sorghum grain from the sites were three
to five times the national average even in a year with less
than average rainfall.

In general there was a high variability in yields and the
other components of yield at the sites as indicated by the
high coefficients of variation,

— —_ 12
M3, M4, M5, S| from October to April / Records P2 from November to March, P3 from November to May.

Tillage and fertilizer did not interact at any of the sites,
indicating that their effects tended to be independent of each
other.

A positive impact from early primary inversion tillage
obtained in the previous year’s trials was not as marked in
these results. At F1 the yields from T2, the double plough,
and T4, the plough + cultivate treatment, were higher com-
pared to the other three treatments T1, T3, nd TS. Where
the overall mean site yields were between 300 to 1100 kg/a,
the double plough and plough + cultivate tended to perform
better than the conventional treatment. From the yields
presented in Table 2 it appears that there may be some yield
benefit from the early inversion ploughing. However, ef-
fects were not statistically significant, and the data do not
permit any definite conclusion to be drawn. With overall
mean site yields above 1100 kg/ha, the conventional tended
to perform as well as, or better than, the two early ploughing
treatments.

The deep rip treatment performed poorly compared to the
corventional and other treatments except at site F2.

The conventional with wide row spacing performed simi-
larly to, or, at some sites better than, the deep rip treatment,
At most sites the plant population at harvest for this treat-
ment was much lower than those for the 75 cm narrow
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Table2.  Grain yields kg/ha adjusted for already harvested, grazed, and immature heads and 10% moisture for
El at nine sites used in 89-90 tillage trials.
Site

Mean Mean
Jratment Fl 2 S1 M3 M4 M5 22 P3 b} Fincl. F2excl.
Conv,
+fert 733 236 1190 1785 995 819 1743 986 868 1040 1141
fert 831 . M 1633 1445 9616 672 1019 911 508 853 954
Mean 782 140 1411 1615 806 745 1381 949 688 947 1048
1))
+fert 1191 m 993 1121 1094 880 1739 1063 818 1112 1112
fert 998 m 1326 1617 616 944 1338 891 462 1024 1024
Mean 1094 m 1160 1369 855 912 1539 977 640 1068 1068
Deep rip
+fert 713 574 1282 564 587 m 979 991 1061 844 881
fert 844 1561 1198 722 47 m 704 573 303 744 844
Mean TI8 1067 1240 643 317 m 841 782 682 794 863
Plough + cult.
+fert 1100 437 965 1519 1175 880 1514 1006 755 1039 1114
fert 865 585 1237 1358 720 838 1374 1023 424 936 980
Mean 983 510 1101 1439 948 859 1444 1015 590 988 1048
Conv. + WRS
+fert 684 2 1547 937 686 732 1350 629 833 822 925
fert 682 62 1364 1675 1092 947 934 979 346 898 1002
Mean 683 32 1456 1306 889 839 1142 804 590 860 964
B/cast-plough
+fert m 1 m 1382 m 1480 1338 1497 1428 1189 1425
fert m 15 m 1098 m 932 491 1125 1127 798 955
Mean m 13 m 1240 m 1206 914 1311 1277 994 1190
Overall mean
+fert 884 252 1195 1218 908 958 1444 1029 961 993 1074
fert 844 453 1352 1319 618 867 977 917 528 864 940
Tillage ns hid na ns . ns . ns i
Fertilizer ns ns ns ns ns ns . ns A
Tillage x fert,
interaction ns ns ns ns ns ns ns ns ns
cv main plot % 182 105.3 337 40.1 26.9 64.4 28.0 34.0 384
cv subplot % 282 194.1 213 26.5 49,7 354 26.5 215 31.8
SED, 111 214 214 360 145 339 196 191 165
SED, 109 256 86 137 170 118 107 70 79
df for B, 4 8 12 5 4 8 10 10 10
df for By 5 10 15 6 5 10 12 12 12

¢ * and na = respectively, highly significant P(>F) < .01, significant P(>F) >.01 and <.05, or not significant.
SED)= for comparing tillage treatments over all fert. levels, SEDz= for comparing fert. treatments over all tillage levels, m = not implemented or failed or data lost.

spacing treatments. This may have contributed to the lower
yields. However, it was not possible to conclude from the
data that the lower yields from the deep rip and conventional
with wide row spacing treatments were due to lower plant
population.

There was a relatively weak response to fertilizer as
applied in these trials except for the traditional broad-
cast/plough treatment. As shown in Table 2, for this treat-
ment the broadcast fertilizer resulted in close to 50%
increase in the overall mean yield taken across the sites. This
probably indicates that uptake of the compound N:P:K
fertilizer when banded adjacent to the seed may not have
been optimal. Banding localizes the fertilizers relatively
close to the surface. Access to nutrients is thus restricted to
the roots growing in the vicinity of the fertilized zone. In
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addition, the surface layer remains relatively drier during the
season, and this can possibly result in high soluble salt
concentrations in the fertilized zone. These factois could
reduce uptake and hence the effectiveness of the fertilizers.
Broadcast fertilizers are more uniformly mixed in a greater
volume of the rooting zone and this may promote greater
access and uptake of the applied nutrients. It also probably
explains why, for sites with overall site mean yields between
600 and 1200 kg/ha, the broadcast/plough treatment per-
formed generally better than T1, the conventional treatment,
and also, why it performed as well as, or better than, the early
inversion ploughing treatments T2 and T4.

In general, but not always, higher yields resulted from
those sites with the higher plant populations. Plant popula-
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tions for most treatments at all sites were rarely higher than
30,000 plants/ha.

The soils at the nine sites where E1 was conducted can
be grouped on the basis of texture and depth as follows:

Deep (>140 cm) sandy loam : M3, M5, P2, and J1
Shallow (<100 cm) sandy loam : F1, S1, and M4
Moderately deep (100-140 cm) clayey loam : P3
Shallow (<100 c¢m) clay soil: F2

Close examination of the yields for each tillage treatment
with and without fertilizer across the nine sites presented in
Table 2 does not show any consistent trends in response to
either depth or texture. For example, yields at M3 and P2
were similar for some treatments but were much higher
overall than both M5 and J1. The yield at S1 tended to be
higher than both F1 and M4 and also M5 and J1. It seems
reasonable to expect that in a deficit rainfall environment
both soil depth and texture are likely to influence yields,
because of their influence on capacity for storing moisture
and nutrients. It is possible that management and other
factors may be masking any possible effects of texture and
depth. One possibility of making these effects apparent
would be to use crop growth models in conjunction with
land evaluation models that can simulate, and thus possibly
separate, the effects of management differences from the
effects of soil differences.

The results of yield for E2 are presented in Table 3. The
yields at S1 were much higher relative to the other three
sites. The ranking in asceuding order of the overall site mean
yields was as follows:

1 2 3 4 5
F2,-f F2,+f P2,-f P3.-f S1f

Across the sites, the chisel ploughing performed best at
S1 where it outyielded the early inversion ploughing treat-
ments by close to 50%. However, instead of chiselling only
the planting rows 150 cm apart, as was done at thz: other
sites, the whole plot was chiselled at S1. At F7, chisel
ploughing gave the third best yield of the five treatments.
However, at P2 and P3 yields from chisel ploughing were
the lowest. These low yields at P2 and P3 were probably due
to the low plant populations in the chisel ploughed plots.
The broadcast/plough treatment gave the best yields at F2,
P2, and P3. This is shown in Table 3 where treatment means
across the sites are given excluding S1. The early inversion
ploughing treatments tended to perform better than the
conventional when the overall site mean yields were be-
tween 300 to 600 kg/ha. In this range, the traditional broad-
cast/plough treatment outyielded the conventional
treatment. Except for the broadcast treatment, the means
across the sites with S1 excluded were much lower than for
the tractor implemented treatments.

Table3.  Grain yields kg/ha adusted for already har-
vested, grazed, and immature heads and
10% moisture for E2.

Site

1 R Mean Mean
Conv.
+fert 113
-fert 273 1996 269 406 736 316
Mean 193
DP
+fert 526
fert 138 1218 531 482 593 38s
Mean 332
Chiscl plough
+fert 320
-fert 318 1704 103 235 590 219
Mean 319
Plough + cult.
+fert 294
-fert 263 1136 735 520 664 507
Mean 279
B/cast-plough
+fert 369
-fert 494 888 B14 1157 838 821
Mean 432
Overall mean
+fert Ky
-fert 297 1388 491 560 684 449
Tillage ns hid bdd .
Fertilizer ns na na na
Tillage x fert, ns na na na

! No fertilizer treatment applied.
**,*. and ns = respectively, highly significant P(>F) < .01, significant P(>F) >.01
and <.05, or not significant.

The results from E1 and E2 in their entirety provide some
indication that lower yields are obtained with animal versus
tractor draught except under good management conditions
as at the research station site S1, where a well trained team
of oxen were always available and operations were done in
a timely manner. In addition to this, other factors such as
shallower depth of ploughing and planting may be the
reasons for the generally lower yields with animal draught.

The results do not show strong trends that would permit
definitive conclusions on the effect of the treatments on the
various observations taken in these trials. It was hypothe-
sized that mean grain yields for the various treatments would
be related to either the total rainfall, or various partial rainfall
totals, received after the date of planting. Cormrelations of
grain yields for various treatments across the sites were
made on such totals. No significant correlations were ob-
tained that would support this hypothesis. Comrelations be-
tween grain yield and the other components of yield, namely
plant population and plant height, either singly or together,
did not result in any significant and strong relationship
between these variables.
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The results for the E3 trials are presented in Table 4. A
positive response was obtained for P at these sites where the
soil level of P, determined by the Bray 2 analytical proce-
dure, was less than 10 mg/kg. No significant interaction
between N and P rates on yicld was obtained for any site.
The different responses to applied P at the different sites
were directly related to the initial level of P in the soil. This
implies that each merits its own fertilizer recommendations.
A significant response to N was obtained only at site P2,
Tswidi, where the overall mean yield was highest. At this
site, the rainfall was well distributed and the crop manage-
ment was much better compared to the other sites.

The economically optimum rate of application of P fer-
tilizer can be calculated by plotting value of crop or cost of
applied fertilizer vs P applied, then drawing a tangent to the
value curve parallel to the cost line as detailed in FAQO Soils
Bulletin 18. The results of applying this procedure are also
given in Tabie 4. This table summarizes the economics of
applying P as singie superphosphate or as 2:3:2. As would
be expected, those sites with lower initial soil P and which
gave the highest responses to applied P, gave goo4 benefit
to cost ratios. These ratios were higher for P applied as single
superphosphate than as 2:3:2,

Tabled. Mean yields kg/ha for P treatments taken
over all N rates and economics of applying
fertilizer P as single superpbosphate at three
sites.

Site

Kegha P J1 P2 P3

0 908 2421 1184

10 1599 2932 1529

20 1873 2884 1541

40 1603 3009 1624

80 2022 3548 1850

Mean 1602 2959 1546

SED 136 212 276

Error df 19 19 19

v 1.0 143 35.7

Initial P mg/ig 0.56 270 56

Rainfall mm after DOP 172 166 196

Opt. rate kg/ha 14.5 18.5 9.0

Y1d. at O fen. 908 2121 1184

Yid. at opt. rate 1492 2881 1390

Cost fert Pula/ha 62 79 38

Extra yield kg/ha 584 460 206

Value! - cost fert 111 57 23

Ratio value:cost fert 2.80 1.73 1.59

! Value = value of extrn yield.,
1 kg P as SSP costs P4.25, 1 kg sorghum = PO,295.

This program has resulted in;

1. A comprehensive tillage research program involving
a close working relationship betwecn the Department of
Agricultural Research and the Department of Ficld Services.

2. A model organizational structure for subject matter
research and problem solving research. This model has been
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adopted for other research subject matter areas in the De-
partment of Agricultural Research,

3. A clear indication that tillage and fertilizer manage-
ment can increase yiclds and should be further studied.

4. Obligation of funds through ALDEP to cover equip-
ment and operational costs of the program,

In addition to the foregoing program, INTSORMIL has
continued where relevant to support the activities and inter-
ests of the national researchers. Support was provided to:

Meteorological Services researchers in a joint study to
extract and interpret available autographic rain gauge data
to obtain rainfall intensity-duration-frequency patterns over
eastern Botswana.

Ms. Malepa’s PhD. dissertation research on critical levels
of macro and micronutrients for 12 soils of Botswana.

Publications

Carter, D. C. and N. Persaud. 1990. Manure and stover management for
sorghum and millet production in eastem Botswana. Pant 2 - The effect
of manure, mulch, and soil-incorporated stover on the physical and
chemical properties of two soil types. Bulletin of Agricultural Research
in Botswana Vol. 8: 10-14.

Carter, D. C. 1990. Seedling emergence in a broadcast plow/plant system
as affected by seed size, plow depth, and variety. Bulletin of Agricul-
tural Rescarch in Botswana Vol. 8: 15-20.

Monageng, K., N. Persaud, D.C. Carter, and L. Gakale. 1990. Tillage and
organic-matter management for dryland farming in Botswana. In Or-
ganic matter management and tillage in humid and subhumid Africa,
pp- 59-74. Intemstional Board for Soil Rescarch and Management
Proceedings No. 10, Bangkok, Thailand.

Persaud, N., K Monageng, A. MacPherson, and K. Molapong. 1990.
Conservation tillage and fertilizer practices for dryland cereal produc-
tion in Botswana. Procecdings of the First Scientific Conference of the
SADCC Land and Water Management Research Programme, SAC-
CAR, Gaborone, Botswana.

Persaud, N., A. MacPherson, B. Sebolai, S. Beynon, M. Phillipe, and N,
Mokete. 1991. Tillage and Fentilizer Research Programme: Report on
the 1989-90 tillage and fertilizer trials. 111 pages. Dept. of Agricultural
Research, Gaborone, Botswana.

Networking Activities
INTSORMIL rescarchers in Botswana participated in:

The seventh annual workshop of the SADCC/ICRISAT
Sorghum and Millet Program, Manzini, Swaziland, 17-21
September, 1990.

The first Scientific Conference of the SADCC Land and
Water Management Rescarch Programme, Gaberone, Bot-
swana, 8-10 October, 1990,

Intemational Workshop on Soil-Water Balance in the
Sudano-Sahelian Zone, Niamey, Niger, 18-23 February
1991.
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Summary

The primary objective of this project is to develop mini-
mum-input technology strategies for the evaluation of Al
tolerant hybrids and varicties grown on tropical savanna
soils.

Seed of 125 Al-tolerant A and B pairs is being distributed
to three different programs: IDIAP (Panama), FONAIAP
(Venezuela), and ICA (Colombia). Crosses of these 125
pairs had been evaluated using the Al-tolerant lines as
females and two different pollinators (TX 430 and IA 28) as
males.

A new set of advanced materials with better agronomic
types than those of the world collection has been put to-
gether.

Objectives, Production and Utilization Constraints
Objectives

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

To establish a regional program for the development of
sorghum and pearl millet germplasm with tolerance to low
Ph tropical soils with phytotoxic levels of Al.

To develop minimum-input technology strategies for the
evaluation of Al-tolerant lines grown on tropical savanna
soils,

To screen and evaluate Al-tolerant sorghum hybrids ac-
cording to the Al saturation level.

To screen and evaluate a portion of the world sorghum
and pearl millet collections for tolerance to Al and Mn
toxicities, and low P availability.

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

To distribute sorghum and pearl millet germplasm devel-
oped through INTSORMIL and ICRISAT projects to na-
tional programs in Latin America and Africa.

To train and assist Latin American 2:d African scientists
in the use of effective breeding and screening methods for
the adaptation of sorghum and pearl millet to acid soils.

To assist other INTSORMIL PI's in the conduct of
research in Colombia
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Constraints

Most Latin American countries are beginning to open
their markets by freeing imports; the international price will
lower internal price of some products, especially grains.

Most sorghum in Latin America has been grown in
high-cost lands, making production of this crop a nonprofi-
table enterprise under such circumstances. An alternative
for reducing production costs is that of incorporating mar-
ginal lands into the production system. The most important
constraint to increasing area planted to sorghum and pearl
millet production in South America is soil acidity; South
Amecrica has the largest acid soil areas in the world. These
acid soils contain toxic levels of Al and sometimes Mn,
enough to inhibit the growth of major cereal crops. This
limiting factor could be avoided by the use of germplasm
tolerant to high Al concentrations in the soil.

A scecond constraint, and maybe the most imporiant, is
the inadequate management of these highly fragile soils. The
ecosystem could be casily destroyed not only at the soil
level, but also at the external environment level, Maintain-
ing and, if possible, improving soil structure and nutricnt
balance are of maximum importance. If the mentioned sa-
vanna areas could be incorporated into a sustainable agri-
cultural system, the pressure for land on the Amazon arca
would decrease. Agriculture in the savannas can be easily
mechanized and harvested products would be closer to
population centers than in the Amazon region. Crop rota-
tion, new fertilization and soil preparation practices, and
integrated pest and discase management must become part
of the research tools for the future.

The third most important constraint to sorghum and pearl
millet production is drought. In many parts of the South
American ecogeographic zone, drought duc to variable rain-
fall patterns is a problem throughout the year. In addition to
studying acid soils constraints, specific long-range research
goals in Colombia will include rescarch in pearl millet
production and other factors affecting sorghum production
such as toleranice to drought and discases, and grain quality.

The fourth constraint for sorghum production is head
mold diseases both in acid and nonacid arcas. Since sorghum
is not produced in very dry areas in South America, relative
humidity becomes a problem in most production arcas. This
factor is related o the loss of quality and increase in the
amount of aflatoxins in the grain.

Research on acid soil constraints could benefit both the
LDC’s and the U.S. in scveral ways. Al-tolerant germplasm
would help increase sorghum production in acid soils in both
regions with the use of less inputs; yet, the major bencfit to
the U.S. would probably be attained through commercial
seed companies. Multinational seced companies could use
the proven Al-tolerant germplasm for hybrids in their over-
scas operations. Spinoff improvement in U.S. hybrids would
result if there is a large enough market demand for this
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product. The demand for improved varieties and hybrids
should be ample in Latin America and Central Africa,
considering these are food- and feed-grain deficient regions.

Research Approach and Project Output
Breeding and Institution Building in Colombia

In eight years of work in Colombia, a great deal of effort
has been put into the evaluation of acid-tolerant lines from
the world collection. As a result of this process, two lines:
MN 4508 (Sorghica Real 60) and 156-P5 Serere-1 (Sorghica
Real 40) were released for Al saturation levels of 40 to 60%
and 20 to 40%, respectively.

While these lines were being evaluated, a set of 125
(A-B), Al-tolcrant pairs was developed, using IS 7173 C as
the main source of tolerance to Al toxicity. This set of A-B
lines enables the release of germplasm entries for hybrid
production,

Simultancously, new lines for developing varieties with
better agronomic types were obtained; screening sought to
reduce plant height and days to flowering since the Al-tol-
crant lines from the world collection arc tall (about 2 m) and
have a long vegetative cycle (75 days). These breeding
efforts have resulted in a new set of advanced lines devel-
oped in Arauca and La Libertad. This set was evaluated for
yicld capacity and tolerance to diseases, particularly an-
thracnose and head mold. The goal is to release a line every
three years.

Since the concept of Al saturation levels was developed,
the different nurseries are maintained independently for
each level. Studies conducted have shown that lines of the
F, or F3 populations selected in nonacid soils would loose
their tolcrance to Al toxicity if only one of the parents was
Al-tolerant.

In close cooperation with MSU-104, ICA and
FENALCE, the main breeding and evaluation research was
conducted for acid soils at CIAT-Palmira, CIA'T-Quilichao,
CIAT-Santa Rosa, ICA-La Libertad, ICA-Nataima, and the
El Alcaravén Foundation (Arauca), and at Mississippi State
University. ICA conducted its breeding activiiies at ICA-
Nataima (its main sorghum station) and at La Libertad (a
satellite station). Evaluation of selected lines was done at La
Libertad and other acid soil sites in the region.

During the first two months of each year, joint annual
work plans are developed ainong ICA, FENALCE, INT-
SORMIL, and El Alcarvin, and become a formal part of the
INTSORMIL collaborative effort. An operating budget is
agrecd upon among the parts, to be conducted as formalized
in the work plans. This budget is administered by ICA, under
CIAT’s extemal control.

Most rescarch this year dealt with developing belter
breeding techniques and objectives on the basis of each
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Al-saturation level established. New sets of F2 populations  the disease and insect nursery (ADIN) at the Nataima Ex-

were sent by Dr. Bruce Maunder; these have been screened  periment Station in 1989B-1990A are shown in Table 2.

in each of the Al-saturation levels. One hundred heads of ~ Table 3 shows the agronomic characteristics of the eleven

each population were selected for each level at La Libertad,  most contrasting genotypes from the ADIN nursery, in

for evaluation in the next generation. These populations  terms of their performance under the attack of Diatraea sp.

were selected on the basis of their resistance to anthracnose at the same center.

and midge and tolerance to high levels of Al saturation. One

population, sent by Dr. Duncan (University of Georgia), was Class 1, 0-35%, Vega

evaluated in each of the Al-saturation levels. Segregating F3

lines were evaluated in the following sites: Quilichao, La Subclass 0-20%. A new set of materials is being evalu-

Libertad, and Arauca (Colombia); Santiago and David (Pan-  ated for this environment. These new lines are earlier and

ama); and Venezuela (sites will be determined by national ~ shorter thez: the lines from the first generation (lines from

program staff), the world ccllection). Two conditions prevail in this class:

savanna soils that have been improved through the applica-

In cooperation with other INTSORMIL projects,  tion of lime or by cultivating them. Studies conducted by

drought-tolerant sorghum germplasm (TAM-122) was INTSORMIL in Arauca and the Llanos Orientales have

evaluated in Motilonia (jointly with FENALCE), in the  shown that each year that the land is cultivated, Al-satura-

Atlantic Coast of Colombia (region known as the dry Car-  tion levels are reduced by 5-10%. On the other hand, the

ibbean), and at ICA’s main research station (Nataima) (Ta-  level of Mn was observed {o increase each year.1

ble 1). Studics on sorghum as a raw material for food

products were conducted with Dr. Rooney (TAM-126) and The genotypes under evaluation are no taller than 160 cm.

Dr. Butler (PRF-104B); the basic question was determining  Resistance to head mold has been an important evaluation

the proportions of sorghum and wheat flower that could be ~ factor.

used to prepare bread and cookies. A new project is being

developed to establish the possibility of using sorghum to Subiclass 21-35%. Al-saturation in this subclass has had

manufacture beer and whisky. astrong negative effect and most commercial hybrids grown

will show grain yield reduction. Most of the new lines

Several nurseries have been sent to Colombia for evalu-  evaluated in this subclass have shown good results; lines NB

ation in different localitics. Some of the lines selected from 9040, TX 430, ICA-Nataima, IS 7254C, IS 7542C, IS

Table 1.  Best lines selected from each of the Drought Line Test (DLT), Disease and Insect (ADIN), and Drought
Hybrid Test (DHT) Nurseries. and hybrids used in crosses for hybrids.

Nurseries
DLT ADIN DHT Lines A& B
82C5948 Tx 433 Al xR6078 Al-Bl1
B 8618 80C2241 Al x Tx 433 Al0-BI10
R 4244 MR 102 - 3LP AB8201-2 x R6078 ATx631 - BTx631
82BDM49 R - 8507 Al x TAM 428 A8201-2 - B8201
Tx 7078 87BR6569 A35 -B35
Sc238-14 84¢7730
85V2022 87BB396
860G4592 BT x 623
87 DLON 327 R 8505
87 DLON 416
85L 7719 (B2-2B)
B2-2B

Table2.  Lines selected from the disease and insect nursery (ADIN) from INTSORMIL. Nataima Research Center,
1989B-1990A.

Days to flowering Plant height Length of panicle
Genotypes 1988B 1990A {cm) (cm)
R-9188 49 47 110 25
R-3224 57 54 112 27
R-6078 64 66 118 26
Tx 433 60 60 127 30
R-8503 hyi 52 142 30

Source: ICA, Annual Report, National Cereals Section.

! Informe de las Actividades de Investigacién Realizadas en Colombia en ¢l Cultivo del Sorgo. 1989,
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Table3. Agronomic performance of the eleven most contrasting genotypes from the disease and insect nursery
(ADIN), in relation to the attzck of Diatraea sp. Nataima Research Center, 1990A.
i i . . v, 0.

Genotypes lowering Pluincight  Lenglbofpanicle N0, ofais/ Nomame  Nyorheel
Tx 2767 60 132 s 137 14 2

BTx 623 62 165 10 129 8 2
S0R-2892 53 125 10 11 . .
87L-3452 70 100 [ 103 2 2
MB102-3 68 210 15 71 7 [
Surefio L.P. 59 110 10 6 - .
87TEON-115 59 110 10 6 . .
8662802 56 130 [ 4 - -

Tx 7078 50 100 15 3 - .
MR103-3.P 47 105 10 3 - .
87LG-7060 51 140 7 2 - .

Source: ICA, Annus? Report, National Cereals Section, June 1991.

Table4.  Plant height and yield of Sorghica Real 60 and Sorghica Real 40 in comparison with eight other genotypes
plaiited in acid soils with aluminuma saturation levels between 40 and 60%. Average data for twelve sites
in the Department of Meta.

Yicld (kg/ha)
Plant height Semester Semester

Genotypes (cm) A B Average

Sorghica Rex160 182 3224 2994 3109

Sorghica Real 40 162 3283 2793 3038

1S-3071 190 2839 2421 2630

PPG-2 167 2984 2315 2649

18-3522 183 2538 2143 2340

1S-8577 187 3312 2795 3053

1S-6944 189 2609 2283 2446

5D X 61/1/910 178 2428 2123 2758

ICA-Nataima 9 534 894 714

Icaima 151 712 2174 1443

Source: ICA, Annual Report, National Cereals Section, June 1991,

12666C, TX 415 are being used in crosses with IS 3071, IS
6944, 1S 9084, MN 4508, 1S 8577, IS 2765, SC 326-6,
ICA-Nataima (79 Sepon 54)-27-1-2, and IS-7254C.

Qiass 2, 36-60%, Vegdn

Subclass 36-45%. Most of the new lines in regional trials
yield about 2.5 t/ha but have good agronomic traits. Lines
like IS 9084, IS 3071, 1S 3522, and IS 9084 performed well
under these conditions. Several crosses using ICA-Nataima
as one of the parents also performed well in this ecosystem.
ICA-Nataima has intermediate tolerance to Al saturation but
is a very well adapted line to tropical conditions. New F;
populations are being screened for this Al saturation level.

Subclass 46-60%. Lines like MN 4508 (Sorghica Real
60) (Table 4) and IS 9084 performed well under these
conditions. A new line, IS 6944, is being evaluated by the
scientific staff of the El Alcaravin Foundation for possible
release in Arauca. This line has always been the best yield-
ing in the region but is one of the tallest lines among the
Al-tolerant genotypes in the world collection. Genotypes
appropriate for this subclass need to have more tolerance to
Al toxicity. The lines of the first generation will present
reduced plant height (below 170 cm) in this subclass, espe-
cially in the second semester. Grain yield for the first gen-
eration line, IS 6944, is about 2.5 t/ha in this subclass.
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Class 3, 61-90%, Savanna

Subclass 61-75%. Only one of the first generation, IS
8577, will have profitable grain yields under these condi-
tions. This line is being evaluated for possible release by El
Alcaravin in Arauca. This is the most Al-tolerant line from
the world collection and could be released for environments
with 50-70% Al saturation, As well as all the lines from the
world collection, IS 8577 is tall ana late flowering, espe-
cially in the first semester. Most of these lines do not present
m.ach tolerance to ¢ ought, Therefore, they must be planted
early in the cycle, usually before September 15.

Subclass 75% and above. None of the germplasm avail-
able to date will present profitable yields in this subclass.
Recurrent selection is being used to obtain a bulk of the most
Al-tolerant lines. This will be crossed with each of the 125
Al-tolerant female (A) lines. In the future, selection will be
made both among the male and female germplasm,

Hybrids seem to present an altemative for this class.
Three hundred combinations, using different Al-tolerant
female lines, are being evaluated for their overall combining
ability using IA 28 and TX 430 as the male parents. Fertili-
zation did not include liming; a combination of 60-60-60 N,
P, K has been applied. Table 5 presents results of some of
the lines evaluated in this environment,
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TableS.  Performance of hybrid combinations evaluated for aluminum-saturation levels of over 75%.
Yield W%i&hl (g) of
Crosses of lines Scale* (kgha) 100 grains

(AT2)-27-1-1-1-1 x 1 A28 6.5 2090 3.75
(AT2)-13-5-1-2-2 x 1 A28 5.0 1810 34
(AT2)-25-1-1.2-1 x1A28 6.0 1753 3.10
(AT1)-26-1-1-1-1 x 1 A28 53 1750 3.00
(AT2)-27-1-1-3-1 x1A28 4.5 1653 3.20
(ATD-17-42.1-2 x 1 A28 4.7 1552 2.97
TX 623 x TX 430 x IS 8577-1-1-2-1 4.0 1532 3.55

*Ovenall perfomance, scale > 1-10, 1 = very poor and 10 = excellent.

Table6.  Differences between 1988 semesters A and B in yield, plant height, and days to flowering of various
sorghum lines. Average of five sites in Arauc: {(Antioquefia, Raiil Ruiz, Alcaravéin, Ismael Nuiiez, and
San Lorenzo).
Plant height (cm) Yield (kg/ha) Days to flowering

Line Sem A Sem B Dif, Sem A SemB Dif. Sen. %, Sem B Dif,
IS 10336 1726 134.8 37.8 2313 1842 471 67.6 76.4 -8.8
1S 8577 2154 159.6 55.8 2646 2256 390 725 7.2 13
IS 7151 216 255.0 66.6 2553 2173 380 74.5 70.8 3.7
IS 8933 21.7 159.8 61.9 2503 2146 57 73.7 73.4 03
IS 2765 220.9 161.0 59.9 2816 2492 324 76.2 73.8 24
IS 3071 2272 149.0 78.2 2582 2290 292 73.7 74.2 0.5
IS 9042 216.7 161.8 54.9 2686 2468 218 727 72.6 0.1
Serere 186.3 138.8 415 2327 2164 163 72.6 68.2 44
IS 8996 204.7 148.4 56.3 2026 2509 117 74.1 71.8 23
IS 3522 2233 154.8 68.5 2614 2502 112 714 72.8 -14
MN 4508 221.6 162.0 49.6 2672 2561 111 75.1 722 29
IS 9084 223.6 160.4 63.2 2562 2516 69 73.1 72.4 0.7
IS 8959 224 159.0 634 2492 2447 45 743 73.4 09
IS 6944 230.8 160.0 70.8 2898 2858 40 74.5 726 19
SDx 61 223.8 140.6 83.2 2457 2526 69 73.9 61.2 6.7
IS 7132 206.3 152.8 53.5 1998 2076 78 75.7 72.8 29
PPQ2 1627 136.4 26.3 2327 2800 473 69.4 67.8 1.6
IS 9826 197.5 149.4 48.1 2217 2750 -533 710 70.0 1.0
IS 12152 21.2 165.0 56.1 1794 2608 -814 68.3 74.0 -5.7
IS 8931 216.3 158.6 57.7 2204 3130 926 73.8 81.8 2.0
IS 9945 205.0 148.6 56.4 1481 2524 -1043 743 73.4 09
IS 9938 221.1 164.4 56.7 1440 2815 -1375 69.7 722 2.5
1S 9109 228.6 173.0 55.6 986 2419 -1433 722 74.8 0.6

The lines from the world collection have been found to
perform better during the first semester (Table 6). Differ-
ences have also been found between the two semesters in
terms of plant height, grain yield, and days to flowering.
Plant height is usually greater during the first semester,
Fifteen of the lines yielded about the same in both semesters,
but eight of them yielded more in the first semester. Seven-
teen lines had a shorter growth cycle in the second semester.

Research Approach

Different approaches have been followed for research in
Colombia. Since 1988, research has heen conducted in
Arauca in collaboration with the El Alcaravin Foundation,
which provided all the funds for experiments in this region.
Since ICA also has a scientist assigned to this region (Mr.
Walter Renddn), all the work done in El Alcaravén is
replicated in full in ICA-Arauca.

El Alcaravén provided support to the evaluation of new
segregating materials and hybrids. Joint evaluation of these

new lines will strengthen cooperation and result in better-
defined goals and objectives among El Alcaravin, ICA, and
INTSORMIL.

La Libertad continues to be the main site for evaluating
and selecting materials adapted to acid soil conditions. La
Libertad is a well-drained savanna ecosystem, while Arauca
has poorly-drained savannas. Arauca is a new research area
in Colombia and both normal and acid-soil sites were used
for sorghum and pearl millet evaluations. ‘This enables the
project to test selected advanced materials in both acid and
nonacid soils.

Publications

Chacén, Mario. 1990. Descripcién varietal de cultivares de sorgo, Sorghum
bicolor (L.) Moench, en Colombia. B. Sc. Thesis, Agronomist, Univer-
sidad Nacional de Colombia, Facullad de Ciencias Agropecuarias,
Palmira. 244 pp.

Fundacién El Alcaravén, INTSORMIL, CIAT. 1988. Informe de invesli-
gacicnes realizadas en Colombia en el cultivo del sorgo. Bogot4,
Colombia. 233 pp.
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Osorio, Javier. 1990. Evaluacidn de la estabilidad {enotlpiua del
rendimicnto de 24 genotipos de sorgo, Sorghum bicolor (L.) Moench,
tolerantes al aluminio en Amauca. B. Sc. Thesis, Agronomist, Univepsi-
dad del Tolima, Ibagué, Colombia. 250 pp.

Networking Activities

Each year a workshop is organized by ICA, El Alcaravan
Foundation, FENALCE and the universities to share re-
search results of experiments done in Colombia. El Al-
caravan has been supporting the publication of the
proceedings of this meeting,

The previous is a very important meeting si:ce it enables
researchers to update their knowledge and implement a
work plan with the participation of all the institutions in-
volved in research. In 1990, the private sector began to
become involved in this idea; better results are expected for
the future with their participation.

An international meeting (“Sorghum for the Future”) was
held at CIAT, Colombia, during the third week of January,
with the participation of all the Latin American countries.
This meeting provided the basis for a Latin American Sor-
ghum Network. INTSORMIL supported this cvent to a great
cxtent. Another result of the meeting was the strengthening
of links between INTSORMIL and Latin American scien-
tists; in turn these improved relations have resulted in better
conduct of research in this area,

The most important result has been the establishment of
an organization under CLAIS’s umbrella for the develop-
ment of networking activitics in Latin America. Dr.
Guillermo Mufioz was named pre <*dar of this organization
in the last PCCMCA meeting held in Panama, in February
1991. The main objective of this group will be to develop a
research proposal to find resources “or developing a strong
networking program in Latin Amer ca, with CIAT as the
pilot center.

56



Sustainable Production Systems

Economic and Sustainability Evaluation of New Technologies
in Sorghum and Millet Production in INTSORMIL Priority Countries

Project PRF-105
John H, Sanders
Purdue University

Principal Investigator

Dr. John H. Sanders, Department of Agricultural Economics, 1145 Krannert Bldg #609, Purdue University,

West Lafayette, IN 47007-1145

Collaborating Scientists

Dr. Kimsey Savadogo, School of Economics, University of Ouagadougou, B.P. 7117, Ouagadougou, Burkina

Faso

Dr. Taha Ahmed, Economist, ARC (Agricultural Research Corporation), P.O. Box 126, Wad Medani, Sudan
Mr. Mohamed M. Ahmed, ARC Economist, Graduate Assistant, Department of Agricultural Eccnomics, 1145

Krannert Bldg #591, Purdue University

Mr. Ali Salih, Economist from Sudanese Ministry of Agriculture, Graduate Assistant, Department of Agricul-
tural Economics, 1145 Krannert Bldg #604a, Purdue University
Dr. Miguel Lopez-Pereira, Economist, CIMMYT (International Maize and Wheat Improvement Center), Apdo.

Postal 6-641, Mexico D.F., Mexicn

Mr. Tennassie Nichola, Graduate Assistant, Departm

Purdue University

ent of Agricultural Economics, 1145 Krannert Bldg #591,

Dr. Sunder Ramaswamy, Assistant Professor, Depariment of Economics, Middlebury College, Middlebury, VT
Dr. Barry 1. Shapiro, Principal Economist, ILCA (International Livestock Centre for Africa), P.O. Box 5689,

Addis Ababa, Ethiopia
Summary

In Honduras, the social returns to the new sorghum
technologies of new cultivars and improved agronomic
techniques are substantial even though diffusion is still in
the incipient stages, an estimated 9% of sorghum area.
Nevertheless, the technology introduction already has a
32% internal rate of return, or an annuity value of $700,000.
This calculation also includes the costs of the soil-conser-
vation techniques to prevent the hillside farms from washing
down into the valley.

An important next policy step for Sudanese agriculture
will be the elimination of price and exchange-rate distor-
tions, The HD-1 research investment will still be socially
profitable, especially with continuing diffusion. These
measures will improve the competitive position of Sudanese
sorghum exports. Fetilizer imports will be more expensive
but the market rather than governmental policies will allo-
cate the fertilizer. There sheuld be long-run benefits to a
market economy from this shift.

Technology development should not be seen as apanacea
for all resource-poor regions. To create a sustainable crop
system, chemical festilization will generally be necessary,
For some regions, even with improvements in technologies
and changes in policics, farmers are not expected to find this
alternative profitable. Some research regional priority iden-

tification appears to be necessary in regions such as the
Sahelo-Sudanian zone of Niger.

In a simple bargaining framework, female workers are
better off with the technologies being introduced on the
collective fields rather than directed specifically to them
even whenthey are also able to expand the area of the private
fields. This is due to the lower productivity of the private
fields and the increased demand for labor on the collective
fields resulting from new technology introduction. Some
policies advocated to help women farmers can make both
them and the entire family worse off, Land productivity and
within-family bargaining processes are both important com-
ponents of total family income determination and within-
family income distribution during technology introduction.

Objectives, Production and Utilization Constraints
Objectives

Estimate the potential impact and sustainability of new
technologies in various priority regions for INTSORMIL.

Evaluate the farm-level impact of various agricultural

and economic policics in facilitating technology introduc-
tion,
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Undertake farm-level surveys in priority regions for new
technology introduction to estimate diffusion and to con-
struct more realistic farm-level models.

Identify farm-level constraints to new technology intro-
duction, including those from technical, policy, and farm-
ers’ objectives.

Constraints
Sudan

The impact of HD-1 in tiic Gezira scheme is an important
success story for the INTSORMIL program. These esti-
mates of the financial returns to research have been widely
disseminated. Diffusion of HD-1 is expected to accelerate,
especially with the recent droughts and disruptions of the
civil war to normal cereal production. Financial analysis
includes all the prices and costs faced by farmers and con-
sumers. This analysis was redone, eliminating all the price-
and exchange-rate distortions and subsidies. Sudan will be
pushed to eliminate these price/exchange-rate distortions by
funding agencies once the domestic situation normalizes.
Eliminating all these distortions substantially reduces the
profitability of these new technologies. Designing new tech-
nologies and policies tor this environment will become an
important challenge of postwar development.

Honduras

One prircipal factor in introducing the new sorghum
cultivars and associated technologies on the hillside farms
of southern Honduras is first implementing soil-conserva-
tion technologies. With the high labor requirements for
terracing, the short-run profitability of these technologies is
low. In the long run, the conservation devices stabilize the
farms and allow other more intensive technology introduc-
tion, such as new cultivars, Stabilizing the resource basc and
raising small farmers’ incovies are difficult endeavors.
Complementary policies and incentives to increase the prof-
itability of these long-run, socially-profitable technologics
are necessary to facilitate ! his process.

Niger

In the Sahelo-Sudaniza zone, introducing sustainable
agricultural systems will often require chemical fertilizer
along with the new cultivars. In some regions, even with
further technology “evelopment and some feasible policy
changes, there appears to be little potentiai for a profitable
inteaduction of chemical fertilizer. The constraint here ap-
pears to be on the need for public planning to concentrate
research investment where the potential returns are the
highest rather than assuming that technological change is
the appropriate instrument for even the most resource-poor
environments.
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Burkina Faso

Various policy measures to encourage general economic
growth can benefit women farmers. However, aiming tech-
nology specifically at them or to the particular land resource
they control may not be as efficient as just allowing new
technologies to be utilized on the collective lands. Poor
policy design could slow down the process of both technol-
ogy introduction and income improvement.

Research Approach and Project Output
Sudan

The diffusion of HD-1 in the Gezira region is in its initial
stages. HD-1 is presently being planted on approximately
17,000 ha or 9% of the sorghum crop area. Even at this early
stage. of diffusion, there is a reasonable internal rate of return
of 23 to 31%, depending upon the level of fertilization
employed. Over 30 years, this investment would pay ap-
proximately $1 million of annual benefits. As the diffusion
process continues and higher fertilization levels are attained,
these benefits increase considerably.

One problem in the near future is that these are financial
benefits reflecting the present prices, costs, and exchange-
rate structure, There are substantial price distortions in the
Sudan, especially in the overvalued exchange rate. Interna-
tional agencies will begin pressuring Sudan to eliminate
these distortions as soon as the domestic situation stabilizes.
The overvalued exchange rate makes sorghum exports less
competitive and reduces the value of the fertilizer imports.
Also the overvalued exchange rate leads to import controls
and rationing, Given the importance of these chemical fer-
tilizer imports to HD-1 production, this overvalued ex-
change rate is an important constraint.

The extent of these distortions can be appreciated from
comparing the Sudanese sorghum price at the official and
street exchange rates with the price of sorghum delivered to
the region (border price) (Table 1). At the official exchange
rate, Sudanese sorghum was consisiently above the world
price. At the street rate, except for the drought year 1984-85,
the Sudanese sorghum price was substantially below the
world price.

By utilizing the sorghum price deflated by the fertilizer
price, again the Sudanese real sorghum price is much higher
than the world price. From 1985 through 1989, the Sudanese
price ranged from 59 to 88% higher than the world price.
Two unfortunate consequences result from these distor-
tions:

1. The potential competitive position of Sudanese sor-
ghum exports is eroded. If the other intemational marketing
requirements could be met, sorghum expcrts would be in-
creased by eliminating this exchange-rate overvaluation,
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Table1l.  Sudanese and world market prices for sorghum at official and street exchange rates.

Sudanese sorghum prices ($/m.t) So! ertilizer price ratio

At official A street World

Xeor _ cxchangerates  cxciangerates price Sudan World
1981-82 178 55 114 — —_
1982-83 171 61 114 - —
1983-84 218 59 131 — -
1984-85 930° 186 111 2.50 0.65
1985-86 142 37 95 0.97 0.59
1986-87 110 2% 71 0.96 0.55
1987-88 197 74 81 1.18 0.63
1988-39 190 48 1 137 073

> Sorghum cxport prices delivered to U.S. Gulf ports.

® Note that 1984-85 was a severe drought scescn in Sudan.
Source: Official exchang
Outlook, various issucs.

Table2.  Income, coefficient of variation (C.V.) and so
changes in southern Honduras.

netes aro from IMF Year Trade Ro4, 1990, All sorghum and fertilizer prices are from Sudan Ministry of Agriculture, Agricultunal Situation and

rghum-diffusion impacts of new technologies and policy

Description hogr’r‘:?m( _l_J.gJ) C.V. pEr;ducﬁongmm(l_(g) ® oifnncer:g'golr}nh:m :
Traditional base case $263 16 2,361 —_
Techmology introduction only:

Famm with SCTs only $282 15 2,066 —_

Fam with SCTs and new torghums $303 14 3,894 53
Technology and policy changes:

Changes in policy variables:*

Farm with SCTs only $374 6 2,735 —_

Farm with SCT3 and new sorghums $415 13 4,439 81

* Available credit increased fru: $112.50 to $225. Interest rate decreased from 4.5%/month to 2%/month. Maize and sorghum minimum prices for good-rainfall years
increased from 4 centsAcg and 2 cents/kg to 10 cents/kg and 7 centskg, respectively. The stroet exchange rate of 4 Hondumn lempiras per U.S.$ in summer 1989 was utilized

here. The strect mate can result in a downward bias in estimati g the real exch
Source: Calculated from M. Lopez-Percira and J.H. Sanders (1992), pp. 17-19,

2. Sudan raticns chemical fertilizer imports and largely
depends upon foreign aid for fertilizer imports. Chemical
fertilizer is a critical input for Sudanese agricultural devel-
opment, especially in the irrigated sector. The fertilizer
prices will be increased by moving to real exchange rates.
Then the market rather than the government or foreign-aid
donors can do the allocation according to the value of
fertilizer in production.

One wmmediate short-run consequence of eliminatin g the
distortions and moving to economic rather than financial
returns is to substantially reduce the returns to research. At
the present levels of diffusion, the economic returns become
almost marginal, inteal rates of return of 16 to 21%.
However, increasing the Gezira diffusion to 35% or 50% of
the sorghum area raises these rates to more respectable
levels of 23% to 31% (Ahmed and Sanders, 1991, p. 31).

Honduras

The introduction of new sorghum cultivars into Hondu-
ras has also begun. In 1989 an estimated 13% of the sorghum
arca in Honduras was planted in Surefio and Catracho, two
new sorghum cultivars. Even if diffusion were to just stop
at this level, then there has already been a substantial impact.
The intemal rate of return to this research was estimated to
be 32% or, on an annuity basis, $700,000 (U.S. dollass)
annually for the next 30 years. These annuities alone could
finance a major part of all Honduran agricultural research.
If diffusion proceeds and reaches 50% by 2002 or 2012,
these annual benefits would range from $1.7 to $2.2 million

ge nate duc to the Liclusion of a risk premium,

(Gonzalez-Rey et al., 1990). So the sorghum research col-
laborative program with INTSORMIL and several Hondu-
ran public agencies has demonstrated substantial successes.

Moreover, this sorghum research program in southern
Honduras has included the high costs of the soil-conserva-
tion program to first turn this hillside agriculture from
itinerant farming to a permanent system. In the 1990 INT-
SORMIL Annual Report it was pointed out that many of
those farmers adopting the SCT's were the same farmers who
adopted the new cultivars and associated technologies. It is
difficult to quantify all the long-term henefits of preventing
the hillsides from washing down into the valley. Since only
yield increases were included as benefits, these estimates
here understate the social benefits.

By shiftiny; to these new sorghum cultivars alone, yields
were increased from 1.08 t/ha to 1.65 t/ha, according to
farm-level testing in 1986. By also including moderate
fertilization, a further yield increase to 2.53 t/ha was
reached. Since the costing of new technologies also in-
voived the very labor-intensive soil-conservation tech-
niques, the combined profitability of these innovations was
low. Without the SCT, the farming system with or without
the new sorghum technologies will not be sustainable. The
combination of these new technologies increases farm in-
come only 15% in the farm-programming model. With some
government policy support principally to eliminate the price
collapse in good-rainfall years, the expected income in-
crease would be 58% (Table 2). These simple policy
changes also increase the utilization of the new sorghum
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cultivars from 53 to 81%. One method to avoid these price
collapses is to encourage increased feeding of small animals
in adequate- or good-rainfall years when sorghum becomes
a feedgrain. Another alternative is to facilitate on-farm or
central couperative grain storage to protect small farmers
from annual postharvest price collapses. Honduras already
has program:s of this type but they do not presently function
for small farmers.

The above results were for the profit-maximizing farm,
Allowing for risk aversion in farmers’ decisions had mini-
mal effects on farm income or technology choices. The
probable reason is that farmers were first allowed tg satisfy
subsistence objectives and this apparently adequately re-
sponded to their risk-avoidance characteristic.

Niger

The 1990 INTSORMIL Annual Reporn described the
farm-level responses to new technologies and modified
agricultural policies in two regions of the Sahelo-Sudanian
zone in Niger. Early cultivars of cowpeas and millet are
already being introduced into these systems, To make them
sustainable systems, chemical-fertilizer introduction is re-
quired. Otherwise the soil-mining process accompanying
the decline and disappearance of the fallow system will
continue. The report then examined in some detail the
technology modifications and policy changes to introduce
chemical fertilizer. There were some feasible modifications
in the higher-rainfall zone, resulting in fertilizer introduc-
tion, but not in the lower-rainfall zone.

Then income/ha comparisons were wnade for the two
regions with traditional anc new technologies. With or
without the new tcechnologies, incomes were twice as high
in the higher-rainfall zone (Table 3). Decomposing income
differences approximately 60% were due to yield differ-
ences and 31 to 38% to price differences.

Technology development is a powerful instrument for
increasing farmers’ incomes in resource-poor regions, such
as the Sahelo-Sudanian zone. However, with slightly more
resources, there is more response to new technologies.
Strategies to focus crop technologies on areas with some
potential for developing sustainable agriculture are neces-
sary. In some regions the development of reforestation and

improved grazing may be more appropriate. There already
are movements in these resource-poor regions toward diver-
sification as seasonal out-migration of most of the male
workforce now occurs. Focusing crop technology on areas
with more potential and facilitating the retreat from crop
production in more marginal regions seems to be a more
efficient strategy than trying to utilize crop technology
development to resolve all low-income agricultural prob-
lems.

Burkina Faso

One of the most serious recent criticisms of the techno-
logical-introduction process is the within-family income
distribution consequences. There is a particular concern that
women or children may not benefit. However, there has
been little evidence or systematic evaluation of the within-
household income distribution process as technology is
successfully introduced.

One of the zones of most rapid technological change has
been in the cotton zone of southwestern Burkina Faso. In
this region, new cotton and maize cultivars have been intro-
duced. Chemical fertilization has been increasingly applied
to both crops and onto sorghum. Other improved agronomi.
practices including cotton insecticide also have been intro-
duced.

In the traditional system, there is joint family labor to
provide for the subsistence cereal requirements. The adult
family workers provide this labor on the collective fields for
their share of the grain during the year and work their private
plots for their own incomes. As the family moves beyond
minimal grain subsistence, the household head needs to
compensate adult family members for the increased labor
on the collective fields. When new technology is introduced
on the communal area, the houschold head must bid away
additional family Iabor from the private fields to respond to
the increased labor requirements. The adult workers can
receive higher compensation by working more on the col-
lective fields. The new technologies increase adult-equiva-
lent incomes 129% (Table 4). Also with the new
technologies, the incomes for the adult female (and male)
worker more than double even with the decline in the incorv.e
from the private plot (Table 4, cols. 1 and 2). If the teci:ol-
ogy is introduced only on the private fields, the female

Table3.  Comparison of expected nei returns of dryland agriculture under different technologies at two sites in
the Sahelo-Sudanian zone, Niamey region, Niger.
Libore* Kouka® Ratio of pet
(U.SS$tha) (U.S.$/ha) retums per ha

Current practices:

Millc!fcow;ta intercrop 115 57 202
Improved cultivars (low density) 129 68 1.97
Improved cultivars (high density) 147 69 214
Improved millet/cowpea with fertilizer 175 76 230

* Higher-infall zone of 570 mm annually. Closer and better access 1o the principal urban market of Niamey. Supplementary irrigation available of (.4 ha/fanm generelly in

improved rice cultivars with chemical fertilization.

® Lower-minfall zone of 430 mm. Only dryland agriculture, Further and poorer sccess to Nicmey market.
Source: Shapiro, B.I., 0. Coulibaly and JH. Sanders, *Famm-Level Potentia! of Sorghum/Millet Rescarch in Semi-Arid West Africa,” Department of Agricultural Economics,

Purdue University, West Lafayette, IN, 1991, p. 9.
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Tabled.  Adult-equivalent incomes and female family-worker incomes from new technologies and the availabil-
ity of off-farm employment in the Solenzo region of Burkina Faso.
Traditional New lcdmologiesbon New lechnOIOﬁies only New technologies on
technology collective fields an private fields® collective and private fields
Farm income per adult -
equivalent (U.S.$)* 125 222 115 202
Income of adult female
worker:
Private plot 36 14 68 68
Collective field compensation — ! — 45
Total: Female worker 36 85 68 113

* This is family income including the value of home consumption of food divided by the number of adult equivalents in the household. This includes only crop income from
the collectives lands. Note that as technologies change so do family sizes. The traditional farm includes S adult equivalents. The farms with new technolcgies include 7.

® Here the new technol gics are introd
field. The private field available is only 0.75 ha.

d on the more productive fields. The household head must pay more o the female worker for the increased labor on the collective

¢ Here the land available to the female worker is increased to 1,75 ha and the technology is introduced first on the private fields in spite of the lower productivity. This is done
by forcing the model in the progmmming. It is equivalent to a preferential policy of directing the technology first toward the female farmer (and increasing her land ares).

These policy measures are fiequently advocated in the women's literature,

Source: Remaswamy, S., and J. H. Sanders, “Technological Change, Role of Women, and Intra-Household Distribution of Income in the Sahel,” Department of Agricultural

Economics, Purdue University, West Lafayette, IN, mimeo, 1991, pp. 29-31.

worker’s income is $68 as compared to $85 with introduc-
tion only or. the collective field (Table 4, cols. 2 and 3). This
decline in income occurs even with an increase in the private
land available to ihe female worker from 0.75 ha to 1.75 ha.
Giving the female workera larger land area, time to cultivate
it, and concentrating the technology on her private fields
makes both her and overall farm income lower. The expla-
nation for this is the lower productivity of the private fields
than of the collective fields. If the bargaining process within
the household process works, she and the overall farm
family would have higher incomes with the technology
introduced on the collective fields.

In the final scenario, new technologies are introduced on
both the private and collective fields. Again, the female
cultivates 1.75 ha. Her private-plot income stays the same
but she is also able to receive eamings from the new tech-
nology introduction on the collective field. Here the female
would first work her private plot, which has lower produc-
tivity than the collective field. The household head has to
pay more to obtain outside labor. Hence, family income
declines from the case of introducing only new technology
on the collective fields. The female worker is better off here
but the family income is reduced for the seven adult equiva-
lents. They would be better off by raising her wages and
getting her to concentrate her attention on the collective
ficlds. These are model results (Table 4) based upon as-
sumptions about within-family wage bargaining. There is
some field evidence for this type of wage determination but
further field surveying is necessary on the within-family
income distribution over time.
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tation suppored by INTSORMIL.

Ahmed, M.M., and J.H, Sanders, “The Impacts of Hageen Dura 1 in the
Gezira Scheme, Sudan,” paper presented at CRSP Seminar on Evalu-
ating New Technologies, Detroit, MI, Nov, 1950.

Ahmed, M.M., and J.H. Sanders, “The Impacts of the Introduction of a New
Sorghum Hybrid in the Gezir Scheme of Sudan,” Carther extension of
above paper, cited in text, Oct. 1991.

Gonzalez-Rey, D., M. Lopez-Percira, and L.H. Sanders, “The Impact of
New Sorghum Onltivars and Other Associated Technologies in Hondu-
ras,” paper presented at CRSP Seminar on Evaluating New Technolo-
gies, Detroit, M1, Nov. 1990,

Sanders_ J.H., “Fam Decision-Making on New Technologies: Does Risk
Mac a Difference?” paper presented at Departmental seminar on Risk
Analysis, Dept. of Agricultural Economics, Purdve University, West
Lafayette, IN, May 1991,
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Women Farmers: Helpful or Harmful?” seminar presented to Women's
Study Group, Purdue University, West Lafayette, IN, May 1991.

61



Sustainable Production Systems

Networking Activities
Workshops

Sunder Ramaswamy presented a paper from his Ph.D.
dissertation on the impacts on women of new technologies
in Burkina Faso at the annual Farming Systems Re-
search/Extension Workshop at Michigan State University in
October 1990.

In November 1990, economists from four CRSP projects
presented their results in a workshop on the economic
evaluation of various projects. fohn Sanders participated in
two planning meetings and received funding from this pro-
ject. With this funding Mohamed Ahmed and John Sanders
carried out field research in the Gezira project. Miguel
Lopez-Pereira had done his Ph.D. dissertation on a related
topic and briefly retumed to Honduras. Two papers were
presented on the impact of INTSORMIL research in Hon-
duras and the Sudan (cited in Publications). These two
papers were released as an INTSORMIL staff bulletin enti-
tled “Host Country Impact Studies, Honduras and Sudan”,
Feb. 1991. This bulletin was distributed in Washington in
spring 1991 as background on INTSORMIL impacts to
USAID and Congressional representatives.

Research Exchanges

Collaboration was begun on a manuscript condensing
and unifying the results from joumnal articles and theses in
this project. Collaborators responsible for specific chapters

~or parts of chapters include Sunder Ramaswamy, Bamry
Shapiro, Kimsey Savadogo, Mohamed Ahmed, and Della
McMillan (World Bank). The tentative title of this manu-
script is “The Economics of Agriculteral Technology De-
velopment in Semi-Arid Sub-Saharan Africa.”
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Resource Efficient Crop Production Systems

Project UNL-113
Max D. Clegg and Stephen C. Mason
University of Nebraska

Principal Investigators

Dr. Max D. Clegg, Associate Professor, University of Nebraska, Lincoln, NE
Dr. Stephen C. Mason, Associate Professor, University of Nebraska, Lincoln, NE

Collaborating Scientists

Dr. Lucas Gakale, Director, Agriculture Research, Botswana
Dr. Bachir Mahaman, INRAN, Niger

Mr. Maman Nouri, INRAN, Niger

Dr. Chandra Reddy, INRAN/NAAR, Niger

Mr. Minamba Bagayoko, IER, Mali

Mr. Mirghani Mohamed, INTSORMIL/ARC, Sudan

Dr. Saeed Farah, ARC, Sudan

Dr. Franciscc Gomez, Sorghum Program, Honduras

D1. Daniel Meckenstock, INTSORMIL /Honduras

Mr. Patricio Gutierrez, INTSORMIL, Honduras/USA

Dr. Gebisa Ejeta, Associate Professor, Purdue University, West Lafayette, IN

Dx. Jerry Eastin, Professor, University of Nebraska, Lincoln, NE
Dr. Richard Vandcrlip, Professor, Kansas State University, Manhattan, KS

Summary

Sorghum flowered 14 days earlier when 171 kg ha! N
was applied to continuously grown sorgium as compared to
no applied N. Of significance, sorghum grown in rotation
with soybeans flowered 20 days carlier than continuously
grown sorghum with no applied N and six days earlier thar:
sorghum fertilized with 171 kg ha™! N. This flowering
difference suggests that there is possibly a P response.
Shortening of maturity is very much like a growth response
to applied P.

Sorghum leaf area duration was significantly influenced
by a previous legume crop and applied nitrogen. Compari-
son of the forage legumes phillipesara and clitoria indicated
sorghum retained leaf arca better after phillipesara.

Sorghum genotypes for temperature and osmotic stress
germination studies were from INTSORMIL Project PRF-
107 and local Niger cultivars. Average gemmination for
genotypes ranged from 52% to 87%. Lowest germination
ocrurred at 45°C. Genotype P1058 consistently had a low
germination where genotypes P1016, Pi041 and P1044
tended to have higher percent gemination. Temperature
gradient results indicated relative high germination from
25°C and 35°C. Genmination decreased with increased os-
motic stress. The genotypes that germinated best with no
stress also germinated better with increased stress. These
genotypes were P1004, P1006 and P1056. Seeds germinated
best at 35°C at all levels of stress.

For Seqaolane in Nebraska, resources (water, nutrients)
were partitioned into weeds/grain/stover, with weeds mak-
ing up as much as 42% of the total biomass in the treatment
with the lowest management (no nitrogen or weed control),
Sorghum grain yield was improved from 0.72 Mg ha'l to
2.80 Mg ha! with complete weed control. However, sor-
ghum grain yield was improved from 0.72 Mg ha™! t0 4.50
Mg ha” with the highest management of complete weed
control and 114 kg ha'! applied nitrogen. In all cases as the
management of weeds and fertility improved, yield was
increased.

Objectives, Production and Utilization Constraints
Objectives

Study the “rotational effect” in sorghum-soybezn and
millet-soybean rotations by evaluating: 1. nitrogen contribu-
tion of legumes and 2. soil moisture relationships.

Evaluate the nitrogen contribution of intercropped cow-
pea harvested for forage and grain to millet. In 1990 this
four-year study will conclude by looking at residual contri-
butions.

Long-term studies to determine sorghum/peanut and mil-
let/cowpea cropping systems (monoculture, rotation, inter-
cropping) by nitrogen fertilizer rate interaction ffects will
be initiated in Mali.
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Long-term studies to determine sorghum genotype (tall,
intermediate, short) by residue management interaction ef-
fects will be initiated in Mali.

Long-term studies to determine pearl :nillet/cowpea
cropping systems (monoculture, rotation, intercropping) by
nitrogen fertilizer rate interaction effects will be initiated in
Niger.

Evaluate the nitrogen by weed control on yield and water
use of sorghum hytrids and local cultivars.

Evaluate stand establishment preperties of grain sor-
ghum lines used in the PRF-107 breeding program for stand
establishment under drought, high temperatures and soil
crusting conditions. Data collected during the past three
years will be summarized and analyzed.

Evaluate short scason lines and hybrids for agronomic
characters and use in cropping systcms.

Establish a collaborative research effort in Honduras and
Mali.

Constraints

There are many constraints involved in cropping systems
studies. First, they are long term investments. For instance,
once a rotation or intercropping system is started it takes
time to stabilize. These zystems cannot be stopped and
restarted. Second, a host scientist must be genuinely inter-
ested in these long term projects and they will need added
funding. Third, training of scientists in crop production and
continued support of their work after return to home coun-
trics is needed to improve presently used cropping systems.

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
influcntial environmental factor controlling plant growth
and yield in these environments. The next most influential
cnvironmental factor affecting plant growth and yield is
often adcquate nitrogen. The importance of nitrogen is
becoming even greater with more intensive cropping prac-
tices used when availability of new land is limited. Legumes
become a viable means for improving soil fertility (espe-
cially nitrogen status) as monctary constraints for purchas-
ing fertilizer occur in many developing countries. Improved
nitrogen fertility also improves waiter use efficiency of grain
crops.

Rotations
Grain sorghum-soybean rotation.
Research Methods

Sorghum and soybeans can be grown in rotation, a sus-
tainable agricultural system. Although cereal yields are
improved, other factors need to be considered when making
management decisions. One of objectives of this study is to
determine the influence of residue on nutrient cycling and
plant growth and development. The experiment is a long
term rotation. It is planted in a randomized cornplete block
design with four replications. Plots are thinned to a uniform
stand about two weeks after emergence and 0, 57, 114, and
171kg N ha'lis applied as ammonium nitrate to the desig-
nated sorghum plots. Yield and yield components and agro-
nomic data are taken from the two middle rows of six row
plots.

Research Results

Research with maize indicated earlier flowering if it was
grown after soybeans. Table 1 shows the time to 50%
flowering of sorghum grown after soybeans and after sor-
ghum (continuously) with the additicn of varying levels of
applied nitrogen. Sorghum flowerca in 86 days if grown
continuously to sorghum with no applied nitrogen. Appli-
cation of nitrogen reduced the time of flowering by 14 days
with the highest application rate. However, growing sor-
ghum after soybeans resulted in a flowering period of 66-67
days. This is about 20 days earlier than the nitrogen stressed
sorghum and even six days earlier than the fertilized sor-
ghum. Applied nitrogen esscntially had no effect. Both
responses observed suggest that there is possibly a phospho-
rus response, Shortening of maturity is very much like a
growth response to applied phosphorus.

Table 1. Days to 50 percent bloom as affected by
nitrogen applied and previou's crop.
Treatment Days to .'0% flowering
Continuous sorghum Okgha N 86
S6kgha N 76
112kgha N 5
168 kgha N 72
Sorghum after soybeans  Okg/ha N 67
$6kgha N 67
112kgha N 67
168 kg/ha N 66

Bionitrogen availability and water use efficiency of
grain sorghum grown in rotation with legumes in Sudan.
(Mirghani S. Mohamed)

Research Methods

A rotation experiment was established at Wad Medani in
1988. Sorghum (Sorghum bicolor [L.] Moench) variety
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HD-1 was used. Since Striga was a problem, the sorghum
cultivar “SRN-39" was used the next two seasons as it shows
Striga resistance. The legumes used were clitoria (Clitoria
ternata L.) and phillipesara (Phasulus trilobus Ait). The
design was a randomized complete block with five replica-
tions, Treatments were continuous sorghum at three nitro-
gen fertilizer rates (0, 40, and 80 kg ha) and sorghum
rotated with clitoria, phillipesara and fallow. Leaf area and
plant weight were sampled at nine growth stages according
to Vanderlip’s criteria.

Research Results

Yield response to nitrogen and previous legumc crop was
previously reported (Annual Report, 1990). However, fre-
quent sampling allowed for looking at the leaf area duration
(LAD) as influenced by previous lugume crop and applied
nitrogen. LAD due to the previous legume crop was signifi-
cantly different (P=0.05) for the growth intervals between
the 2nd and 5th growth stages (Fig. 1). Grain sorghum
following phillipesara tended to respond better than when it
followed clitoria or sorghum. In general, grain socgham
tended to respond better with applied nitrogen (Fig. 2). The
only significant difference (P=0.05) was between fertilizer
and no fertilizer at the 3rd growth stage. At present, the
growth data are being used in developing models to describe
the various growth parameters.

Figure 1.

The effect of previous legun\e crops on sor-
_ ghum leaf area duration.
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Figure 2. The eifect of applied nitrogen on sorghum
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Grain Sorghum Germination Studies
Temperature and stress on germination.
(Iiclen Kasulu)
Research Methods

Studies to evaluate kernel weight, mesocotyl and coleop-
tile length, germination under varying temperature and os-
motic potentials were conducted. Most seed (breeding lines
and Niger cultivars) used was increased in Puerto Rico.

For temperature studies, a completely randomized ex-
perimental design with split plot treatment arrangement was
used. Temperatures were 25/25, 30/30, 30/37, and 30/45 °C
night/day and genotypes were subplots. A 12/12 hour
night/day period was used. Seeds were germinated using
moist germination towels. Also, a temperature gradient table
was used to obtain temperatures over a large range (15, 20,
25,21.5, 30, 35, 38 and 40°C). Temperatures were the main
plots and sorghum genotypes were the subplots. Four repli-
cations were used.

For temperature x wacor potential studies, temperatures
were 25, 30, 35, and 40 for 1989 and 25, 30, and 35 °C for
1990. Water potential was adjusted to 0, 0.4, 0.8 and -1.2
Mpa with 8000 molecular weight polyethylene glycol. The
design was a randomized complete block with a split split
plot arrangement. Temperature was the unreplicated main
plot, osmotic potential as subplots, and genotypes sub-sub-
plots. Seed was placed in petri dishes (four replicates) with
about 1.5 mils of water or PEG solution and incubated for
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nine days. A seed was considered germinated when the
radicle length was 2mm.

The seed weight studies related the genotype seed
weights or 100 sceds to germination and scedling emer-
gence.

Research Results

The genotypes use in the studies are shown in Table 2.
This material represents some of the lines from INTSOR-
MIL Project PRF-107 and local Niger cultivars. The Niger
cultivars are adapted to harsh environmental conditions.

Table2. Genotypes used in the studies.

P1028 P1029 P10i6 P1006 P1041
P898012  P1044 P1004 P967083  P1056
P1052 P1045 P1055 P1058

Gemination differences between sorghum genotypes to
temperature occurred, but these were inconsistent over
years, Average germination for genotypes ranged from 52%
to 87%. Lowest germination occurred at 45°C. The geno-
type P1058 consistently had a low germination across years.
Genotypes P1016, P1041, and P1044 tended to have higher
percent germination, especially at higher temperatures.
Temperature gradient results indicated relatively high ger-
mination from about 25°C to 35°C. Germination decreased
quickly with temperatures lower or higher than these. In the
genotype by temperature, most genotypes had the highest
percent germination at 35°C and the lowest at 40°C. A
unique event occurred for both years. Germination at 25 and
35°C was higher than 30°C.

Percent germination of most genotypes decreased with
decreasing osmotic stress. Greater germination differences
between genotypes occurred wiih no water stress. Variation
in g~ ‘nation decreased as the osmotic stress was reduced
fron. U to -1.2 Mpa. The genotypes that germinated the
highest with no stress also germinated better with increased
stress. These were 21004, P1006 and P1056. In all cases, as

stress was increased germination was reduced. Seeds of
grain sorghum germirated greatest at 35°C at all levels of
stress.

Kernel weight varied with year. Genotypes P1016 con-
sistently had one of the heaviest kemels, whereas, P1056
and 1055 had the lightest.

Present study - Studies to determine a physiological basis
for seed germination and emergence under crust are teing
conducted in gssociation by Dr. Stephen C. Mason who is
on faculty improvement leave in Spain.

Weeds

worghum g-own at three levels of nitrogen fertility
and three levels of weed control
(Charles Maliro)

Research Methods

An experiment was established to determine the parti-
tioning of weeds/grain/stover cropped plots with different
levels of weed control and nitrogen. Weed treatments con-
sisted of no weed control, one cultivation three weeks after
planting and complcte weed control. Nitrogen levels were
0,57,and 114 kg ha™! ammonium nitrate side-dressed three
weeks after planting. Main plots were levels of weed control
and subplots were nitrogen levels, Three replications were
used. Samples were harvested from the middle two rows of
six row plots.

Research Results

Weeds are very competitive with crops for water and
nutrients. Their competitive effect is even more detrimental
if these resources are not readily available. This is shown in
Table 3. For Segaolane in Nebraska, both yield and total
biomass were affected regardless of the fertility level. Re-
sources (water, nutrients) were partitioned into
weeds/grain/stover, with weeds making up as much as 42%
of the total biomass in the treatment with the lowest man-
agement (no nitrogen or weed control). Sorghum grain yield

Table3.  The effect of applied nitrogen x weed control on sorghum stover and grain yield and weed yield and each
as a percent of the totai biomass.
Nitrogen * Weed Stover, % of Grain % of Wecdu\ % of
(kg ha”) control (mg ha™) Total (Mgha') Total (Mgha' ) Total
0 1 267 45 0.72 12 2.50 42
2 4.23 57 225 30 0.96 13
3 5.07 64 2.80 36 0.00 0
57 1 3.55 47 1.3 16 272 36
4.50 51 254 29 1.75 20
3 5.69 62 3.54 38 0.00 0
114 1 4.54 45 253 25 298 30
2 4.96 50 4.06 41 097 10
3 6.39 59 4.50 41 0.00 0

*] = no weed control, 2 = one cultivation after three weeks, 3 = weed free; Maliro, unpublished.
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was improved from 0.72 Mg ha™! to 2.80 Mg ha with
complete weed control. However, sorghum grain yield was
improved frcm 0.72 Mg ha! to 4.50 Mg ha™! with the
highest management of complete weed control and 114 kg
ha™! applied nitrogen. In all ca=c5 2o the management of
weeds and fertility improved, yield was increased.

Present studies - Greenhouse studies are being conducted
to determine the nitrogen and water interaction when the
stress (due to time of water application) may kill the plants.
Stne protocol is being developed.

Publications and Presentations

Publications

Clegg, M.D., 1991. Nitrogen removal by grain sorghum and soybeans as
affected by rotation and applied nitrogen. 17th Biennial Grain Sorghum
Research and Ulilization Conference, Lubbock, TX.

Clegg, M.D., RL Vanderlip, and S.C. Mason. Sustainable systems ap-
proach to sorghum/millet production, Sorghum Millet conference, Cor-
pus Christi, TX.

Gutierrez, P.F., D.H. Meckenstock, and M.D. Clegg. 1931, Growth and
yield of Horduran sorghum in pure stand and intercropping. Agron.
Abst. p.61.

Mohamed, M.S., M.D. Clegg, and A.M. Parkhust. 1991, Quantitative
growth analysis and yield of vorghum as affected by nitrogen and
previous legumes in Sud:, 4 ».on. Abst. p.62.

Scoby, D.L., and M.D. Clegg. 1991. An economic analysis of sorghum
cropping systems and nitrogen fertilization in east central Nebraska.
Agron. Abst. p. 160,

Presentations

Dr. Max D. Qlegg presented a paper “Sustainable systems approach to
sorghum /millet production™ af the Sorghum Millet conference, Corpus
Christi, TX.

Networking Activities

Intemship: African Intemnship, Rockefeller Foundation
(Mirghani Mohamed, last year).

Faculty improvement leave: Dr. Stephen C. Mason is
spending a year in Spain. He is studying meciianisms influ-
encing emergence in crusting soils.

Assistance: Funding transfer to Mali and Niger.
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Nutrient Use Efficiency in Sorghrm and Pear] Millet

Project UNL-114
Jerry W. Maranville
University of Nebraska

Principal Investigator

Dr. Jerry W. Maranville, Professor of Agronomy, University of Nebraska, Lincoln, NE 68583-0817

Collaborating Scientists

Dr. C. Y. Sullivan, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Dr. Jerry Eastin, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Dr. Max D. Clegg, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Professor Dave Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 68583

Dr. Steve Mason, Department of Agronomy, University of Nebraska, Lincoln, NE A8783

Dr. Darrell Rosenow, Dcpartnent of Crop and Soil Science, Texas A&M University, Lubbock, TX.

Dr. Paula Bramel-Cox, Kansas Statc University, Manhattan, KS 66506

Dr. Joan Youngquist, formerly Department of Agronomy, University of Nebraska; currently, SADCC/CIAT,

Box 2704, Arusha, Tanzania

Dr. Moussa Traore, Institut d’ Economie Rurale, B.P. 258, Bamako, Mali

Mr. Abdoulaye Traore, Institut d’ Economic Rurale, B.P. 258, Bamako, Mali

Dr. Omar Niangado, Principal Millet Breeder, Cinzana, Mali

Mr. Abdoul Toure, M.S. student, University of Nebraska, froin Mali

Mr, Cherif Qumarou, Agronomy Division, IRAN, B.P. 240, Niamey, Niger

Mr. Seyni Serifi, Agroromy Division, Maradi Research Station, INRAN, B.P. 240, Maradi, Niger (currently

M.S. student, University of Nebraska)
Summary

Experiments were conducted in the greenhouse on pearl
millet to better understand the influence of nitrogen (N) rate
and timing on growth and water use characteristics. These
experiments were part of research for two M.S. theses
conducted by students from Mali and Niger.

The results of these studies showed that pearl millet
responds to applied N when residual soil N is low. Since
soils used in these experiments were similar to that of the
Sahelian region where these crops are grown, it would be
likely that these results can be translated in terms of field
response. It has already been shown by collaborative work
that pearl millet yields can be doubled in Niger by judicious
use of N. The current studies also showed that the time N is
applied can influence productivity as well. This has been
shown in Mali for sorghum. The results did not show any
appreciable influence on leaf water potential or stomatal
conductance, but there was a tendency for applied N to
reduce both of these parameters. Exactly how this translates
into water use efficiency alterations is not yet clear.

A study conducted to investigate the variability of nitro-
gen use efficiency (NUE) in sorghum relative to available
soil N and genotype source showed that genotypic variation
in NUE was highly significant but largely dependent on the
yicld factor o/ interest, i.e., grain or total biomass. Genotype
variabiiity was also markedly influenced by soil N level and
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geographic origin, It was determined that simultaneous im-
provement of sorghum for plant N, grain N and NUE for
grain or biomass should be possible.

Objectives and Constraints
Objectives

Identify sorghum and pearl millet genotypes which are
superior in nutricnt use efficiency (primarily nitrogen).

Determine the physiological and morphclogical mecha-
nisms which allow genotypes 1o be nutrient use efficient.

Quantify the effects of environment on genetic response
at different soil fertilities (primarily nitrogen).

Determine optimum nitrogen and phosphorus manage-
ment practices for arid and semiarid environments,

Provide long and short term training experiences for
students and scicntists of collaborating institutions, as well
ascertain technical expertise for collaborative efforts related
to overall INTSORMIL objectives.
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Constraints

The work in Mali appears to be on track. This project has
provided equipment to facilitate the N cfficiency research
which should allow quicker tunover of results. The largest
constraint to this collaboration appears to be the cost of N
analyscs in the Mali 1ab. Comparing their cost to what we
can process samples for here at UNL, we found that Mali is
aboat three times higher which reduces the amount of ma-
terial which we can process and effectively reduces the
number of experiments we can conduct in this area. This
constraint has not becn addressed satisfactorily at this point.

A potertial constraint to the UNL-114 collaboration in
the next year may be that the current collaborator, Mr.
Abdoulaye Traore, will start a graduate program at Ne-
braska, and this lcaves an immediate void in the short run.
It will take Mr. Abdoul Toure a little readjustment time to
fit into the IER program as he retums this December, and he
is the only person so far that v 11l probably be involved with
UNL-114 in the agronomic/physiological arca.

Work in Niger has been pretty much on hold unti! Mr.
Seyni Serifi completes his degree and returns.

Research Approach and Project Qutput
International

Two experiments were conducted in Mali by Mr. Abdou-
laye Traore which were related to N management and sub-
sequent influence on N use efficiency of sclected sorghum
genotypes. Complete data did not arrive in time to be in-
cluded in this report, but the following summarizes this
research,

The first experiment compared an improved and a local
genotype over three levels of N fertilizer (0, 50, and 100
kg/ha N), applicd either all at tillering or all at panicle
initiation ax two locations. The results showed that the local
varicty had a higher grain and dry matter yicld when no N
fertilizer was applied. This observed interaction confirmed
carlier demonstrations that local types can outperform im-
proved types under low management (See INTSORMIL
1990 Annual Repoxt, pp. 27-34).

A second experiment was also conducted at multiple
locations to compare a “local” variety to improved varictics

S-34 and ICSU 10663 at four diffcrent N rates (0, 40, 80 and
120 kg/ha N). Similar to the former experiment, a varicty by
N rate interaction was detected. In this iustance, the “local”
varicty produced more grain and total above ground dry
matter at the low N rates, and also more totai biomass at the
high N rates because of the large amount of stalk material
which this varicty produces.

The results of the N chemical analyses are pending, but
the experiments tend to support the contention that use of
improved sorghum genotypes in Mali can only be effective
if an improved management package is included,

Domestic
Study 1 - (Abdoul Toure, Mali, M.S. Thesis)

A greenhouse experiment was conducted as part of M.S.
thesis research to supplement the field work previously
reported (see INTSORMIL 1990 Annual Report, pp. 27-34).
This work was conducted by Mr. Abdoul Toure of Mali.

The pot experiment consisted of a split-split plot arrange-
ment with genotypes as the main plot. Genotypes used were
the same as for the ficld experiment, i.c., ICTP-8203, an
African type, and 68A x MLS, a sclection derived from a
cross between an adapted U.S. genotype and a population.
Nitrogen level was the subplot and consisted of a low (0 N
applied), medium and high treatment. The N was applicd at
25 or 50 days after emergence (DAE) similar to the ficld
experiment,

Table 1 shows that increasing N generally increased grain
and stover yicld of the genotypes studied as would be
expected if residual soil N was low. The ficld experiment
did not show a significant response to N, and this was
assumed to be due to high residual soil N level (Toure and
Maranville, 1991). There also appeared to be a sl tive
disadvantage to delaying N application except for ihe geno-
type 68A x MLS. This might be expected since the young
plants were under a severe N stress early and probably didn’t
fully recover when N was finally applicd. Thare was no
apparent difference in genotype response (¢ iy when aver-
aged over all trcatments although 68A x MLS had a very
high yicld at the medium N application applied 25 DAE.

The same trends were observed for N treatment with)
respect to total biomass and N uptake (Table 2). However,

Table 1. Grain and stover weight as affected by genotype, N rate and time of N application in the greenhouse
experiment, 1990.
Grain weight Stover weight
N ICTP-8203 68A x MLS ICTP-8203 68A x MLS
e 0 25 50 0 25 50 0 25 50 0 25 50
.......... g/pm[--..--.---

L 6.1 7.5 82 52 5.7 6.0 116 8.8 143 9.0 8.6 8.8

M 135 38.5 253 25.1 84.3 13.8 54.5 48.4 259 3Ls 302 20.1

H 65.8 394 1.7 30.9 34.1 10.1 69.1 52.5 337 293 36.9 20.2
Mean 3.1 285 15.1 20.6 414 100 45.1 36.6 24.6 233 25.2 16.4
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Table2.  Biomass and N total uptake per plant as affected by genotype, N rate. Greenhouse experiment, 1990,
Biomass weight Plant N content
N ICTP-8203 68A x MLS ICTP-8203 68A x MLS
rate 0 25 50 0 25 50 0 25 50 0 25 50
---------- g/plant - - - --con oo ~emmeeme--mgfplant e e ool
L 177 16.3 226 14.8 142 14.9 80 100 120 80 10 30
M 88.1 86.8 512 56.5 54.4 333 610 640 540 470 580 380
H 124.8 91.9 45.6 60.2 61.0 30.3 500 930 470 870 820 440
Mean 76.9 65.0 39.8 43.8 432 26.2 730 557 377 473 497 303
Table3.  Niogen cfficiency as affected by genotype, N rate and time of N. Greenhouse experiment, 1990. NE; =
9 biomass g* N. NE; = g graing ' N.
NE; NE2
N ICTP-8203 68A x MLS ICTP-8203 68A x MLS
rate 0 25 50 0 25 50 0 25 50 0 25 50
---------- giplant -« - o e oo oo

L 218 s 197 171 154 174 76 73 79 65 61 7
M 143 135 95 116 100 77 54 60 42 8 61 34
H 95 103 104 70 78 7 40 47 87 37 43 3s
Mean 152 136 132 119 114 109 57 60 70 53 55 47

the taller African genotype produced significantly more
biomass which was r:flected in more total N accumulation
as an average of all N treatments. This was accounted for
primarily from the greater amounts of stover for ICTP-8203
rather than gyain.

Nitrogen efficiency values for biomass or grain produc-
tion (Table 3) indicated that higher soil N available reduced
N efficiency. This is a general tendency often observed in
other cereal crops (Maranville, et al., 1980). There appeared
to be little influence of time of N application on N use
efficiency in this greenhouse experiment.

The African Genotype IC1P-8203 had a higher N use
~fficiency for total biomass production than the improved
type (Table 3). This is 21 common observation in low N soils.
There was a tendency for this genotype to also have higher
N use efficiency values for grain production which has not
generally been observed in some ficld experiments (see
INTSORMIL 1990 Annual Report, pp 27-34). The results
support the general conclusion that pearl millet response to
N fertilizer is dependent on the inherent soil N fertility or
residual N available.

Stud:* 2 (Seyni Serifi, Niger, M.S. Thesis)

A greenhouse study similar to the previous one was
conducted to determine e influence of N on watar use of
pearl millet. Five genotypes were grown at four levels of N
in a complete randomized design. Genotypes tested were
MLS, ICTP-8203, 68A x MLS, HMP 559 and Dwarf
F1185642, the first two being tall African types and the latter
three being short types. Levels of N were 0, 50, 100 and 150
mg N per pot, each containing one plant, and replicated three
times. Plants were grown at a water level of or.e-half ficld
capacity determined once a week by weight. There were
visible signs of waier stress throughout the experiment, but
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not sufficient to stop plant growth and eventual seed set.
Mcasurements included dry weight, tiller production, leaf
watcr potential and leaf conductance. The toilowing results
are preliminary data.

Similar to Study 1, the results of Study 2 show that pearl
millet responds to N application in low residual N soils. The
greatest response to N was in the first increment (50 mg/pot)
and may be an indication that the crop does not need as much
Nas other coarse grains (Table 4). There anpeared to be little
genotype difference in total growth with the shorter geno-
types comparing favorably with the taller African types
(Table 5). Very often in the ficld, the taller types produce

Table4.  Means of dry matter production and tillers
per plant as influenced by N rate in a green-
house experiment. Means are averaged over
five genotypes and thi-ee replications,

N Leaf Stem Head Total

ratc wt. wt. wt. biomass Tillers

mgpot!  _._._... ghplant - - - - - - - No. plant’!

0 4.4 6.3 5.0 15.7 3.6

50 25.6 25.1 17.5 68.2 8.8

100 353 21.6 15.6 78.5 100

150 34.1 33.1 162 83.4 10.6

Table 5.  Means of dry matter production and tillers
per plant of five pearl millet genoiypes
grown in the greenhouse at fous N levels.
Average of three replications.

Leaf Stem Head Total
Genotype wt. wt. wt. biomass __ Tillers
-------- giplant-------- No. plant?!

MLS 215 204 172 65.1 7.8

ICTP-8203 386 30.2 66 754 8.8

68A x MLS 286 22.9 165  68.0 9.3

HMP 559 34.1 36.4 107 81.2 7.8

Dwarf P 185642 _ 37.3 16.2 176 711 1.8
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more total biomass than the shorter ones due to more stalk
production. This docs not, however, always translate into
more grain,

Nitrogen fertility icnded to decrease the stomatal conduc-
tance in lcaves at the vegetative and flowering stages but
most notably at the vegetative stage (Table 6). There was
also a tendency for N fertilizer to decrease total water
poteritial at both growth stages. A decrease in leaf water
potential from the vegetative stage to flowering was ob-
scrved, and this was obscrved for all genotypes (Table 7).
Litde diffcrence was obscrved among genotypes for leaf
walcr potential at cither growth stage, but stomatal conduc-
tance values *'ere more variable (1'able 7). Genotype 68A x
MLS appcaicd (o have a lower value at the vegetative stage
for stomatal coiductance than the others. However, the
differcnce was not evident at flowering. At the flowering
stage, genotype ICTP-8203 appearcd to have a markedly
larger stomatal ce~ductance than other genotypes in the
Study.

Study 3 - (Youngquist, Bramel-Cox, Maranville)

Previous studies indicated tnat variation exists for N
uptake and atilization efficiencics, but germplasm sources
that have been evaluated were generally limited in numbers
and origin. A study was conductcd to study the variability

Table 8,  Stomatal conductance and total leaf water
potential (¥w) of pearl millet as influenced
by N rate in a greenhouse experiment at
regetative and flowering growth stages. Val-
ues are means of five genotvpes and three
replications.

Vegetative Flowering
Stomatal Stomatal

N mate concuctange Yw conductance Yw

{mglpot) {mp)sec’) (MPa) (mm sec™) (MPa)

0 507 .2.45 167 -2.19

50 107 -3.01 170 215

100 118 .14 139 270

150 153 -2.92 123 -2.67

Table 7.  Stomatal conductance and total leaf water
potential (‘¥y) of five pearl millet genotypes
at the vegetative and flowering growth
stages in a greenhouse experiment. Values
are means of four N rates and three replica-
tions.

Vegelative Flowering
Stomatal Stomatal
Genotype conductance Yo conductance Yw
{mm sec’) (MPr___ _{mym sec’) (MPa)

MLS 144 -2.98 162 243

iCTP-8203 15V -2.93 214 -2.14

68A x MLS 108 271 143 -2.40

HMP 559 186 -2.82 141 -2.56

Dwarf P 185642 157 -2.95 140 -2.48

of NUE in sorghum relative to available soil N and genotype
sourcc. The feasibility of improving NUE without sacrific-
ing yicld was also investigated.

Forty sorghum genotypes were evaluated with high and
moderate N treatments. The germplasm included 10 adapted
varictics, 10 sorghum conversion lines, and 20 exotics from
three sources (Table 8). Two dual purpose sorghums with
phenctypes similar to those of the source 1 exotics, Atlas
and Ellis, were included in the exotic germplasm to com-
plete a block of 10. Each set of the exotics was classificd
bascd on similar morphological characteristics. Source 1
had characteristics more closely associated with forage or
world types whereas source 2 exotics had undergone some
adaptation to domestic conditions. The cxperiment was
conducted on a sitc having a natural residual so * fertility
gradient. The moderate N fertility treatment had a residual
2 m soil nitrate level of 10 kg ha-! to which was applicd 80
kg ha-1 fertilizer, The high fentility treatment had a residual
2 m soil nitrate level of 30 kg ha-! to whicli was applied 150

Table8. Germplasm type, genotypes and seed
sonrce.
Gemplasm type Genotype Seed Source
Adapted varictics  N9I J. Eastin, Univ. of Nebraska
1A28 P. Bramel-Cox, Kansas St. Univ.
Martin "
TX430
KX9
TX7078
TX2752
KS18
TX623
Wheatland
SC33-6
SC599-6
SC103
SC642
SC2719
SCs66
SC630
SC414-12
SC35-6
SC302
Scgaolane
Allas
SanChiSan
1522201
China 17
N32
DRi44
86M-11102
Ellia H. Gorz, Univ. of Nebraska
M3s-] J. Maranville, Univ. of Nebraska
Dorado D. Andrews, Univ. of Nebraska
784 “
1276
1300
DRi4
DRSH
1247-2
IRAT 204
IS1347
N94B

Converzion lincs

Exotics (source 1)

$ £ £ £ r £ £ £ £ £ £ B 2 E FP OE OE E £ L OE T B

D. Andrews, Univ. of Nebraska

Exotics (source 2)

P. Bramel-Cox, Kansas St. Univ.
J. Bastin, Univ. of Nebraska
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kg ha-i N fertilizer as ammonium sitrate. Two row plots 6
m long with 0.75 m ro spacing were planted in a split-split
plot design with three replications. Sprinkler irrigation was
used as needed to prevent water deficit. Weeds were con-
trolled by hand. Duc to poor sced quality, plant densities
were low for some entries. At maturity, three plants per plot
were harvested from a section of the plot having good stand.
The arca from which they were harvested was measured and
final yiclds were adjusted for differences in plant density of
the harvested area. Panicles were harvested scparately from
stover. After oven drving, dry weights were measured and
panicles threshed to determine grair yield. Nitrogen was
determined on dried and ground sub samples by Kjeldahl.

Measured variables included stover dry weight (SDW),
grain drv weight (GDW), stover N concentration (SN%) and
grain N concentraticn (GN%). Calculated values from
mcasured data included total ab:ove ground plant dry weight
(TDW), total plant N (PN), toial grain N (GN), utilization
efficiency of whole plant produciion as TDW/PN (NEmpw),
utilization efficiency of grain uroduction as GDW/PN
(NEgpw), and harvest index as GDW/SDW (HI). Analyses
of variance were calculated for each N level, and treatment
means subsequently adjusted using the co-variate of row
length harvested. Combined analyses of variance over both
N levels were calculated on adjusted means, and pooled
crror terms were used to tzst significance,

The components of N use efficiency were defined as
follows:

TDW/SN=(PN/SN)(TDW/PN) ané¢ TDW/PN=TDW/GDW) (GDW/PN)
where TDW/SN = N use efficiency of total dry matter production
PN/SN = N uptake efficiency
TDW/PN = N uti*"zation efficiency of dry matter production
TDW/GDW = ratio of total plant dry weight to grain dry weight, the
inverse of harvest index
GDW/PN = N utilization efficiency of grain production
Similarly,
GDW/SN = (PN/SN)(GDW/PN) and GDW/PN = (GDW/GN)(GN/PN)
where
GDW/SN = N usz efficiency of grain production
GDW/GN = grain produced per unit of grain N
GN/PN = fraction of total plant N translocated to the grain,
often referred to as nitrogen harvest index (NHI)

The multiplicative factors become additive upon conver-
sion to log such that Yy = Z ;X; where Yy is the log of N use
efficiency and Z jX; the sum of logs of the multiplicative
factors contributing to N use efficiency. For irstance,

log(TDW/SN) = log(PN/SN) + log(TDW/PN).

The proportion of sums of squares attributable to the X;
component is:

IXyZy?= (ryxi)Sxi/Sy
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where ryxj is the coirelation coefficicnt and Sy and S,; are
the standard deviations for the log of N usc cfficiency and
the X the component.

Significant variation in yicld and N parameters are found
both among germplasm type and among genotypes within
germplasm type. Effects of soil N level were generally
significant and contributed more to total variation than did
gerriplasm type for ail traits except HI. N level also contrib-
uted mere to total variation than genotype within germplasin
type for GN, PN, NEgpw, and NEpw. The lack of signifi-
cant interactions indicated that relative performance of
genotypes was similar in both sotl N treatments.

The contribution of genotypes of different germplasm
types to the total variation of genotype within germplasm
type varied depending upon the germplasm type. Adapted
varictics had thc lowest variation among genotypes. The use
of adapted varietics in previous studies may explain the lack
of difference often detec*ed in N uptake in some of this
research. The improvement of adapied material for N use
cfficiency traits should be cnhanced through crossing with
other sources. The highest variation in N uptake and NEtpw
werc sorghum conversion lines and exotics. Exotic
germplasm had the highest mean TDW and three times the
vaniation in TDW among its genotypes than did the other
germplasm types. Exotic sources also contributed a higher
proportion of total genotype within germplasm variation
than other germplasm sources for NEgpw and HI. The
highest variation for grain yicld was found among sorghum
conversion lines and sowce 2 exolics. Sorghum conversion
lines and/or source 2 exotics had mean values as great as or
greater than, and provided nearly as much or more variation
in yicld and N use traits as source 1 exotics with the
exceptions of TDW and HI. Source 2 exotics had the highest
mean grain yicld of all types tested. The source 2 exotics
"1247-2’ and "1300° rankcd in the top 20% for GDW, TDW,
NEGpw, and NEmpw. Germplasm which has undergone
some adaptzation to domestic conditions, such as the sor-
ghum conversion lines and source 2 exotics, could provide
a good source of variation for N uptake and utilization traits
and avoid some of the problems associated with trying to
cross adapted material to exotic material.

The relative contributions of uptake and utilization effi-
ciencics to genotypic variation in total N use efficiency
varied depending upon soil N level, germplasm type and the
yicld factor of interest, i.e., grain or total plant dry weight.
Uptake efficiency was the primary factor contributing to
total dry matter preduction and grain yield differences,
contributing more than 80% of the genotypic variation in
both soil N treatments. Utilization efficiencies, NEtpw and
NEGpw, tended have greater relative contribution in the
high N soil. Within the high soil N treatment, N was not
limiting and advantages associated with scavenging N were
reducced as adequate N was probably available for all plants.
Plants with high N uptake ability may be assimilating an
abundance of N, but if the excess N cannot be utilized to
produce more dry matler, there is no real advantage and N
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efficiency is greatly reduced. Differences in plants’ abilities
to assimilate the N and produce dry matter is generally
reflected as differences in their utilization efficiencies. In
the moderate N soil, adequate plant N was available with
aggressive uptake and this factor became the primary con-
tributor to genotypic differences in N use efficiency as
related to whole plant production.

Factors contributing to variation in utilization efficien-
cies were also influenced by germplasm and soil N. At each
soil ¥ level, TDW/GDW contributed sub-tantially to vari-
ation in NErpw in the source 1 exotic ge mplzsm while
GDW/PN (or NEgpw) contributed more for varieties and
source 2 exotics. Except for the sorghum conversion lines,
GDW/GN was at least as iniportant as translocation of N to
the grain (GN "N) in contributing to genotypic variation in
grain yield in  ¢h soil N treatments. The magnitude of the
contribution or GDW/GN and GN/PN was greater in the
high N s7il treatment resalting in the greater relative contri-
bution of utilization efficiency to the total sums of squares.

Although variation in N uptake and utilization efficiency
traits among sorghums was shown, a knowledge of whether
or not improvement in N uptake and utilization can be made
without concurrent loss in yield poiential is also of great
importance. The results from this study indicated that simul-
taneous improvement of yield and N utilization efficiency
should be possible. Plant N uptake and grain N content were
highiy correlated with both GDW and TDW tor 2l
germplasm types indicating that improvement in uptake
efficiency and grain N content should occur simultaneously
with improvement in yield. Utilization efficiencies, NEgpw
and NEtpw had nonsignificant or negative correlations with
GDW and TDW within the moderate soil N treatment. At
the high soil N level, correlations between utilization effi-
ciercies and yield were cften positive and of higher magni-
tude.

Simultaneous improvement among N use traits PN, GN,
NEGpw and NEtpw. should also be possible. The very high
correlation of GN with PN indicates selection for high N
content in the grain should generally result in plants with
greater N uptake from the soil. Correlations of GN and PN
with NEtpw were consistently negative in the moderate soil
N treatment, but nonsignificant or positive in the high soil
N treatment. Correlations between the utilization efficien-
cies NEgpw and NEpy tended to be positive in both soil
N treatments. Given the lack of genotype x soil N interaction
and the smaller, or even negative, corrclations among traits
in the moderate soil N treatment, greatest gains would most
likely be secn in a breeding program where selections were
made in high soil N, and then testing at varying levels of soil
N. These results may be applicable only to production
environments where N is not severely limiting and other
environmental parameters are conducive to plant growth. In
very low soil N environments, or in environments where
stress severely inhibits plant growth and development, the
relationships found in this experimeni between yield and N
use efficiencies may or may not hold true. Further investi-

gations under these severe stress conditions would be
needed to clarify this point.

Publications

Youngquist, J.B. and J.W. Maranville. 1990. Relative contributions of
component traits for N use efficiency to genotypic variation in sorghum,
P- 7. In RR. Duncan (ed.). Sorghum Newsietter. Univ. of Georgia -
Griffin.

Toure, A.W. and J.W. Maranville. 1991, i'itrogen use efficiency in pearl
millet as influenced by rates and timing of N application. Agron, Abstr.
p. 163.

Networking Activities

UNL-114 supplied $9000 to Mali for collaborative re-
search in nitrogen agronomy and physiology. In addition,
training was provided to Mr. Abdoulaye Traore cf Mali for
three months at UNL. in the area of English language and
data management.
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Summary

Our midseason stress resistance screening model testing
continued through 1991 and results remain encouraging. A
mostly tan plant population generated from stress screening
has been randorn mated three times and is in a winter nursery
grow out to check for wild outcross contamination. If the
S-uw out is satisfactory, the population will be submitted for
release n the spring of 1992, No further testing of the
midseason stress screening model is anticipated but a num-
ber of selections from the population are being hybridized
and tested for possible release. Physiological charac-
terization of stress resistant lines is underway.

Future germplasm manipulation will revolve mostly
around incorporating larger seced size into our midseason
(preanthesis) stress resistant population which has a gener-
ally high seeds m2 number (and consequently small seed
size). While high sced number is associated with preanthesis
stress iolerance (and high yield), seed size capacity appears
to be a significant factor in postanthesis stress tolerance.
Landraces from limited yicld stress areas tend to have larger
seeds. Whether that relates more closely to stress tolerance
or consumer preference for large sced is not known. Inves-
tigations to d.‘c suggest that length of grain fill relates
positively to seed size. Therefore. the length of grain fill in
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relation to sced size and metabolic pace (possible length of
grain fill indicator or controller) is being evaluated.

Studies to optimize nitrogen fixation and water use effi-
ciency by legumes in sorghum/millet based cropping sys-
tems will be continued. Heavy pubescence in stress
environments appears to enhance photosynthesis and water
use cfficiency.

Objectives, Production and Utilization Constraints.
Objectives

1. Develop and apply practical sorghum stress screening
in the U.S. and LDC'’s.

2, Continue sterilization of new stress resistant B lines
and produce new hybrids.

3. Continue cultural practice/cropping system/physi-
ological/rescarch in Niger, Sudan and westem Kansas,

4, Develop canopy photosynthesis/transpiration/water
use efficiency (WUE) measurement techniques. Also a
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more reliable method to measure soil CO, flux and soil
evaporation is being developed. It involves instrumentation
deveiopment.

5. Cooperate on USDA/OICD Drylav.# Agriculture pro-
jects in India.

Constraints

Drought and low WUE, ™ xogen, High temperatures,
Low temperatures, LDC infrastructures

Research Approach and Project Qutput
Research Methods and Findings by Objective

Objective 1: Stress screening is continuing for midsea-
son siress tolerance. A random mated population has been
derived principally from stress screening at Gardsn Ciy,
KS. Stress was especially severe in 1988 when 20G
families were screencd and reduced to 100 families which
were recombined and random mated hree times since then,
The population is in a winter grow out to check for wild
outcross frequencies and will be released if the grow out i
satisfactory. A number of lines developed from the original
1988 S family selection are responding favorably in stress
tests. Also some S, and S3 families were sent to Dr. R. R.
Duncan for a 1990 grow out in a pH 4.3 Georgia soil with
50% Al saturation and an organic matter content of 1 to 2%.
U.S. hybrids will not grow and develop in this test site.
However, Dr. Duncan was able to select a number of pan-
icles in 1990, pooled them for a Puerto Rico winter nursery
increase and replanted them (an S3 and S4 genotype mixture)
in 1991 .n the acid soil Georgia test site. Five plots (2 rows
X 44 each) were subjected to gridded mass selection using
SC283 as an Al tolerant check. Ten heads selected (best by
eye) from each plot of - bout 100 heads gave mean g/panicle
weights of 48.7 (range 31-65.7), 36.5 (20.4-54.9), 46.9
(34.2-65), 55 (39.3-72.6) and 35.2 (27-42.2). The overall
mean was 44.5 g/panicle compared to a mean panicle weight
for the SC283 checks of 24.2 g (25.6, 23.4, 28.2, and 19.7).
The 44.5 g/24.2 g ratio = 1.84 or 84% superiority for the S3
and S4 panicle weights. The actual grain weight superiority
is not as critical as the Ict that the selected plants grew as
well as SC283 which is not a particularly high yielder. It
does, however, demonstrate that we have succeeded in
putting improved yield capacity from Great Plains screening
into plants adapted to low organic matter acid soils with
moderate Al saturation. Furthermore, the base midseason
stress resistant population from which the original S, and
S2’s were sclected to get the acid tolerant S3 and S4 geno-
types was screened in pH 6 to 7+ soils for heat and drought
responses. Screening for heat and drought tolerance appears
to have resulted in concentrating genes for stress tolerance
of a fo*~'y broad nature.

Testing of the midseason stress tolerance screening meth-
odology developed by us appears to verify that the screcning
model works satisfactorily and can be used by others inter-

ested in midseason stress. Our timing approach to stress
pressure is similar in many respects to Dr. D, T. Rosenow’s
approach but perhaps pressure is more severe. Also we have
consciously fecused more heavily on analyzing yield com-
ponents (especially seed number which correlates positively
with yield). Thiz focus has demonstrated that the net critical
characteristic uf midseaon stress tolerant germplasm is that
it produces a faitly stable seed number at a reasonably high
seeds m, Again, since seeds m™ correlates positively with
grain yield the stress ‘olerant genotypes capable of generat-
ing a high sceds m™ aic usually water responsive and give
kigh yields in the good years. Looking for these charac-
teristics has permitted developing genotypes which are both
stress resistant and watcr sesponsive. These genotypes,
however, tend to have small serds because of their high seed
numbers. Since those who use sorghum as a food grain
generally prefer medium to large grain and since cattle
feeders believe lorger more uniform ceed rolls (crushes)
better to improve starch zvailability, there is a need to
improve seed size in our midseason stress resisiant
gemmplasm pool. This imprevement of seed size effort was
initiated five generations back. Some early generation
crosses with seed size potentially 10 to 25% larger than
average U.S. hybrids will be tested in 1992, This pmject has
stbstantive cooperation with industcy breeders. Our goal is
ic find the level to which seed size can be increased without
rzducing seed number to the: point which forces yield reduc-
tions in different yield level environments. This evolves into
defining the utility f seed size expansion (compensation)
capacity during grain filling after midseason stresses have
reduced seed number. A second way of stating this goal is
to evaluate the role of seed size and compensation rpacity
as stress resistance mechanisms or attributes where posan-
thesis stress is prevalent. Postanthesis stress is commcen in
many of the world’s developing countries and occurs peri-
odically in the U.S.

Physiological research underway is aimed at trying to
determine the most limiting physiological p.cesses and/or
stress resistance mechanisms operating in sorghum, While
photosynthesis (PS) is essential, it rarely crirclates very
positively with grain yield. On the other band, increasing
night temperatures do reduce the seeds "2 differeniiated
and consequently rcduce yields. The night temperature ef-
fect implicates respiration (R) because the paces of respira-
tion and coupled syntiietic activities are controlied by
temperature. Therefore, a view of the generally negative
correlation between increasing night temperature and yield,
experiments were set up at Garden City, KS to monitor field
canopy PS and R in a stress resistant (DK46) and normal
(RS671) sorghum during the vegetative, reproductive, and
grain filling stages to see if differences could be related to
grain yield.

o significant differences in canopy PS, R or transpira-
tion rates were noted dv:ing vegefative development (prior
to panicle initiation). However, during growth stage 2 (re-
productive development), PS rates were from two to four
times higher in stress resistant DK46 than in RS671 (Figure
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1). The transpiration (T) rate in DK46 was double the T rate
in RS671 during the warmest part of the day in keeping with
comparative PS rates of about four times higher for DK46
during the same time period. Calculated instantancous water
use efficiencies during the warm part of the day were ua ilic
order of three times fiigher in DK46 compared to KS671.
Respiration differences (Figure 2) appear to be insignificant.

Precipitation was received beforc measurements were
taken during grain fill and no PS or R differences were
noted. The R component was much larger due to grain
filling. Despite the marked reduction in PS and transpiration
during reproductive development, final yields for RS671
and DK46 were swiprisingly not different (3551 and 3386
kg ha™! respectively). Additional analyses and experiments
will be required to develop meaningful explanations of these
observations. Sorghum is obviously very plastic in response
to environmental stresses which makes stress m: >chanism
research rather challenging,

Cbiective 2. Backcrossing to sterilize stress resistant B
lires is continuing on a small scale.

Objective 3. Continue cuitiwral practice/cropping system
resezich in Niger, Sudan and the U.S. Little research was
done in Niger because our cooperators were out of the
country .n9st of the time. The research progress report which

follows relates to fertility problems in Sudan. The work is
being done in Lincoln by Mr. Gandoul I. Gandoul as part of
his Ph.D. dissertation. Mr. Gandoul is an employee of the
Agricultual Research Corporation (ARC) in the govem-
ment of Sudan. Nitmgen availability is a serious limiting
factor in sorghum production in the deep cracking clay soils
in th# Gedarif arca ncar the Wad Medani ARC station.
Meatly sorghum monocropping for over 50 years has seri-
oucly depleted soil N and N fertilizer is very expensive. A
major task then for Mr. Gandoul is to evaluate several
possible legumes when he returns home to develop eco-
nomic votation systems to improve sorghum yicld by im-
proving legume N fixation and yield. Leaming techniques
to do this is a major goal in his Ph.D. investigations. The
experimental legume is soybean. Mr. Gandoul’s analysis of
the problem follows.

Soybean yield is dictated through the integrated cffects
of many physiological processes including photosynthesis
(PS) and associated transpiration (TR), assimiiate transloca-
tion and utilization through respiration (R) and many cou-
pled syntheses. These processes are partially integrated
through source-sink interactions and are influenced by en-
vironment and the individual mcrphological and physi-
ological characteristics peculiar to individual plants. The
balance between assimilated carbon and sinks (leaves, roots,
nodules, stover and scis) dictates yields of the various

Figure 1. Sorghum growth stage two (panicle development) CO; exchange, Garden City, 1991.
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sinks. The amount of carbon retained as dry matter is deter-
mined by total photosynthesis and the efficiency of respira-
tion and coupied synthetic processcs producing dry matter,
Legumes are commonly considered as source-limited rather
than sink-limited and, therefore, photosynthate supply is an
influential yield limiting factor to evaluate (Harrison et al.,
1981; Buttery et al.,, 1981; Boerma and Ashley, 1988;
Schultz, 1978). Energy requirements in developing seeds,
roots and associated nodules of soybeans influence photo-
synthesis and final grain yield. There is, however, only
limited information on whole plant or canopy photosynthc-
sis and respiratory responses of cmp plants in relation to
energy costs of fruiting bodies ard nitrogen-fixing nodules
(Minchin et al., 1976). Therefore, more research is needed
on photosynthesis and respiration to characterize assimilate
partitioning among competing sinks (particularly nodule
formation and function versus seed development) and at
least partially quantify the cnergy receipts and expenditures
in relation to yield differences.

Ongoing objectives are to (1) measure whole plant and
canopy PS (assimiiate supply) and TR, (2) measure canopy
R and pod R at several periods o assess acrial assimilate
requirements (sinks), (3) estimate soil CO; fluxes before
and during pod developmeat and (4) measure instantaneous
water use efficiency (T'WUE) - CO; uptake/H,O transpired.
Objectives 1 and 4 relate to maximizing cfficient use of
water in water limiting environments. Objectives 2 and 3
relate to N fixation and seed production. The division of
assimilates between seed production and N fixation in dif-
ferent legumes is critical in that the value of seed versus N
fixed for the following cereal takes on different meanings
depending on the cost of N fertilizer, especially if foreign
exchange is required to get it.

Methodology for gas exchange measurements is the same
as for sorghum measurements above. A solid base (1.2 m x
.9 m) is installed at ground level which supports a chamber
(1 mlong x.75 m wide x 1 m tall) io enclose the canopy for
PS, R, and TR measurements using a LICOR 6200 system.
Pod measurements were taken at four canopy heights (four
pod maturities). An added twist to the general objectives
stated above was to use two Clark (C) soybean isolines
differing in pubescence level to evaluate the influence of
pubescence mostly on PS and TR. Normal pubescence is CN
and dense pubescence is CD. Plois were put on upland
(drier) and lowland (wetter) conditions but both areas were
dry late in the season. The upland soil is a Crefe silt loam
(an eroded soil) and the lowlands a fertile Kennebec silt
loam. Soil moisture control (% wi/wt) during pod formation
averaged 14.5% and 13.7% respe-iively in the upland and
lowland soils with no differences between ite CN and CD
isolines. During pod filling, the upland soil moistures were
15% (CN) and 16% (CD) compared to lowland moistures
of 18.4% (CN) versus i6.1% (CD). During both periods, the
CD isoline was more vigorous, resulting in more leaf area
and sometimes higher total water use. Three replicates in a
RCB design were used.

Results

Gas exchange measurements for a 24 hour period at early
flowering showed no significant differences (P > 0.17)
between the isolines. The diumal pattem of CO, exchange
was quantified. Photosynthetic rate for both isolines reached
its maximum level during the meming and noon hours and
then fell gradually towards the evening hours. Respiration
was gencrally lower at dawn (lower temperature) compared
to night hours. Although differences were not significant,
the CD isoline tended to fix more CO; at early flowering,
There were no significant differences between the two isoli-
nes for transpiration or IWUE.

At pod formation the two isolines showed significant
differences for the four attributes (P >0.001) (Figs. 3, 4, and
5). The pubescent isoline exhibited greater photosynthetic
rates and IWUE while maintaining, lower leaf temperatures
and transpiration rates. Averaged over water levels the dense
pubescent isoline fixed significantly more CO; and used
water more efficiently than the normal pubescent isoline
under water limiting conditions, however, there were no
significant differences under lowland conditions, Compari-
son between isolines at different moisture levels over 24
hour periods showed significant differences between isoli-
nes at each water level. The trend is always for higher PS
and R rates under the higher water level (Fig. 6). Under the
lower moisture, CD exceeded CN for PS and R.

Figure 7 shows significant differences between the two
isolines throughout the day at the pod filling stage. The CD
isoline showed “:gher PS and R rates and lower leaf tem-
peratures. There were no significant differexcec between the
two isolines for TR. There was a significant genotype X
water supply interaction for PS where the rates were higher
for CD under dry conditions but trends wew not consistent
forR, TR an IWUE.

Figure 8 shows mean pod respiration. There were signifi-
cant differences among pods with the greater rates for the
more mature pods and least in younger ones. Pod 2 did not
differ from pod 3 but both were higher than pods 1 and 4 at
10:00 hr. Higher respiration in more mature pods reflected
higher photosynthate demand by these pods compared to
lower sink strengih in the young pods. The CN isoline
showed significantly lower pod respiration compared toCD,
In general, pod energy dernand will inced to be evalvated
more carcfully in relation to root system demands ior root
expansion and N fixation activities.

In summary, the dense prbescent isoline tended to show
greater photosynthetic rates, respiration rates and instanta-
neous water use efficiencies and lower transpiration rates
compared fo the normal isoline. Higher respiration rates
probably may be attributed to the relatively higher PS and
resultant supplies of assimilates. Leaf hairs and early sto-
matal closure are probably responsible for the sometimes
lower CD franspiration rate. High pubescence legumes

77



Sustainable Production Systems

Figure 3. Soybean photosynthesis (Ps) and respiration (R) during ~ 'd formation at Lincoln, NE, 199.. Numbers
are leaf temperature (C).
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Figure 4.  Soybean transpiration (TR) during pod formation at Lincoln, NE, 1991. Numbers are leaf tempersture
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Figure 5. Soybean Instantaneous water use efficiency AWUE) during pod formation at Lincoln, NE, 1991,
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Figure 6. Upland and lowland soybean photosyathesis (Ps) and respiration (R) during pod formation at Lincoln,

NE, 1991. Numbers are leaf temperature (C).
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Figure 7. Soybean photosynthesis (Ps) and respiration (R) during pod filling at Lincoln, NE.
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Figure 8. Soybean pod respiration (R) 37 days after flowering at Lincoln, NE, 1991.
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should be useful in Sudan to maximize WUE i. their limit-

ing water conditions.

No attempts have yet been made to measure soil CO, and

water fluxes. Methodology is still being developed. This is
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a very early stage progress report and many more analyses
are needed to evaluate temperature and soil moisture effects
on physiological characteristics which control the balance
between N fixation and seed production. The desired bal-
ance in any given location will depend on the relative value
of the legume seed compared to the value of N fixation for
the succeeding sorghum and millet crop.

Reports on Objectives 4 and 5 will be deferred to 1992,
References

Buttery, B.R., R.I. Buzzel and W 1. Findlay. 1981. Rela-
tionships among photosynthesis rate, bean yield and other
characters in ficld grown cultivars of soybeans. Canadian J.
of Plant Sci. 61:191-198.

Boerma, H.R. and D.A. Ashley. 1988. Canopy photosyn-
thesis and sced fill duration in recently deveioped soybean
cultivars and selected plant introductions. Crop Sci. 28:137-
140.

Harrison, S.A., HR. Bocrma, and D.A, Ashley. 1981,
Heritability of canopy-apparent photosynthesis and its rela-
tionships to seed yield in soybeans. Crop Sci. 21:222-226.

Min ir F.R., N.C. Neves, R.J. Summerfield and A.C.
Richard'>.. 1976. A chamber designed for continuous
monitoring of legume root respiration. J. Expt. Botany.
28:507-514.

Schulz, L.L. 1978. Canopy apparent photc-ynthesis of
determinate soybean cultivars. Ph.D. Thesis, University of
Georgia.

Publications and Presentations

Journal Articles

Rajewski, JF., C.A. Francis, and J.D. Eastin. 1991. Differential responsecs
to defcliation of grain sorghum yield components and yield-related
traits. Crop Sci. 31:561-66.

Zavala-Garcia, F., PJ. Bramel-Cox, J.D. Eastin, M.D. Witt, and IMJ.
Andrews. Increasing the efficiency of crop selection for unpredictable
environmenis. Accepied for the January-February, 1992 issue of Crop
Science.

Chapters in Books

Livera Munoz, M., J.D. Eastin and J.M. Noman. 1990. Microclima,
tennpraturas noctumas elevadas, respucstas fisiologicas y rendimiento
en sorgo. In A Larque-Saaredra (ed.) El Agua En Lasplantas Culti-
vados. pp. 95-104. Colegio De Posigraduados. Chapingo, Mexico.

Journal Abstracts

Veima, PK., J.D. Eastin, and J.E. Partridge. 1990. Tissue specificity of
heat shock resporze in sorghum. Agronomy Abstracts. p. 133, Am. Soc.
of Agronomy, Madison, WI.

Verma, P.K., M. Nouri, A. Alou, J.D. Eastin and K.C. Reddy, 1990. Effect
of crop residuc on millet production in Niger. Agronomy Abstracts. p.
64. Am. Soc. of Agronomy, Madison, WI.

Zavala-Garcia, F., PJ. Bramel- Cox, J.D. Eastin and D.J. Andrews. 1990.
Stability analysis of S population derived from soighum families.

8C

Agronomy Abstracts. p. 117. American Soc. of Agronomy, Madison,
wI

Zavala-Garcia, F., O. Marinesco, PJ, Bramel-Cox, J.D. Eastin, and M.D.
Witt. 1991. Choosing selection environments in sorghum for high
variable target areas. Agronomy Abstracts, p. 122. Verbal presentation.

Verma, P.K., J.D. Eastin, and M.D. Witt. 1991. Leaf extension rate and leaf
growth index to differentizic sorghum genotype growth responscs
under stress, Agroromy Abstracts, p. 135, Verbal presentation.

Kubik, K.K., J.D. Eastin, J.A. Eastin. 1991. The effect of solid matrix
priming on the germination characteristics of field com. Agronomy
Abstracts, p. 169. Poster presentation,

Invited Presentations

Eastin, J.D. 1991. The influence of environmental stresscs on production
and waler use efficiency. Invited presentation at a January 8-12, 1991
symposium on the Impact of Globa! Climate Changes on Photosynthe-
sis and Plant Productivity in New Delhi, India. Symposium Sponsors:
Indian Council of Agricultural Rescarch and the Far Easten Regional
Rescarch Office of the United States Department of Agriculture.

Networking
Workshops

Program planning committee and a research session chai-
for the 1991 INTSORMIL Annual Meeting and Workshoj
at Corpus Christi, TX.

Both planning and presentation in an Intemational Sym-
posium on Global Climate Change, New Delhi, India, Janu-
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Summary

A temperature of 36/22°C (day/night) favored higher
plant photosynthesis and growth compared to plants grown
at 28/22°C. The Malian sorghum Gadiaba particularly re-
sponded positively to the higher temperature. The Matian
local sorghums Gadiaba and CSM 228 tended to maintain
their growth when water stressed.

All genotypes increased their cellular (membrane) heat
tolerance when exposed to the higher temperature. There
was a trend by the Malian sorghums to acquire greater heat
tolerance.

Osmotic adjustment (OA) appears to be an ir.iportant
mechanism for adaptation to water stress, Particularly at the
higher tcmperature, OA was significant for the Malian local
sorghums, CSM 228, Gadiaba, and Malisor 5. Thus, OA
appears to be one characteristic that could be selecicd for in
sorghum improvement for production in stressful environ-
ments.

There was about a 10 times higher accumulation of
proline when plants were water stressed at cither tempera-
ture, compared (o nonstressed plants. But, the higher tem-
perature appearcd to metabolically reduce the accumulation,

Gadiaba had a relatively larger root system diaz the other
sorghums, which is usually favorable for stress resistance.
This result indicated that Gadiaba has also «volved a stress
avoidance mechanism in addition to high siress tolerance.

Objectives, Provuction and Utilization Constraints
Objectives

Define plant physiological characteristics which are most
affected by drought and hi,.- temperature stress and identify
mechanisms which may be selected or managed for im-
proved stress resistance.

Develop and implement practical selection techniques
for genotypes with desirable physiological responses, and
identify cultural methods which will improve yield or yield
stability in stressful situations.

Constraints

The primary constraint being addressed is environmental
stress, particularly drought and high temperatures. Germi-
nation, scedling emecrgence, stand establishment and
drought, often accompanicd by high temperatures, arc major
problems in Mali. This project is aimed at investigating
some of the physiological mechanisms associated with per-
formance under stressful conditions.

Research Approach and Project Output

Malian graduate students Sidi Bekaye Coulibaly and
Siriba Dione neared complction of their M.S. degrees in
agronomy. Their research has been directed toward gaining
a better understanding of sorghum morphological, physi-
olcgical and biochemical characteristics which permit the
plants to tolerate or avoid environmental stresses and to
altain maximum, stable grain yiclds. Of particular concern
has been an evaluation of the characteristics of Malian local
sorghums, particularly those which evolved in the high
stress-proned arcas, as compared to U.S. developed geno-

81



Sustainable Production Systems

types. Some of the areas receiving attention have included:
photosynthesis, stomatal resistance, leaf area and dry weight
development, waier, osmotic and turgor potentials, stem
diameter and intemode length, water use and water use
cfficiency, leaf temperatures, heat and desiccation tolerance,
rooting characteristics, accumulation of metabolites proline
and abscisic acid, and the influence of abscisic acid on stress
resistance.

The rescarch reported here is that of graduate students’
studies, primarily those of Mr. Coulibaly.

Research Methods

Growth chamber and grecnhouse experiments were con-
ducted in order to have better coritrol of the environment,
Studies were directed toward evaluating specific responses
and characteristics that may contribute to understanding the
physiological basis for high tempcrature and drought resis-
tance of Malian and other sorghums.

Growth Chamber Experim :nts

Sorghum secds were germinated in paper towels. Scven
to eight days after start of germination, seedlings were
transplanted into nutricnt solution. The study included two
cxperiments with four genotypes from Mali (CSM 63, Mal-
isor 5, Gadiaba, and CSM 228) and onc U. S. check
(CK60B). Two growth chambers were used for the experi-
ments. They were set for identical environmental condi-
tions, except one chamber had a higher day temperature than
the other. During an initial establishment period of four
days, both chambers were ¢t at the same day/night
(28/22°C) temperaturss. Tue day temperature of onc cham-
ber was then ircreased gradually untii it reached 35°C. The
day temperature of the other chamber remained at 28°C, and
the night temperature of both chambers was 22°C. Water
stress was induced by adding polyethylenc ziycu! 8000
(PEG 8000) to the nutricnt solution. This stress was aisc
increased gradually. Physiological measurements began
three days after the final application of PEG. In the second
cxperiment, after the plants were stressed the PEG was
removed and seven days were allowed for plant recovery
and the physiological measurements repeated.

Photosynthetic rates were measured on plants using the
syringe mcthod. Leaf proline was determined as described
previously (1990 Annual Report). Lecf water potentials
were made on a fully expanded leaf from the top of the plants
in both stressed and nonstressed treatrnents, Measurcments
were done with Peltier psychrometers. Leaf osmotic poten-
tials were measured with the same psychrometers and cups
after freezing the Icaf samples with dry ice and thawing,
without removing the samples from the cups. Leaf turgor
potentials were calculated from the lcal water and osmotic
potentials,
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Because of closeness of plants, leaf area was measured
as the produci of lcaf length and leaf width with appropriate
regression coefficients,

Cellular heat tolerance was measured by the conductivity
method.

Greenhouse Experiments

Greenhouse experiments related to possible: genotypic
differences in water use (WU) and water use cfficiency
(WUE). Plants were grown in plastic cylinders (102 cm deep
and 10 cm diameter) containing acrated nutrient solution.
The first experiment included five sorghums with two geno-
types from Mali (CSM 219 and Malisor 7). one genotype
from Ethiopia (E35-1), and two genotypes from the U.S.
(B35-6 and CK60B). In the second experiment, four sor-
ghum genotypes were used with three genotypes from Mali
(CSM 63, Malisor 5, and Gadiaba), and one genotype from
the U.S.(CK60B). At 30 days after planting, water was
withheld from plants that were te be water stressed, which
permitied the nutrient solution level to lower gradually in
the cylindeis. This allowed stress to develop slowly., At
approximatcly 60 days afier transplanting, measurements
began. Measurements included number of main roots, num-
ber of Ieaves, total dry weight (shoot and roct), and water
use. Water use efficiency (WUE) was calculated as the ratio
of total dry weight (shoot + root) to total water use.

Research Findings

Growth Chamber Experiments

Table 1 gives the average photosynthetic rates and total
leaf arca for thc five sorghums studied. The higher tempera-
ture incrcased leaf area relative to those grown at the low
tempcerature. Under both temperatures, the highest total leaf
arca was obtained by Gadiaba. Malisor 5 had the next
highest Icaf arca at both 28°C and 36°C. The genotypes
Gadiaba and Malisor 5 had the highest percent increase in
leaf area in the hign tempcerature.

Table 1. Total leaf area and averag? photosynthetic
rate of sorghums grown at two different
day temperatures.

Average rate of Total leaf arca
photosynthesis
--mg COvsecim®-- | ----- oam’.-en-

CSM 63 ANI3b  ACISH | B132b AlTlc

Malisor AO.16ab AO0.18ab | B164b A229b

CK#B A020a A025a | AllOD Al38¢

G disba B0.14b  A02lab | B 219a A3d3a

CSM 228 BO0.15ab AO0.24ab | A 142) Al65c

Mean BO.1S A0.21 B 154 A9

CV. (%) 22.9 36.03 _27.92 21.55

'Pya #venge nate of photosynthesis.

ITLA = Total leaf area.

Capital letters compare the two tempenatures for each genotype.

Lower case ketters compare the genotypes within temperature. Values with the
same letter in a column and in & row within a tempemture treatment are not signifi-
cantly different at the 0.05 level.
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In the higher temperature, Malisor 5 and Gadiaba had
significantly more total leaf area than CK60, but there were
no significant differences in average photosynibetic rates
per unit leaf area, which means that effectively Gadiaba and
Malisor 5 had higher photosynthesis per plant. Genotypes
CSM 228 and Gadiaba had significantly greater increases in
photosynthetic rates in the higher temperature than the other
sorghums. Gadiaba is a durra type sorghum that is grown in
a high stress arca near Kayes and Bema, Mali. Malisor 5 is
an improved Malian sorghum, sclected for agronomic attrib-
utes and stress resistance. CSM 228, a guincense local, is
also grown in the more stressed areas of Mali. Both geno-
types have apparently evolved with adaptive mechanisms
for stress resistance.

Thzre were generally no marked differences in heat tol-
erancc among genotyp.s, although CSM 228 tended to have
an inherently higher heat tolerance when not stressed at the
lower temperature. There was also a tendency for CSM 63,
which is grown in less strezsful areas, to have less cellular
heat tolerance than the other genotypes. All genotypes had
higher heat tolerance when water stressed and grown at the
higher temperature.

There were significant differences in leaf water potentials
between genotypes in both temperatures. When water
stressed at 28°C, CK60 maintaincd a higher leaf water
potential than Malisor 5, and in the higher temperature
(36°C) it maintained higher leaf water potentials than Mal-
isor 5 or Gadiaba when water stressed. These results indicate
that the Malian local Gadiaba and improved varicty Malisor
5 have evolved, or were selected, to tolerate stress rather
than to rely on avoidance alone. The check CK60 exhibited
more avoidance characteristic in this experiment than the
Malian locals.

Osmotic potentials (OP) and amount of osmotic adjust-
ment (OA) for the sorghums grown at the two temperatures
are shown in Table 2. When water stressed at 28°C, Malisor
5 and CSM 63 osmotically adjusted to a greater extent than
the other genotypes. However, when water stressed at a
higher temperature, Gadiaba, CSM 228, and Malisor 5
adjusted to a significantly lower OP than CSM 63 and

CK60. These results indicate that OA is a significant physi-
ological characteristic for adaptation of the Malian local
sorghums to the stressful conditions of sub-Sahai. Africa.
Also, when water stressed at the higher temperature Gadiaba
and CSM 228 maintaincd higher leaf turgor potentials than
Malisor 5 when water stressed, further indicating good
adaptation of the locals to drought stress.

Table 3 shows the prolinc levels among genotypes and
between water stress and temperature treatments. Water
stress caused a pronounced increase in proline accumulation
at both temperatures. It accumulated about 10 times higher
when plants were water stressed. Malisor 5 and Gadiaba
accumulated the greatest amount of proline when water
stressed at 36°C and CK60 and CSM 228 the least amounts.

Table 3.  Leaf proline content of water stressed and
nonstressed sorghums grown in two differ-
ent day temperatures.

Temperature (°C)
Genotype 2872°C Proline 36/22°C Proline
Stressed Control! Stressed Control
(mg/gdw) (mg/gdw) (mg/gdw) (mg/gdw)

CSM 63 A367a B024a A205b B0.22bc

Malisor § A225a B0.55a A349a B0.31ab

CK60B A24la B023a A0S82c BO.llc

Gadiaba AldTla B0.56 a A262ab BO4la

CSM 228 A338a B0.13a A063c B0.19 bc

Mezan A3.08 B0.30 Al92 B0.30

CV. (% 74.26 88.61 89.56 52.59

! Control = Nonstreased

Capital letters compare the water treatments for each genotype and means within
water Lreatment and temperature. Lower case letters compare the genotypes within
water treatment. Values not followed by the same letter in & column or in a row
within a tempernture treatment are significantly different at the 0.05 level.

The accumulation of proline was less when the sorghums
were grown at 36°C than at 28°C and water stressed, cxcept
for Malisor 5 which had a slight increase. It was belicved
that increased metabolic rates in the higher temperature
decreascd the proline levels in the other genotypes. A nega-
tive corrclation was found between leaf proline accumula-
tion and leaf wat=r notentiat for all genotypes.

Table 4 gives the root and shoot dry weights for these
sorghums grown at the two temperatures. Gadiaba had the
highest root dry weight at both temperatures, with or without
stress. There were no significant differences in root dry
weight for CSM 63, Malisor 5, CSM 228, or CK60 when
water stressed at either temperature, At 36°C and non-
stressed, Gadiaba, Malisor S, and C5M 228 had higher root
dry weights than CSM 63. Ce<iaba had the highest shoot
dry weight when plants were water stressed at 36°C. This
again indicates the superior stress resistance of Gadiaba.
Gadiaba and CSM 228 had higher shoot dry weights when
not water stressed at both temperatures than CSM 53,

Table2.  Effects of temperature and water stress on

g-ain sorghum leaf osmotic potential,

Osmof  potential

Genotype 28122°C 36722°C

Control'  S* Control'  Si%

(MPa) _ (MPa) OA’| (MPa) (MPa) OA®
CSM 63 B-1.7b A -27ab 1.0 {B-1.9a A-24b 05
Malisor § B-2.1ab A-32a 1.1 |[B-1.9a A-28a 09
CKe60B A-19ab A-22b 0.3 |A-1.8a A-23b 05
Gadiaba B-2.0ab A-24Db 04 |B-19a A-30a 1.1
CSM228 A-22a A-24Db 0.2 |B-2.1a A-30a 09
Mean B20 A-26 0.6 |B-1.9 A-27 .
C V(%) 14.06 18.30 1479 11.64 Greenhouse Experiments

! Control = Nonstressed St = Streased >OA = Osmotic adjustment.

Capital letters compare the water treatmenta, Lower case letters compire the geno-
types within water trestments. Values with the same letter in & column orin a row
within a temperatire treatment are not significantly different at the 0.05 level.

Two experiments conducted in a greenhouse were con-
cemed with water use and water use cfficiency when plants
were grown with and without water stress.
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Table4.  Root and shoot dry weights of five sor-
ghums when plants were water siressed
and grown at two different day tempera-
fures.

Temperature
Genotype 28722°C 36R22°C
Control’ Stressed Conlnoll Stressed
RDW RDW
--- g ...... g ---

CSM 63 Aldc A34b A2lc A3.0b

Malisor 5 A32b A3.lb AdShb A39b

CK60B A2lbc Al8b A2.6bc A22b

Gadiaba A83a A79a A93a A76a

CSM 228 A23be A42b A26b A3lb

Mean A3S A4l Ad2 AdD

C.V. (%) 39.97 46.82 36.71 38.83

SDwW’ SDW
- - s ------ g --a

CSM 63 Ad6c AS5.6b¢ Allc A6.4bc

Malisor 5 A89b A69b Al127ab B7.8b

CK60B A6.0bc A38c A8.0bc A60c

Gadiaba Al79a AlL75s A199a Als3a

CSM 228 A8 A7.1sb A9.4ab A78b

Mean A92 A70 All4 A86

C.V. (%) 34.89 32.55 37.03 26.16

! Control = Nonstressed  2RDW = Root dry weight >SDW w Shoot dry weight.
Capilal Letters compare the two water treatments. Lower case letters compare the
genotypes within waler treatment. Velues with the same letter are not significantly
different at the 0.05 level.

As expected, water stress reduced plant height for all
genotypes. Over all genotypes there was a 16% reduction in
plant height duc to water stress. At the time of measurement
there were no significant differences among genotypes for
number of internodes. However, water stress reduced the
number of internodes by an average of three per genotype.
Malisor 7 was reduced by four intemodes. When non-
stressed E35-1 had the longest intemodes and B35-6 the
shortest. Water stress reduced the interode length of CK60,
but CSM 219 intemode length remained the same as non-
stressed controls.

When not water stressed, Malisor 7 and CSM 219 had
longer roots than CK60. There were no differences among
genotypes for root length when plants were water stressed.
Huwever, there was about a60% increase in root length over
all genotypes when water stressed as compared to the con-
trols. E35-1 had the greatest incrase in root length when
water stressed (90%) followed by CTK60 and Malisor 7,
respectively. In general, water stress reduced only slightly
the number of main roots. Genotype x treatment intcractions
for root length were highly significant, but not significant
for the number of main roots.

There were also genotypic variabilities for root and shoot
dry weights. When not stressed Malisor 7, CSM 219, and
E35-1 had heavier root dry weights than CK60. When water
stressed, however, there were no differences between Mal-
isor 7 and CK60, while CSM 219 and E35-1 had higher root
dry weights than B35-6 and CK60. Malisor 7 produced more
shoot dry weight than CK60 and B35-6 when plants were
not water stressed. It was interesting that the genotypes did
not differ for root to shoot ratios under either water stressed
or nonstressed conditions. They also produced more shoot

84

dry weight when stressed, but the diffcrences were not
significant. While the stress x genotype intcractions for
shoot dry weights were highly significant, there were no
stress x genotype interactions for root to shoot ratios.

Total dry matter produced generally followed the same
pattern as shoot dry weight. Total water use records revealed
that Malisor 7 and CSM 219 used the most water when
plants were well watcred, whils CK60 used the least water
whether with or without water stress. In this experiment,
there were no differences among genotypes for water use
efficiency (WUE). However, the means over all genotypes
showed that there was an increase in WUE when plants were
water stressed. Similar results have been reported by other
researchers for sorghum, pearl millet, com, and wheat.

Publications and Presentations

Publications

Sullivan, C. Y. and W. R. Jordan. 1991. Physiological effects of high
temperatures and drought ttress: Screening techniques and scope for
genetic improvement. Proc. ICARDA-INIA Symp., Improvement and
Management of Winter Cereals Under Temperature, Drought and Sa-
linity Stresses, Cordoba, Spain, October, 1987. INIA, Madrid, Spain,
pp- 115-129.

Lansac, A.-R. 1990. Effects of cold on proline accumulation in sorghum
polien. Ph.D. Dissertation. University of Nebraska. Lincoln, Nebraske.

Barker, D. J. 1990. Physiological responses of sorghum and six forage
grasses to water deficits. Ph.D. Dissertation. University of Nebraska,
Lincoln, Nebraska

Presentations

Sullivan, C.Y. 1991. More on proline accumulation. Grain Sorghum Pro-
ducers and Utilization Conference, Lubbock, Texas.

Networking Activities
Research Investigator Exchanges

The principal INTSORMIL scientist from Mali visited
collaborating scientists and their facilities in Nebraska. Dis-
cussions were held on project research and activities, and
some needed equipment and supplics were taken to Mali.

Germplasm and Research Information Exchange

Assistance was given to collaborating scientists with
purchase of research equipment and supplies. Also, mem-
bership was paid for Dr. Traore in the American Society of
Agronomy, including subscriptions to Agronomy Journal
and Crop Science.

Training Output

The P.L is serving as advisor for two M.S. students from
Mali, Mr. Bekaye Coulibaly and Mr. Siriba Dione. Both
studied in agronomy/crop physiology at the University of
Nebraska.
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Pearl Millet Germpiasm Enhancement
for Semiarid Regions

Project KSU-101
W. D. Stegmeier
Kansas State University

Principal Investigators

Mr. W.D. Stegmeier, Millet Breeder, Fort Hays Branch Experiment Station, Kansas State University, 1232

240th Avenue, Hays, KS 67601

Dr. T. Harvey, Entornologist, Fort Hays Branch Experiment Station, Kansas State University, 1232 240th Ave-

nue, Hays, KS 67601

Collaborating Scientists

Drs. C.T. Hash and K.N. Rai, Millet Breeders, ICRISAT Center, ICRISAT, Patancheru PO, Andhra Pradesh

502 324, Hyderabad, India

Dr. §.C. Gupta, Principal Millet Breeder, SADCC/ICRISAT Southern Africa Regional Sovghum/Millet Re-
search Program, P.O. 776 Bulawayo, Zimbabwe

Dr. Anand Kumnar, Principal Millet Breeder, ICRISAT, West Africa Sahelian Center, BP 12404, Niamey, Niger

Dr. Oumar Niangado, Millet Breeder, SRCVO, IER, Cinzana, Mali

Mr. Karim Traore, Millet Breeder, Plant Breeding Section, SRCVC, ER BP 438 Sotuba, Bamako, Mali

Dr. R.L. Vanderlip, Agronomist, Department of Agronomy, Kansas State University, Manhattan, KS 66506

Mr. D.J. Andrews, Sorghum/Millet Breeder, Department of Agronomy, University of Nebraska, Lincoln, NE

68582-0910

Dr. J.D. Axtell, Sorghum Geneticist, Department of Agronomy, Purdue Univessity, West Lafayette, IN 47907
Dr. L. Rooney, Cereal Chemist, Department of Soil and Crop Sciences, Texas A&M University, College Sta-

tion, TX 77843.
Summary

The primary oojective of this proiect is to develop pear’
millet materials possessing agronomic, yield, and quality
characteristics that address production constraints common
to both LDC’s and the U.S. Central Great Plains.

Preliminary results indicate variation within Malian mil-
lets for root systems that can penetrate a dense, hard B
iiorizon of the soil profile as a form of drought tolerance and
extract stored subsoil moisture,

Twenty-nine yellow and white seeded germplasm intro-
ductions received from the SADCC/ICRISAT program in
Zimbabwe produced excellent Fj hybrids and a large num-
ber of good F, families from crosses to KSU-101 lines.
Color segregation ratios indicate the yellow or white seed
colors of several of the introductions are dominant which
increases the utility of these materials for production of
grain used in the manufacture of milri-type food products.

Selection and inbreeding continued within 3900 Fs, S,,
and advanced generation lines to develop elite materials
possessiag characteristics necded to enhance millet produc-
tion in both host countrics and in the U.S. Moderate drought
stress in late summer provided an opportunity to screen early
generation materials for resistance to stalk rot infection and
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crown lodging, out fall rains and moderate temperaturcs
reduced selection effectiveness for lodging of the peduncle.

Two hundred sixty A/B pairs in A; and A4 male-sterile
cytoplasms were advanced by selection and backcrossing
and a group of 124 A-lines were evaluated in tcstcross
hybrid combinations. Hybrids of superior A-lines flowered
3 to 10 days later than the sorghum checks but the period of
time from planting to physiologic maturity was similar.

Continued screcning for stable male-fertility restoration
of hybrids made with cytoplasmic male-sterile seed parents
indicates (i¢ stable restoration characteristics cf R-line 86-
7909 are being transmitted to inbred sclections of crosses
involving 86-7909.

Inbred lines selected tor improved stand cstablishment
ability have long seedling length, rapid elongation of the
mesocotyl, and the ability to emerge from planting depths
of 75 or 100 mm. Comparisons with unselected lines indi-
cate the improved lines usually emerge from planting depths
of 30 to 45 mm one-half to one day earlier and weigh 5 (:
10 percent more at 10 days after planting. Fifty-four of 55
long mesocotyl lines planted on the Cinzana Research Sta-
tion, Mali, failed to establish satisfactory stand because of
scvere downy mildew infection.
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Eight populations were advanced with mass-selection
and S, progeny testing methods. Test cross hybrids of S4 to
Se progenies show good combining ability for drought
tolerance and grain yield. Tests of topcross hybrids of two
tall populations indicate drought toleraat forage hybrids
could be developed for the western Great Plains ares.,

Objectives, Production and Utilization Constraints
Objectives

To develop widely adapted, early-maturing pearl millet
populations, lines, germplasms, and hybrids with: a} im-
proved drought tolerance, seed size and density, seedling
stand establishment, lodging resistance, and grain yiclds; b)
insect. disease, bird and Striga resistance; and c) acceptable
food quality characteristics.

To select and evaluate materials developed in this pro-
gram under a wide range of environments in the developing
countries.

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 which plant breeding efforts influence it.
Drought and heat stress are the primary constraints in much
of the dry tropics since millet is grown in areas receiving
limited amounts and erratic patterns of precipitation.
Drought and heat stress arc involved with poor seedling
establishment when associated with factors such as reduced
speed and vigor of germination and seedling elongation,
shallow p'anting depths, elevated soil temperatures, and
rapid surface soil drying that interrupts germination. Seed
and seedling characteristics are also involved ir: the capabil-
ity of a seediing to penstrate 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 overrome 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 ihe
crop, ranging from stalk characteristics needed for construc-
tion and forage to the apparent food quality of the grain in
regard to nutritioral value, case of processing, and consumer
acceptability.

Research Approach and Project Output
Research Methods

New sources of breeding materials and materials for
collaborative work are obtained each year as landraces,

improved cultivars, Fy hybrids. inbred lines, and germpiasm
sources of desired genetic traits. As these materials pass
{hrough the quarantine greenhouse, seed is obtained from
random-mated plants (within the line), self-pollinzied plants
of each line, and from crosses involving elite Kansas mate-
rials as ceed parents. As part of the collaborative work with
Malian millet breeders, asiudy will determine ifit is feasible
to select within groups of S; lines of Malian introductions
for root systems capable of penetrating the B horizen of the
silty clay loam soils found in western Kansas. (kase soils
are characterized by a firm, hard, silty clay B fiorizon that
contains an average clay content of 45 to 52% in the Bt
horizon. Many of the accessions entering the program ap-
pear to have varying degrees of reduced drought tolerance
when planted on these soils, ayparently because of difficulty
establishing root systems that will penetrate the B horizon,
explore the soil profile, and extract stored soil moisture decp
in the profile. Selection for improved plant:soil relationships
or the ability to peretrate these subsoils is possible within
many of the ac-essions 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 bicmass production and
date of onset of leaf rolling under stress conditions. A
primary concem 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 beyond the S or F; generations. Selection
for this type of drought tolerance will be limited to testing
S1 lines in Kansas and returning remnant seeds of superior
S1’s to Mali for evaluation and recombination under Malian
growing conditions.

Seed and seedling characteristics affecting stand estab-
lishment are studied and evaluated under laboratory, green-
house, and ficld conditions. Materials selected for long
mesocotyl and seedling iengths are planted 100 mm deep in
greenhouse svilbeds to olain initial germination and emer-
gence indices, seedling vigor scores, ard 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 niaterials placed in ficld
screening tests are planted at depths of 75 or 100 mm to
identify lines possessing saperior emergence charac-
teristics.

Research Results

Emphasis is being placed on deviloping a population of
breeding materials, elite inbred lines, and genetically broad
based populations us=ful to collaborators ii: LDC’s and in
U.S. agriculture. This is a continuing activity with imported
accessions entering the program each year to increase the
gen:tic 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
nevw accessions that have received breeding inputs in the
cooperating program.
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Eleven Malian millet varieties and synthetics were grown
in the 1991 quarantine greenhouse. Fifty-seven hybrids
were obtained from crosses of elite KSU-101 lines used as
seed parents and the Mali materials. Five of the 11 introduc-
tions each produced from 10 to 30 S; selections with suffi-
cient quantitics of seed to permit ficld testing in Kansas
followed by evaluation of superior Sj lines in Mali. At 30
days after planting (DAP) differences in plant height (range:
30-60 cm) and vigor, numbers of tillers, and amounts of
foliage among S lines were readily observed. In years of
normal precipitation, these differences in biomass, tillering,
and vigor do not become so apparent uniil the plants reach
heights of 1.2 to 2 m and stored subsoil moisture in the upper
portions of the soil profile approaches exhaustion. Rainfall
during this period was 31 percent of normal and tempera-
tures averaged 2.5°C above normal, resulting in rapid drying
of surface soils forcing the plants to subsist on stored subsoil
moisture.

Twenty-nine yellow and white seeded millets from the
SADCC/ICRISAT/Zimbabwe germplasm collection in
1989 and 132 F) hybrids with KSU seed parents obtained
from these lines were grown in the ficld. Additional crosses
of several introducticns to KSU lines were made in the field.
Several of these hybrids have produced excellent F, families
in the 1991 field under conditions of moderate drought.
Segregation ratios of yellow:slate or gray within some F,
families indicate the yellow or white seed color of some
introductions is dominant. This would be a desirable trait in
varieties or Fy hybrids used in the production of food prod-
ucts such as milri. Remnant seeds of superior F, families
will be returned to the SADCC/ICRISAT program at Bu-
lawayo, Zimbabwe,

Inbred linc development continued with selection and
inbreeding within 3900 Fs, S;, and advanced generation
lines derived from both the pedigree breeding and popula-
tion improvement programs. Dry weather conditions fol-
lowing anthesis provided an opportunity to screen F; to Fg
lines for reduced levels of stalk rot diseases and crown
lodging in mid-September. Advanced materials in the KSU-
101 program have reiatively high levels of resistance to
crown lodging when compared to millets selected in higher
rainfall areas. However, breaking of culms in upper inter-
nodes and the peduncle continues to be the predominant
form of lodging. This type of lodging usually appears in
carly to mid-October when plants are drying and losing
green coloration because of drought stress. Several minor
stalk characteristics influencing resistance to peduncle
breaking and lodging appear tc be either additive or reces-
sive in their inheritance. Transfer of these characteristics to
elite materizls has been time consuming and pregress is
difficult to identify in the progenies because drought stress
during the late seed fill and maturation stages of plant
development is necessary for this type of lodging to occur.
In 1990, selection for increased resistance to pedurncle
breaking within lines and hybrids was only partially suc-
cessful because drought stress was reduced by fal! ains and
moderate air temperatures.
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A group of 260 A/B pairs in the A; and A4 male-sterile
cytoplasms received additional backcrosses in the green-
house and field. Another group of 124 A-lines, having
received a third backcross, were evaluated in test cross
hybrid combinations with two tester males. Most of the
A-lines in this group were derived from lines selecied from
progenies of KSU X ICRISAT B-line crosses. A-lines pos-
sessing superior combining ability for lodging resistance
and grain yield had larger diameter culms, wider leaves, and
flowered 5 to 10 dGays later than 79-2068A and 81-1163A
which usually fiower in 52 to 58 days. The hybrids of these
later maturing A-lines, when compared to sorghum hybrids
flowe.ing in 55 days, reached the half-bioom stage at 58 to
65 days and produced grain yiclds 85 to 95 percent as great
as the sorghum yiclds. The number of days from planting to
physiological matunity of these millets and the sorghums are
similar,

Numerous crosses have been made to transfer the male-
fertility restoration characteristics of 86-7909 and sister
selections to elite advanced inbred lines that produce good
hybrids but have inconsistent fertility restoration of the F,
in the centra! Great Plains environment. Approximately 40
F, and Fs lines derived from those crosses have been tested
in hybrid combinations in four environments and appear to
have stable fertility restoration in the A; cytoplasm. Grain
yield potential of several of the experimental hybrids equal
or exceed yields of 86-7509 hybrids.

Development of inbred lines possessing long seedling
lengths, rapid elongation of the mesocotyl portion of the
seedling, and the ability to emerge through a thick overbur-
den of soil continues to have positive influences on stand
establishment. In comparisons of sclected lines to unse-
lected lines at normal planting depths of 30 to 45 mm, the
selected lines usually emerge one-half to one day earlier and
the seedlings are five to ten percent larger at 10 DAP. Each
year, sclection is carried out within 300 to 1050 F; linas that
have previously been screened for desirable agronomic
characteristics. A large variation occurs within and between
long- mesocotyi F; lines for emergence from dezp planting
depths (75 or 100 mmy), because many of the seedlings do
not maintain a vertical growth attitude and fail to emerge
from the scedbed. Fy lines selected from the best I3 lines
(emerging to stands of 40 percent or higher of desired stands
within 6 DAP) appear to have emergence .adices higher than
the F3 parent lines. About 50 percent of a group of 240 Fy4
lines had emergence scores of 50 percent or higher at 5 DAP
and 85% of the lines had scores above 60% at 7 DAP.

Fifty-six of the long mesocotyl lisles were planted on the
Cinzana station in Mali. Severe downy mildew pressure
destroyed 54 of these lines as the seedlings were emerging
or within a few days following emergence leaving a few
widely spaced plants in ihe nursery. Although many of these
lines had African germplasm in their background only one
line appeared to be highly resistant to downy mildew. These
lines will be replanted at Cinzana for selection and crossing
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to Malian materials in off-season nurseries when downy
mildew pressure is reduced.

Population improvement using mass-selection and recur-
rent selection methods was continued within eight popula-
tions. Two populations in recurrent selection programs
using the S; progeny testing method have S to S¢ progenies
from early cycles of improvement that have demonstrated
good combining ability for yield, plant type, and drought
tolerance in hybrid combinations. A composite of long
mesocotyl materials being random-mated and mass-se-
lected has emerged from a planting depth of 90-100 mm to
excellent stands. Seedling vigor is good and early plant
developmental rates, i.e., numbers of leaves and leaf €xpan-
sion, were very good.

Glyphosate (Roundup) applied with a wick applicator
carried by a high- clearance field sprayer has been used in
the conversion of two normal-height populations to dwarf
populatiozs of d; and d), d; heights. These populations are
185642, used as a source of B maintainer lines, and HMP-
BR, abristled bird-resistant populaticn. The glyphosate was
applied following several cycles of random-mating in which
frequencies of the dwarfing genes were gradually increased
to 50%. This method of plant height conversion with:n a
population is effective, economical, and requires minimal
labor inputs. Phenotypically, the populations resulting from
this systern appear to be nearly identical to the original
populations except for the difference in plant height. These
populations have been sent to several cooperators.

Although commercial forage hybrids of pearl millet are
available, they have received only limited attention in the
western Great Plains because they are not sufficiently
drought tolerant. Forage performance tests were conducted
for two years comparing three tall populations, six topcross
hybrids derived from two tall populations, and two commer-
cial forage hybrids. The topcross hybrids produced total
plant yields that equalled, or exceeded by 15 percent, yields
produced by the commercial hybrids, and were 10 to 20
percent greater than yields of the tall populations. Grain
yields of the topcross hybrids were not obtained, but were
estimated to be 50 to 100 percent greater than grain yields
of the commercial hybrids.

The glyphosate destruction of all millet plants should be
adaptable to selection of dwarf plants within F, jamilies
segregating for height. With normal precipitation patterns
and amounts received, the thick canopy formed by normal-
height plants restricts plant development of dwarf segre-
gates, increases the difficulty of locating desirable
segregates, and increases worker discomfort. Glyphosate
applied to the upper 10 to 30 cm area of the tall plant is
sufficient to stop head development and flowering, how-
ever, plant death occurs sooner if a larger area of the plant
is treated. The green coloration of treated plants fades suf-
ficiently within 7 to 10 days so that untreated plants are
readily identified. Treated plants start to bend and buckle at
this time and have usually fallen below the canopy of

surviving plants within three to four weeks. The increased
light penetration through the canopy produces more robust
dwarf plants and increases seed quantity and size.

Presentations

August 29, 1990. Presented results of pearl millet re-
search at the FHBES Fall Field Day.

Networking Activities
Research Investigator Exchanges

August 30, 1990. Mr. David Andrews, UNL-118, and
two INTSCRMIL sponscred gracuate students toured the
FHBES millet program.

September 19-20, 1990. Mr. David Andrews and Dr,
Anand Kumar, Senior Millet Breeder, ICRISAT, Sahelian
Research Center, Sadore, Niger visited the millet breeding
program. More than 60 lines and populations were selected
io use in their programs.

October 23, 1990. Dr. Ray Burns and Mr. Eldon Fastrup,
Director of Marketing, Kansas State Board of Agriculture,
toured the pearl millet program.

Travel to Mali, Septensber 22-October 6, 1990, to view
the IER and ICRISAT pear] millet breeding and agronomic
programs, discuss millet probleins and constraints, and plan
collaborative research with Malian scientists.

Orher Cooperating/Collaborating Scientists

Dr. S. King, Head Millet Pathologist, ICRISAT Center,
ICRISAT/Patancheru PO, Andhza Pradesh 502 324, Hyder-
abad, India.

Dr. B. Quendeba, Millet Breeder, INRAN, B. P, 429,
Niamey, Niger.

Mr. Amadou Fofana, Millet Breeder, CNRA, Institute
Senegalais de la Recherche Agronomique, BP54, Bambey,
Senegal.

Dr. John Clark, Sorghum Breeder, Purdue/INRAN, Nia-
mey, Nigei.

Dr. L. Gourley, Sorghum Breeder, Box 5248, Depart-
ment of Agronomy, Mississippi State University, Missis-
sippi State, MS 39762.

Dr. G.E. Hanning, Research Coordinator, Tissue Culture
for Crops Project, Department of Botany, Colorado State
University, Fort Colling, CO 80523.

Drs. G.W. Burton and W.W. Hanna, Pearl Millet Geneti-

cists, USDA/ARS, Coactal Plain Experiment Station, P. O.
Box 748, Tifton, GA.
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Germplasm Conservation and Exchange

Eleven accessions were acquired; 785 imported acces-
sions are in storage.

A group of 56 Fy lines selected for improved stand
establishment capability were sent to Mali. Two dwarf F)
hybrids were sent to Senegal via UNL-118 to be grown in
an irrigated performance trial in the Senegal river velley.

A total of 102 inbrzd lines, populations, and hybrids were
provided to U.S. domestic programs.

The cytoplasmic male-sierile line 79-2068 AA (843AA)
continues to be the leading seed parent of hybrids grown in
northwest India. The maintainer line, 2058B, is being used
extensively in breeding programs by both ICRISAT and the
Indian natioral breeding programs as a source of early
maturity, large seed size, and high yield potential. ICRISAT
Center/Patanchera has recently released two dz dwarf A-
lines, ICMA 88006 and ICMA 89111 for use in India. ICMA
88006 was developed from a cross of 2068B and a lirg
derived from a cross between 81B and a smut resistant West
Affican line. ICMA 88006 has large secd, a high level of
smut resistance, downy mildew resistance similar to 81A,
and flowers 5 to 6 days earlier than 81A. ICMA 89111 is
derived from a cross between 2068B and a picgeny derived
from a cross of the Wesi African lines, Gero New Strain and
Saria Synthetic. 89111 has exccllent downy mildew resis-
tance and head exsertion, flowers three to four days earlier
than 81A, and se=d size is 10 percent larger than 81A. Its
high tillering ability makeg it suitable for production of
either grain or forage hybrids.

A 320 kg lot of grain was shipped to Dr. L. W. Rooney,
TAM-126, for his work on developing millet food products
with extended shelf-life. Increased emphasis has been
placed on the development of R-lines capabie of producing
white-seeded hybrids as a result of his preference for this
color,

Seed lots with brown and bluc colored grain were sent to
Dr. C. Klopfenstsin, Department of Grain Science and In-
dustry, Kansas State University, for stidies of the goitro-
genic effects of flavinoid pigments in pearl millet.
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Breeding Sorghum for Tolerance to Infertile Acid Soils

Project MSU-104
Lynn M. Gourley
Mississippi State University

Principal Investigators

Drs. Lynn M. Gourley and Susanna A. Goggi, Department of Agronomy, Mississippi State University,

Mississippi State, MS 39762

Collaborating Scientists

Dr. Manuel Torregroza, Crops Director, ICA, Apartado Aereo 15248, Bogota, Colombia. (Host Country

Coordinator)

Dr. Dorance Munoz, Cirector of Genetics and Plant Breeding, FEDEARROZ, Calle 72 #13-23 Piso 11, Bogota,

Colombia

Mr. Cesar Ruiz, Sorghum Breeder, ICA, La Libertad, Apartado Aereo 2011, Villavicencio, Colombia
Mr. Luis de Angulo, Vice President Community Affairs, Arauca Project, Occidental de Colombia, Inc.,

Apartado Aereo 092171, Bogota, Colombia

Dr. Fabio Polania, Technical Director, FENALCE, Apartado Aereo 8694, Bogota, Colombia

Dr. Lee House, Research Director; Dr. Tunde Obilana, Sorghum Breeder; Dr. Waiter de Milliano, Cereals
Pathologist; and Dr. Emmanuel Monyo, Forage Post Doctoral Fellow, SADCC/ICRISAT, Southern
Africa Regional Sorghum/Millet Research Program, P.O. Box 776, Bulawayo, Zimbabwe

Mr. Hamis Saadan, Tanzanian Sorg’ um Breeder, on study leave at Missi: :ippi State University

Mr. J.K. Ruttc, Deputy Director, Crops, Suil and Water, KARI; and Dr, A.M. Mailu, Associate Director of
Crops, KARI, P.O. Box 57811, Nairobi, Kenya

Mr. C.K. Kamau, Sorghum Breeder, Katumani National Dryland Farming Research Center, P.O. Box 340,

Machakos, Kenya

Mr. B.A.N. Wabwoto, Sorghum Breeder, and Mr. C.0.A. Oduori, Millet Breeder, Kakamega Regional Research

Center, P.O. Box 169, Kakamega, Kenya
Drs. Vartan Y. Guiragossian and Sam Z, Mukuru, So

Nairobi, Kenya

rghum Breeders, SAFGRAD/ICRISAT, P.O. Box 30786,

Dr. Guillermo Munoz, Plant Breeder, MSU-111 PI, Iniemational Programs and Department of Agronomy,
Mississippi State University, CIAT, Apartado Aereo 6713, Cali, Colombia
Dr. Henry Pitre, Entomologist, MSU-105 PI, Department of Entomology, Mississippi State University,

Missiseippi State, MS

Dr. Jerry Maranvilie, Plant Nutritionist, UNL-114 PI; and Mr. David Andrews, Sorghum and Pearl Millet
Bree fer, UNL-118 PI, Department of Agronomy, University of Nebraska, Lincoln, NE

Dr. John Axt:ll, Sorghum Breeder, PRF-103 PI; and Dr. Gebisa Ejeta, Sorghum Breeder, PRF-107 PI,
Departmznt of Agronomy, Purdue University, West Lafayette, IN

Mr. Bill Stegnieier, Pearl Millet Breeder, KSU-101 PI, Kansas State University, Ft. Hays Experiment Station,

H:.ys, KS

Drs. Darrell Rosenow, Sorghum Breeder, TAM-122 PI; and Gary Peterson, Sorghum Breeder, TAM-123 PI,
Texas A&M University Agriculture and Research Center, Route 3, Lubbock, TX
Dr. Fred Miller, Sorghum Breader, TAM-121 P, Department of Soil and Crop Sciences, Texas A&M

University, College Station, TX
Summary

The Instituto Colombiano Agropecuario (ICA) an-
nounced the release of two sorghum varieties from the
collaborative breeding effort with INTSORMIL at the Inter-
national Sorghum Workshop “Sorghum for the Future” held
at CIAT Cali, Colombia on 14-19 January 1991. Sorgica
Real 40 and Sorgica Real 60 will provide the farmers culti-
vating acid soils in the eastern plains (Llanos) of Colombia
with a cash crop. Sorgica Real 40 was developed for use in

the mixed acid soils areas with Al saturation levels of 40%
or less. Sorgica Real 60 tolerates higher Al saturation levels
of up to 60% while still preducing grain yields of 2-3 t ha™!.

These varieties have undergone extensive evaluation to

develop agronomic production recommendations to present
to the farmers at the same time as the new releases. Sustain-
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ability of cereal crop production in these fragile, acid soils
requires that varieties be bred to tolerate this environment.

Year 12 was the first full year that the MSU-104 Principal
Investigator was assigned to Kenya as the result of the
INTSORMIL buy-in by the USAID funded MIAC Kenya
Country Project. Kenya was an INTSORMIL collaborating
site in the past and now has several active sorghum and
millet research projects conducted by INTSORMIL PI's in
collaboration with KARI and ICRISAT/SAFGRAD scien-
tists.

Kenya’s agricultural research infrastructure has been
greatly strengthened by the reorganization of KARI ang the
results of the MIAC Country Project over the last three
yeass. Several sorghum and millet breeders and agronomists
have received their M.Sc. training in the U.S., many from
INTSORMIL PI’s programs, and have recently returned to
Kenya. These products of the human resources development
effort will strengthen the sorghum and millet improvement
programs, not only in Kenya, but throughout East Africa.

Objeciives, Production and Utilization Constraints
Objectives

Screen and evaluate sorphum and pearl millet, in the
laboratory and field, for soarces of tolerance to infertile
soils, low soil phospiorus (P) content and availability, and
aluminum (Al) and manganese (Mr) toxicities.

Enhance elite U.S. and LDC sorghum germplasm with
sources of tolerance to infertile soils, and Al and Mn toxici-
ties.

Train selected U.S. and LDC personnel.
Constraiats

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 very acid, deficient in most macro and micro
mineral elemen.s and contain toxic levels of soluble Al and
sometimes Mn. Acid soils are found both in humid and arid
regions of the tropics.

This project addresses, through brecding, three major
production limiting constraints of tropical soils; low-input
production on infertile soils, phytotoxic levels of Al and Mn,
and low P availability. In addition to yicld, every breeding
project must strive to maintain disease resistance and grain
quality as a goal.
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Research Approach and Project Outpuit
Sorghum Research in Colombia

The PI spent three weeks of this year out of Kenya on
INTSORMIL activitics; one weck at CIAT Cali, Colombia
attending the Intemational Sorghum Workshop and the
second week involved in an external review of the INTSOR-
MIL project in Colombia. The workshop *“Sorghum: for the
Future” had 240 participants. The MSU-104 PI was pre-
scnted with an award by the Colombian Minister of Agri-
culture in recognition of the INTSORMIL research
contribution of developing sorghums tolerant to infertile,
acid soils.

During the werkshop, ICA announced the release of two
acid soil tolerant sorghum varieties, Sorgica Real 40 and
Sorgica Real 60, These sorghum varieties are tolerant to Al
saturation Jevels of up to 40 and 60% as indicated by their
designations, The package of agronomic practices was de-
veloped in concert with these varieties to promote the sus-
tainability of sorghum grain production in the fragile acid
soils in the Llanos of Colombia.

The third week was spent at Mississippi State University
meeting with graduate students from Kenya (M’Ragwa),
Uganda (Zake - IDRC funded) and Tanzania (Szadan -
ICRISAT/SADCC fundc..). A poction of the time at Missis-
sippi State University was spent preparing sorghum breed-
ing nurseries for Colombia and Mississippi. The PI
organized hybrid seed from Colombia winter nursery and
Mississippi State University summer nursery for observa-
tion nurserics at five locations in Kenya. The 128 hybrid
entries were selected to be uscful across several Kenyan
ecological zones. Evaluating hybrids produced from the best
lines in intemnational programs will allow KARI to proceed
with line development (varieties) and also shorten the time
to 1nake more stress tolerant hybrid releases to Kenyan
farmers.

Element Concentrations in 26 Acid Soil Tolerant
Sorghum Genotypes

Twenty-six sorghum genotypes were grown on an acid
oxisol (clayey, kaolinitic, isohyperthermic, Tropeptic
Haplustox) on the Instituto Colombiano Agropecuario
(ICA)LaLibertad research farm near Villavicencio, Colom-
bia and on an acid ultisol (clayey, oxidic, isohyperthermic,
Typic Palehumelt) on tne International Center for Tropical
Agriculture (CIAT) Quilichao substation 80 km southwest
of Cali, Colombia. Two trials were planted on the oxisol;
location 1 at 60.3% and location 2 at 68.0% aluminum
saturation. Three trials werc planted on the ultisol; location
3 at 63.0%, location 4 at 45.1%, and location 5 at 31.8%
aluminum saturation.

The 26 sorghum genotypes were all rated as relatively
t.ierant to acid soil stress in previously conducted screening



Germplasm Enhancement and Conservation

trials in Colombia. Genotype designations and country of
origin are shown in Table !

Tablel. Genotype designation and country of ori-
gin of the 26 sorghum lines.
Genotype Origin
1S 2728 Uganda
IS 2765 Ugenda
IS 3071 Sudan
IS 3522 Sudan
IS 3553 U.S.A.
IS 6902 Sudan
IS 6944 Sudan
IS 7132 Uganda
IS 7151 Kenya
IS 8577 Kenya
IS 8931 Kenya
IS 8933 Kenya
IS 8959 Kenya
IS 8996 Kenya
IS 9084 Kenya
IS 9101 Kenya
IS 9138 Uganda
1S 9277 Uganda
IS 12152 Ethiopia
16968 U.S.A.
M-35585 India
MN 4508 Uganda
156-P-5-SERERE-1 Uganda
SDX61/6/2 Uganda
JDXSU1/1P10 Uganda
IS 7173C Tanzania

The Al saturation level of *he soils at each test location
was adjusted using equal quantities of dolomitic and varying
quantities of calcitic limestone. The quantities of limestone
used were different for the oxisol and the ultisol soils. Some
of the chemical characteristics of the three ultisol locations
are shown in Table 2. Complete soil test data were unavail-
able for the oxisol locations. Mineral nutrients other than P
and N were considered adequate for plant growth at each
location. Phosphorous was added preplant as triple super-
phosphate at 44 kg P ha™' and N was added as urea 30 days
after planting at 75 kg N ha™.

Table2.  Mean topsoil (0 to 20 cm) chemical charac-
teristics of the CIAT-Quilichao fields used
for Locations 3, 4 and § trials.

Soil Location Location Location
characteristics 3 4 5

pH (H,0) 44 4.6 5.0

Pugg) 17.9 162 17.8

Ca (c mol kg*!) 1.4 2.44 3.33

Mg (c mol kg*!) 0.52 0.53 0.51

K (c mof kg'1) 0.24 0.26 0.23

Al (c mol kg'!) 3.40 2.65 1.90

ECEC (c mol kg'!) 5.40 5.88 5.97

Al atunation (%) 63.0 45.1 31.8

Methods for extraction and/or determination were: pH - 1:1 soil:water; P-Bray IT:
exchangeable cations - IN KCl from 100 g of soil; effective cation exchange ca-
pacity (ECEC) - sum of exchangeable cations; and Al saturation - cachangeable Al

Tre genotypes were grown using a randomized complete
block design with three replications. Each genotype was
planted in 2-row plots, 3 m long, and 0.60 m between rows.
Plant population was approximately 200,000 plants ha™’,
Weeds were controlled initially with atrazine and later by
hand.

After physiological maturity, three leaves (first leaf be-
low the flag leaf) were randomly selected per plot and
cembined. Each leaf sample was dried at 60°C for four days,
ground to pass 0.5 mm screen, and representative amounts
were sent to the University of Nebraska for mineral element
analysis.

At the University of Nebraska, leaf samples were dried
at least one day at 70°C in a forced-sir oven before 100 mg
(13 mm diameter) pellets were made from each sample.
Pellets were analyzed for Mg, Si, P, S, CI, K, Ca, Mn, Fe,
Cu, Zn, and Al by energy-dispersive x-ray fluorescence
(Knudsen et al., 1981).

The combined analyses of variance showed that geno-
types (G) were different for all mineral element concentra-
tions analyzed and that locations (L) were different for all
except Cu and Zn. The significant G x L intevactions for all
mineral element concentrations except for Al, Mn, Cu, and
Zn required that separate anatyses of variance be conducted
for genotypes and locations. Means of these analyses with
separations at the 0.05 level of probability according (o
Duncan’s Multiple Range Test are shown in Table 3.

Genotypes - Several of the 26 sorghum genotypes
showed differences among the five test locations for higher
or lower leaf mineral element accumulation relative to the
other genotypes. Regarding toxic mineral elements, geno-
type IS 7173C accumulated a high concentration of Al in
the leaf tissue while genotype MN 4508 accumulated
slightly more than one half as rauch Al as IS 7173C. Both
genotypes are tolerant to high levels of Al saturation. This
would suggest that perhaps there is more than one mecha-
nism of tolerance to Al in sorghum. For Mn concenfration,
genotypes IS 6902 and IS 7173C were high accumulators
and genotypes IS 3553 and IS 9277 could be considered low
accumulators. Iron in high concentrations in acid soils can
be toxic in some plant species. Genotypes IS 9277 and IS
7173C accumulated high concentrations and genotypes IS
3553 and IS 9101 low concentrations of Fe in their Icaves.

For P concentrations, genotypes IS 7173C and IS 9138
accumulated about 80% more of this essential element than
genotypes IS 8577 and 3DX57/1/1/910. The ability of a
genotype to accumulate P under conditions of high Al
saturation or othcrwise low P availability would be a valy-
able gene(s) to identify in sorghum. Genotypes IS 9101 and
IS 9138 accumulated about 25% more K than genotypes IS
7173C and IS 9277. Note that IS 9138 accumulates more P
and K while IS 7173C accumulates more P but less K than
many other genotypes.
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Table3. Leaf mineral element concentrations of Mg, Si, P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, and Al of 26 acid soii

tolerant sorghum genotypes grown at five locations in Colombia.

mg g’ ugg!

g:L Mg Si P S Cl K Ca | Mn Fe Cu Zn Al
IS 2728:
1 0.9a 11.2¢ 1.3b Llc 8.0b 14.8a 15.0a 328a 210b 292 ila e
2 0.9a 18.1¢ 1.0b 1L.1c 9.6a 15.2a 14.8a 309a 261ab 33a 45a 1117¢
3 1.2a 29.2b 2.9 2.3a 0.7c 13.6sb  10.6b 2958 326a 27 33 1270bc
4 1.3a 53.1a 2.6x 2.1a €9c 12.4bc  10.3b 302a 3lla 35 37a 1640b
5 0.7a 59.9a 2.4a 1.8b 0.7¢ 10.7¢ 14.1a 223b 242ab  29a 21a 2153a
1S 2765:
1 24a 12.04 1.00 1.0b 9.9a 14.5a 153a 300a 280ab  26a 13b 963b
2 05 9.6d 0.8b 1.0b 9.3a 14.7a 12.58b | 287a 314a 29a 60a 1283b
3 14a 26.2¢ 2.52 2.4a 0.8b 13.8a 10.5b 338a 274ab  29a 38ab 1080b
4 Lle 47.6b 2.3 2.4 0.8b 9.9b 13.5ab | 319a 254ab  28a 33b 1477
5 1.0a 62.08 2.8a 2.2a 0.9b 11.88b  14.2ab | 205b 238b 28a 23b 2187
IS 3071:
1 0.8b 12.5¢ l.4c 1.2¢ 10.5b 16.5a 14.7a 292a 2192 24b 10c £87a
2 0.7b 14.4¢ 0.9¢ 1.2¢ 12.4a 17.0a 13.6ab | 289 252a 3 31ab 1070a
3 1.6a 29.1b 2.8a 2.8a 0.8¢ 13.6sb  11.3b 351a 30la 26sb 37a 1383a
4 13ab  469a 2.2b 2.0b 0.8¢ 11.4b 123ab | 319a 319a 32ab 28ab 1297a
5 l..lab  51.0a 2.6ab 2.2ab 0.8¢ 11.9% 13.6ab | 162b 2272 26sb 20b¢ 1450a
18 3522
1 1.0a 10.7¢ 1.3b L1b 9.3a 14.9a 15.7a 304b 223a 25b 13a 12470
2 1.4a 14.1c 1.0b 1.0b 10.3a 16.1a 15.2a 2590 278a 38a 302 1383b
3 1.4a 37.9% 2.4a 2.1a 0.7b 11.8b 10.6¢ 410a 297a 28b 29y 1610b
4 L.la 55.5a 2.5a 2.2a 0.9b 11.4b 12.9 283b 267a 33ab 35a 1200b
5 Lla 65.42 2.7a 21a 0.8b 11.3b 14.4a 231b 240a 28b 20a 2070a
IS 3553:
1 Lla 10.5d 1.4b 0.9¢ 9.2a 17.9a 10.3a 242a 204b 28b 13b 837c
2 l.la 10.6d L1b 0.9¢ 11.0a 173sb  10.4a 216a 206b 32b 40a 1060c
3 1.5a 31.0: 2.6a 1.9a 1.1b 13.76c 8.2a 299 287a 35ab 34a 1307bc
4 1.9a 57.8b 3.0a 1.9a L.1b 12.3¢ 9.6a 277 265b  4la 30a 1630ab
s 1.9a 80.8a 3.3a 1.5b 0.9b 9.7¢c 9.5a 196a 272a 40a 30a 2127a
IS 6902:
1 1.2a 11.6d 1.7b 1.2b 9.4a 13.3a3b  14.8a 331b 283b 30sb 17a 1183¢
2 1.2a 16.5d 1.4b 1.2b 104a 15.6a 14.7a 382ab 268b 35a 50a 1453bc
3 1.4a 35.9¢ 2.9a 2.1a 0.6b 124  11.2¢ 441a 3628 26b 44a 2007ab
4 1.4a 55.7b 2.6a 2.0a 0.6b 10.4b 1200c | 322b 30lab  3lab 33a 1760ab
5 1.5a 66.1a 2.4 2.0a 0.6b 9.4b 140sb | 222¢ 28% 30sb 26a 2170a
IS 6944:
1 1.0b 11.8¢ 0.8b 1.0c 10.4a 14.4a 14.4bc | 289a 299a 46a lla 1073a
2 1.2b 119 0.6b 1.0c 11.4a 13.9a 1538b | 293a 238a 27a 41a 1390a
3 1.8a 28.6b 2.3a 2.4a 0.6b 14.4a 122cd | 360a 285a 24a 32a 1310a
4 1.5ab  47.2a 2.0a 1.9 1.0b 1278 11.0d 3058 315a 31a 26a 14472
L 1.2b 49.0a 2.52 2.2ab 0.6b 10.7b 16.9a 163b 254a 27a 20a 15172
IS 7i32:
1 0.7b 10.6c 0.8¢ 1.0b 10.5a 13.8 16.9a 300ab  24% 24a 11a 893a
2 1.0ab 11.2¢ 0.6¢ 0.9 12.7a 13.8a 15.4a 282ab 270b 27a 48a 1360a
3 1.4ab 26.%c 2.2ab 23a 0.8b 12.6a 10.4b 343a 292ab 30a 28a 1800a
4 1.9a 36. 1.8b 2.2a 0.7b 12.4a 11.3b 308sb  348a 29a 25a 1733a
5 Llab  67.9 2.82 2.3a 0.8b 11.6a 13.4ab | 200b 251b 28a 20a 1873a
IS 7151:
1 L.1a 9.6d 0.9b L.1b 6.6a 12.6b 16.4a 300sb  238b 272 % 1037a
2 1.3a 10.8d 1.0b 1.0b 7.8a 16.2a 13.4b 263sb  282sb  33a 43a 857a
3 1.4a 30.8¢ 2.3 1.9a 0.8b 10.8b 10.7¢ 344a 326a 25a 32a 13504
4 0.9a 46.00 2.5a 2.3 0.9b 11.8b 10.7¢ 3042 254b 27a 28a 13132
3 0.8a 65.7a 2.6a 2.0a 0.7b 11.6b 13.4b 216b 254b 29a 21a 1897a
1S 8577:
1 0.9b 10.2¢ 0.8b 1.0b 11.1a 133ab  16.2a 310sb  236b 23a 7a 1190a
2 0.9b 12.0¢c 0.7 1.0b 12.5a 15.7a 132ab | 253ab  264ab  27a 41a 1323a
3 21a 34.8b 2.0a 21a 1.0b 133ab  11.6b 346a 3lla 28a 32a 14872
4 1.5ab  39.2b 2.02 2.0a 0.9b 13.7b  12.6b 287sb  291ab  27a 282 1290a
5 l.4ab  55.4a 2.5a 1.8a 0.80 12.5b 12.6b 184b 258ab  23a 20a 1643a
1S 8931
1 0.8¢ 13.24 0.5 Llc 11.1a 144 17.1a 313ab  240b 272 12b 940a
2 12bc  14.3cd 1.1b Lle 103a.  16.3a 14.0ab | 294ab  222b 302 31ab 877a
3 1.6ab  22.9¢ 1.7 1.8bc 0.7b 12.4b 9.5b 354a 332a 252 26ab 12472
4 1.82 43.8b 2.7a 2.6a 1.0b 11.8b 12.2b 244sb  277ab  29a 35a 1327a
5 Llbc  68.0a 2.9a 2.3ab 0.7b 12.4b 14.0sb | 203b 228b 268 223b 1307a

O
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Table3.  (Continued)

mgg! ug g’
G:L Mz si P S Cl K Ca Mn __ Fe Cu Zn Al
158933;
1 0.9a 9.4d Llcd 1.0b 9.1a 14.3b 14.1a A47ab  237a 262 12b 507b
2 0.9a 10.1d 0.7d 0.9b 10.0a 17.9a 11.9a 28sb  237a 26a 2ab 1096ab
3 14a 28.2¢ 2.3sb 1.9a 0.9b 13.5b 9.4a 354a 291a 28a 29a 1350ab
4 1.5 42.3b 2.0bc 2.2 0.8b 13.4b 13.0a 344a 326a 29a 26ch 1390ab
s 1.5 53.2a 2.9a 242 0.8b 12.9 12.6a 183b 246a 28a 20ab 1443a
IS 8959:
1 L1b 11.2¢ 1.0b 1.0b 12.2a 15.4a 16.3a 27236 227 25 11a 1180a
2 1.6a 12.1c 0.8b 1.0b 11.2a 14.52 15.1ab | 262sb  254ab  29a 29a 1373a
3 1.6 3L.7b 24a 2.3 0.8b 13.1s: 107 381a 287a 27a 31a 1297a
4 1.6a 48.8a 2.2a 2.2a LIb 124sb  124ab | 367a 268a 2a 31a 1550a
s 168  50.0a 24a 2.4a 0.9b 11.2b 153ab | 201b 275a 27a 23a 1637a
IS 8996:
1 1.0a 11.1d 0.8¢ 1.1b 8.7b 13.81 16.2a 320a 239 26a % 1063a
2 Lla 11.3d 6.6¢ 0.9b 124a 15.1a 147ab | 279a 241b 262 29a 860a
3 1.2 27.3¢ 1.9b 1.8ab 0.7¢ 15.8a 10.7¢ 311a 345a 26a 28a 1477a
4 1.0a 49,9 2.9a 2.8a Lle 13.9a 9.6¢ 320a 292sb  32a 32a 1383a
s 1.5 61.2a 2.8a 2.0ab 1.0¢c 12.7a 12.1bc | 205b 231b 27a 18a 1640a
IS 5084
1 1.3a 13.6c LIb L1b 9.7b 15.3sb  15.9a 318a AU2b 26a 12b 15372b
2 072 12.5¢ 1.06 LIb 122a 17.5a 15.0a 282ab  234b 26a 44a 1133b
3 1.6a 29.7b 1.8sb 21a 0.7¢ 13.7bc  11.3b 345a 273sb  26a 33ab 1113b
4 1.3a 53.2a 29a 2.0 1.0¢ 14.1bc  10.4b 282ab  358a 32a 31ab 1737ab
s 1.0a 54.2a 27a 2.2a 09¢ 12.0c 14.1a 238b 246b 28a 23ab 1847a
IS 9101:
1 13b 19.2d 1.6b 1.3¢ 11.6a 18.1ab  150ab | 331ab  220c 35a 16a 1290ab
2 1.0b 12.8¢ 1.0 1.2 11.8a 19.6a 12.4¢ 256bc  236bc  33a 46a 1037b
3 2% 37.8¢ 24a 2.1ab 0.6b 15.2bc  130bc | 412a 264ab 33 38a 1290ab
4 1.5b  52.3b 24a 2.2a 0.7b 140bc  12.1c 28%b 278a 33a 36a 1470ab
s 16b  68.5a 2.6a 1.8b 0.6b 11.9¢ 15.9a 177c 248bc 36 29a 1920a
IS 9138;
1 1.0a 15.94 2.8ab 1.6b 7.3b 15.0sb 13.2a 338a 334bc  Sla 23a 1357be
2 0.7a 17.54 2.3b 1.5b 104a 16.6a 12.2a 309a 400ab  48a 60a 1760ab
3 Lla 32.7c 3.0ab 2.1ab l4c 16.8a 8.2¢ 303a 427a 42ab 40a 2013a
4 122 S2.00 2.6ab 2.3a 1.3c 13.9b 9.6b 259a 278¢ 34b 33a 9%67c
s 0.8a 77.9a 3.3a 1.8ab Llc 13.4b 10.3b 237a 309¢ 48a 32a 2123a
IS 9277:
1 13sb  13.5¢ 0.8b 1.1b 42b  12.1a 12.6a 213ab  353b 36a 22b 1217¢
2 12ab  13.4¢c 0.8b L1b 6.2a 12.3a 12.8a 179b 394b 37a 63a 1403bc
3 1.5sb  30,3b 24a 1.9ab 0.7b 13.8a 8.9 2722 567a 28a 31b 24904
4 1.9a 41.00 1.8a 2.2a 0.7b 11.4a 98sb | 26la 375b 32 24b 2147ab
5 09>  68.8a 2.3a 1.6ab 0.8b 11.2a 123ab | 217sb 287 33a 27 1563bc
IS 12152;
1 1.2a 13.5¢ 1.5b 1.1c 6.8b 15586 12.7a 28lsb  246b 29a 14b 1283b
2 1.0a 14.0c 1.2b 1.lc 11.5a 17.4a 13.3a 283  232% 32a 45a 1157b
3 1.5a 35.8b 27 2.2a 0.6c 124bc  10.1a 357a 329a 26a 49a 1677ab
4 12a 48.6b 2.8a 2.2a 09¢c 13.5bc  10.4a 293ab  288ab  30a 37ab 1523ab
s 1.4a 68.7a 32a 1.8b 0.9¢ 11.6¢ 11.6a 185b 271ab  33a 36ab 2067a
1696B:
1 1.4b 9.4d 24ab 1.5b 6.1a 17.9a 5.7b 209b 243b 35a 16a 680b
2 1.6b 10.2d 2.2b 1.4b 6.3a 18.8a 6.4b 250sb  255b 27a 37 1003b
3 22ab  33.5¢ 3.2a 23 0.6b 12.7b 9.6a 374a 411a 30s 41a 1980a
4 22ab  51.3b 2.4ab 2.0 0.8b 12.0bc  11.6a 338sb  315b 3la 30a 2023a
5 2.8a 70.0a 2.8ab 1.9ab 0.5b 8.6¢ 12.7a 254ab  283b 29a 39a 2257a
M.3558S:
1 1.0a 8.84 1.4b Llc 172 16.8a 87ab | 258b 264b 32 17a 913b
2 1.5a 9.7d 1.Ib 0.5¢ 6.1a 17.5a 79 236b 285ab  33a 44a 1150ab
3 1.7a 27.4¢ 24a 1.9a 0.6b 9.5b 89ab | 350ab  339a 35a 37a 1223ab
4 1.7a 50.8b 2.8a 1.9 0.9b 12.00 10.9a 389a 277ab  38a 37a 1517ab
5 1.5 62.6a 24a 1.5b 0.6b 11.5 11.5a 237b 287ab  36a 29a 1897a
MN 4508:
1 0.8 11.3¢ 1.0 Llbc  11.0a 14.6a 13.8a 296a 238b 27a 14a 1153ab
2 0.9a 11.8¢ 0.7¢ 1.0c 11.0a 14.7a 13.6ab | 284a 231b 28a 46a 813b
3 1.5a 30.9b 22b 1.9ab 0.8b 122p  11.0b 350a 30Sa 31a 32a 1073ab
4 1.6a 51.8a 23ab 2.6a 0.8b 16.6b 116ab | 294a 258b 28a 2%a 1170ab
5 0.9a 51.2a 2.9a 2.3 1.0b 126sb  129ab | 147b 260b 26a 22 1343a
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Table 3.  (Continued)

mgg’! ) vgg!
G:L Mg Si P S Cl K Ca Mn Ee Qu Zn Al
156-P-5-SERERE-1
1 1.0a 14.2¢ 1.1Ib 1.1bc 9.5a 16.0a 14.7a 288a 313ab 32a 17b 1500ab
2 1.2a 11.24 0.7b 1.0c 13.4a 17.7a 11.7ab 275a 258b 27a 60a 1237
3 1.4a 32.1¢c 22a 1.8b 0.7b 14.8a 9.5b 303a 448a 28a 29ab 2467a
4 14a 41.5b 24a 2.5a 0.8b 12.0a 10.2b 272a 36Cab 27a 28ab 2030ab
N 1.3a 62.9a 3.0a 1.7b 0.7b 12.6a 10.4b 195b 289b 33 26ab 1910ab
SDX61/6/2:
1 1.2e 15.3d 1.0b lL.lc 7.4a 15.9ab 13.0a 303ab 314b 33a 14a 1483a
2 1.3a 13.9d U.7b lL.lc 8.3a 16.84 11.5ak 243ab 338b 384 46a 1400a
3 0.93 38.2¢c 2.2a 1.9b 10b 13.1bc 9.8b 356a 507a 34a 3la 1963a
4 1.4a 48.9b 22a 22a 0.9b 12.6¢ 9.9b 295ab 320b 33a 32a 1723a
5 1.0a 64.3a 23a 1.7b 0.9b 12.1c 10.5ab 214b 283b 33a 23a 1890a
3DX57/1/1910:
1 1.0b 14.2¢ 0.8b 1.Cb 8.1a 16.5a 13.6a 250bc 289b 283 12b 1007b
2 0.9b 12.2¢ 0.7b 1.1b 8.2a 14.3ab 11.8a 252bc 385b 35a 52a 1487ab
3 1.7a 33.4b 2.2a 2.5a 0.8b 11.7b 12.0a 365a 557a 28a 3lab 2280a
4 1.5ab 38.7b 1.8a 1.7ab 0.8b 13.06 10.7a 296ab 33% 29a 23ab 1510ab
s ..0b 56.1a 22a 1.6ab 0.7b 13.4ab 12.0a 173c 296b 3la 21ab 2010ab
IS 7173C:
1 1.3ab 14.2¢ 1.9b 1L.3b 9.7a 12.5ab 13.1a 305ab 343b 34a 13b 1757ab
2 0.8b 14.3¢c 1.4b 1.2b 10.2a 14.7a 12.5a 246b 333b 36a 4la 1480b
3 1.9a 40.5b 3.7a 2.5a 0.9b 12.8ab 8.6b 366a 573a 41a 37a 2180a
4 1.8a 63.0a 35a 2.2a 0.9b 11.2b 11.2ab 333ab 365b 36a 36a 2197a
5 1.6a 69.5a 38a 23a 0.8b 12.1b 12.4a 258zb 346b 38a 25ab 2067a
Geno within Locations;
1 L1b 12.3d 1.2¢ L.1b 9.0b 15.0b 14.1a 290b 261c 30a 13b 1129
2 1.1b 12.6d 1.0c 1.1b 10.3a 16.0a 12.9b 269b 277c 32a 44a 1214¢
3 1.5a 31.6¢c 2.5b 2.1a 0.8¢ 13.2¢ 10.3¢ 349a 358a 29b 34ab 1605b
4 1.5a 48.6b 2.4b 2.2a 0.9¢c 12.3d 11.2¢ 304ab 304b 31lab 31ab 1556b
S 1.3ab 62.7a 2.7a 2.0a 0.8¢ 11.7e 12.9b 205¢ 2£66¢ 31ab 24ab 1846a

Means for a particular element of a gerotype across locations or of locations across genotypes followed by a letter in zommon are not different at the 0.05 level of probability

according to Duncan's Multiple Range Test.

Locations: | =oxisol 60.3% Al sat.; 2 = oxisol 68.0% Al sat; 3 multisol 63.0% Al sat.; 4 = ultisol 45.1% Al sat.; and § = ultisol 31.8% Al sat.

Silicon has been correlated with tolerance to Al toxicity.
Genotypes IS 7173C and IS 9138 accumulated about 35%
more Si than IS 6944 and IS 8933. Genotype 1696B had
iigher concentrations of Mg and lower concentrations of Ca
relative to other genotypes.

Two genotypes were conspicuous for their extremes in
leaf mineral element concentrations. Genotype IS 9138
accumulated high concentrations of Si, P, S, Cu, Zn, and K,
and low concentrations of Mg relative to the other geno-
types. Genotype IS 7173C accumulated high concentrations
of Al, Si, P, S, Fe, and Mn, and low concentrations of K
relative to the other genotypes. These sorghum genotypes
warrant further study.

Locations - Locations 1 and 2 were on an oxisol soil and
locations 3, 4, and 5 on an ultisol soil. Differences in leaf
mineral element concentrations observed for location or soil
type could be due to natural or man-made differences in the
soil. The leaf element concentrations of the 26 sorghum
genotypes grown on the oxisol soil were significantly higher
for Cl and K, and lower for Al, Si, P, and S than for these
genotypes grown on the ultisol soil. Excluding the location
with the lowest level of Al saturation (location 5), higher
concentrations of Ca and lower concentrations of Mg and
Fe were found for the genotypes grown on the oxisol com-
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pared with the ultisol soil, Perhaps soine of these differences
were due to the high level of Al saturation for the oxisol
locations.

As the Al saturation increased in the ultisol soil, leaf
concentrations of K, Mn, and Fe increased while that for Si
decreased. Concentrations of Al, Ca, and P werc signifi-
cantly higher at location 5, the lowest level of Al saturation,
and not different for locaiions 3 and 4, the two higher levels
of Al saturation.

These resuiin should be useful in a sorghum improvement
program in tropical acid soil arzas. If the differences ir
element concentrations observed among genotypes are un-
der genetic control, the efficiency of some genotypes to
extract P under conditions of low availability or reduce the
vptuke of toxic elemenis, such as Al and Mn, would be of
value wherever sorghum is grown.

Sorghum and Millet Research in Kenya

Year 12 was the first full year the sorghum/millets (S/M)
breeding research technical advisor (TA) (MSU-104 PT) was
at station in Kenya. Much has been accomplished during the
year, although progress has been slower than originally



Germplesm Enhancement and Conservation

anticipated. A great deal remains to be done before the
KARI S/M breeding projects become self-sustaining.

A KARI S/M rescaich planning meeting was held at
NARC Muguga on August 9, 1990. The purpose of ihe
mccting was to review the research actually being conducted
under the current broad research program titles. During the
discussion, research priority areas were identified. Current
manpower and S/M scientists in training from each station
were discussed. A short written report from each station
conducting S/M research was requested listing priorities,
specific experiments, objectives, goals and budgets.

The first Sorghum/Millet Specialist Committee (SMSC)
meeting was held on Mzy 16-17, 1991 at Lanet Regional
Beef Center. 'The SMSC 'was charged to evaluate KARI'’s
S/M short- and long-term research plans. Now that the S/M
project leaders have prioritized and focused their research
programs, it is important that research projects and numbers
of experiments be maintained within available manpower
and funding.

The SMSC expressed concern about the lack of trained
manpower in breeding and the low percentage of time some
agronomists spent on S/M research. They recommended
that more assistance be given to finger and pearl millet
improvement. The SMSC felt that the S/M Release Com-
mittee should meet soon to consider the release of finger
millet varieties P-224 and KAT 1, and the sorghum variety
KAT 269. They approved of the breeding objective of line
development toward developing sorghum hybrids and the
simultaneous evaluation of hybrids from INTSORMIL,
ICRISAT, and those made up in the KARI breeding nurser-
ies from elite introduced lines. This does not inhibit varietal
development because some of the same populations can be
used with slightly different selecon critenia.

Naticnal Performance Trials (NPT’s) were planted at a
reduced number of sites and an effort was made to increase
the quality of the trials. The entry make up of the trials was
also reorganized. Kakamega will, in the future, prepare
NPT’s for their area of responsibility and for Kisii. Entries
in these NPT’s will include the bird resistant varicties used
by most farmers in western Kenya. Katumani will prepare
the dryland and coastal NPT’s, Entrics in these trials will be
mainly white or yellow colored types with some bird resis-
tant brown seeded check varieties. The finger millet NPT's
will be prepared and sent out by Kakamega.

The PI attended a USAID-KARI National Agriculture
Research Project Phase I Workshop and assisted the MIAC
Phase IT design team with input for their recommendations
for the future of this project. Research sites were visited in
eastern and western Kenya to evaluate the progress of the
S/M program in Phase I and to determine the requirements
in Phase II. The team shared the PI's concem that the S/M
research programs do not have any depth in terms of trained
personnel and that the S/M gruduate students have just
started to return to Kenya. They recommended to KARI and

USAID that the S/M programs were not mature enough at
this time to be scif-sustaining and that further long-term TA
assistance was required in Phase 1.

The PI works closely with the S/M breeders in the fol-
lowing three regions:

Eastern Kenya - The sorghum breeding site at Kiboko is
the logical location to spur expansion of the S/M production
area into the semiarid regions of Kenya. Collaboration with
ICRISAT and INTSORMIL scientists at this location has
assisted the KARI effort; however, logistical improvements
and infrastructure support by KARI are required. The irri-
gation system is critical at this location due to the rature and
the large number of experiments directly or indirectly de-
pendent on the operation of this equipment. It is essential
that it be properly maintaincd.

Mr. Ben Kanyenji, Katumani sorghum brecder, returned
from M.Sc. training at Texas A&M University. Ben's train-
ing and experience in drought tolerance breeding will
strengthen KARI in this area of sorghum expansion.

An estimate was obtained to restore the KARI irrigation
system at Kiboko to its original designed condition. Ap-
proval has been obtained to purchase a new pump and to
repair or replace the broken and missing field equipment.
When finished, the irrigation system at Kiboko should make
this site a reliable S/M breeding location for KARI.

Western Kenya - A large quantity of germplasm from the
PI's INTSORMIL project in Colombia was evaluated at
Alupe during the two growing seasons in 1990, From these
nurseries, over 1000 new lines will be evaluated in the future
in variety trials and as hybrid combinations in hybrid trials.
Sorghum breeding nurseries at Alupe in the future will be
backed up with germplasm supplied from Kiboko and INT-
SORMII, breeding projects because of the difficulty of
making hand-pollinations and production of quality seed
due to the high rainfall and humid conditions. Line devel-
opment and evaluation of sorghum hybrid trials have been
initiated. Bird and weathering resistant varieties and hybrids
are required in the western humid areas. Breeding of finger
millet varieties will continue at Kakamega.

Highlands - Cold tolerant sorghum varieties collected by
SAFGRAD/ICRISAT were selected at Lanet for future
grain and/or silage trials. High quality sorghum silage with
low lignin genes will find a market in the Lanet area pro-
vided cold tolerance can be incorporated into these varicties.
Crosses to accomplish this breeding goal have been made at
Kiboko.

Publications and Presentations

Publications

Gourley, L. M,, A. S. Goggi, and E. J. Montgemery. 1990. Mississippi
Regional Cooperators, 1990 Regional Sorghum Yield Trials. MAFES
Bulletin,
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Gourley, L. M. and A. S. Goggi. 1990. Sorghum breeding and management
of insect, disease, and acid soil problems. p. 52-59. In J. M. Yohe and
T. T. Schilling (Eds.) INTSORMIL Annual Report 1990 - Fighting
Hunger with Research . . . A Team Effort. The University of Nebraska,
Lincoln, NE.

Gourley, L. M. and G. Munoz 1990. Adaptation of sorghum and pearl
millet to highly acid tropical soils. p. 60-64. In J. M. Yohe and T. T.
Schilling (Bds.) INTSORMIL Annual Report 1990 - Fighting Hunger
with Research . . . A Team Effort. The University of Nebraska, Lincoln,
NE.

Gutiesrez, O. A.,L. M. Gourley, C. E. Watson, Jr.,and S. D. McLean. 1990.
Combining ability for aluminum tolerance of sorghum in nutrient
culture. Agronomy Abstracts. p. 91.

Gourley, L. M. 1991. Sorghum/millet breeding research program. p. 24-27.
In Kenya National Agricaltural Research Froject Third Annual Report
of Activities and Progress. MIAC. Nairobi, Kenya.

Gourley, L. M. and A. S. Goggi. 1991. Tough, toxic soils need tough,
tolerant sorghums. MAFES Research Highlights. 54(2):6.

Flores, C. L., R. B. Clark, and L. M. Gourley. 1991. Genotypic variation of
pearl millet for growth and yield on acid soil. Field Crops Res. 26:
347-354.

Flores, C. I, R. B. Clark, J. F. Pedersen, and L. M. Gourley. 1991. Leaf
mineral element concentrations in sorghum (Sorghurn bicolor) hybrids
and their parents grown at varie. aluminum saturations on an Ultisol.
p. 1095-1104. InR. J. Wright, V. C. Baligar, and R. P. Mummann {Eds.)
Plant-Soil Interactions at Low pH. Kluwer Academic Publ., Dordrecht,
The Netherlands.

Flores, C. I, L. M. Gourley, J. F. Pedersen, and R. B. Clatk. 1991,
Inheritance of aluminum tolerance in sorghum (Sorghum bicolor)
grown on an Ultisol. p. 1081-1093. In R. J. Wright, V. C. Baligar, and
R. P. Munmann (Eds.) Plant-Soil Interactions at Low pH. Kluwer
Academic Publ., Dordrecht, The Netherlands.

Presen:ations

Gutierrez, O. A.,L.M. Gourley, C. E. Watson, Jr.,and S. D. MicLean. 1990.
Combining ability for aluminum tolerance of sorghum in nutrient
culture. Presented at the 1990 ASA Meetings. 20-26 October 1990, San
Antonio, Texas,

Gouriey, L. M. 199]. Breeding sorghum for stress environments of the
tropics. Presented at the Intemational Sorghum Workshop “Sorghum
for the Future”, 16-18 January 1991. CIAT, Cali, Colombia.

Goggi, A. S., J. C. Delouche, and L. M. Gourley. 1991. Sorghum seed
intemal morphology as affected by seed specific gravity, weathering
and immaturity. Presented at the Scanning Microscopy and Food Struc-
wre 1991 Meeling. 4-9 May 1991. Bethesda, Maryland.

Networking Activities
Workshops

Attended and participated in the KARI Sorghum and
Millet Planning Meeting, 9 August 1990 at Muguga, Kenya.

Aitended the Second KARI Scientific Conference, 5-7
September 1990 at Nairobi, Kenya.

Coauthored a paper presented at the American Society of
Agronomy Anntal Mectings, 20-26 October 1990 at San
Antonio, Texas.

Presented a paper at the International Sorghum Work-
shop **Sorghum for the Future”, 16-18 January 1991 held at
CIAT, Cali, Colombia.

Planned and participated in the First Sorghum and Millet

Specialists Committee Meeting, 15-17 May 1991 at Lanet,
Kenya.
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Participated in the USAID-KARI Phase 11 of the Kenya
National Agricultural Research Project Workshop and as-
sisted the MIAC design team with input and site visits to
determine the sorghum and millet research requirements in
the $ 15 million Phase II of this project.

Attended the Fifth International Symposium on Parasitic
Weeds. 23-29 June 1991 at Nairobi, Kenya.

Research Investigator Exchanges

In July 1990, following the 7th East Africa Regional
Sorghum and Millets (EARSAM) Workshop Drs. Darrell
Rosenow (TAM-122 PI) and Henry Pitre (MSU-105 PI)
visited KARI, INTSORMIL, and ICRISAT sorghiun and
millet research in Kenya vrith the MSU-104 PI as gvide.

January 13-20, 1991 the MSU-104 PI traveizd out of
Kenya on INTSORMIL activities to Colomtia to participate
in the Intemnational Sorghum Workshop at CIAT Cali, Co-
lombia.

January 21-25, 1991 the MSU-104 PJ tarticipated in the
external review of the INTSORMIL project MSU-111 at
several locations in Colombia.

January 26-February 6, 1991 the PI met with graduate
students at Mississippi State University from Kenya
(M’Ragwa - MIAC funded), Ugauida (Zake - IDRC funded)
and Tanzania (Saadan - ICRISAT/SADCC funded).

Drs. Larry Butler (Purdue), Gebisa Ejeta (Purdue), Dale
Hess (Niger), and Dick Frederiksen (Texas A&M) visited
the KARI sorghum and millet program during and after the
June 23-29, 1991 Parasitic Weed Symposium with the
MSU-104 PI as guide.

Germplasm and Research Information Exchange

The 2300 entry Sudan sorghum collection obtained from
ICRISAT by Darrell Rosenow and Gebisa Ejeta was subdi-
vided by the MSU-104 P{ and one set was handcarried to
the Sudan for planting aid evaluation. The second set will
be sent to the USDA Plant Introduction Officer for eventual
seed increaso and storage at Fort Collins, Colorado.

Hybrid sorghum seed from crosses made in INTSOR-
MIL projects MSU-104, MSU-111, TAM-122, and TAM-
121 were imporied into Kenya for evaluation at five
locations. The 140 hybrid entries were selected to be useful
across several Kenyan ecological zunes.

Mr. George Oinbakho, Dr. Fred Miller’s (TAM-121 PI)
Kenyan student, sent sorghum germplasm to Kenya to make
crosses of two- and three-way hybrids to be evaluated in
Kenya as part of his Ph. D. requirements at Texas A&M
University.
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The MSU-104 PI obtained approval for MIAC to pur-
chuase a new pump and to repair or replace the broken and
missing irrigation field equipment at KARI’s Kiboko Sta-
tion. When this $ 5000 contract is completed, Kiboko should
be a reliable sorghum and millet breeding location for
KARI

Five single-head threshers are on order by MIAC for
KARI sorghum and millet breeders.

9
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Summary

The major focus of this project is to develop high yielding
sorghum varieties with acceptable food quality and good
nutritional value for utilization in developing countrics. A
great deal of progress has bzen made in two areas.

1. 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 where
sorghum is used as a feed or food grain.

2. The Intemational Division of the 1).S. Census Bureau,
in a 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 leamned how to produce during the past 2,000 years.
There is virtually no altemative 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-
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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 chancy 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 an3
livestock yields in the U.S. and throughout the world. Tue
model crop used for these studies is sorghum, which has
developed mechanisms which have allowed it to evolve in
semiarid regions of the world over the centuries. Sorghum
is generally grown in those parts of the world where it is too
dry to grow com or other cereals. Even though the drovght
resistarce of grain sorghum has been known for centuries,
relatively little effort has been expended in the study of
mechanisms of drought resistance in sorghum at the genetic,
pnysiological and molecular levels. The mission of our
interdisciplinary program is to combine the resources of the
Intemational Sorghum Improvement Program at Purdue
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
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improvement of sorghum and other crop species such as
maize. An urderstanding 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.

Our research accomplishments include the identification
of exceptionally drought resistant genotypes of sorghum to
use as a model system to study mechanisms of drought
resistance. We have developed the first sorghum genctic
map (RFLP map) which will now allow us to define the
location of the major genes involved in drought resistance
in sorghum. We have mutageni- 2d these major genes in
order to determine their individual contributions to the
drought resistance trait. We are developing a system which
will allow us to specifically “tag” and then isolate major
drought resistant genes. We are developing a system in
which these genes can be reinserted into the sorghum
genome (or the genomies of other cereal crops) in order to
enhance the drought resistance of high quality sorghum
lires, or enhance the drought resistance of other crop spe-
cies.

We have continued to develop our linkages with the U.S.
seed industry and with developing countries. It has been a
great pleasure these last eighteen months to have had Dr.
Yilma Kebede as a Fullbright Scholar working with the
McKnight group at Purdue. Dr. Kebede has primary respon-
sibility for the National Sorghum Improvement Program in
Ethiopia and we look forward to continuing our collabora-
tive research relationships with him in Ethiopia when he
returns home at the end of 1991. The students have espe-
cially enjoyed their interaction with Yilma and the view he
has presented to tiem on the problems and prospects for
third-world agriculture. He has presented seniinars and led
student discussion sroups where he willingly shared his
expertise on sorghum research in the context of a developing
country research program, Next year it will be our pleasure
to host Dr. S.C. Gupta and Dr. Tunde Obilana, who are
principal sorghum reseach scientists at the ICRISAT pro-
gram for the SADCC region of Southern Africa in Bu-
lawayo, Zimbabwe. Both will be spending their sabbatical
leaves with the McKnight group at Purdue and will help
consolidate linkages on our drought resistance research with
the international sorghum research center program (ICRI-
SAT). Our collabo.ative research relationships with Dr.
Osman Ibrahim, in Sudan, and Mr. Issoufou Kapran and Dr.
Mousa Adamou, in Niger, will be continued.

Objectives, Production and Utilization Constraints
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 agronomica’ly elite sorghum lines for Niger,
Sudan, and Ethiopia with good adaptability, gaod grain
Guality, 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 nursiug mothers,

Train LDC personnel in plant breeding and genetics.
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
eliminating 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 Dr.
Sam Mukuru has now proven in studies conducted in our
laboratory that high tannin sorghuins traditionally grown at
high elevations in Eastern Africa are very satisfactory
sources of digestible nutrieits if the grain is processed
adequately by traditional means. Protein quality improve-
ment will be a major breeding cbjective during the next five
years. We have identified good sources of modified quality
protein sorghums which are comparable in yieid potential
and grain quality to quality protein maize as developed by
CIMMYT. The basic high lysine gene, P-721 opaque, has
been combined with sources of vitreous endosperm to give
the QPS (Quality Protein Sorghum). The high yield poten-
tial has been demonstrated by Emmanuel Monyo and the
modified vitreous endosperm characteristics have recently
been documented. A major unresolved problem is the envi-
ronmental stability of these modified endosperm sorghums.
A recent breakthrough on OPM in maize by Briar: Larkins
and Mr. Mauricio Lopez has shown a strong relationship
between the gamma-zein fraction and modified vitreous
endosperm characteristics. An Elisa technique is being de-
veloped which will make selection for vitreous endosperm
opaque-2 much more reliable and faster. The same tech-
nique will be adapted to sorghum P-721 modified lines in
improvement programs. Trials will be conducted at several
locations during 1989 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 di-
gestibility of P-721 high lysine sorghum is about 10%
greater than that of most normal sorghum varieties whick
should be an additional benefit if it can be confirmed in the
QPS lines. The digestibility probiem can also be approached
at this time by a better understanding of traditional process-
ing technologies. We believe the identification of a low
fraction III (cross-linked kafirin fraction) sorghum variety
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in the World Collection has the potential to provide i genctic
and breeding solution to the digestibility problem in sor-
ghum which would be a significant achievement in utiliza-
tion of sorghum as a food grain and also as a feed grain.

A major priority will be the develepment of a vitreous
endosperm high lysine sorghum varicty using germplasm
developed from crosses with P-721 opaque. This will be a
combined effort with Allen Kirleis, Gebisa Ejeta, and Larry
Butler. The modificd endosperm high lysine sorghum pa-
rental 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 prog,ram will be imitiated to further improve
the protein quality, vitreous endosperm, and protein digest-
ibility of the nev lines.

Another “najor focus will be to continue to ascertain the
nutritiona’ value of thin fermented porridges as used in
Eastern 4nd Southern Africa and also to determine what
genetic characteristics are necessary in a new variety to
successfully prepare these porridges. For example, it is
generally kmown that local varicties have a high diastatic
power which is essential for fermentation with either yeast
orlactobacillus. Many improved sorghum varieties lack this
characteristic and this factor may be responsible for the low
adoption rate of improved varieties. Joe Mushonga’s re-
search on developing rapid assays for diastatic power and
studying inheritance of diastatic activity in sorghum culti-
vars will be continued. Second, Dr. Sam Mukuru has com-
pleted his study at Purdue on the digestibility of thin
fermented sorghum porridges in Uganda and has found that
there is no effect of the tannins on digestibility zfter the
traditional wood ash and fermentation treatments. Another
focus of activity will be to pursue the development of cold
tolerant sorghum Lnes with markedly improved seedling
vigor for higher elevations in Eastern Africa and temperate
zones. The sources of cold tolerance from Northern China
continue to he excellent for early spring seedling vigor.
Finally, we have identified a sorghum line in the Worid
Collection which has a significantly reduced cross-linked
kafirin fraction and shows very good digestibility results in
rat feeding trials, whether cooked or uncooked. Since we
believe this cross-linked kafirin is responsible for many of
the digestibility problems in sorghum we are giving this
activity a very high priority. Studies include inheritance of
the low fraction III trait and incorporation with this geretic
characteristic into improved broadly adapted sorghum
germplasm,

Drought is currently the major cause of global crop
failures. In the U.S., major yield losses associated with
drought have occurred on average once every four or five
years over the last 50 years. The droughts of 1983, 1988 and
again in 1990 in the U.S. offer grim testimony to this
continuing pattern of water shortages for crop production.
The problems of water deficits are even more pronounced
in the centinent of Africa. There is clearly a long-term need
for plant breeding efforts devoted to minimizing these yield
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losses associated with water deficits. The present proposal
addresses these needs through an interdisciplinary research
effort focused on an understanding of the fundamental ge-
netic determinants of drought resistance in Sorghum bi-
color. Sorghum is known for its drought and heat tolerance.
It is a native plant in the Sub-Saharan zone of Africa and is
the preferred cereal crop wherever it is too dry to giow
maize. Purdue University has developed an intemational
sorghum breeding program over the past 20 years with
extensive cooperative arrangements with many African
countries, including Niger and Sudan. During this period, a
vast number of sorghum varietics and lines have been
screened extensively for drought resistance in the U.S. and
Africa. However, very littie is known or understood about
the biochemical and genetic basis of plant stress tolerance
in dry, harsh enviromments. The drought resistant and sus-
ceptible lines thus far identified provide a valuable source
of germplasm which can be utilized to help dissect the
mechanisms of stress resistance. The available resistant
lines are known to have both preflowering and postflower-
ing stress resis ance.

Rescarch aiined at elucidating the genetic basis of the
complex characteristic of drought resistance would allow
the eventual transfer of this resistance to many other crops,
especially other cereals. Significant progress has recently
been made: in sorghum transformation which will expedite
gene transfer in this species. Information we gather will
produce realistic genetic markers for other cereal crops as
well as amore general appreciation for strategies of drought
resistance in dicotyledonous plants. The potential benefit to
human welfare for increasing drought resistance of other
cercal species to the level of resistance currently available
in sorghum is enormous. The future of agriculture in arid
regions depends upon such basic information and the train-
ing of highly skilled scientists.

Research Approach and Project Output
Research Methods

Much uf the breeding activities will be conducted in
Niger, Sudan, and also with the ICRISAT Southern Africa
and East Africa regional centers. Gebisa will continue his
collaboration with the Sudan and Niger on Striga tolerance
and drought tolerance. Axtell will focus on cold tolerance
screening in Kenya and the Highlands of East Africa. Con-
siderable time and effort will be spent working with Suda-
nesc 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, and 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 yield and other needed agronomic traits will be
continued. Characteristics such as kemel hardness have now
been identified which will facilitate breeding for grain qual-
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ity. This program also will be carried cat 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 betveen exceptionally resistant and susceptible
(e.g., P721-N) lines and evaluating F2, F3 and subscquent
advanced progeny and their backcrosses to the original
parents, using traditional plant breeding methods. Second,
we propose (o gencrate many susceptitle revertant lincs by
mutagencsis of drought resistant P898012 and P954035
sorghum. Seed of these pure line varicties were mutagenized
at Purdue in the summer of 1988 and Mi plants were
self-pollinated to provide M2 sced (o screen for drought
sensitive revertants in Mexico under water stress conditions.
Stress sensitive revertants will also be obtained by using a
controlling element system in sorghum for transposon mu-
tagenesis and tagging. The “candy stripe” sorghum pheno-
type is analogous (o the variegated pericarp controlling
element 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 genctic events involving
transposition of the controlling element away from the
pericarp element by selecting seed from fully red se~tors on
the sorghum panicle. Plants grown from seed having red
sectors will then be self crossed 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
terras of sorghum stress resistance.

Training M.S. and Ph.D. LDC students will continue as
in the past.

Kesearch Findings

The principal research uccomplishments made during the
current funding period for this program are as follows. Our
approach to investigating the genetic determinants of the
exceptional drought resistance of certain sorghum cultivars
has been multidisciplinary, intemational in scope, and mul-
tifaceted. First, we may have an important new tool for
following the modified vitreous endosperm trait in high
lysine sorghum. Dr. Brian Larkins and Mauricio Lopez have
discovered the mechanism of endosperm hardness in QPM
maize. QPM was developed by CIMMYT over many years
at great expense, which we really could not afford to do in

sorghum. Their identification of the gamma-zein endosperm
protein fraction as the cause of endosperm hardness in
opaque-2 maize should allow similar results to be achieved
in sorghum at only a small fraction of tie cost of CIMMYT’s
development of QPM. Collaborative work with Dr. Allen
Kirleig and Dr. Julie Watterson suggests that QPS (Quality
Protcin Sorghum) also has an elevaied gamma-kafirin con-
tent. An Elisa technique is being developed for rapid screen-
ing of a large number of progeny from P-721 crosses with
elite vitreous endosperm normal sorghums,

Second, we constructed hybrids between exceptionally
resistant and susceptible lines and evaluated F2, F3 and
subsequent advanced progeny and their backcrosses to the
original parents, using traditional plant breeding methods.
A large number of Fs recombinant inbred families have been
derived from one such cross. These families exhibit an
exceptional range of genotypic variation for pre- and post-
flowering drought stress resistance, as revealed in recent
ficld evaluations of this germplasm during the drought of
1991 in indiana.

Third, we developed a sorghum RFj.? genetic map and
we are now uniquely poised (o begin to screen the above
recombinant inbred families for RFLPs which are associated
with specific drought resistance/susceptibility traits. A ma-
jor thrust of the proposed research will be to extensively
characterize the recombinant inbred familics above for mor-
phological, physiological and biochemical traits, and to map
the major genes responsible for drought resistance to spe-
cific chromosome regions. The concomitant development
of sorghum cDNA libraries of constitutive and drought-in-
ducible genes will likely further enhance the sorghum ge-
netic map, and will assist in defining specific genes which
are responsive (o water deficits.

Fourth, we generated many susceptible revertant lines by
chemical mutagenesis of drought resistant P898012 and
P954035 sorghum. Seed of these pure line varieties was
mutagenized at Purdue in 1988 and M) plants were self-pol-
linated to provide Mz seed. These M2 populations were
screened for drought sensitive revertants in Mexico under
water stress conditions. In order to provide a focal point for
interdisciplinary activities in genetics, physiology and bio-
chemistry, we have identified 38 independently occurring
mutants in the epicuticular wax genetic system in sorghum.
The latter mutant lines are now providing an exceptional
source of genetic material for our multidisciplinary group to
investigate the biochemistry and genetics of epicuticular
wax synthesis and deposition, and to characterize the con-
tribution of the waxy “bloom” trait not only to drought
resistance, but also resistance to fungal pathogens.

Fifth, we have characterized a controlling element system
in sorghum with the view to exploiting this system for
transposon mutagenesis and tagging. The “candy stripe”
sorghum variety is similar phenotypically to the variegated
pericarp controlling element system in maize. The Y gene
has been identified as the mutable locus in sorghum. The
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candy stripe sorghum variety hes been backcrossed to the
drought resistant sorghum lines to produce a pure line
drought resistant sorghum variety which contains the muta-
ble gene system. Now that this is available, it should be
possible to select for genetic events involving transposition
of the controlling element away from the pericarp element
by selecting seed from fully red sectors on the sorghum
panicle. Plants grown from seed having red sectors will then
be self crossed and their progeny screened for drought
susceptibility. In principle, any drought resistant genz so
identified can then be cloned using the candy stripe control-
ling element probe which we plan to clone from sorghum.
A promising lead came recently from our discovery that one
of the epicuticular wax genes in sorghum is linked with
waxy endosperms, so we may be able to transposon tag the
waxy endosperm gene first and then later tag the epicuticular
wax gene more readily because of the mechanics of trans-
position based on observatiens in other species. Utilizing
the genetic map of sorghum generated using RFLPs, it will
be possible to define specific chromosomal regions contain-
ing drought resistance gencs.

Sixth, we have sought genetic variability for a specific
biochemical trait which may play an important role in os-
morcgulation; the accumulation of glycinebetaine. Six gly-
cinebetaine-deficient sorghum genotypes have been
identified by screening of the sorghum world germplasm.
These betaine-deficient lines offer the opportunity to deter-
mine the genetic and biochemical basis of betaine-defi-
ciency in sorghum, and to determine the precise contribution
of this trait to drought resistance and osmotic adjustment.

Seventh, we have developed a sorghum tissue culture,
regeneration and transformation system with the view to
exploiting many recent advances in the field of plant
biotechnology towards sorghum improvement. A number of
genes of putative importance in plant tolerance of abiotic
and biotic stresses are currently being cloned from other
plant sources in anticipation that it may soon be possible to
routinely transform sorghum with such genes and their
antisense equivalents. Specific genes of interest include
genes encoding enzymes of proline biosynthesis, genes
encoding H'-translocating ATPases, genes encoding pro-
teins involved in cell membrane-cell wall adhesion, and
genes encoding pathogenesis related proteins.

Publications

Axtell, J.D, and G. Ejeta. 1991. Improving sorghum grein protein quality
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Quality (G. Ejeta and E. Mertz, eds.). Feb. 28 - March 1, 1990. p.
117-1285.

Axtell, 1.D. and E.T. Mertz. 1991. Historical perspectives of sorghum
protein digestibility. Proc. Intemational Conference on Sorghum Nutri-
tional Quality (G. Ejeta and E. Mertz, eds.; Feb. 28 - March 1, 1990,
West Lafayette, IN. p. 164-167.
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Huibent, S.H., T.E. Richter, I.D. Axtell, and J. L. Bennetzen. 1990, Genetic
mapping and characterization of sorghum and related crops by means
of maize DNA probes. Proc. Natl. Acad. Sci. USA 87:4251-4255.
Jenks, M.A., E.N. Ashworth, and J.D. Axtell. 1991, Epicuticular wax
morphology of bloomless (bm) mutants in Sorghum bicolor. (In press).
Jenks, M.A., E.N. Ashworth, P.J. Peters, and J.D. Axtell. 1991. Structure
of epicuticular wax in sorghum mutants. HortScience (abstract).
Premachandra, G.S.,J.D. Axtell, and RJ. Joly. 1991, Leaf water relations,
net CO2 assimilation, stomatal conductancz, and osmotic concentration
as affected by waler deficit in sorghum. In: Proceedings Intemational
Sorghum/Millet Conference, Corpus Christi, TX. July 8-12, 1991,

Networking Activities
Workshops

Participant and organizer of “Intemational Conference
on Sorghum Nutritional Quality”. Purdue University, West
Lafayette, IN., February 26-March 1, 1990. Proceedings
published in March 1991 and single copies are available to
sorghum researchers.

Organizer and participant of “The Second Annual Purdue
University McKnight Program Retreat.” Presentation enti-
tled “The McKnight Foundation Interdisciplinary Research
Project on Mechanisms of Drought Resistance.” McCor-
micks Creek State Park, IN. April 12-13, 1991.

Research Investigator Exchanges

INRAN Staff, ICRISAT Staff and INTSORMIL Staff are
regularly involved in exchange visits at Purdue, as well as
Pioneer and DeKalb seed company scientists. A partial list
follows.

Dr. Osman Ibrahim, ARC/Gezira Research Station, Wad
Medani, Sudan

Dr. R. Jambunathan, ICRISAT, Patancheru P.O. Andhra
Pradesh 502 324, India

Dr. Dallas Oswalt, Training Ofc., ICRISAT, Andhra
Pradesh 502 324, India

Dr. D.S. Murty, Plant Breeder, ICRISAT, Andhra
Pradesh 502 324, India

Dr. Lee House, SADCC/ICRISAT Sorghum & Millet
Program, Bulawayo, Zimbabwe

Mr. Joe Mushonga,SADCC/ICRISAT Sorghum & Mil-
let Research Program, Bulawayn, Zimbabwe

Dr. Vartan Guiragossian, Sorghum Breeder, ICRISAT,
Nairobi, Kenya

Dr. John Rogler, Animal Science, Purdue University,
West Lafayette, IN 47907
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Dr. Ed Ashworth, Horticulture, Purdue University, West
Lafayette, IN 47907

Dr. Nick Carpita, Botany, Purdue University, West La-
fayette, IN 47907

Dr. Mike Hasegawa, Horticulture, Purdue University,
West Lafayette, IN 47907

Dr. Darrell Rosenow, Texas A&M University Agricul-
tural Research Center, Lubbock, TX 79401

Dr. Lloyd Rooney, Soil & Crop Sciences, Texas A&M
University, College Station, TX 77843

Dr. Richard Frederiksen, Texas A&M University, Col-
lege Station, TX 77843

Dr. George Teetes, Entomology, Texas A&M Univer-
sity, College Station, TX 77843

Mr. William Stegmeier, Ft. Hays Experiment Station,
Kansas St. University, Hays, KS 67601

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. Jerry Eastin, Department of Agronomy, University
of Nebraska, Lincoln, NE 68583

Germplasm and Research Information Exchange

Extensive germplasm has been provided to INRAN/Ni-
ger, ARC in Sudan, ICRISAT/SADCC Zimbabwe, plus
numerous seed lots in response to specific requests by both
private and public sector institutions.
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Development and Enhancement of Sorghum Germplasm with
Sustained Tolerance to Drought, Striga, and Grain Mold

Project PRF-107
Gebisa Ejeta
Purdue University

Principal Investigator

Dr. Gebisa Ejeta, Department of Agronomy, Purdue University, West Lafayette, IN 47907-1150.

Collaborating Scientists

Dr. Osman ibrahim El Obeid, Sorghum Breeder, ARC, Sudan

Dr. Abdeljabar T. Babikher, Striga Specialist, ARC, Sudan

Dr. Mohamed E1 Hilu Omer, Sorghum Pathologist, ARC, Sudan

Dr. Ahmad Abu El Gassim, NSA, Sudan

Dr. Omar Fadil, NSA, Sudan

Dr. John Clark, Team Leader, Sorghum Breeder, INRAN, Niger

Mr. Shadou Bawa, Director General of INRAN, INRAN, Niger

Dr. Sam Mukuru, Sorghum Breeder, ICRISAT, Kenya

Dr. Vartan Guiragossian, Sorghum Breeder, . "RISAT, Kenya

Dr. Lee House, Executive Director, SADCC/ILC *ISAT, Zimbabwe

Dr. John Axtell, Agronomy Department, Purdv  Jniversity, West Lafayeite, IN

Dr. Larry Butler, Biochemistry Department, Purdue University, West Lafayette, IN
Dr. Allen Kirleis, Food Science Department, Purdue University, West Lafayette, IN
Dr. Darrell Rosenow, Texas A&M University 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 Sced Company
Summary

Breeding sorghum varieties and hybrids for use in devel-
oping countries requires proper recognition of the major
constraints limiting production, knowledge of germplasm
and appropriate physical environment for evalvation and
testing. Efforts in INTSORMIL. Project PRF-107 are at-
tempts to meet these requirements. Through regular dia-
logue and interaction with colleagues in Niger and Sudan,
the sorghum breeding program at Purdue provides the nec-
essary back-up both in terms of germplasm and information.

In Year 12 we provide brief reports on inheritance of
Striga resistance, on release of 10 fertility restorer drought
tolerant lines for public use, on characterization of African
pear]l millet landr: ces, and on the role of phenolic com-
pounds in grain mold resistance in sorghum.

In multilocation testing of selected Striga resistant sor-
ghum varieties conducted in Sudan and Niger over scveral
years, we identified a superior source of resistance in culti-
var SRN-39. This cultivar was officially released this last
year for wide cultivation in Striga endemic areas of the
Sudan. Genetic studies on SRN-39 showed simple recessive
inheritance for Striga resistance. Intercross of SRN-39 with
high yielding adapted but Striga susceptible varieties re-
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sulted in superior progenies that combine Striga resistance
with agronomic superiority.

A joint effort between Purdue University, Texas A&M
University and the Sudan Agricultural Research Corpora-
tion has resulted in a release of ten drought tolerant fertility
restorer parental lines for potential use in Sudan and the U.S.
seed industry.

Pearl millet landraces widely grown in several African
countries were characterized for morphological and agro-
nomic characteristics resulting in a series of potential het-
erotic groups. This information will be useful as a
foundation to initiate a productive pearl millet breeding
program in some African countries.

Our earlier finding on the association of a low molecular
weight phenolic compound, flavan4-ols and grain mold
resistance was confirmed in a developmental study we con-
ducted last year on 10 sorghum genotypes at Purdue Uni-
versity Agronomy Research Center.
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Objectives, Production and Utilization Constraints
Objectives

To strengthen sorghum research capabilities of collabo-
rating scientists in less developed countries, thereby accel-
erating the rate at which the production and utilization of
sorghum is enhanced. To achieve this objective, the techni-
cal resources of sorghum research scientists at Purdue Uni-
versity as well as other INTSORMIL institutions will be
tapped. Research on specific topics will be undertaken pri-
marily at Purdue University in West Lafayette, Indiana but
collaborative applied field experiments will be conducted at
the Gezira Research Station in Sudan and at INRAN, Niger,

Research objectives for Year 12 are a continuation of the
overall project’s research objectives as listed below:

To develop sorghum varieties and hybrids with im proved
yield potential and broader environmental adaptation.

To develop and enhance sorghum germplasm with in-
creased levels of resistance to drought, Striga, and grain
mold infection.

To study inheritance of traits associated with resistance
to drought, Striga, and grain mold.

To elucidate mechanisms of resistance to drought, Striga,
and grain mold in sorghum.

Constraints

Moisture stress is perhaps the single most important
constraint to sorghum production in both Niger and Sudan.
Sorghum germplasm accessions with good levels of drought
tolerance, while available in various programs around the
world, had not been widely used in research programs in
Niger and Sudan. Practical methodologies for screening
sorghum germplasm for drought tolerance are also lacking.
Breeding efforts to incorporate drought tolerance with
higher than average yield potential are limited by lack of a
rapid field screening procedure as well as lack of knowledge
of sources of sorghum germplasm possessing useful traits,

Striga hermonthica, a parasitic weed, is a major produc-
tion constraint of sorghum and millets in both Sudan and
Niger, as it is in many countries in tropical Africa. Various
control measures including the use of resistant varieties,
improved cultural practices, and use of high levels of nitro-
gen fertilization have been suggested. Few resistant sor-
ghum varieties have been identified. However, the
inheritance and mechanism of Striga resistance in sorghum
are not known. The efficacy of integrating various control
measures in alleviating Striga infestation has also not been
investigated.

One of the constraints limiting adoption and use of exotic
early maturing, high yielding sorghum varieties in parts of

West Africa is the susceptiblity of exotic lines to grain mold
causing fungi. Tall, late maturing, photoperiod sensitive
local varicties completing their grain filling period after
cessation of rains tend to escape grain deterioration prob-
lems in the field.

Research Approach and Project Output

Sorghum germplasm from various sources is inter-
crossed in specific comnbinations and evaluated for higher
yicld potential under optimum sorghum growing conditions
ai West Lafayette, Indiana. Advanced breeding lines with
improved agronomic characteristics are then sampled to be
evaluated for specific adaptation in various locations pri-
marily in Niger and Sudan in collaboration with cooperating
scientists. Knowledge of specific traits sought in Niger and
Sudan is utilized in making deliberate crosses as well as in
selection efforts in the breeding program,

Through efforts of graduate students and a cooperative
interdisciplinarv team at Purdue, we undertake research
leading towards better understanding of Striga, drought and
grain mold resistance. As we gain improved knowledge on
these and associated traits, the efficiency of our breeding
program should be enhanced.

Research Findings

Striga — Genetics of Host Plant Resistance

Witchweeds are widely recognized as one of the most
noxious weeds of crops and a production constraint of
significant importance. Cereal crops seem to suffer the most,
although some legumes are also known to be devastated by
Striga attack. As the most predominant cereal crop of the
semiarid tropics, production losses in grain sorghum are
perhaps much higher than for other crops.

Cultivar resistance is the most economic control meas-
ure, since adapted, resistant cultivars can be grown without
additional input from the subsistence farmer. Information
on the genetics of resistance to Striga is scant. This is
partially attributable to the rarity of germplasm which ex-
hibits stable resistance across geographical regions. In a
multilocation testing of selected Striga resistant sorghum
cultivars, conducted in Sudan and Niger over several years,
we identified a stable and superior source of resistance in
cultivar SRN-39. To establish if the resistance observed in
SRN-39 was heritable, we made crosses between this line
and a susceptible line, P-954063. Parcntal, Fy, F,, and
Jackeross generations were grown in infested pots and
development of both host and parasite was monitored, A
compietely randomized dcsign was used. The experiment
was laid out in five double rows of 29 pots each. Spacing
between plants within double rows was 33 cm and rows
were 63 cm apart.

Significant variation among genotypes was observed for
both host traits and effects on parasite populations. The F)
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did not differ significantly in Siriga resistance from the
susceptible parent, suggesting recessive inheritance. How-
ever, hybrid vigor was exhibited by the F; which yiclded
and developed as well as the resistant parent. Broad sense
heritability ranged from 0.23 to 0.55 for host traits and from
0.10t0 0.43 for effect of genotypes in the Striga population.
Joint scaling tests showed that observed variation in each
host or parasite trait consisted of additive anu dominant
components, suggesting that progress can be made for fur-
ther improvement. We have involved SRN-39 in various
cross combinations with high yielding and broadly adapted,
but Striga susceptible varicties. This has resulted in superior
progenies that combine Striga resistance with agronomic
superiority. Thesc newly derived clite progenies are cur-
rently under international testing in Africa. Meanwhile our
Striga resistance source, SRN-39, has been recommended
for commercial cultivation in Striga endemic areas of the
Sudan. This variety is also under consideration for release
in Niger, West Africa.

Drought - Release of Drought Tolerant Parental Lines

One of the mutual benefits accrued from international
collaborative research is the development and availability of
useful germplasm. Joint rescarch between Purdue Univer-
sity, Texas A & M Experiment Station at Lubbock, and the
Agricultural Research Corporation, Sudan that has been
underway for the last eight ycars recently produced dsought
tolerant sorghum lines that should be useful in both the
Sudan and the United States. These sorghum lines were
derived from deliberate crosses between clite U.S. restorer
lines and restorer lines sclected for drought tolerance, tropi-
cal adaptation, and food grain use in Sudan, as part of an
on-going collaborative research effort between scientists in
the two countries. Pedigrees and plant characieristics of the
ten R-lines are given in Table 1. The initial crosses were
made by Dr. D.T. Rosenow at Lubbock, Texas and by Dr.
Gebisa Ejeta at West Lafayette, Indiana during the 1984
crop season, Sclection and evaluation of carly generation
segregating populations were done using the pedigree
method of breeding with altemative sclection at West La-
fayette, Indiana (Summer) and Isabella, Pucrto Rico (Win-
ter). Selection at West Lafayette emphasized yicld potential,
early maturity, and sced quality. Selection in Puerto Rico
focused on tropical adaptation and foliar discase reaction.
Elite selections in advanced generation (Fg) were crossed on

Table 1.  Pedigree of release lines.

Release
Designation Pedigree
P-89001 (TAM428 * M62641)-8-bk-3-1-bk-bk-bk
P-89002 (TAM428 * M62641)-17-bk-3-3-bk-bk-bk
P-89003 (TX2794 * K22/35)-3-bk-1-1-bk-bk-bk
P-89004 (TX2794 * K22/35)-10-bk-3-3-bk-bk-bk
P-89005 (TX2794 * K22/35)-15-bk-2-2-bk-bk-bk
P-89006 (TX430 * K1597)-10-bk-1-1-bk-bk-bk
P-89007 (TX430 * K1597)-3-bk-2-2-bk-bk-bk
P-85008 (TX430 * K443)-8-bk-1-1-bk-bk-bk
P-89009 (TX430 * K22/35)-1-bk-3-3-bk-bk-bk
P-89010 (TAM428 * K1/4)-2-bk-2-1-bk-bk-bk
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to commercially available male-sterile seed parents at West
Lafayette. These selections and their resultant hybrids were
evaluated for agronomic merit and/or drought tolerance at
West Lafayette, Indiana; Lubbock, Texas; and Wad Medani,
Sudan (Table 2). Ten restorer lines that exhibited excellent
combining ability were further evaluated in hybrid combi-
nation with commercial A lines (Table 3).

All ten parental lines restore fertility in A cytoplasm, but
their fertility restoration in other cytoplasms is not known.
The lines and their hybrids showed broad adaptation with
excellent potential for use both in the U.S. and Sudan, The
parental lines were selected primarily on the basis of supe-
rior drought tolerance, evident grain quality, and agronomic
merit both as lines per se and in hybrid combinations. All
ten lines are excellent pollen shedders. Other characteristics
of these parental lines including plant color, glume color,
midrib color, endosperm color, and endosperm texture were
scored. These lines have panicles that are semicompact and
erect. Sceds are white or yellow in appearance and translu -
cent, ranging from medium to large in size. All possess no
pigmented testa; most have yellow endosperm:, a white or
colorless epicarp and a thin mesocarp.

The ten parental lines and their hybrids range from me-
dium to late in maturity compared to other commercially
available inbreds and hybrids. Both the lines and their
hybrids range from good to excellent in lodging resistance
and overall stalk strength. All ten lincs have juicy culm with
midribs that appear green. All ten R lines tiller profuscly,
producing secondary tillers with even height and maturity
with the main plants.

Continued testing of these ten parental lines in an array
of environments has shown that they combine excellent
drought tolerance, combining ability, yield stability, and
good foliar disease reaction. These inbreds should be useful
as pollinator parents both in the U.S. and in the tropirs for
developing drought tolerant food grain hybrids with high
yicld potential.

Diversity among African Pearl Millet Landraces

Pearl millet evolved in the dry and semiarid regions of
Africa where landraces have been grown since the begin-
ning of settled agriculture. Introduction of improved pearl
millet cultivars into the region is recent and limited to
favorable areas. For the drier and marginal areas, farmers
continue to rely on landraces that have shown good stability
and reliability. Continued selection by farmers over hun-
dreds of years has resulted in the establishment of ecologi-
cally well-adapted landraces. Many of these landraces,
however, have low yield potential.

A comprehensive genetic study has been under investi-
gation by Ouendeba Botorou, millet breeder from Niger
who is currently a Ph.D. candidate at Purdue University.
One of the objectives of Ouendeba’s study was the genetic
characterization of African pearl millet landrace populations
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Table 2. Agronomic characteristics of elite pollinator lines, their original parents, and new experimental hybrids.
Flowering (50%) Plant height Yield
(days) (cm) (kg/ha)

Qultivar_ X' IN? su? IN Sy X IN sU
P89001 58 71 64 155 142 4975 6389 3546
P89002 63 y7) 66 160 145 3130 4937 3753
P89003 62 72 63 120 128 3822 4646 3392
P89004 65 73 69 140 137 4230 1211 3238
P89005 63 75 69 115 127 4245 3194 2751
P89006 66 - 69 110 112 5283 3775 2698
P89007 60 7 64 135 110 4030 4501 3031
P89008 64 74 68 165 167 5222 6678 3778
P89009 65 74 67 125 130 4076 4792 3263
P89010 64 73 67 150 147 4107 5808 4986
TAM428 63 73 69 107 109 4224 3775 3836
M62641 65 7 67 183 175 3896 6098 4606
K22/35 61 74 60 102 102 2402 2759 1876
TX430 59 74 66 117 122 5598 5227 172
K443 67 . 68 109 127 3184 3528 2394
Kl/4 65 7 64 127 122 3237 5227 4270
TX623B 58 69 67 142 142 4301 5953 4914
K1597 68 - 70 117 122 2127 3877 1960
TX623*P89001 56 68 63 185 185 6021 7696 4780
TX623*P89002 59 68 64 185 182 6513 7886 471
[X623*P89003 63 70 69 145 148 6029 6534 5063
TX623*P89004 61 69 66 160 163 6867 7115 5807
TX623*P89005 61 68 66 150 140 6006 6824 4009
TX623*P89006 63 70 67 170 158 6490 7550 6322
TX623*P89007 59 68 64 160 155 6606 5953 6167
TX623*P89008 63 7 66 205 198 6583 9728 5611
TX623*P89009 66 67 63 160 152 6406 6679 4881
TX623*P85010 61 69 67 180 165 6444 5953 5112
TX623*M62641 60 69 67 198 203 5350 8422 4046
TX623*+K443 64 72 66 175 173 6360 7158 5404
TX623*TAM428 64 73 67 183 178 7523 7550 4970
TX623*K1597 59 69 67 163 167 6073 6490 6594
TX623*TX430 57 70 64 147 147 5460 6345 4270
TOPAZ (ASGROW) 58 67 60 119 124 6601 6868 5124
'TX Lubbock, Texas

2IN = West Lafayeite, Indiana
’SU = Wad Medani, Sudan, Africa

widely grown in several African countries, and two experi-
mental pearl millet hybrids were evaluated at two locations
in Niger during the 1989 rainy season. Table 4 lists the seed
source and origin of the pearl millet landraces utilized in this
study. Thirteen characters including downey mildew inci-
dence, days to flowering, spike length, peduncle length,
spike girth, flag leaf width, stem diameter, spike number per
plant, nonproductive tillers per plant, plant height, spike
yield per plot, grain yield per plot, and 1000-seed weight
were measured on six replications of each cultivar.

The cultivars were all significantly different for all char-
acters evaluated (Table 5). The Niger millet landraces
showed much less variation than the other African millets
for all characters investigated. Ward’s cluster and principal
component analyses were used to investigate the nature and
degree of divergence in the pearl millet populations. The
cluster analyses revealed similarities between Niger and
Senegal and between Niger and Nigerian pearl millet lan-
draces. Four principal components were found to explain
more than 90% of the total variation. Flowering time, plant
height, stem diameter, spike length, and yield seemed to be
the major sources of diversity among the cultivars.

Adequate genetic variability is essential for an effective
crop improvement program. Effective utilization of
germplasm in breeding programs is enhanced if the variation
is properly characterized and described. The results of this
study should be useful in choosing potentially heterotic
pearl millet populations for intercrossing in the develop-
ment of improved varieties, synthetics, and hybrids for use
in West Africa.

Grain Mold - Phenolic Compounds in Grain Mold
Resistance

Sorghum seeds contain phenolic compounds some of
which have bzen reported to contribute to mold resistance.
We have previously reported a strong association between
levels of flavan-4-ols, and favorable grain mold rating in a
working collection of diverse sorghum germplasm assem-
bled at Purdue University. Recently we evaluated ten sor-
ghum genotypes during seed development and maturation
to determine relationships between changes in polyphenol
content and mold development. Sced samples were ana-
lyzed for flavan-4-ols, 3-deoxyanthocyanidins, and proan-
thocyanidins (tannins) concentration. Samples were also
plated on culture medium to determine infection by different
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Table3. Agronomic characteristics of hybrids made
with new elite pollinator parents and com-
mercial A-lines at West Lafayette, Indiana.

Cultivar Redlan A _Wheatland A SA3042 Al

50% Flowering (days)

P89001 78 78 77 76

P89002 80 79 68 76

P89004 81 80 68 78

P89006 86 84 77 83

P89008 84 82 74 82

P89009 90 87 79 87

P89010 80 81 70 80

TX2737 83 83 84 80

TX430 82 82 ) 79

K1597 87 84 80 82

Plant height (cm)

P89001 178 160 147 160

P89002 183 163 157 173

P89004 167 130 140 160

P89006 157 132 137 147

P89008 208 178 163 178

P89009 157 122 135 137

P89010 160 152 142 150

TX2737 137 112 137 135

TX430 137 122 117 130

K1597 150 127 137 147

Yicld (Kg/ha)

P89001 7452 6825 4904 6724

P89002 7910 7316 5181 4951

P89004 6914 6373 5525 6728

P89026 6916 7875 5734 6872

P89008 8065 7585 6090 7593

P89009 7123 7330 5201 6504

P89010 6648 6090 4860 6131

TX2737 7419 7066 6412 5093

TX430 6116 5045 5451 6474

K1597 7683 6033 4409 6403

50% Flowering  Plant height Yicld

Checks (days) {cm) (kg/ha)

RS610 72 117 3097

GS712 (Asgrow) 81 127 7299

Topaz (Asgrow) 9 122 5882

Tabled.  Source and origin of ten landrace popula-
tions and two intervarietal F; hybrids of
pearl millet.

Cultivars Source Origin

Souna 3 ICRISAT* Senegal

Iniari ICRISAT Togo

Mansori ICRISAT Sudan

Ex-Bomu ICRISAT Nigeria

Ugandi ICRISAT Sudan

CIVT INRAN? Niger

P3-Kolo INRAN Niger

Zongo Kolo (ZOK) INRAN Niger

Haini Kire Precoce (HKP) INRAN Niger

Zanfarwa (ZA) INRAN Niger

FI1 hybrid No. 1 1784-91*P3Kolo ICRISAT ICRISAT

F1 hybrid No. 2 1784-91*GB-8735 ICRISAT ICRISAT

* Intemational Crops Research Institute for the Semi-And Tropics
® Institut National De Recherches Agronomiques Du Niger

fungi. Results showed that grain mold resistant genotypes
have a higher level of flavan4-ols and proanthocyanidins
throughout grain development compared to susceptible
lines. Total fungi infection and rate of fungi growth are
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consistently lower in genotypes with higher flavan-4-ols
and proanthocyanidins. These results confirm that assays for
flavan4-ols and proanthocyanidins that have been devel-
oped at Purdue University could be used as a screen in
developing mold resistant sorghum lines.
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Networking Activities

Edited Proceedings of the International Conference on
Sorghum Nutritional Quality, held at Purdue University,
Feb.-Mar. 1990.

Attended the 15th International Symposium on Parasitic
Weeds, June 1991, Nairobi, Kenya. Participated with three
presentations.

Attended the 2nd Workshop of the Pan-African Striga
Control Network (PASCON), June 1991, Nairobi, Kenya.
Presented one naper.

Attended the American Society of Agronomy at San
Antonio, Texas, October 1990,

Research Investigator Exchange

Germplasm

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 project is decided upon either
specific request from the collaborators or based on prelimi-
nary evaluation of small sets of nurseries introduced the
previous season. Such an approach has been found to be
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Table 5. _Cultivar means of 13 characters an alyzed across two locations.

Number of Downy 1000-
Origin/ Spike  Peduncle Soike  Flag-leaf Stem Spike  non-prod  Plant mildew  Time to Spike  Gmin  gnin
Cultivar length  length ?mh width  diameter number tillers height incidence flowering  yield yield  weight

{cm) (cm) cm) {cm) (cm) (cm) (%) (days) (g) (8) (13

Niger landraces
CIVT 47.54b 1.66%<  7.81b 3.90+ 4.63b 3328 3.33°  219.90% 28.39s 59.92b 2985% 19948  942e
P3Kolo 47.32b 243 7.70® 3.73 4.56b 3.65 4.20°  209.09b 17.21b 57.67% 33042 22000 9.17%
Z0K 62.88* 143 7.80b 392 5.01 3.25% 5.85'  268.600 26.100 63.67* 3539 22000 9.42
HKP 49.18b 212 771 3.64» 4.71b 3.68% 4.28°  208.27% 27.612 56.08c 3023sh 1958b 9 54a
ZA 47.00b 1.10¢ 8.67 3.58 4,954 3.00b 3.24°  197.68¢ 14.39> 59.67% 2481  |574b 2.96¢
Souna 3 48.854% 29]¢ 7.90¢ 4.24¢2 4.93 3.48¢ 6.35"  215.97¢ 7.42¢ 62.17* 3704 2382 7.37¢
Iniari 22.31¢ 775 10.46* 347 4,23b 3.85b 574 171.83¢ 31.59% $3.00° 2484c  1864b 9,83+
Mansori 27.47¢ 6.16> 7.474 3.440 4.00¢ 4.39% 375°  173.58¢ 24.81% 56.08> 2070  1399¢ 8.50b
Ex-Bomu 31.35b 6.78%  7.86¢ 3.63b 4,26 4.46% 3.54° 199.55b 11,.52¢ 56.26> 2955¢  2053% 9758
Ugandi 24.254 5.58b 9.02b 3.20¢ 3,724 4.68 3.83 167.66¢ 41.572 51.50¢ 2037 1440¢  10.21
E, hybrids b
Hybrid 1  39.42t 6.26% 8.552 4.03b 4.36b 4,472 524 204.48b 10.45 53.58> 4658> 3408 10,58
Hybrid2  26.05 9.19% 9.61% 3.654 377 4.752 3.51*  163.090 17.28 48.832 3448+ 25792 1,08

(*) Mcans with identical | tters have no significant diffcrences among them. Mean sepamtions done within each group.

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 o
be made in the winter nursery 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.
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Summary

Sorghum is the primary cereal of choice in several parts
of the world because of ils resistance to high temperature
and water stress. During the last 30 years, yields have
steadily increased thereby sustaining production levels de-
spite a leveling of total area devoted to the crop. This has
been accomplished by meeting the needs of producers and
remaining ahead of yield limiting constraints. The principal
objective of TAM-121 is to bring together in a deliberately
focused manner all those traits which cause the produciion
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of higher yielding sorghums with acceptable or superior
food quality, and have adequate resistances to biotic and
abiotic stresses.

During 1990-1991 TAM-121 developed and released for
public distribution four new grain female cultivars. A/B
TxARG-1, an elite white translucent grain, tan plant color
line with high combining ability was jointly distributed by
Texas A&M University and Instituto Nacional de Tecnolo-
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gia Agropecuaria, Manfredi, Argentina. This line should
significantly increase the pessibilities for new 3-dwarf hy-
t.ids for human food use and poultry-livestock feeds. A/B
Tx635 is a nonsenescing, tropically adapted, short 2-dwarf
sorghum female with exceptional foliar disease resistance,
food quality grain, yield potential, and immunity to head
smut. This line was developed in collaboration with ICRI-
SAT, Centro de Tecnologia Agricola de Salvador
(CENTA), and Texas A&M University. A2/B,Tx636 and
A2/B; Tx637 were developed and distributed Fy Texas
A&M University. These two females provide sizaificant
additions to the A; sterility system which can be used to
broaden the taxonomic array of hybrids. The B, lines of both
releases are excellent R-lines in the A sterility system.

The evaluation of charcoal rot, a disease often associated
with drought stress showed that the high depletion rates of
reserve nonstructural carbohydrates from the stem inhibit
defense mechanisms, through limiting synthesis of inhiki-
tors of fungal degradative enzymes. Resistance to charcoal
rot was determined to be under multiple-locus control with
dominant and recessive epistatic effects.

As a part of the long term research effort 10 idzntify and
manipulate mechanisms of drought resistance, we have
studied inheritance of resistance - via osmotic potential, heat
iolerance, water pctential, and relative water content of the
cell. Inheritance of resistance was determined to be under
control of multiple loci systems with dominant and recessive
epistatic cffects. We propose that each system is affected by
two genes. Whether the genc(s) system for high RWC,
v and =, and heat stress was the same could not be estab-
lished.

Farmers in developing countries generally believe that
varieties perform superior to hybrids under harsh environ-
mental conditions because hybrids require higher levels of
inpuis and culture to express their potential. When we
compared hybrids and their parents under four very diverse
environments, we found that ever: in the most harsh dry low
yield environments hybrids performed better than their par-
ents.

When we compared an array of U.S. developed inbred
lines with traditional African cultivars for their ability to
emerge in moisture deficient soils, we found the traditional
cultivars to be superior. These cultivars (Hegari and
CSM388) had the best germination performance in low soil
water content; (Segaolane and CSM388) had the best seed-
ling emergence in situations of very low soil water content,
and (CSM388, Bagoba, Ajabsido, etc.) had the fastest emer-
gence under limited soil water content. These data indicate
that therc are potentials for increasing germination, emer-
gence and survival in soils with very low water contents.

Many new germplasm resource lines were added to the
project via introductions from collaborators. Materials from
Argentina and ICRISAT Mexico appear to be very useful.
These and others have been crossed into our program mate-

rials and/or increased for distribution. A large amount of
materials consisting of A/B-lines, R-lines, and breeding
selections as well as replicated trials were distributed to
LDC’s, other international, and domestic collaborators. This
project aims to support collaborating scientists with en-
hanced breeding materiais from which they can choose
specifically adapted types to establish local programs. We
do this with distribution of a very large array of materials.
In 1990-1991 the project distributed more than 3,347 differ-
ent sorghums, 116+ replicated trials, and numerous selec-
tions, ec., entered into crials distributzd by TAM-122 and
TAM-124,

Objectives, Production and Utilization Constraints
Objectives

Develop through crossing, selection, and appropriate
evaluations under field and laboratory conditions stable,
high yielding, agronomically desirable sorghums with high
levels of disease, insect, and agronomic stress resistance,
high grain quality with resistance to weathering, and envi-
ronmental stresses.

Develop sorghum grain hybrids and lines which possess
acceptable human food quality.

Determine the yield constraining attributes of West Af-
rican guinea sorghum taxonomic types.

Assess the pliysiologic mechanisms of drought resistance
and use to improve sorghum stress tolerance.

Determine interaction of temperature and photoperiod on
the growth and development of susghum.

Develop specific germplasm resources and enhanced
sorghum pools for use in affecting productivity in Latin
America, Scuth America, and Africa.

Distribute improved lines, hybrids, and early generation
materials possessing superior productivity to collaborating
LDC’s.

Constraints

Sorghum is the primary cereal of choice in several parts
of the world because of its resistance to high temperature
and water stresses. Durir.g the last 30 years, yields have
steadily increased thereby sustaining production levels de-
spite a leveling of total arca devoted to the crop. This was
accomplished by meeting the needs of producers and re-
maining ahead of yield limiting constraints (diseases, in-
sects, stresses, etc.). This has been true for most areas of the
world but there still remain areas where the sustainable yield
has not changed from its low range. It is the latter as well as
the former production regimes that this project impacts, and
is designed to col'aborate with scientists and lay leaders
within each type of agriculture.
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A sustainable agricultural system is dependent upon an
acceptable yield of sorghuin in those areas of the world
which are constrained by risks associated with unstable
productivity and cultivars which are incapable of offering
solutions to those contraints where sorghum is considered a
staple food resource. The overall objeciive of this project is
to reduce risks through the creation of enhanced germplasm
pools, lines, and hybrids (properly evaluated) with stable
potentially high yield, good food quality and a high level of
resistance to significant diseases, pests, and stress factoss
while maintaining acceptance and nutritional quality. Sor-
ghum is generally grown under less favorable environ-
mental conditions in areas of the world where human
nutrition levels are at marginal levels of acceptability. The
constraints to productivity which are addressed through this
project are genetic limitations to yiela, disease resistance,
drought, inadequately developed germplasm resources, un-
improved food quality and inadequate availability of im-
proved seeds. It is assumed lhat the project’s enhanced
germplasm can be fitted into a politica! and economic sys-
tem that will allow bencfit to society.

Because sorghum is a native species to much of Africa
wliere natural resourc.es must be conserved, it is evident that
its hardy growth habits will have limited impact upon the
environment as we enhance the available germplasm.

Sorghum production is expanding in Latin America be-
cause of the recognition that it is a viable food, feed, and
energy resource. Mexico has limited areas of high yield
sorghums, but much of the country is marginal for produc-
tion of current materials where drought, both high and low
temperatures and diseases are constraints, Similarly, major
food limitations occur with maize production whereas sor-
ghum is a viable supplement to insuring a food supply in
Mexico and throughout Latin America. Problems with
drought, discases, adaptation, high and low temperatures
and limitations of food quality among existing materials
necessitate involvement of INTSCRMIL. Perhaps most im-
portant to the distribution of a broad base of sorghum
technology is the role that Mexico can play as a collaborator.
Through Mexico’s adoption and assimilation of sorghum
technology, such techiology is made more easily available
and accessible to the rest of Latin America. Materials which
are utilized in Mexico are evaluated for stepwise enhance-
ment and transfer to Guatemala, El Salvador, etc., and are
reinforced in Honduras (prime site) and in collaboration
with other Latin American countries which increases the
success of our program of germplasm conservation, im-
provement, and utilization.

South America offers a new horizon for sorgt:um produc-
tion. Brazil, Argentina, and a few other areas have devel-
oped production potentials, but with constraints of grain
quality, discases, insects, grain weathering, and yicld con-
sistency. Paraguay sorghum proruction is increasing and
has significant potential. Availability of improved seed-
stocks with adequate discase resisiance ana aczeptable food
quality are major limitations to reasonat e expansion. Co-

114

lombia has a potential to research acid-soil tolerance and add
yicld levels that make sorghum attractive in several million
hectares in Central and South America. Downy mildew,
anthracnose, and other diseases limit production throughout
South America and through collaboration sonurces of resis-
tance in higher yielding materials can be introduced. En-
hanced germplasm pools which are evaluated coopeiatively
in this arca are moved to other regions and programs. There
exist highly virulent strains or biotypes of anthracnose in
Brazil which thrcaten sorghum production in the rest of
South America. Control strategies are nceded.

In Kenya, Ghana, Zambia, Sudan, Niger, and Mali, the
overall situaticn is somewhat different. Photoperiod sensi-
livity is a preferred trait to allow escape of grain weathering.
Food quality is of paramount importance. Materials possess-
ing drought resistance, food quality, and disease resistance
from Texas have shown good adaptation in this area. Pho-
toperiod sensitive germplasm from the Honduran breeding
program should be very useful in providing additions to elite
germplasm  alrcady working in these areas. Major con-
straints in Mali and Niger as well as Burkina Faso are head
bugs for which there is limited germplasm possessing resis-
tance. Combining food quality traits with an understanding
of head bug resistance should have major impact when
coupled with higher yicld potential.

In Ugar ° , sorghum is the second most important cereal
ard is used for food, beer, and livestock fodder. The major
constraints are yicld with stabil.ty of production and adapted
cultivars possessing resistance to diseases and insects while
maintaining excellent food quality factors, as well as meet-
ing the needs of both larger plantings and small farms. Lines
and hybrids have poiential, but both must fit the rain-
fall/photoperiod constraints. In Cameroon, ihe same situ-
ation exists. Hybrid product’-". represents good potential.
But there has been a decline in yicld and hybrids are seen as
a way 10 produce greater retumns. C:ain quality sufficient for
human consumption and nutrition mus! be the constraint
addressed within any hybrid program. In Zambia, sore'ium
production and breeding research have improved with the
program of Dr, Bhola Nath. The constraints which need
atiention are yicld, stability of production, tolerance to acid
soils, food quality, and brewing quality. It is apparent that
sorghum materials devcloped, enhanced, and exchanged
with these programs and the others (Niger, Mali, Sudan,
Ethiopia, Burkina Faso) through TAM-121 will have an
impact.

Research Approach and Project Output
Research Methods

Breeding strategies are utilized by TAES sorghum breed-
ers which are both qualitative and quanticative. Develop-
ment of RFLP capabilities, tissue culture screening of
germplasm, utilization of introduced exotic germplasm in
elite line development, as well as characterization of biotic
and abiotic stress phenomena, are used to insure the sustain-
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able production of sorghum for grain (feed and food) and
forage (silage and pasture).

Materials from the Sorghum Conversion Program and
breeding materials from other TAES sorghum projects are
evaluated annually for resistance to intemationally impor-
tant diseases in a cooperative program throughout the sor-
ghum gmwing world. Large nurseries at several locations in
Texas using natural conditions are currently utilized, along
with artificial inoculations to determine the most useful
sorrces of resistance(s) and economical gene deployment.
Screepings of advanced and selected items are done in
Mississippi, Georgia, Arizona, Puerto Rico, Mexico, Hon-
duras, Venezuela, Brazil, Paraguay, Argentina, Mali, Su-
dan, and other sites in Africa and Asia.

Much of the sustainability of production is dependent on
performance in below optimum moisture conditions. Fieild
evaluations and basic physiologic studies are carried out to
identify either superior germplasm or mechanisms of resis-
tance to drought. Working with collaborating physiologists,
osmcregulation, heat tolerance, leaf wax concentration, and
root development patterns are measured and transferred to
elite germplasm, Maintzining greenleaf area through nonse-
nescence, high ievels of nonstructural carbohydrates in the
stem, and the ability to diffcrentiate a large number of seeds
per panicle under stress, coupled with the efficient use of
water to fill those seeds, give stability to production.

The TAES/INTSORMIL sorghum research program has
and continues to contribute sustainability to the commodity
worldwide. The blend of practical field evaluations with
basic res” arch endeavors, identification, and utilization of
exotic . rmplasm with protection traits, strengthens en-
hancement of utilization traits to make products more useful
and economical for the grower and consumer. This research
effort in sustainability is focused on increased yield of food
energy per unit area, maintenance or increased yield of
available protein, and divessification of germplasm to pro-
tect yield.

Planned crosses among selected elite or recognized trait
possessing lines were made and evaluated in appropriate
replicated trials at numerous locations. These sites were
specifically chosen to test responses to various disease
resistance sources, agronomically superior lines, drought
resistance mechanisms, and food quality traits. Selections
were made from these trials and advanced to more elite
{asting.

Enhancing sorghums for productivity has received con-
siderable attention in the U.S., but not until recently has food
quality received recognition as a constraint. Stability of
yield is important to all major constraints and to all sorghum
productions whether in the U.S. or in LIXC's. In ozder that
progress can be made to improve sorghum’s potential for
y.eld, multiple diverse sites were used in selections and
screenings. This preict in cooperation with other INTSOR-
MIL activities evaiuated germplasm for yield, disease resis-

tances and food quality across a wide range of environments.
Genotypes have been developed which need further evalu-
ation and selection under sustainable agriculture systems.
By augmenting this research with LDC collaboration in
Mexico, Honduras, Niger, Mali, Cameroon, Uganda,
Kenya, Zambia, Ghana, Paraguay, and other countries, new
superior materials ca* be identified to reduce risk to produc-
tivity.

Research Findings

'This project acts as a delivery venicle for several other
projects in the CRSP. Not only are the basic germplasm
resources cooperative in nature but the collaboration with
LDC’s isalso cooperative and includes scientists and gmdu-
ate students. Large ficld evaluation nurseries are grown in
areas of significant climatic variations and are especially
designed to select desired recombinations for appropriate
yield, stability, drought tolerance, disease resistance, and
grain quality. Major emphasis of this project has been placed
upon the development of tropically adapted cultivars with
high levels of nonsenescence and high vield. The basic
operating scheme of this project is to create a base of yield
that is sustainable across varying environmental coaditions
and add mechanisms and traits that increase value and
performance. There is significant interaction and exchange
of information and germplasm from TAM-122 and TAM-
124, The cooperation and evaluations from TAM-126 insure
the inclusion of new sources of food quality which are
placed into the breeding enhancement program.

During the reporting period TAM-121 released four new
female cultivais for intemational distribution. These are
listed and described here. A/B TxARG-1, an elite white
translucent grain, tan plant color parental line was distrib-
uted jointly by Texas A&M University and Instituto Na-
cional de Tecnologia Agropecuaria (INTA), Estacion
Experimental Agropecuaria, Manfredi, Argentina.

This A; cytoplasmic-genetic male-sterile line was de-
rived from an intentional cross between MR807, an Indian
breeding stock and BTx624. Its complete pedigree is
((MR807*BTx624)-Bulk F;)-5-5-1-2-bk-bk-1-bk. The
sterilization process consisted of five backcrosses to an A
cytopiasm source. Ing. Agr. Cristian Domanski selected the
original F3 and F4 plants at Manfredi, Argentina, from a
germplasm observation nursery obtained from ICRISAT
(International Crops Research Institute for the Semi-Arid
Tropics, Hyderabad, India) designated as B/A Line Obser-
vation Nursery (RON). Seed was obtained in 1987 from
INTA for the Texas Agricultural Experiment Stations
(TAES) sorghum improvement program by the project
leader during a visit to Manfredi. Following introduction
into Texas three additional backcrosses were made using
paired plant sclection and crossing.

A/B TxARG-1 is genetically 3-dwarf (dw;Dwadwsdwg),

and has excellent exsertion, medium sized white semitrans-
lucent round seeds, nonpigmented testa, awnless lemmas,
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and straw colored glumes. The line has pretty good resis-
tance to Fusarium head blight but is susceptible to Puccina
purpurea (rust). A/B TxARG-1 fiowers about the same time
as A/B Tx631 and sheds an excellent quantity of pollen.
Sterility of the A-line under bag is complete and does not
appear to be affected by high or low temperatures or
drought. The response of the line in other cytoplasmic-ge-
netic male-sterility systems is not known. A/B TxARG-1
has tan necrotic plant color (ppQQ) ard leaves have a juicy
midrib. Endosperm is waxy and intermediate in hardness.
The line has excellent tropical adaptation. ATxARG-1 has
good combine height and in hybrid combinations rarely
produces hybrids which are too tall for mechanical harvest.
ATxARG-1 has shown excellent combining ability in hy-
brid combinations for yield, drought resistance, and general
disease recistance.

This line should significantly increase the possibilities
for new tan plant color, white-translucent grain, 3-dwarf
sorghum hybrids for both human food use and poultry-live-
stock feeds. Hybrids made with ATxARG-1 appear to be
adapted across a wide array of environments in the VJnited
States, Argentina, India, and Africa. Hybrids with
ATxARG-1 have acceptable maturity, excellent bright grain
color and quality, excellent standability, tropical adaptation,
and improved disease resistance.

A/B TxG635 is a nonsenescing, tropically adapted, short
two-dwarf sorghum with exceptional foliar disecase resis-
tance, food quality grain, yield potential, and immunity to
head smut caused by Sporisorium holci-sorghi (Rivolta) K.
Vinky. This line was developed in coilaboration with ICRI-
SAT (Intemational Crops Research Institute for the Semi-
Arid Tropics), CENTA (Centro de Tecnologia Agricola de
Salvador), and ‘Texas A&M University.

The original plants which eventual'y gave rise to this
cytoplasmic-genetic male-sterile line, A/B Tx635, werc
originally selected in breeders’ nurseries of ICRISAT, Hy-
derabad, India, and designated as A-5621. This line came
from the nursery of Dr. Bhola Nath Verma who was respon-
sible for population breeding at ICRISAT. A-5621 was
derived from cycle tw. of the RS/R population (see ICRI-
SAT Annual Reports from 1973-74 for the origins of this
population) and was known in ICRISAT records as RS/R-
510-20-682-5-1. It was selected from S1 trials in 1975
Kharif season. A single selection from this S1 family was
advanced to S2 in 1975 Rabi season, and then advanced
under pedigree selection to S7 in 1978 Kharif, using alter-
nate Kharif and Rabi nurserics. A conventional pedigree for
the line at this stage would be RS/R (C2) S1 102-1-1-2-1-5-
1. It was bulked then advanced as such until 1979 Rabi when
it was tesicrossed to a cytoplasmic male sterile (A; cyto-
plasm). When the testcross was grown in 1980 Kharif and
found to be sterile, a backcross was made on a plant to plant
basis io convert to male sterility. The -5 plant pair of A- and
B- plants were sclected from breeders’ nurseries at the
ICRISAT center by Ing. Réne Clara, then coordinator of
CENTA'’s national sorghum program in El Salvador in
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1980. Ing. Clara completed four additional backcrosses and
named the resulting A/B pair “VAR” in honor of the re-
gional work of ICRISAT’s Dr. Vartan Guiragossian who
was stationed in Mexico at the time. In 1983 seed of the pair
was introduced into the TAES sorghum imzrovement pro-
gtam via ICRISAT’s LASIP (Latin America Sorghum Im-
provement Program),

A/B “Var” was found to be imregular in height when
grown in Texas in 1984. Subsequently, Dr. Fred Miller
made paired plant selections and continiz2d backcrossing to
produce the line A/B Tx635 v/hich is now at BC10, This line
has ian plant color, straw colored glumes, white-translucent
seed color, juicy midrib, and short panicle exsertion. The
white translucent caryopses are medium size and possess a
nonpigmented testa. A/B Tx635 is ZZ, having no or few
starch granules in the mesocarp, and the caryopsis is inter-
mediate ‘n hardness. A/B Tx635 is apparer‘ly a short 2-
dwarf, dw;DwoDwidws with modifiers and is
approximately 160 cm tall or 10 to 12 cm taller than A/B
Tx623. The line is five to eight days later to anthesis than
A/B Tx623, and maintains its rclative lateness into the
tropics. A/B Tx635 produces good pollen quantity on the
B-line while the stigmas of the A-line are small but protrude
satisfactorily for good pollination.

A/B Tx635 exhibits excellent combining ability in hybrid
combinations. Most hybrids tend to have longer than normal
panicles and caryopses thresh well from the glumes. The line
and its hybrids maintain very high green leaf retentiun
throughout the season. A/B Tx635 is tropically adapted and
transmits the trait to hybrids. Hybrids range widely in height
and maturity with the female depending upon the male used.
The line produces hybrids with good to excellent grain
weathering resistance.

A/B Tx635 is immune to head smut caused by S. holci-
sorghi and this resistance is genetically dominant. All hy-
brids tested at all locations throughout Texas where this
disease is of major importance have been completely free of
head smut. The line is moderately resistant to anthracnose
caused by Colletotrichum graminicola (Cesati) Wilson in
Texas and Georgia.

A2/B; Tx636 and Ap/B; Tx637 were developed and
distributed by Texas A&M University. These two inbred
lines provide significant additions to the A st~ lity system
which can be used as female parents in hybrid seed produc-
tion. The B3 lines of both relzases also are excellent inbred
R-lines in the A sterility system.

Pedigrees of Ay/B,Tx636 and Ay/BTx637 are ((SC120-
6*Tx7000)*Tx430)-4-1-1-2-bk-2-2-1-9-C3-bk and
(SC108-6*Tx7078)-4-3-1-bk-10-4-2-2-2-C3-bk respec-
tively and both have A Tx2753 cytoplasm. The two inbred
lines were developed using conventional qualitative breed-
ing procedures, with selections alternating between College
Station, Beeville, and Lubbock, Texas and Isabela, Puerto
Rico. Both lines were developed originally in the A| R-line
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breeding program but were identified as maintainers also in
the A, system.

These materials appear to be adapted ac1oss an array of
environments and produce hybrids with medium maturity,
excellent grain color and quality, 3-dwarf height and good
standability, and improved disease resistance. A;Tx637
produces early hybrids with good drought resistance and
outstanding grain color. A;Tx636 i3 more tropically adapted
than A;Tx637. Both lines have high levels of green leaf
retention at maturity as well as high levels of foliar discase
revistance. Both females are completely restored to fertility
by good Ry-lines such as SC103-12E, RTx432, SC599-11E,
eic. When these females, which have no Kafir germplasm
in their pedigrees, were compared in hybrid combinations
with A| hybrids no significant yield or performance differ-
ences were observed. This provides evidence that broader
genetic diversity can be used to protect the yield of sorghum.

(Mr. Abdou Tenkouano-Burkina Faso-Ph.D. Student)

Charcoal rot of sorghum has been reported from nearly
ail sorghum growing areas of the world. Charcoal rot reac-
tion in sorghum plants has been considered to be primarily
a postilowering drought response. Therefore, we have ex-
amined disease response in relationship to nonsenescence.

Four sorghum inbred lines, B35, SC599-11E, BTx378,
and BTx623 and their diallel Fy, F, and backcross progenies
were evaluated for resistance to charcoal rot in relation to
nonstructural carbohydrates (NSC) partitioning during re-
productive growth, Six experiments were conducted under
controlled environments (laboratory, greenhouse, and rain-
shelter) and field conditions.

Significant differences were obtained for NSC content
and partitioning between plant organs over time. Basal stem
NSC depletion occurred in all inbred parents from anthesis
to 15 days after anthesis or beyond that stage. However,
depletion rates were lower for B35 and SC599-11E both
resistant to charcoal rot, than for the susceptible lines,
BTx378 and BTx623. Resistant lines displayed homeostatic
pattems for total NSC content due to an increase in reserve
NSC (starch and polysac-harides) which partially compen-
sated for reduction in soluble NSC (mono- and oligosaccha-
rides). In contrast, both NSC fractions were depleted in
susceptible cultivars. Highest infection levels were obtained
with inoculation at anthesis, i.e., when inoculation was
followed by a period of rapid stem sugar depletion, We thus
postulate that high NSC depletion rates create s ubstrate-lim-
iting metabolic pathways that would in turn ir.hibit defense
mechanisms, through limited synthesis of inhibitors of fun-

gal degradative enzymes.

Significant differences also were found between cultivars
for all traits of discase response in vivo and for nonsenes-
cence, a trait often associated with resistance to the rotting
organism. Resistance to charcoal rot was determined to be
under multiple-locus control with dominant and recessive

epistatic effects. The same conclusion was reached for in-
heritance of nonsenescence. It was further proposed that the
expression of both resisiance and nonsenescence genes de-
pended on activation/inhibition signals coded for by a com-
mon, extemnal stimulus-sensitive, regulatory gene. Whether
active resistance (i.e., genes conferring to the cell the ability
to stop or delay infection) could be equated with nonpredis-
position (i.e., genes conferring to the cell the ability to
escape infection by virtue of tolerance to drought) was not
delineated by this investigation.

Heritability of resisiance to charcoal rot was shown to be
largely dependent on ncnadditive genetic effects and desig-
nated SC599-11E as a better source of resistance than B35,
Heritability estimates for nonsenescence were low to inter-
mediate due to large environmental effects. This could be a
limiting factor te consider while using nonsenescence as a
breeding criterion for resistance to charcoal rot. That char-
coal rot was a yield limiting factor was further evidenced by
the negative correlation between grain yield and lesion size.

(Mr. Bill Khizzah - Uganda - Ph.D. Student)

Much of the sustainability of production is dependent on
performance in below optimum moisture conditions. As a
part of the long term research effort to identify and manipu-
late mechanisms of drought resistance, we have studied
inheritance o. resistance - via osmotic potential (x), heat
tolerance, water potential (y), and relative water content
(RWO) of the cell. Osmoregulation has a major role in
drought avoidance. The objectives of this study were to
determine osmotic adjustment and heat tolerance compo-
nents of postflowering drought resistance and to assess the
genetic basis of these traits. Both field and greenhouse
studies were conducted at several locations. B35, BTx3197,
RTx7000, and RTx430 were used in these studies. B35 and
BTx3197 consistently maintained high tissue water content
under prolonged water stress. This was associated with high
soluble sugars which was responsible for maintenance of
high y and =. RTx7000 lost most of its tissue water content
under drought. The soluble sugars of RTx7000 were lower,
resulting in low yandz and severe susceptibility to
drought. It was concluded that postflowering drought resis-
tance in cultivars with large amounts of solute was due to
maintenance of high RWC and its function in maintaining
high y and x. BTx3197 and B35 had low levels of cell
damage and RTx7000 had high cell damage when subjected
to high heat loads.

Inheritance of high RWC, y and =, and heat stress resis-
tance was determined to be under control of multiple loci
systems with dominant and recessive epistatic effects.

(@)RWC: low water content two loci W, and W5 with
dominant effects and w; and w, with recessive effects,
homozygous recessive wy and wy at either Wy, W, produce
high water content; wyw), waw, was epistatic to W;_Wo_.
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(b)y: low water potential, Wp; and Wp; with dominant
effects and wpy wpa with recessive effects either recessive
wp) Or wp was epistatic to Wp; or Wp;; homozygous
recessives produce high water potential,

(c)x: low osmotic potential, two loci Os; and Os; with
dominant effects and os) and os; with recessive cffects;
either recessive 0s) or 0sy was epistatic to Os; and Os;,
homozygous recessives produced high water potential.

(d)heat stress: susceptibility to heat stress, two loci Hs,
and Hs; having dominant cffects, hs) and hs; having reces-
sive cffects; Hs; when dominant was epistatic to Hs;, hs,
when homozygous recessive was epistatic to Hsy; homozy-
gous recessives at both loci was resistant.

Whether the gene(s) system for high, heat stress, RWC,
v,and = was the same could not be established by this study.
Assuming a regulatory gene to be involved in stress depend-
ent physiological response, it would be tempting to specu-
late tha¢ the maintenance of high RWC, v, and = was under
ablo k of gencs. Enzyme bioassays would be a useful study
to provide information on whether synthesis or hiodegrada-
tion of some specific products result in induced water stress.

Heritabilities of high RWC, v, and = were shown to
depend on recessive and epistatic interactions and weie
influenced by matemal effects. For RWC and v, largest
heritability estimates were found in crosses involving B35.
It would be appropriate to use B35 rather than BTx3197 as
a parent for the improvement of plant water status. For =,
crosses involving both B35 and BTx3197 had high herita-
bility estimates, suggesting that cither of these parents could
be used. Heritability estimates of resistance to heat stress
were shown to depend largely on recessive and epistatic
interactions. High broad sense heritability values obtained
with B35 crosses suggested the latter would be a useful
source for heat resistance genes.

(Mr. Jeff Dahlberg - United States of America - Ph.D. Stu-
dent)

It has been suggested that indices of adaptation can be
cvaluated for cultivars in the environments in whi . they are
to be grown. Onc such index could be unique assimilate
partitioning patterns among different sorghum cultivars.
This siudy compared assimilate partitioning between re-
duced progressive senescent sorghums (RTx430 and B35)
and senescent sorghums (RTx7000 and BTx378) at three
growth stages. A Icaf was exposed to l"COz during panicle
differentiation (PD), anthesis (ANTH), and grain fill (GF).
Partitioning of assimilate was determined after a chase
period of four days among plant parts. Data were analyzed
using a split-plot design with years as main-plots and culti-
vars the sub-plots. At PD when the youngest expanded blade
(3 through 6) was labclcd‘{ ANMOVAs indicated differences
among cultivars for % '*C recovered within plant parts.
Approximately 65 to 76% of the '*C recovered was found
in new and expanding leaf growth while 25 to 35% went to

118

root and stem development. Significant differences (p<0.05)
(sce Figure 1) were found in stem and root parts among the
different cultivars with B35 and RTx430 having a greater %
He recovery in the root than BTx378 and RTx7000, while
B35, BTx378, and RTx7000 had greater % *C recovery in
the stem. At ANTH and GF, the penultimate leaf was
labeled. At ANTH, significant differences (ps0.05) were
found between cultivars for % C recovery in stem, panicle,
and labeled leaf. BTx378 was significantly different from
all other cultivars for label recovery in the stem, while
RTx430 was significantly different in recovery within the
panicle. B35 contained greater recovered label C in the
labeled Ieaf than did RTx430, BTx378, or RTx7000. At GF,
significant differences were found among cultivars for %
1C recovered in grain, labeled leaf, root, panicle, and flag
leaf parts. RTx430, RTx7000, and BTx378 were signifi-
cantly different from B35 in % recovery within the grain,
while B35 retained more label in the labeled leaf.

Partitioned assimilate, reported as % ¢
recovered, at mid-grain fill for both 1989
and 1990 data collected at College Station,
TX. Means within cultivars with the same
letter are not significantly different at the
5% level according to LSD.

Figure 1,
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(Mr. Aboubacar Toure - Mali - Ph.D. Student)

In an attempt to determine why guinea sorghums of West
Africa have lower yicld potential, 7 converted guinca, 4
zerazera, and 2 caudatum sorghums were crossed to 3 se-
lected improved A-lines. Evaluation of the parents and
hybrids has shown that yicld is highly correlated to the
number of secds/panicle and 1000 seed-weight. Yield also
was correlated to flowering date and number of whorls/pan-
icles. Seed number/panicle was found to be related to the
number of primary branches and whorls on the panicle. The
number of whorls/panicle has shown a positive association
with plant height, panicle length, 1000 sced-weight, and the
number of sceds/panicle. Length of primary panicle
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branches v-2s negatively correlated to yicld, number of
primary brancaes, and whorls/panicle but positively corre-
lated to panicle length. Harvest index showed a negative
corrclation with flowering date and was positively associ-
ated with seed number, panicle width, and primary panicle
branches length.

In general the zerazera showed a better hybrid combina-
tion than guincas. The best yielding hybrids were zerazera
combinations while the guinca hybrids showed low yicld.
The panicle length was greater in guinea hybrids than zeraz-
cra derivatives. The number of seeds/panicle was signifi-
cantly higher with the zerazera hybrids than that of the
guineas. 1000 sced weight was higher among the zerazera
hybrids than guinea hybrids. The number of primary
branches and whorls/panicle did not show any difference
among hybrids.

It seems that guinca sorghums during their evolution,
adaptation, and stabilization have lost genes or factors that
may contributc to high yield. Also, there may exist in guinca
sorghums, linkages that arc not favorable for the expression
of yield potential. More analyscs are required to resolve this
problem of yicld in guinea sorghums.

(Maria Eugenia Nunes - Mozambique - MSc. Student)

Farmers in developing countrics generally believe that
varieties perform superior to hybrids under harsh environ-
mental conditions because hybrids require better growing
conditions (higher level of inputs and culture) to express
their potential. This study was designed to compare the
responsc of hybrids and their parents in four very diverse
locations of Texas representative of environments in Africa,
etc. — two with high temperature and moisture stress and
two with good to excellent conditions of production — to
determine whether or not hybrids were moie suitable for
production, more stable, and had better quality than their
parents, even in less favorable cnvironments; which was the
superior environment for best grain quality; how quality
traits were related to those traits that influenced yield; and
which traits were important for food sorghum cultivars.

It was found that even in the most harsh environment,
hybrids performed better than their parents. The hybrid
ATx635*R8505 was thc most productive followed by
ATx631*Dorado and ATx631*Sureflo, however;
ATx631*R8505, ATx631*Dorado, and ATx635*Dorado
were the most stable across environments. Hybrids with
ATx631 as a parent had a harder endosperm |, higher grain
density, higher endosperm recovery, a thinner pericarp, and
more tolerance to weathering than hybrids with ATx635 as
a parent. Dorado had the highest threshing percentage and
harvest index. Similarly, hybrids with this parent had the
highest threshing percentage and harvest index. Surefio was
the tallest parent and had the highest test weight. Hybrids
with this parent were the tallest and also had grain with the
highest test weight. Some quality traits were negatively and
others were positively correlated with grain yicld. These

plants also had the lowest weathering and the thinnest
pericarp. Consequently, they had the highest grain density
and the highest endosperm recovery. Therefore, grain den-
sity, endosperm recovery, pericarp thickness, and weather-
ing are the important traits to consider in cultivars when
selecting for yicld and food quality. Since endosperm tex-
ture was positively correlated with pericarp thickness, and
had a negative correlation with grain density and endosperm
recovery, sclections made for thin pericarp are expected to
permit selection for high density, high endosperm recovery,
and hard endosperm.

The most northerly location with supplemental irrigation
but a dry environment had the highcst yield. Flowering
began when daylength was maximum "ut beginning a de-
creasing trend, (cmperatures (day and nigit) were lower than
at any other location, and no moisture stress was detected at
this location. Furthermore, this high yicld site produced
plants that were taller with longer panicles than at other
locations, and they also had a higher harvest index, higher
yield M2, and conscquently higher grain yicld than the other
locations. The tallest plants with the longest panicles had the
highest yicld M’z and the highest grain yield.

Even under scvere conditions of drought and high tcm-
peratures hybrids performed better than varieties. Hybrids
arc morc cfficient users of water and nutrients under amuch
wider array of conditions than varictics. Both the small and
large producer benefit from heterosis in sorghum.

(Ben Kanyeniji - Kenya - MSc. Student)

In arcas of the world prone ‘o early scason drought, lack
of adequate crop stand contributes significantly to Door
sorghum grain yiclds, leading to frequent famine and low
standard of living. Poor stands can be attributed to poor sced
germination, poor seedling emergence, and/or early sced-
ling death. Information leading to improvement of commer-
cial cultivars for germination, emergence, and survival
under low soil moisture conditions would greatly enhance
crop production in these areas. Nincteen sorghum cultivars
from different regions of the world were sclected for evalu-
ation for their germination and emergence under a range of
moisture levels and for their ability to survive under low and
declining soil moisture. These cultivars were cvaluated in a
controlled environment in chambers and in the field under
arainout shelter.

Results indicated that sorghum cultivars differed signifi-
cantly in their ability to germinate, emerge, and survive
under low moisture situations. At the lowest moisture level
(20% water holding capacity of the potted soil/media; 26%
watcr on a dry weight basis), germination was reduced by
50 percent. Hegari and CSM388 had the highest germina-
tion performance at this moisture level. Seedling emergence
was decreased by 60 percent from performance under opti-
mum moisture (45% watcr holding capacity potted soil/me-
dia) and cultivars such as Segaolanc and CSM388 had the
highest emergence performance. Emergence of cultivars
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was more sensitive to a low moisture situation than germi-
nation. Hegari exhibited high germination as well as high
cmergence under low moisturc conditions while Ajabsido
exhibited high germination but poor emergence ability un-
der low moisture conditions. Cultivars significantly differcd
in their ficld emergence rate. The fast emerging cultivars
were SC103-14E, RTx2817, CSM388, Bagoba, and Ajab-
sido while the slow emerging cullivars were BTx3197,
RTx7078, RTx430, BTx378, and RTx09. In some cultivars,
¢.g., RTx09 and SC103-14E, 100% of the secdlings were
dead 35 days after sowing under low and declining (10%)
ficld soil moisture conditions, The best survival scores were
recorded for Ajabsido, B35, CSM388, and Sumac 6550.

Germination, emergence, and seedling survival, were not
corrclated, implying that possibly they are under inde-
pendent genetic or physiologic control mechanisms. Multi-
ple regression analyses suggested that the best independent
predictor variables for germination at low soil/media mois-
ture level (20%) were seed water uptake, and 1000 sced
weight. For secdling emergence at low soil/media moisture
level (20%), root length, carly scedling fresh weight, early
secdling dry weight, and seed density were the best inde-
pendent predictor variables, and for seedling survival (cs-
tablishment) under declining soil moisture situaiions, the
best independent predictor variables were ficld seedling
fresh weight, sced size, early seedling dry weight, and
sccondary seminal root development under low moisture
situation.

Sorghum cultivars from traditional sorghum growing
arcas were generally superior in overall germination, emer-
gence, and seedling survival under low moisture conditions
as compared to improved cultivars,

Improvement of commercial sorghum cultivars for ger-
mination, cmergence, and seedling survival under low mois-
ture situations should be possible. It appears that emergence

and seedling survival are more important than germination
in stand establishment and emphasis shocld be placed on
improvement of these traits.

In many areas of the world where sorghum is grown,
leaves arc removed regularly for use by farmyard livestock,
cic. In an attempt to determine the impact on leaf removal
two cultivars were evaluated.

Damage to blades of sorghum by insects, disease, hail,
and other causes may scriously reduce yields after plants
have advanced to the anthesis and kemel filling stages. Two
cultivars differing in rate of senescence were grown for two
consecutive seasons and subjected to various blade removal
treatments, applicd to individual plants when the panicles
were fully exserted but prior to anthesis.

Yicld reductions exceeded 50 percent when blades 14,
from the top of the plant, were removed and approximately
20 to 30 percent when only blades 5-7 were defoliated
(Table 1). Lower blades appeared to have no contribution or
parasitic influence when removed at the beginning of anthe-
sis. The upper four blades were approximately 1.7 to 2 times
as cffective as blades 5-7 on the relative production poten-
tial. Size of kemels and numbers per panicle were reduced
with removal of blades 1-4 but removal of blades 5-7
appeared to only reduce kemel size. Stem sucrose and starch
values were significantly lower for plants when the upper
four blades were removed whereas other removal treatments
appcared to exert minimal influcnce on levels of these
carbohydrates in stems (Table 2).

Understanding the genctic control of sorghum s response
to photoperiod is vitally important to comprehending the
adaptation of specific genotypes to different global climatic
regions. Previous work has shown there are four gene loci
controlling maturity in sorghum. How temperature sffects

Table 1.  Grain yield and relative production potential in two sorghum cultivars as influenced by various leaf blade
removal treatments,
Yield, g planl'" % of check Blade area cm planl'l
Treatment Cultivar Year | Year2 Year | Year2 Year ] Year2
() k) 49.7B 59.7B 3804.0A 3180.3B
62 59.0A 73.1A 4079.9A 3511.5A
(1) Top 4 blades 37 239G 22.3D 50.5C 37.7C 1621.4DEF 1468.3EF
removed 62 29.8FG 242D 50.4C 33.3C 1777.5CDE 1808.5D
(2) Blades 5-7 removed 37 36.9DE 42.4C 78.7B 70.9B 1269.5FG 1185.6G
62 47.6BC 54.9B 80.8B 76.0B 1441 4EF 1340.7FG
(3) Blades 8 and 37 50.2B 59.6B 106.8A 100.8A 913.0G 526.4H
basipetally removed 62 58.7A 72.1A 99.7A 99.9A 81.1G 362.3H
(4) Blades 5 and 37 33.8EF 40.0C 71.7B 67.5B 2070.1CD 1618.3DE
basipetally removed 62 42.4CD 54.88B 69.0B 75.6B 2155.0C 1723.7D
Leaf area cotnparison: 37 1.08 1.06
+ 62 0.93 0.99
4 (Treatments)

* Oven dry basis.
' (37) ATx378*RTx7000, (62) ATx623*RTx432

* Means within each column not followed by same letter or letiers are significanly different by Duncan’s New Multiple Range Test at 5% probability level. Means are an

avenage of 8-10 plants,
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Table2. Carbohydrate concentrations in stems of sorghum cultivars at kernel black layer stage,
_mg g’ OD tissue
Treatment —Cultivar Glucose Fructose Sucrese _Starch
©) 37 27.8A° 35.6A 127.9A 10.8BC
62 21.7AB 30.5AB 153.0A 105.4A
(1)Top 4 blades removed 37 8.2B 16.2AB 36.5B 3.6D
62 8.9B 13.1B 12.3B 1.9D
(2)Blades 5-7 removed 37 20.9AB 28.2AB 126.0A 9.1C
62 15.9AB 22.0AB 136.4A 9.1C
(3)Blades 8 and basipetally 37 21.8AB 29.2AB 117.8A 9.1C
removed 62 20.9AB 29.2AB 1044.0A 13.5AB
(4)Blades S and basipetally 37 20.0AB 28.4AB 131.9A 9.4C
removed 62 18.0AB 24.4AB 120.8A 11.5BC

*Means within each column not followed by same letter or letters are significantly different by Duncan’s New Multiple Range Test at 5% probability level Mcans are an

avernge of 8-10 plants from each of 4 replicates,

Table3.  Effect of three temperatures and two photoperiods on leaf numbers of 10 sorghum genotypes grown in
growth chambers.
Temperature/photoperiod
Strain Genotype _ 20°C/I2 20°C/14 h 25°C/12 h 25°C/14h 30°C/12 1y 30°C/14 h
------------------------- Leafno.-«--cecmmcuonoaaaiaaa.
38M ma, ma;ma,R 9.7 93 9.0 93 123 13.7
4M Ma,ma,ma,R 9.5 9.7 9.1 9.2 117 13.8
SM60 ma,ma,ma, 12.5 13.8 134 15.9 19.7 280
SMB80 ma;ma,Ma, 12.8 14.7 129 14.1 18.2 29.7
SM90 ma,Ma.ma, 12.8 133 13.0 14.2 18.3 21.8
SM100 ma;Ma,Ma, 12.5 13.2 122 14.3 16.5 19.5
60M Ma,ma,ma, 133 162 123 18.2 17.5 >35
80M Ma,ma,Ma, 127 19.8 123 20.1 16.5 >35
90M Ma, Ma,ma, 127 19.7 122 20.5 16.5 >35
100M Ma,Ma,Ma, 14.7 213 138 20.2 20 >35
Mean Ma, 12.7 13.8 12.9 14.6 18.2 24.8
ma, 134 20.8 127 19.8 18.1 >35
Ms, 12.8 16.1 127 17.1 180 319
ma, 132 184 128 17.3 183 2.8
Ma, 12.8 15.8 13.0 17.2 18.0 30,0
ma, 13.2 18.8 128 17.2 18.3 29.8
ma,R 9.6 9.5 9.1 9.3 12.0 13.8
RMSE = 1.12

the response of photoperiod can dramatically impact re-
gional adaptation.

A more complete understanding of the role of photope-
riod and temperature in the genetic control of flowering in
sorghum will allow breeders greater flexibility in making
crosses among widely different maturity types and also will
contribute to the understanding of regional adaptation re-
quirements. The objective of this study was to characterize
the photoperiodic responses of 10 sorghum lines with all
known combinations of the sorghum maturity genes Ma;,
May, and Ma;. Twenty growth chamber trials were con-
ducted to examine photoperiods between 11 and 15 h at
0.5-h intervals and to examine the influence of mean daily
temperature as well as the range of day/night temperature.
Compared with other genotypes, the recessive masR allele
resulted in a reduction of 3.1 leaves in the basic vegetative
phase (BVP-leaf number under favorable photoperiods) and
also eliminated photoperiod sensitivity. There was little
influence of Ma; or Mas genes on BVP. The dominant Ma;
allele conferred increased photoperiod sensitivity (4.5

leaves/h) compared to homozygous ma; condition (1.4
leaves/h) (Table 3). There were no significant differences
detected in the Maximum Optimal Photoperiod (Table 4)
which was about 12 h. The Ma, gene was implicated in a
photoperiod X temperature interction, although the exact
role was not clear. The dominant allele of Mas increased the
phyllochron (leaf development rate) by about 0.2 d/leaf,
Thus, the developmental response of sorghum to photope-
riod and temperature involves the complementation of ef-
fects from these maturity genes.

Sustainability of production is a measure of a crop’s
success over time and locations. This project has established
an international trial to monitor change of yield related traits
across locations and to provide collaborators with
germplasm useful to their programs. The International
Tropical Adaptation Trial (ITAT) for 1990-91 contained 45
entrics and yield responses for selected diverse sites are
listed in Table 5. Mean yiclds across seven locations were
in excess of 5.6 ha. Nine hybrids in Argentina produced
more than 8t/ha, seven hybrids exceeded 8t/ha in Guate-
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Table4.  Photoperiod response characteristics and phyllochron of 10 sorghum maturity genotypes determined
' from growth chamber results for photoperiods from 11 h to 15 h at 25°C,
Strain Genotype BVP! MoOP* Photoperiod sensitivity Phyilochron
leaves h leaves/h d/leaf
38M ma, ma ma,R 9.55b° 0.00c 0.00c 3.44b
44M Ma,ma,ma;R 9.106 0.00c 0.00c 3.10d
SM60 ma,ma,ma, 12.72a 12.33ab 1.69b 3.38bc
SMso ma,ma,Ma, 12.61a 12.08ab 1.33b 3.62a
SM90 ma;Mayma, 12.75a 12.78a 1.40b 33%
SM100 ma,Ma,Ma, 1242 12.85a 1.12b 3.37bc
60M Ma;ma,ma, 12.62a 12.59ab 4.84a 3.44b
80M Ma,ma,Ma, 11.67a 11.79ab 4.29a 3.68
90M Ma,Ma,ma, 11.58a 11.80ab 4.36a 3.60a
100M Ma, Ma,Ma, 12.00a 11.50b 4.34a 3.60a
SE 0,636 039 0.499 0.058

*Means followed by the same letter are not significantly different according to Duncan’s new multiple mnge test (P<0.05).

*BVP = basic vegetative phase.
*MOP = minimumn optimal photoperiod.

mala, and six hybrids exceeded 9t/ha in Texas. The goal of
this trial is to determine the type of germplasm best adapted
to various climatic conditions. This replicated trial was sent
to 40 collaborators with 30 going to intemational sites. This
trial contains both feed grain type hybrids and hybrids which
possess food quality.

In our coniinuing program to develop food quality sor-
ghum cultivars which possess stable high yield and superior
agronomic performance our project has developed the Inter-
national Food Sorghum Adaptation Trial (IFSAT). This trial
contains 37 hybrids and 3 varieties, each replicated three
times. During 1990-91, 35 IFSAT’s were distributed to
collaborators of which 28 went to international sites. Table
6 is a summary of six locations from which data were
retumned. All of the entries have white grain and two hybrids
have red or purple plant color, the rest have tan plant color.
ATx630*R3338Wx is homozygous waxy endosperm and
all hybrids with ATx630 and ATxARG-1 are heterowaxy
endosperm. There was an array of white normal and yellow
endosperm types included. Across the locations summa-
rized in Table 6, 10 of the 40 entries produced mean yields
of 6t/ha or more. Most of these hybrids not only have
excellent yield potential but also possess extraordinary leaf
discase resistance and tropical adaptation. Hybrids with
R.8505 have a very wide range of adaptation from Argen-
tina, to Australia, to Mali, and to China as well as within the
U.s.
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TableS.  Grain yield (kg/ha) from sorghum parents and hybrids in the International Tropical Adaptation Trial
(ITAT) grown in Texas and selected international locations.
Texas'
Wes Co]Sta Hw

1  BTx623 4173 2868 6432 1350 2133 4478 4782 3745
2 B.Tx631 3195 2210 6128 1250 2850 3759 5026 3438
3  B.Ix378 2846 2491 6761 1667 2033 4683 7316 3971
4  B.Tx2752 3020 2414 5315 1608 1133 2283 4738 2930
5  RTx430 4689 3539 6601 1383 2167 3905 3979 3752
6  R.8505 4013 1815 2899° 1033 1533 2170 3368 2404
7 RTx7000 4581 3126 6225 833 2100 2926 5210 3572
8  RS610 5189 2346 S149 2267 2100 4315 7071 4052
9  ATx2752*RTx430 5419 3421 7264 2550 2917 4106 5773 4493
10 ATx378*RTx430 5197 3961 8778 3100 4333 6668 8368 5772
11 ATx623*RTx430 6544 48342 8136 2967 3717 8054 7623 5983
12 ATx378*RTx7000 4079 3381 5824 2100 2367 3382 6802 3991
13 ATxARG-1%(Tx430%Tx2817)-1-1-5-3-1-C1-CBK-C1-CBK 5555 3989 698 2367 2633 3754 7958 4749
14  ATxARG-1*DORADO 6053 1824 9092 1500 3550 6774 6623 5059
1S ATx2752*RTx4M4 4817 5595 6955 2575 3633 4875 7472 5132
16  ATx378*RTx434 5246 6412 8637 1492 3933 8256 8290 6038
17 ATx378*R8505 5458 4265 7312 2933 3517 5421 7629 5219
18 ATx626*RTx433 5277 4619 6986 1783 3667 4307 6184 4689
19 ATx626*R8503 5115 3544 5096 1857 3050 6312 8036 4716
20  ATx626*R8604 6431 3353 7588 1358 3783 5502 8620 5234
21 ATx629*RTAM428 3687 4284 7348 2100 2483 5645 5561 4444
22 ATx629*RTx2817 4945 3281 7081 1800 2284 5338 6721 4493
23 ATx629*RTx434 6451 7156 8080 1708 4333 10904 7328 6566
24 ATx629*R8503 5686 5622 6936 2133 3017 6451 7122 5281
25  ATx630*RTx2817 5628 4565 8331 3217 3317 7103 7532 5670
26 ATx630*RTx43S 4906 4034 8913 2933 3717 5628 5588 5103
27 ATx631%CS3541 6049 6761 7465 2800 3800 7538 6545 5851
28 ATx631*DORADO 6335 6924 7776 2825 4617 8972 7156 6372
29  ATx631*RTx435 5189 6285 8770 2333 3300 6054 7434 5624
30  ATx631*R8504 5311 5078 6098 1433 3667 5039 8777 5058
31  ATx631*R850S 5955 5182 7649 2433 3800 3719 7704 5206
32 ATx631*R8509 6836 4683 11124 2492 3883 9173 6795 6427
33 ATx635*DORADO 5524 5128 9136 2992 3583 8928 8314 6229
34 ATx635*R8504 5937 5268 7018 2147 3133 3117 7616 4891
35 ATx635*R850S 5879 SS00 9535 2983 4467 4756 6311 5633
36  ALS5*R8509 6605 6548 9606 2142 3033 8821 7517 6325
37  A8618*RTx43S 5295 3008 7576 1942 3067 4353 6812 4579
38 ATx635*SC1207-2 5914 S100 9425 2717 4550 7858 6490 6008
39 ATx631*8TEON366 5102 4583 5757 2467 2850 7147 8764 5239
40  ATx631*86EON36I 5027 5572 7042 3017 3167 4190 8064 5154
41  AI*R8505 5457 4592 7827 2300 3700 4345 6292 4930
42 AI*RTx430 6270 3948 7505 2292 4017 5411 8162 5372
43 AI*RTx433 5553 5995 6611 1567 3050 4926 7462 5023
44 RTx2871 5090 3739 7279 1108 1800 4428 5071 4074
45 ATx2801*RTx2871 5432 3907 5943 2042 2167 1216 4590 4471
Means 5266 4372 7333 2131 3154 5622 6813 4956
'Wes = Weslaco Col Sta = College Station Hw = Halfway
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