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Introduction and Program Overview
 

The INTSORMIL program, initiated in 1979, is one of 
ten Collaborative Research Support Programs (CRSPs) es-
tablished through USAID core funding to respond to the
Tide X1l legislation mandate to"... improve the participation 
of these (the agriculturally related) universities in the United 
States' governmental efforts internationally to apply agri-
cultural sciences more effectively to increasing world food 
production and provide... support to the application of sci-
ence to solving developing countries' food and nutrition 
problems". The INTSORMIL program was designed to 
respond to the intent of die Title XII legislation by focusing 
on grain sorghum and pearl millet related issues in strategi-
cally selected regions of the world. 

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

In working with selected host countries where sorghum
and millet are important crops. INTSORMIL has mobilized 
the institutional and technical expertise of eight land-gramt
universities to focus on the special constraints of sorghum 
and millet production, processing, utilization, and market-
ing in the collaborating host countries. The universities
which are still active in the INTSORMIL CRSP are Kansas 
State University, Mississippi State University, University of 
Nebraska, Purdue University, and Texas A&M University. 
The prime sites actively collaborating with INTSORMIL
Lre Botswana, Colombia, Honduras. Mali, Niger and Sudan. 
Several other countries such as Senegal, Burkina Faso, 
Egypt, Kenya, Zimbabwe and El Salvador are also collabo
rating at a lower level. 

The primary approach for INTSORMIL to reach its goal 

is to foster and cultivate the collaborative research mode
involving the partnership of U.S. and host country scientists. 

They develop and transfer appropriate scientific technolo-
gies and strategies for alleviating the dominant sorghum and 
millet production and utilization constraints of the partici
pating host countries and tie U.S. Building and strengthen-
ing the manpower and the institutional capacities of the host 
countries for implementing effective collaborative research 
programs continues to be an important and necessary part 
of the INTSORMIL CRSP. INTSORMIL is committed toincreasing production while maintaining and enhancing the 
natural resource base of sorghum and millet production both 
in the host countries and the U.S. 

INTSORMIL currently provides technical backstopping, 
conducts collaborative research, trains national staff and 
students, and contributes operational support to National 
Agricultural Research Systems (NARS) grain sorghum and 

pearl millet programs. The success of INTSORMIL ca 
attributed to five unique features. 

INTSORMIL capitalizes on over90% of U.S. Uni 
sities grain sorghum and pearl millet research cap.
where most basic and strategic research is conduc 
This allows the unique opportunity to support 
complement applied field work conducted at N)
sites by adding an otherwise unknown dimensio 
the research. 

INTSORMIL is an integrated, interdisciplinary 
ganization encompassing breeding, agronomy, ph 
ology, insect and disease management, food qua]
and economics. 

INTSORMILenhancesthecapacityofNARS to sc 
country and region-specific problems through
laborative research, thus increasing NARS techni 
and institutional productivity. 

INTSORMIL activities are constraint and NA 
driven: identification and alleviation of priority p
duction constraints are achieved in concert w 
NARS. 

The INTSORMIL strategy focuses on five techni 
thrusts, each aimed at increasing productivity a 
improving sustainability: 

* 	 Germplasm Enhancement-the development of 
resource efficient cultivars. 

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

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

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

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

Administration and Management 

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

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

INTSORMIL's Strategic Plan for the next decade was 
developed. In connection with the preparation of the 
Strategic Plan, Brhane Gebrekidan, Acting Associate 
INTSORMIL Progran Director, visited all INTSOR-
MIL host country (except Colombia) and domestic 
institutions whose inputs were incorporated into the 
Strategic Plan Document. Subsequently two docu
ments were pi epared: 

* 	 INTSORMIL CRSP: A Strategic Plan for the 
Next Decade 

* 	 Status Reports on Domestic and Host Country In-
stitutions 

" 	The INTSORMIL E t.';nal Evaluation Panel (EEP) 
completed its review of the host country sites. Bot-
swana (March 6-10, 1993), Honduras (November 30-
December 4. 1992), Mali (October 11-16, 1993) and 
Niger (October 16-23, 1993). Sudan and Colombia 
were not reviewed because of USAID travel restric-
ions to those coiuntries. The Program Director tray-

eled with tie EEP to facilitate the site reviews, 

All the domestic sites (Texas, Mississippi, Nebraska. 
Kansas, and Purdue) were also reviewed during the 
year. The ME office was kept busy throughout the year 
organizing these extensive reviews of overseas and 
domestic sites. 

" The major publications organized and published by 

the ME office during the year includd: 

* 	 INTSORMIL: Fighting Hunger with Research... 

MAKING HEADWAY 

* INTSORMIL Annual Report 1992, INTSORMIL 

Publication No. 93-2. 

* Proceedings of the Workshop on Social Science 
Research 	and tie CRSPs (INTSORMIL Publica
ion No. 93-3). 

* 	 INTSORMIL Annual Report 1992, Executive 
Summary (INTSORMIL Publication No. 93-4). 

* 	 The INTSORMIL BOD approved the inclusion of 
host country representatives on both the TC and EZC. 

e 	 The INTSORMIL BOD approved the annual budget 
which includes a 7.8% reduction in funds. 

The Program Director, at the invitation of the Africa 
Bureau, represented the CRSP Council at the Africa 
Bureau sponsored workshop on "Agricultural Tech
nology Development and Transfer Collaborators 
Workshop". 

The Program Director travelled to El Salvador and 
Honduras to pursue opportunities fora potential train
ing contract with CENTA in El Salvador under a 
World Bank loan project and to finalize arrangements 
for the termination of INTSORMIL's resident scien
tist posting in Honduras. 

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 ofsustainable 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 to be prepared 
to prioritize and blend its operational efforts to accomplish 
the task of conserving and efficiently utilizing its natural 
resources. 

Since its initiation, INTSORMIL trained a total of 739 
students of which 517 were from foreign countries and the 
remaining from the U.S. Out of the total number of foreign 
students trained, 284 were from Africa. Of the trained Afri
can students, 14% were female. About 83% of the total 
number of trainees obtained M.S. or Ph.D. degrees while the 
remaining 17% received Post Doc, B.S., or short term visit
ing scientist training. The distribution of the INTSORMIL 
trainees in the past fifteen years by gender and geographic 
origin is given below. 

viii 



Introduction and Program Overview 

Distribution ofttrain, by country of origin and gender 
Origin Females Males Total %Females 
U.S. 79 143 222 36% 
Foreign 103 414 517 20% 
Africa 39 245 284 14% 
Others 64 169 233 27% 
Total 182 557 739 25,, 

The majority of the trainees over the past fifteen years
have returned to their home countries and are serving there
in various capacities. Comprehensive data on the current 
jobs and assignments of all former INTSORMIL trainees 
are not available. Many hold responsible administrative and 
research positions in tie NARS. These former trainees are 
real assets in promoting and strengthening collaborative 
research in the host countries. 

Benefits to Host Countries 

The lasting benefits and advaiages of the collaborative 
research philosophy initiated and pursued in this CRSP are 
its contributions to cementing a long term relationship be-
tween the U.S. and host country scientists and institutions 
involved. 

Germpla.sm exchange, movement of seeds in both direc-
Oions of tie U.S. and host counuries, has involved popula-
tions, cultivars, and lines carrying resistances to pests,
dise.ses, Striga, drought, and soil acidily as well as elite 
materials which could be used as cultivars per se or used s 
parents in breeding programs. INTSORMIL funds have 
been made available to the collaborators in the NARS for 
essential research operation expenses, including labor and
materials, and equipment. A wide range of equipment has 
been provided to the NARS scientists for implementing
collaborative INTSORMIL projects. 

Improved varieties and hybrids have been developed for 
production by farmers in different INTSORMIL countries, 
In Sudan, two high yielding sorghum varieties have been 
developed and released through ARC/INTSORMIL col-
laboration, Ingaz (=M90393 = Salvation Government) and 
Feterita Wad Ahmad (=Cr35:18). Ingaz is grown under
irrigation in about 60,000 ha in the Gezira, and Feterita Wad 
Ahmad is targeted both for rainfed and irrigated conditions 
and is under large scale seed increase. A Siriga resistant 
variety, SRN-39, has been identified as promising and re-
leased for production. In one area alone about 1200 ha of 
SRN-39 have been grown in 1992. The hybrid sorghum 
success story in Sudan traces to ICRISAT/INTSOR-
MIL/ARC collaboration in which they developed, produced
seed, and popularized the first hybrid sorghum, Hageen
Dura- I (=Tx623 x K1567), currently covering about 12% 
of the sorghum area in the Sudan Gezira Irrigation Scheme, 
the largest in the world under one management. The I D-I 
success story has become faimous and hLs been recounted in 
many circumstances. 

In Niger, one sorghum hybrid (NAD-I = Tx623 
MR732) has been sufficienly tested and introduced to farm 
ers and policy rnakers through a number of strategicall
located large scale demonstration plots. Policy makers ii 
Niger have been impressed and farmers have been excitei 
with the potentials of NAD-I. Reliable mechanisms fo 
large scale seed pr(duction of NAD- I have yet to be worke 
out. Among the varieties tested and released in Niger anSRN-39 and SEPON-82. 

In pearl millet, the cytoplasmic-genctic male sterile 79
2068A isused extensively as a seed parent of hybrids growr
in Northwest India. These same lines are being used widel3 
in breeding programs by ICRISAT and the Indian nationa 
program to develop improved hybrid seed parents. 

In Honduras, three food type high yielding sorghurr
cultivars have been tested and released. These are Tortillerc 
(=CS3541 Sel.), Catracho (=ATx623 x Tortillero), andSureflo [(=SC423 x CS354 1)E35-11-2-2. Surefio, in pariicu
lar. has widespread acceptance by Honduran farmers be
cause of its superior grain quality, high yield potential,
disease resistance, and dual purpose use for both forage and 
grain. 

In Colombia, two sorghum lines, Sorghica Real 40 and 
Sorghica Real 60, have been released as acid soil tolerant 
cultivars suitable for the immense South American Llanos 
and Cerrados which are rendered unproductive by acid soils 
and high aluminum (Al) saturalion. These cultivars should 
open up the vast acid soil affected areas for sorghum pro
duction. 

In crop protection, a wide range of sources of resistance 
for insects, diseases, and Striga have been identified and 
crossed with locally adapted germplasm. Among the best of 
these are Malisor 84-7 and SRN-39 for head bug and Strigaresistance, respectively. An effective screening method for 
head bug resistance has been developed in Mali. A reliable 
germplasm screening technique for sorghum long smut has 
been developed in Sudan and extended to other INTSOR-
MIL countries in west Africa. 

In agronomy and soil/crop management, a major INT-
SORMIL impact has been in understanding the soil/crop
ping system genotype interactions. Research in Mali has 
shown that small nitrogea additions are beneficial and nec
essary to sustaining sorghum gain yields. This information 
has been compiled and is being used by extension personnel
in their discussions with farmers. In Botswana, the benefits 
of single element fertilizer have been determined and dem
onstrated to fanners. Water harvesting technology has been 
evaluated and appropriate recommendations have been ex
tended to farners. Additions of nirogen have improved 
water use efficiency of Ix)th pearl millet and grain sorghum. 

In food technology, the major achievement has been the 
establishment of well equipped and functioning sorghum 
and millet fxd technology and quality laboratories as in 
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Mali and Niger. InSudan, the use of sorghum in composite 
flour (up to 50%) for wheat bread making has been investi- 
gated and its commercial viability and acceptability has 
been established. The newly released cultivars such as HD-
1. Ingaz and SRN-39 have been evaluated for their kisra 
quality properties and have been found suitable, 

la socioeconomics, the impacts of technologies gener-
ated by INTSORMIL, especially that of HD-l, have been 
assessed. The internal rates of return to the HD-I breeding 
without any further extension of the absolute area in HD-I 
were 23 to 31% for low and high fertilization, respectively. 
With the present rate of diffusion, the investment on this 
research would pay approximately $1 million of annual 
benefits. INTSORMIL's socioeconomic research )as also 
shown that in Honduras the internal rate of return to the 
development of two new sorghum cultivars. Sureflo and 
Catracho, which are indiffusion, is estimated at 32% or, on 
annuity basis, $0.7 million annually for the next 30 years. 
Thus, the new sorghum cultivars in Honduras have benefit-
ted small farmers dependent on small-acreage hillside 
farms. 

Benefits to the U.S. 

The economic benefits of INTSORMIL research to U.S. 
agriculture has been hundreds of millions of dollars. Eco-
nomic gains to the U.S. from research on developing the 
greenbug resistant (biotype E) sorghum alone was estimated 
at $389 million under the 1989 farm program provisions, 
Also, the economic benefits of research on developing food 
type varieties/hybrids was estimated as $183 million net 
welfare gain to the U.S. A wide range of sorghum ani: millet 
germplasm with high yield potential, improved grain qual
ity, and resistance to pests and diseases have been intro-
duced from the host countries through this CRSP. These 
materials have continuing potentials for generating millions 
of dollars of benefit to agriculture in the U.S. As a result of 
their involvement in this CRSP, a pool of U.S. scientists that 
is familiar with the global circumstances of sorghum and 
millet improvement, production, protection, utilization, and 
economics has been realized. 

Sustainable Plant Protection Systems 

Numerous pathotypes ofsorghum downy mildew (SDM) 
from various regions of the world have been defined and 
sources of resistance to these pathotypes have been identi-
fled. Recently, host genes for resistance have been mapped 
and specific probes for identifying the presence of the SDM 
pathogen or several other downy mildew fungi have been 
described. 

INTSORMIL PIs developed an International Anthrac-
nose Virulence Nursery which is used to monitor the patho-
gen. This nursery is now managed in cooperation with 
ICRISAT. The system of networking includes the growing 
of several uniform nurseries in locations where sor-
,hum/millet diseases are important such as the International 

Sorghum Anthracnose Virulence Nursery which is grown 
where anthracnose is endemic. Other nurseries include a 
uniform nursery for head smut, sorghum downy mildew, 
sorghum viruses, and grain mold. Growing of these nurser
ies permits a quick evaluation of pathotype differences 
among locations and the severity of the problem. INTSOR-
MIL also evaluates and distributes elite sorghums in nurs
eries for evaluation of the multiple resistance of sorghum. 
These are international nurseries and represent a means of 
distributizg elite germplasm from different breeding pro
grams in INTSORMIL. 

The identification of the "F' mating population as the 
major cause of Fusariwn stalk rot in the U.S. and the 
provision of appropriate strains for breeders has greatly 
increased the screening reliability for resistance to this dis
ease. Within a biological species there is limited genetic 
variability in material from the United States and somewhat 
more variability in material examined from LDCs. INT-
SORMIL Pls have developed VCG (Vegetative Compati
bility Group) technology and protocols so that LDC 
scientists can make estimates of the genetic variability 
within their pathogen populations. 

A collection of approximately 6,W00 culiues of Fusar
hun based on world wide collections ismaintained at Kansas 
State University. Many of these strains have been geneti
cally characterized, and have known mycotoxin or patho
genicity profiles. Pharmaceutical companies are screening 
this unique collection for novel secondary metabolites for 
therapeutic value. This collection complements other major 
collections of Fusaritun that are maintained in Pennsylva
nia, Australia, Germany, md the Republic of South Africa. 

INTSORMIL Pls have developed a dot immunobinding 
assay (DIA) to distinguish different bacterial pathogens of 
sorghum and millet. The test is easy to perform, inexpensive, 
requires limited equipment and chemicals, and was de
signed with LDC laboratory conditions in mind. Ithas been 
shown that the causal agent of bacterial leaf streak is seed
borne md can remain viable in the seed for more than two 
years. 

An extensive phytopathogenic bacterial culture collec
tion of over 600 species has been established inthe labora
tory at Kansas State University. This is the most 
comprehensive collection of plant pathogenic bacteria af
fecting grain sorghum and pearl millet in the world. 

Insects cause more damage than pathogens, but patho
gens become more severe as insect abundance and damage 
increases. Pathogens can occur without insects, but diseases 
may be significantly more serious when insects are present. 
The severity of pathogen infection is increased when rains 
continue late into the season, that is,when sorghum matures 
during wet conditions. 

International collaborative research programs with 
NARS and ICRISAT scientists have resulted in the devel
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opment of sustainable insect management strategies and 
identification of sorghums resistant to snrghum midge,
greenbug (biotypesC, E. and I), African sorghum head bugs, 
sugarcane aphid, and yellow sugarcane aphid. Mechanisms 
and inheritance of resistance have been detennincd, and 
genes conferring resistance have been introgressed into elite 
parental lines that have been evaluated alone and in hybrid 
combinations. Levels of resistance have been quantified,
and economic injury levels established for most of them. 

Research at Texas A&M University has employed a 
holistic approach to identify, evaluate, and deploy sorghum
midge, greenbug, and yellow sugarcane aphid resistant sor-
ghums as a component of IPM, and develop and validate 
sorghum plant and sorghum midge dynamics computer 
models. Significant advances were made in developing the 
technology to allow farmers to manage these sorghum insectpests. 

Significant advances have been made in biological con-
trol and these advances contribute to improved IPM of 
sorghum and millet, and to improved concepts for using 
biological control inannual crops. For aphids attacking
sorghum in the U.S.. predators were demonstrated as key 
natural enemies for effective biological control of these 
pests. In the U.S., phytoseiid predators have been demon
strated as an effective allernative to pesticides for control of 
spider mites, and parasites were shown to be effective on ihe
American sugarcane borer atacking sorghum. 

Since the initiation of INTSORMIL, cooperation be-

tween sorghum breeding and sorghum entomology projects

has resulted in die registration and release of 65 sorghum 

midge-resistant A- and R-lines (Tx2754-Tx2781, Tx2801-

Tx2815, Tx2869-Tx2890). For greenbug, 33 sorghum lines 

resistant to biotype C (Tx2567-Tx2568, Tx2734-Tx2752, 

TAM Bk41.44), and 11 lines resistant to biotype E (Tx2783,

Tx2859-Tx2868) were registered and released. Of these 

releases, ATx2752 and RTx2737 
were extensively used in 

commercial sorghum hybrids for resistance to biotype C,

and RTx2783 and its derivatives were extensively used for 

commercial hybrids resistant to biotype E. 


The impact of insect resistant gennplasm in sorghum
production of the U.S. has been dramatic. For example,
insecticide use on sorghum in Texas was at an all-time high 
at the initiation of this CRSP. In 1978, nearly 60% of the 
sorghum acreage in Texas was treated with insecticide, 
while in 1990 only about 24% of the acreage was treated, 
The savings gained from not using insecticide were 
$6,000,000 per year, and this does not consider the ecologi-
cal or environmental benefits, or benefits from reduction in 
insect pest resurgence or secondary pest outbreaks. During 
this project, the economic benefit to Texas farmers has been 
at least $90,000,000. 

INTSORMIL Pis at Purdue and their collaborators iden-
tifed sorgoleone, a group of chemically reactive oily qui-
nones exuded from the root hairs of sorghum, as the first 

natural germination stimulant identified from a Striga ho: 
Sorgoleone has other activities, including herbicidal ai 
antibiotic, and is a powerful contact allergen. In the fiel 
Striga germination is not controlled by sorgolcone but by
different set of compounds exuded by host roots. The 
compounds are more stable and more water soluble th, 
sorgoleone. 

The INTSORMIL Pis at Purdue consider each stage i 
the Striga life cycle separately. They characterize the hos 
parasite interaction at each stage, particularly the chemic 
signals exchanged. For each stage simple ways to deto 
ineffective interactions are sought. These screening metl 
ods are used to identify crop genotypes bearing the resi: 
tance conferring traits, and to map the traits on the sorghui 
genome. 

INTSORMIL investigators in Niger did not find an 
significant interaction between N, P,K in Striga contro
Nitrogen application did not reduce the amount of Strig,
infestation, but this may be explained by previous fertilizc 
trials in the plots. Phosphorous application reduced th 
number of Siriga at Kollo and increased it at Bengou
Potassium had no effect on Siriga at Kollo but increased i 
at Bengou. 

Sustainable Production Systems 

In the area of plant physiology, current water stres! 
research is centered on preanthesis stress mechanisms (me
tabolic efficiency, heat shock protein development, etc.) an( 
post anthesis stress research as it relates to improving seec 
size. Improving seed size capacity is probably a valuabh 
preanthesis stress compensating factor. A workable prean.
thesis stress screening program based on yield componeni
analyses to help identify the time of stress damages was 
developed. A stress resistant hybrid consumed only half the 
0, required to produce a gram of root dry matter as did a 
stress susceptible hybrid making the stress resistant hybrid
twice as efficient in utilization of respiratory energy. It wa;
shown dat genotypes could be selected for tolerance of the 
photosynthetic mechanisms to stress. In this regard, heat 
tolcrance of pearl millet was found to be higher than that of 
sorghums. 

Research in the area of mineral stress, particularly nitro
gen, has shown that certain genotypes cope with low soil 
nitrogen better than others by a rapid mobilization of that 
element to actively growing tissue vhich sustains whole 
plant photosynthesis and thus growth. Also, certain sor
ghum genotypes have higher photosynthesis rates at lower 
tissue nitrogen concentrations than others which allows 
continued growth at low nitrogen supply. 

INTSORMIL research results have demonstrated 18 to 
203% yield enhancement of pearl millet and grain sorghum
yields by use of crop rotation with legumes, and a sizeable 
nitrogen equivalent contribution to cereals following leg
umes. Interropping has shown land useefficiencyincreases 
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over sole crops, and also to enhance yields of succeeding 
crops. Obviously legume production, no matter the system, 
is important to producing optimal yield when nitrogen fer-
tilizer is limiting and improved cultivars are available. 

Foliar spraying of sorghums with abscisic acid (ABA) 
increased yields of some genotypes under drought stress, 
mainly due to increased seed numbers, while decreasing or 
having no effect on the yield of well watered plants. Seeds 
treated with ABA had increased germination, longer root 
growth, and better seedling tolerance to drought stress. The 
ABA treatment was more effective on stress susceptible 
genotypes. 

Germplasm Enhancement and Conservation 

INTSORMIL Pis have developed numerous germplasm 
lines resistant to biotype C and/or E greenbug which have 
been distributed to private seed companies for use in their 
breeding programs. Several lines have been extensively 
used directly in the production of hybrids and they include 
ATx2752, Tx2737, Tx2783, Tx2864, and Tx2862. 

Germnplasm resistant to sorghum midge, developed 
through INTSORMIL support, has served as the foundation 
for many similar breeding programs throughout the world. 
Lines used, or those that could be used, directly in sorghum 
hybrids include ATx2755, Tx2767, Tx2880, and Tx2882. 

INTSORMIL Pis have cooperated in the release of three 
hundred fifty converted exotic sorghum lines. The releases 
were made in three groups: two hundred forty lines in 1986, 
fifty in 1992, and an additional sixty in 1992. 

Results have consistently shown that grain yields at high
and low fertility as well as yield responses to fertilizer are 
to some degree independent of one another. Therefore, it is 
incorrect to assume that selection of sorghums under ade-
quate soil nutrient conditions will result in sorghums that 
perform well under nutrient stress. Sorghum performance at 
low nutrient levels, yield potential under good conditions 
..nd responsiveness to applied fertilizer appear to each be 
under separate pern ,ic control. 

The ilntificaition of Hlageen Dura-I in tile Sudan was an 
impressive finding. The female ATx623 was used because 
of its wide adaptation and yield potential, as well as its 
drought resistance. A sister line ATx622 has been intro-
duc-3d in China and used in hybrids planted oil tens of 
thusands ha. 

Eight genes have becn described which affect the food 
quality of sorghum grain; pericarp color, presence or ab-
sence of a pigmented testa, thickness of pericarp, nature of 
endosperm, and basic plant color. More than 14,500 sources 
of germplasm, inbred lines, and enhanced populations have 
been distributed to collaborators. These materials have been 
incorporated into national breeding programs, selected for 
release to farmers, and used in training programs. 

One major dominant gene and one major recessive gene 
were found to control the ability to stay green under drought 
conditions. A consistent relationship has been shown be
tween high nonstructural carbohydrates in tile stem and 
charcoal rot resistance. Two-gene systems appear to control 
relative water content, osmotic potential, and heat tolerance. 
One INTSORMIL project, TAM-121, [is developed and 
released 68 inbred parental stocks for use domestically and 
internationally since the INTSORMIL program was initi
ated. More than 10 countries are known to have released 
hybrids using materials developed in this project. 

It is now known that genetic variability for tolerance to 
the tropical acid soil complex exists in the genus Sorghum.
Tolerant varieties have been released and are producing 
economic grain yields for resource-poor farmers in marginal
production areas using low-input technology. Information 
has been obtained concerning gene action and inheritance 
of tolerance to Al, Mn, and acid soils in general. Since 
tolerance to the acid soil complex appears to be dominant in 
sorghum, either tolerant pollinator or seed parent lines can 
be used to produce commercial cytoplasmic-genic hytbrids 
in tropic or temperate zones. After screening nearly 6,000 
sorghum genotypes, INTSORMIL Pis found that about 8% 
would tolerate 65% Al saturation and a few of these varieties 
would produce more than two tons of grain perhectare. Most 
of these highly tolerant genotypes were identified in the 
world collection as originating in acid soil areas in Nigeria, 
Uganda, and Kenya. The Colonibian/ICA-INTSORMIL re
leased Al-tolerant varieties, Sorghica Real 60 and Sorghica 
Real 40, have consistently produced high grain yields on 
acid soils in both cropping seasons during the year. Both 
cultivars have good yield stability in acid and fertile soils, 
and are photoperiod sensitive Caudatums. 

Tile INTSORMIL/McKnighlt research group at Purdue, 
in collaboration with Pioneer Hlybrid Seed Company, is the 
first to report the stable and heritable transformation of 
sorghum. This is a significant accomplishment which will 
allow new opportunities for sorghum improvement in the 
future. Transgenic sorghum plants have been obtained afler 
microprojectile bombardment of immature embryos. The 
variety transformed is the drought resistant cultivar P
898012 which is well adapted to the African Sahel. This 
achievement will allow sorghum scientists to introduce new 
and useful genes into this important African sorghum vari
ety, and could be the dawn of a new era for sorghum 
research. 

A new drought tolerant sorghum hybrid designated 
NAD- Ihas proven to be highly productive and well adapted 
in Niger. The grain quality is acceptable for local food 
preparations and the yields reported from demonstration 
plots in 1992 were approxinately twice tie yields of local 
varieties. Fanner interest has been very high since this is the 
first sorghuni hybrid that has actually reached farner fields 
and the head size and grain yield have been impressive to 
them. The 1992 trials, at over 100 farmer locations, was a 
critical test of tie performance of this hybrid. It is important 
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now to develop a seed industry (either private or parastatal) 
in Niger that is adequate to produce and distribute hybrid 
sorghum seed. 

In pearl millet, population improvement using mass-se-
lection and S, progeny performnance recurrent selection 
programs have resulted in improvements in tolerance to 
drought and low soil fertility, increased stand establishment 
capability, and excellent bird resistance in bristled popula-
tions. Good rates of progress have been made reducing 
lodging caused by poor root/soil attachment, nodal abscis-
sion layers, and charcoal stalk-rot. Improved stand estab-
lishment has been obtained by selecting rapidly emerging 
seedl :bs from phunting depths of 100mm in the greenhouse 
and 75 to 80 mm depths in the field. Selections surviving 
this type of screening emerge 0.5 to 2 days earlier than 
unselected lines when planted at normal depths and produce 
larger plants at 10 days after emergence. 

Nearly all new accessions of millet entering the program 
are routinely screened for seedling tolerance to aphids. 
Approximately 75% of the accessions tested have moderate 
to high levels of resistance to grecnbug, with most of the 
injured lines producing sufficient numbers of tolerant plants 
for effective selection. 

Several superior seed parents have been obtained from 
the male-sterilization backcross prograun at Kansas. Fi hy-
brids appear to have similar grain yield potentials whei, 
compared to sorghum hybrids of similar maturity. Three 
Kans.as cytoplasmic-genetic miale-sterile inhred lines and 
their maintainer lines have been used extensively for several 
years in the ICRISAT breeding program in India and have 
been released to public and private breeding programs in 
India for utilization in the prodluction of hybrids. Ini the U.S., 
research continued on producing segi agaling Ixpulations
for selection in West Africa. providing winla on production 
ofprotogyny hybrids for use in low-resotrce agriculture and 
developing hybrid parent lines in the A4 cytoplasmic male 
sterility system which has several major advantages over the 
A, system, and may also be useful for improving agriculture 
in developing countries, 

Crop Utilization and Marketing 

INTSORMIL Pis in Indiana originally addressed the 
tannins as antinutritional factors. They developed methods, 
now widely used by others, for assaying and characterizing 
these materials. They also developed a simple method for 
detoxifying and improving the nutritional value of high 
tannin sorghum. They are elucidating the biochemical 
mechanisms by which tannins exert their antinutritional 
effects. They are also characterizing the role of lannills and 
related materials in resistance to birds, molds and leaf dis-
eases. Methods for polyphenol analysis, purification and 
characteriyation have been widely adopted and used by 
nutritionists and ecologists studying tannins in other crops 
and range plants. 

Sorghum digestibility in humans was shown by nutritioi 
ists to be low compared to other cereal grains, and from th 
project we now have a clear concept of why the storaE 
proteins, or kafirins, are difficult to digest. Presently, a hig
molecular weight non-kafirin endosperm protein that ir 
versely corrclates to reduced digestibility is being evaluate 
as a possible means of increasing digestibility throug 
breeding or genetic manipulation. INTSORMIL Pis hay 
identified a sorghum line in the World Collection (IS 23 1 
which has a significantly reduced cross-linked kafirin frac 
tion and shows very good digestibility results in rat feedin 
trials, whether cooked or uncooked. They believe this cros, 
linked kafirin is responsible for many of the digestibilit 
problems in sorghum and are giving this activity a very hig 
priority. 

Processing sorghum in certain ways was found to effec 
tively increase digestibility. A traditional fermented prod 
uct, Sudanese nasha, and high temperature, low moistur 
extruded gruel made from decorticated sorghum were founi 
to be highly digestib~le in children both in protein and energy 
New processed foods from sorghum in Sudan were evalu 
ated for nutritional quality and research was conducted tha 
will improve quality and help efforts to commercializi 
kisra, the staple Sudanese fermented flat bread. 

It was found that high amounts of kafirin decrease th 
gelatinization potential of the starch granules thereby mak. 
ing a thinner porridge. Porridge texture was found to be th( 
most important attribute when different sorghum cultivr, 
were evaluated using sensory panels in Niger. Laborator) 
tests for porridge quality were identified Ihat best correlatc 
to consumers in Niger. Grain hardness tests, which arc 
important indicators of end-use quality, were evaluated and 
suitable methods that are rapid and simple were put in place. 

Simple methods to evaluate milling and porridge quality 
of sorghum have been dcveloped and used to produce new 
cultivars. For example in Mali, Malisor 84-7 was developed 
specifically for improved thick porridge quality. Its tan plant 
color and hard endosperm provides excellent quality grain 
which has been found to have resistance to head bugs. 

The chemistry, composition, structure and nutritional 
value of sorghum kernels has been related to gcnes that 
control pericarp thickness and color and the presence and 
absence ofa pigmented testa. From this knowledge, several 
white, tan plant sorghum inbrcds have been released to the 
seed industry and are being grown in tie United States. 
These food hybrids have improved quality for use in live
stock feed as well as ingredients in food systems. 

Sorghum is used for malting and traditional beverage 
production inAfrica. Malt quality is critically important and 
limits its use. Methods of determining malting potential of 
sorghum have been developed and used t' show large 
differences exist among cultivars. Both genetic and environ
mcin significantly affect malting properties. Dorado, a white 
food type sorghum, had the best malting properties. Eco-
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nomically, significant differences have been found. Malted 
sorghum has greatly modified kernel structure which im
proves its nutritional value significantly. 

New prototype food products including noodles, ready-
to-eat breakfast foods, weaning foods, granolas, instant 
porridges, baked products and others have been developed 
from 100% sorghum and millet for polential utilization in 
several countries. Products have been made with sophisti-
cated techniques like extrusion and micronizig wuid a!se 
with simple, low-technology method., apmprpriate to tar-
geted countries. The major constraint limiting their applica-
tion is the lack of a consistent supply of good quality 
sorghum and millet grains at a price competitive with im-
ported rice, corn and wheat products. Parboiled sorghum 
and millet has excellent potential in Mali. Malian sorghum 
breeders are developing photosensitive sorghums with tal 
plants to provide a consistent supply of grain for processing. 

Sorghum has been used to produce tortilla chips, tortillas 
and related products from alkaline cooking. Several new 
cultivars with improved tortilla making quality have been or 
are near release iii Central America because of collaiborative 
work within the breeding programs. A simple test to evalu-
ate tortilla potential of sorghums has been successfully 
utilized. 

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

The adverse effects of molds and weathering on sorghum 
quality significantly limit the use of sorghum for foods in 
many areas. Major progress to understand the factors affect-
ing grain deterioration has been made. Work continues to 
secure mold resistant sorghum cultivars. Some of the new 
cultivars, i.e., Sureilo, Malisor 84-7, have improved resis-
tance to grain deterioration. New information on the roiL,_ of 
antimicrobial proteins :s being de%cloped. Head bugs and 
molds are major constraints restricting sorghum improve-
ment in West African countries. 

The structure anld proessing properties of pearl millet 
has been evaluated. A wh,.e pearl millet grain had excellent 
acceptance when cooked like rice. The milling properties of 
millet were mainly affected by kernel size, shape and hard-
ness. Parboiled millet did not develop the off-flavor that 
occurs in millet millet products. 

Host Country Program Enhancement 

Mali 

The collaborative research on African sorghum head 
bugs in West Africa, especially Niger and Mali has quanti
fied damage (yield and quality loss): identified resistant 
genotypes, including practical methodology to screen for 
resistance: and described bug species composition, biology, 
and pepulation dynamics. Research in Mali confirmed the 
resistance of Malisor 84-7 to head bugs. Research on the 
sugarcane aphid was conducted in Botswana and Zim
babwe, sorghums resistant to this insect were identified, and 
the mechanisms and inheritance of resistance assessed. 

Sorghums accumulating high amounts of proline had 
significantly greater heat and desiccation tolerance than 
those that accumulated less proline. Plants grown from seed 
produced in a stressful area in Mali had more seedling 
drought resistance than plants grown from seed of the same 
genot,,pes produced in a less stressful area. Local Malian 
sorghums acclimated to environmental stress to a greater 
degree than introduced genotypes. The evaluation of adap
tation to stress in Mali showed tha tie local Malian sor
ghums were superior in a combination ef several 
physiological characteristics that were identiEed as contrib
uting to drought and high temperature resisLnce. 

Research in Mali has shown that grain yields do not 
always increase with applied N when conditions are ex
tremely dry. However, in the higher rainfall regimes, yield 
increases are obtained with N application and the local 
varieties such as Tiemarifing have consistently higher N use 
efficiency than the improved types such as Malisor 84-7. 
There appears to be a tremendous need for phosphorus in 
the sandier soils, and this may be the mineral element which 
is most limiting in many cases. 

Sorghum-peanut intercripping increased the land use 
efficiency ratio (LER) by 4, 0i, ano 41% over sole crops at 
zero, 40 and 90 kg hal N, ",,hile m;Ilet-cowpea intercrop 
increased the LER BY 29-33% at all N levels. Research in 
Mali has shown clear yield advantage to rotation of sorghum 
following peanut and millet following cowpea, and a 
smaller yield advantage following intercropping. 

A food technology laboratory that works closely with the 
millet and sorghum improvement programs has been devel
oped and equipped. The laboratory has applied several 
simple techniques developed at Texas A&M to evaluate 
sorghum and millet for thick porridge quality. Critically 
imaportant factors like pericarp removal, grain deterioration 
by head bugs and molds, the effect of plant color and 
different cultivars on porridge quality were discovered and 
introduce:d into the sorghum improvement program. 

The lfod technology laboratory has conducted many 
village and urban c(x)king and processing trials of sorghuin, 
millet and legumes. A blend of three parts millet flour and 
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one part of cowpea flour was shown to work well as an
inexpensive weaning food for young children. This technol-

the soil so that the plant roots are not able to tap it. Moderate 
fertilization and higher plant densities have been shown toogy has been successful in some areas of Mali. Parboiling simultaneously increase soil fertility and water-use effitrials showed the importance of grfin with tan plant color to ciency. The research in Niger showed that these crops canproduce improved highly acceptable product,,. This has led gain benefits from added N in either a wet or a dry year. Ifto current objectives to produce an improv,. local photo- a legume/cereal rotation is used to obtain "fixed N", thensensitive sorghum with tan plant color specifically for use some addition of P is needed to maximize yields. Pearl milletin value added proc-.ssing. yields increased greatly following a cowpea intercrop or 
sole crop cowpea. These results demonstrate the importanceThe Malian laboratory found that major constraints to ofa cowpea legume crop and N fertilizer in improving milletmillet quality %ere seed shape, size and texture. Globular yields under the stressful Nigerien conditions.kernels with miedium size gavc the highest milling yields.Parboiling pearl millet enhanced decortication yields sig- In the Sudanian zone, as in Burkina Faso, tie combinednificantly and improved the texture -,,i acceptability while introJuclion of tied ridges, fertilization, and a new animalreducing the development of objectionable aromas. Parboil- traction implement has the economic potential to substaning is a simple technique that can be applied in villages using tially increase sorghum yields. This higher input system isexisting equipment, more sustainable than the deteriorating low input system 
generally practiced now. The impact of agricultural andThe development of new cultivars for use in value-added household technologies on the welfare of women has beenprocessing should lead to increased economic activities in analyzed. With most types of household decision makingMali. both types of technologies have substantial positive impacts 

Niger 	 on female (and houscho!d) incomes. INTSORMIL has studied the economic factors influencing the shift from exten-
In pearl millet, the diversity and didlel cross studies 

sive, low input systems, where the principal innovation isanimal traction, to intensive systems with purchased inputindicate clearly that knowledge of the degree of similarity use aad improved cultivars. To increase yields profitably itor dissimilarity among landraces is not sufficient when is generally necessary to respond to both the waleravailabilchoosing the best parent for crosses. The population crossc ity and the soil fertility constraints.Ex-Bornu x P3Kolo gave the highest grain yicid and a good

level of heterosis even 
though the cluster analysis showed Sudan
 
that the two cultivars had similarities for most of the traits
measured. The economic impacts of Hageen Dura 1, in the Sudan, 

An integrated sorghum and millet disease research pro-
show substantial returns to agricultural research and extension. The Hageen Dura I experience indicates the imporgram is in place. Emphasis has been on the biology and lance of the expansion of a private seed industry and acontrol of long s.mut. Initially, collaboration between work- fertilizer distribution system to support the rapidly increasers in Sudan and Nige, periittcd the rapid transfer of ing demand for both inputs once a new hybrid is introduced.specific technologies. Evuation of resistance to long smut The extensive, low-input agriculture is not sustainable butis an integral part of the Niger sorghum improvement pro- leads to soil degrdation and declining yields. The use of
gram. Evaluti;; for resistance to head smut, Acremonium 
 moderate levels of chemical fertilizer, an improved cultivar,wilt, and anthracnose is also pail of this program. Work on and improved agronomic practices can raise yields andthe control of dov.ny mildew of pearl millet has been accel-
 maintain them at 1.2 to 1.4 mt/ha. These are not outstanding
erated with the deployment of Apron®plus. sorghum yields internationally but they are a substantial 
improvement over present yields. These improved technolo-In Honduras and Nigcr INTSORMIL collabo.ation has gies were also highly profitable. The potential farmer deresulted in developmew of sustainable biological control 	 mnand for medium and seasonlonger cultivars andstrategies for stem borers, and 	 theinformnation on pest and importance of reducing the cereal price collapse in good
natural 
 enemy biologies has contributed to improved ap- rainfall years both became obvious in country studies in
proaches to IPM. For whorlworms in Honduras, techniques 
 Niger and Burkina. In Sudan Hageen Dura I diffusion waswere developed to manipulate key natural enemies; for stern related to the functioning of the input markets, extensionborers in Honduras. an efficient natural enemy was ira- contacls, and farmers' lasle preferences. Intensive tcchnoloported, released in Honduras and established; for stem bor- gies not only increase yields but are more sustainable sysers in Niger, natural enemies were demonstrated to occur in tens than the extensive systems presently practiced. Manygreater densities in natural vegetation than in millet, a sug- of these intensive systems are highly profitable and theirgestion that the substantial changes to cultivated millet is watcr-retetion features result in little increase in riskinessinterfering with biological controls. of the combinlcd systems. 

In Nigeron the sandy dune soils, crusting is usually a less Forage legumes if chtoria (C)Clitoria lernata L. andi;erious problem but the wa.ter rapidly infiltrates deeply into phillipesara (P)Phasulus irilobus Ai. in a two-course rota
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tional system greatly increased sorghum yield over that of 
continuous sorghum. However,clitoria performed better 
than phillipesara as a previous crop. 

Research in Sudan began with the control of charcoal rot, 
resistance to long smut and related smut diseases and, more 
recently, on control of anthracnose and downy mildew of 
pearl millet. Host resistance work for control of charcoal rot 
and long smut are included as a continuing program in 
Sudan. Transfer of the inoculation techniques to Niger and 
elsewhere represents the quality and maturity of the research 
on sorghum pathology in Sudan. 

Botswana 

Several cultivars with SC326-6 in their genetic back-
ground demonstrated good general adaptation to the SADC 
region and possessed excellent disease resistance needed in 
some areas of the region (leaf blight and anthnacnose). Lines 
and advanced lines were evaluated and those with potential 
are being utilized as parental lines. A seed parent from 
Segaolane has been developed. Variability on both the fe-
male and male sides is being used to develop adapted 
hybrids for Botswana. The pearl millet breeding program 
has made selections from a Screre 6A population. An ad-
vanced improved line from this population is being tested 
for its potential as a new variety. Identification of resistance 
to the sugarcane aphid and identification of predators that 
will attack it have been found. 

Pearl millet seed either screened for larger size or pro-
duced by partial removal of the head resulted in better 
establishment and in many cases improved yields. The 
exception was under extremely severe stress conditions in 
Botswana. Germination responses of both pearl millet and 
grain sorghum to temperature and soil moisture have been 
quantified. Interactive effects between seed quality and en- 
vironmental conditions were variable. The grain sorghum 
growth model sorkamn was validated, improved and utilized 
to develop a replant decision to allow for U.S. conditions. 

Management practices on water runoff showed it addi-
tional water could be diverted to a site, better yields resulted. 
Practices associated with better water availability must be 
coupled with the proper plant population and pest control. 
In the event excess water occurs, the system must be de-
signed to release water without erosion. The National Till- 
age Trials s. wed early tillage frequently improved soil 
water storage. This coupled with fertilizer (15 kg P hat1) 
generally increased yield. Due to low yield, addition of P 
was not economical where soil P was greater than 5 mg kg-t . 
Nitrogen was not influential unless the rain was uniformly 
distributed over the season. However, manure/crop residues 
were effective in increasing water intake. Manure by itself 
was quite effective, but combined with residues, intake was 
even greater. 

Honduras 

Crop mortality factors were partitioned in sorghum-corn 
intercropping systems in Honduras; 65% mortality was due 
to insects. Pest species diversity and density levels were 
cataloged. Seed treatment with insecticide was required to 
prevent seed uid seedling loss due to soil-inhabiting insects 
and millipedes. Parasites of armyworm species in the lan
gosta complex were identified and their impact quantified. 
The international significance of a migratory pest species 
(fall armywonn) was elucidated in comparisons of insect 
biology, behavior and reaction to insecticides for insect 
populations from the U.S. and the Latin American Eco
geographic Zone. 

Ecological approaches to insect pest management in
eluded cultural and biological control and host plant resis
lance. Honduran native landrace sorghums, "maicillo 
criollos" with antibiosis insect resistance were identified. 

In Honduras the investment in the soil conservation 
technology made possible the introduction of an intensive 
technology system (yield increasing) including fertilization, 
better agronomic practices, and a new cultivar. Honduras 
farmers are growing Surefio, an improved maicillos, be
cause tc grain produces lighter colored tortillas. 

Colombia 

Since 1982, five cultivars, the result of collaboration 
between ICA, commercial companies, and INTSORMIL, 
have been released. These cultivars produce profitably in 
soils with as high as 60% Al saturation, opening up more 
than 200,000 ha of marginal land in Colombia alone. The 
two varieties released in 1990, Sorghica Real 40 (156-P5-
Serere 1)and Sorghica Real 60 (MN-4508), are tolerant to 
soils with 40% and 60% Al saturation, respectively. ICA 
and the El Alcaravin Foundation, with INTSORMIL's sup
port, released in 1993 two lines adapted to Arauca (Colom
bian Eastern Plains): IS-3071 (Icaravdin 1)and IS-8577 
(lcaravn 2). These lines have good agronomic charac
teristics. 

Colombia is the only Latin American country where 
universities, the private sector (El Alcaravn), national re
search institutions (FENALCE and ICA), and an intema
tional center (CIAT) collaborate with INTSORMIL to 
accomplish research and training goals. 

All mineral elements were affected by acid soils stresses, 
but silicon and calcium in plant tissue were most closely 
related to acid soil toler-nce. An effective lalxratory screen
ing technique was devised to screen sorghum seedlings for 
acid soil tolerance. Studies on inycorrhizal (VAM) coloni
zations on sorghum showed that VAM associations on roots 
can assist in the extraction of phosphorus (P) from low P 
soils. However, the higher the inherent soil P level, the lower 
the VAM association which occurred. 
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Networking 

Over the years, established networking activities have 
continued with ICRISAT, SADC/ICRISAT, SAFGRAD, 
ICRISAT Sahelian Center, ICRISAT West Africa Sorghum 
improvement Program, EARSAM of ICRISAT, ICRI-
SAT/CIMMYT, CLAIS of Central and South America, and 
CIAT. There has been excellent collaboration with each of 
these programs in co-sponsoring workshops and confer
ences, for coordination of research and long term training. 

INTSORMIL isworking with newly emerging networks, 
such as ROCAFREMI (INSAH) of West/Central Africa. 
INTSORMIL plans to strengthen linkages among the NARS 
it works with, as well as international and regional organi
zations and networks. INTSORMIL will continue to pro
mote free exchange of germplasm, technical information, 
improved technology, and research techniques. 

Future Directions 

INTSORMIL will continue to jointly plan and execute 
collaborative research that benefits developing countries 
and the United States. These collaborative relationships are 
keys to INTSORMIL's success and will continue as funda
mental approaches to meeting the INTSORMIL mission. In 
the future, INTSORMIL will target NARS collaborative ties 
that reflect regional needs for sorghum and/or millet produc
tion. These ties are envisioned to be in the sorghum and 
millet agroccological zones of western, eastern, and south
ern Africa, and Central America. By concentrating collabo
ration in selected sites, INTSORMIL optimizes its 
resources, builds a finite scientific capability on sorghum 
and millet, and creates technological and human capital that 
has a sustainable and global impact. INTSORMIL will use 
four specific strategies to maintain its current momentum, 
build on its record of success, and accomplish a new set of 
goals. These strategies are (1) sustainable research institu
tions and human capital development, (2) conservation of 
biodiversity and natural resources, (3) research systems 
development with focus on relevant technology generation, 
and (4) information and research networking. 
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Summary 

KSU- 108 was initiated in 1989 (year 10).The project has tihese species are of importance on sorghum and that the 
been dispersed over many sites and has not been tied to a overlap between maize and sorghum pathogens is very
particular INTSORMIL prime site, alt hough a buy-in from limited. The identification of the "F" mating population as 
the USAID mission in Cairo in 1991 has led to extensive the major cause of Fusarium stalk rot in the U.S. and the 
work in Egypt. Research Iis xeen broadly focused in the provision of appropriale strains for breeders has greatly 
core project with the limited funds provided used to provide increased the screening reliability for resistance to this dis
supplies and tcclhical ,assislance for work with most of the ease. Within a biological species tIhere is limiled genetic
LDC sorghum samples that we ex amine, development of variabiliiy in material from the United Stales and somewhat 
techniques that can be implemented under LDC ciod itiins. more variability in inaterial exami ned fron LDCs. We have 
and Iravel for collecting addil ional isolales, developed VCG (Vegetative Conpatlibility Group) technol

ogy and protocols so tllat LDC scienlists can make eslimatles 
Fusarium spp. are resX) nsitle for stalk rot and grain mold oft lie genetic variability wilhin their pathoigen populalions. 

of sorghui ins part of a stalk rot coinplcx that is ptoorly In Egypt. Pokkah lx eng, a sorghum tnisise 11hat is also 
understood. In sorghum, these fungi belong primarily to ass ciated with these fiigi. has been idenlified as asignifi
section Liseola, of which F. monilifio'me is the iost promi- caint protblem on tlic Giza 15 variety with losses of 5-15% 
nent. We have divided this complex group of fungi into six common throughout the ctiiilry. 
distinct biological species and have found that only two of 
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With respect to bacterial diseases of sorghunil and millet, 
there has been little work done outside of our program. We 
tested numerous sorghum accessions for susceptibility to 
three bacterial pathogens and found that 80B3039 was the 
most susceptible entry tested while several others were very 
resistant including SC4 14, Surefio, and B35-6. We also 
identified two bacterial diseises of pearl millet that Occur in 
Niger, Nigeria, and Sudan, bacterial streak (Xanthomonas 
catf)estris pv. pennamcricanuin) and bacterial stripe 
(Pseudoumnas avenae). We have shown that the causal 
agent of bacterial leaf streak is secdborne ald can remain 

viable in seed for more than two years. 

Bacterial pathogens are difficull to diagnose. parlicularly 
when disease symptoms alone are not definitive or when 
phylosanitary certificates are required for quarantine con-
trols. We have developed aldot iimniiitiiioliiiid ing assay (DIA) 
to distinguish different bacterial patthogens of sorghuni and 
millet. The lest is eaisy to perf in, inexpensive. requires 
limited equipment and chemicals, and was designed with 
LDC laboratory conditions iil mind. This assay is being 
improved through the developncii olt monoclonail antiltod-
ics that increase the accuracy by reducing Ihc background. 

A Ilong-rni screeniiig prograin for determiining resis-
Iice tIo covered kernel siut of sorghiL iu various, sorghun 
accessions has been successful. Cullivars SC414, Surci"o, 
and B35-6 were shownito be iiniiiiie. 

Introduction 

The main ithrust of Ihis project has been studies of staltk 
rol palhogelns, hot hibacterial and fuiigal, with il emphasis 
on using biotechnologytools to develop irapid diagnioslics 
and to understand til life iistory ofI tihese pithiogens as a 
prelude to their control. Stalk rtils accotil for aii average 
loss of 4-8%tofhe sorgiti m crop in the U.S. per year. Losses 
in LDCs vary widely depelidin ogi tice cultivar used and 
Io.al enivironmiental Conditions. As tile project developed, it 
acquired responsibility for all bactcrial sorghln diseases, 
covered kernel sil, and additional Fusariumdhiseases such 
as pokkah boeng and grain ild. 

Ili ill of the diseases we have sludictl, except fir covered 
kernel smut, the identily off the causal ageit was mlt well-
defined at tie start of tle project ainti ClitOrs to control the 
disease or to breed for resistaince reinark ably ustuccessful. 
Bised on synipton itlogy,, iliiyt t [lie c'aisal ageniits were 
assined to be the sanie as tliose lhatcaused similar diseases 
in maize or tither cultivateld graLsses. Pritr tt Oiir prog nalln. 
these diseases were usually treatled only in conjunclitin with 
nunerous other diseases, aiid were stibjected oily to rotiim 
surveys of disease icitleice ItI severily. The lack tif suc-
cess of traditional methods for developing resistant 
gerniplasm led us to study the hasic biology of tliese patiho-
gens, since it was obvious tihat addilional infiriniaion was 
required before a rational control program could be forniu-
lated. 

With respect to Fusarium spp. associated with sorghuni 
and millet, some of the iost interesting current problems in 
Fusarium taxonomy ire associated with isolates recovered 
from sorghum and millet in Africa. In the p:Lst few years. 
several new species have been niamed based on such collec
tions, and froin our work it app'ars that there are numerous 
species that still need to be described. 

Over the course of this project. we have identified six 
different biological species (designated by the letters A-F)
within what used to be a single speciesI F. iuilirm.One 

of these biological species (F) dominales on sorghum, while 
a second (D) is also present at a significant level. We have 
been working on different ways to easily distinguish these 
species and have develope:d one technique that requires 
standard tester strains that we have developed, routine cul
lure media. and a siliable place to inculbate microbial cul
lures. lihis technique has become tile standard by which the 
isolates fronii this group of fuili ire identified. Develop
ment of additional idcmlilicatioi tools tha are more rapid, 
but just as accurate, is ini progress. ldentificalion of the 
different niling populations is inportamt because these 
isolates differ in their ability to synthesi/e inycotoxiins, such 
as fuintinisins and ionilitrniin. aiid in their host prefer
ence. We have been collaborating with oiltier researchers 
worldwide oi (l sylitliesis of lic funIonisin ItoxinS Io asss 
the risks posed by these toxins to consumers (If different 
products known to be contiinated by lliese fungi. 

We also have devloped i technique for assessing geilelic 
identity known LsV'CG tlvping aitt hiave been using this 
techiice to assess geietic variability in a popiini. This 
techliiqiiuc has beeii used by researchers in Kenyai and Egypt 
to inieasire v'ariaiblilv wilhi i [lipLiltllil. We conlintue to 
deveIop lie\w tools fr ieasuring genctic variability witlhin 
these pathogen popilations to deleriuniie if there is sufficieti 
recti nioini otccurrinig within lite ptipulailiii tIo account 
for tle obscrvCd variabilily iii ttixii iridticLion and viru
lence. 

From tie research to date, it has become apparent that 
isolates of' F. 11t m ilfl'm lre essentiitally eidophiytes Of 
sorgtium, with every ptaii1 being infected with i ie or iiore 
strains of this Orgaiiisn. We ire now working to docuient 
the extent of ctloniiiaiti of inidividual plantils Under field 
conitions aiid will tetermiine if isolates delivered with th' 
seed are tie predtinli ll:it colonizers of the inatUre plnil (ais 
is the case It r inaize ). We could then use nodiicd strains 
delivered with the seed it planting tine to reduce tile iici
deice of stalk rot aid toxin fllCtl1l:ili iethe grain. 

Withi respect to baclerial diseases if sorghuni and inillet. 
the initial thrust wals towards assislnce ill diagnioses Of 
bacterial palhogens. Many LDC laboralories are pxrly 
equipped and the pcrsoileI have little tr ut expertise in 
hacteriology. Updaling tliese laboratiories aiid triining suf
ficieiit personnel w .it not econoinically feasible: tlierefore, 
we decioled to develop di:giiostic tests that were reliable, 
inexpcnsive and which could be conducted in LDC Iabora
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tories and interpreted by personnel with little expertise in 
bacteriology. A definitive diagnosis is required for many 
bacterial pathogens because of numerous quarantines 
against the imxrt or export of sorghum seeds and feed 
grains that might be infested with seedborne plant patho-
genic bacteria. Presently, LDC researchers are forced to 
evaluate germplasm in screening programs based solely on 
disease symptoms and without conclusively identifying the 
causal agent(s). 

Our goal in this case was to develop diagnostic kits that 
utilize immunological procedures developed from biotech-
nological research such as the dot-immunobinding assay or 
western blots to satisfy this diagnostic void. The procedure 
is simple, inexpensive and requires only limited equipment 
such as a refrigerator. We have obtained px)lyclonal antisera 
of high quality and in sufficient Luantity that we can address 
many of these probleris. At this time we are developing 
monoclonal antisera of high quality Ihat Will be available to 
LDC scientists upon request. Periodically, weccomplete the 
diagnosis for the LDC researcher in our l lboritory. 

Ithas been difficult to convince some LDC scientists that 
the DIA diagnostic test is an acceptable alternative to con-
ventional (and usually less-reliable) diagnostic procedures. 
Other LDC scientists are reltictnt to request the antiserum 
and the modest amou ut of chemica Is and supplies that are 
required. To date scientists from Argentina. India, Lesotho, 
Egypt, Nigeria and Bulgaria have successfully used the DIA 
diagnostic that we have developed. Uidoubtedly the DIA 
procedure will gain wider acceptance as scientists become 
more aware of this biolechnological progress. 

Objectives, Production, and Utilization Constraints 

Objectives 

Identify and charcterize Fusarium mon/if rmc isolatles 
to determine the mating type and vegetative cmpattihi lity 
groups. Evaluate this technique for characterizing olher 
fungal pathogens of sorghum such as C/ati e'ps spp. (ergot) 
and Acremonium wilt. 

Characterize various strains ofFusarimmoni/iforme for 
mycotoxin (fuionisin) prtoduction. 

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

Develop monocloial antibodies against various bacterial 
pathogens of sorghum and peairl in il let, 

Develop a semiselective in e ditui and cDNA probe foir 
Pseudomonas andropogonis. 

Monitor sorghum accessions from the Texas A&M Uni-
versify All Disease and Insect Nursery (ADIN) for genetic 
variability in resistance to covered kernel smut, rust and 
bacterial diseases of sorghum. 

Constraints 

It is imperative that causal agents of ilant diseases be 
correctly identified. Most laboratory facilities in LDCs are 
without equipment and/or chemical supplies for diagnoses 
of plant diseases. Scientists may be forced to evaluate 
germplasni in screening programs based solely on symp
toms without having the resources to ascertain the causal 
agents. A definitive diagnosis is nandLatory when the causal 
agent is seedborne such as the case of bacterial leaf stripe 
and bacterial leaf streak diseases in sorghum. Diagnostic 
kits that utilize immunological prxcdures developed from 
biolechnological research such Is the dot-immun(bilding 
assay or western blots are ideal alteniatives to equipping 
expensive labo)ratory facilities in developing countries. The 
pr(x.cedure is simple. inexpensive and requires only limited 
equipment such as a refrigerator. Antisera of high quality 
and sufficient quantity to researchers in LDC's would solve 
problems due to p(xrly equipped laxratories, insufficient 
sopplies alitd slecialty chemicals and/or personnel will lira
ited or no tra ining in bacteriology. Momoclon:l antisera of 
high quality would be available to LDC scientists upon 
request. Allernatively, a portion of the diagnostic procedutre 
can be complcted in our Iaboratories. 

Covered kernel smut (S wrisorium sorg/ii) and rust (Puc
cinia p urpurca)ol'grain sorghum occur worldwide. Prior to 
seed treatments, covered kernel smut was the most destruc
tive diseaise of grain sorghum in the U. S. with yield losses 
approaching 50( . Rec)mimended seed treatments applied 
prior to planting of sorghium seed has reduced(ithe incidence 
of covered kernel stt to nearly zero. tHowever, in LDCs, 
sinut causes sigificant yield losses as seed treatments are 
tox expensive and/or unavailable. In Lesotlho, incidence of 
covered kernel smut approached 50% in several fields and 
lesser incidences were noted in nearly all fields examined 
(L. E. Clallin & M. Qhobcla, unpuhlished.)licre is no 
effective 	 trcalment for ctntrol of rust and, normally, the 

most afterdisease occurs freq eLoCIiIy antlhesis and yield 
losses in the U.S. are considered nominal. Rust epidemics 
coinmmioitly occur under cool and imid condititns. Sor
ghum growln under th tse climatic conditions will likely have 
sigifi'icant yield losses ( >50(;; ) such as in Central America 
and the higher elevations in Africa. 

F. nonilifonne is synonymois with sorghum in that 
fungal cultures can be recovered from most plants, whelher 
healthy or diseased. In cases where the such results have not 
been seeni, pro)blems in culture conditions (media, tempera
lure, etc.) or identificat ion are invariablly fotI d. We have 
been working with our LDC ctilleagues tto help Ihiem realize 
the extent of the problem :itd to help thetl learn how to 
apprt prialely culture and identify these organisms. We also 
have worked with some breeding prtgrams in the U.S. to 
supply appropriate strains for screening purposes to ill
crease the efficiency of the breeding program in selecting 
for resistance to stalk rot. 

4 



Sustainable Plant Protection Systems 

Research Approach and Project Output 

Research Methods 

Fusarium spp. 

The mating population to which an isolate belongs was 
identified through sexual crosses with standard mating type 
tester strains that we have developed. These strains are 
available on request and have been sent to researchers in 
Kenya, Cuba, China, Thailand, Malaysia, South Africa. 
Italy, Egypt, Tanzania, and numerous states in the USA. 
Crosses are made by spermatizing a culture of a standard 
tester growing on carrot agar with a conidial suspension
from the field isolate. Successful crosses form perithecia 
that ooze ascospores 2-4 weeks after spermatization. Field
isolates are assigned to a mating population on the basis of 
their crossing pattern with the standard tester isolates, 

Vegetative compatibility was determined by pairing 
complementary nitrate nonutilizing mutants on a minimal 
medium with nitrate as the sole nitrogen source. When a 
prototrophic hetcrokaryon was formed, then the parents of 
the mutant strains were vegetatively compatible and be-
longed to the same vegetative compatibility group (VCG)
When no prototroph was fommed then the strains were 
vegetatively incompatibleand belonged to different VCGs. 
nit mutants were selected by spontaneous resistance to 1.5% 
potassium chlorate, a nitrate analog. These mulants could be
placed in one of three major classes - niti. n0it and NiNI 
based on differential growth on media containing nitrite,
hypoxanthine or ammoniumn as the sole nitrogen source. 
Pairings were usually made between nitl and NiNM mutants 
since these pairings usually produced the strongest coruple-
mentation reaction. 

We are examining a set of approximately 100 strains 
from all six mating populations for isozyme variability,
Fungal colonies are grown for four days on a modified 
Czapek's medium, flash frozen with liquid nitrogen in a 
protein extraction buffer, and ground to a fine powder in a 
prechilled mortar and pestle. Debris is pelleled by centrifu-
gation and tie supernatant divided into aliquols and stored 
at -80C. Activity is maintained for at least two weeks under 
these conditions: samples are never refrozen once they have 
been thawed. Isozymcs are resolved on starch gels using one 
of three different buffer systems. Staining protocols vary 
according to tie isozymc being examined and tie buffer that 
was used for the resolution. The entire time for tile analysis
from the star of culturing the fungus to tile end of the gel
staining is less than one week. 

Fumonisin assays were made using established protocols
based on HPLC or GC-Mass Spectrometry. 

Bacterialdiseases 

Development of monoclonal antisera involves a hybri-
doma technology in which mice are injected with a purified 

antigen from the bacterial organism. We utilized a 3: 
kilodalton protein from the bacterial cell wall that wa
determined by sodium dodecyl sulfate - polyacrylamide ge 
electrophoresis (SDS-PAGE) to be unique to Xantiomona 
campestris pv. holcicola (causal agent of bacterial lea 
streak of sorghum). Selective strains of mice (BALB/ c 
were immunized intraperitoneally with the protein fractior 
over a period of 10 weeks. The bacterial cells were growr 
to log phase in nutrient broth then washed in protein isola. 
tion buffer and sonicated for removal of tie cell wall. The 
cell wall componenLs were dialyzed in I M PBS overnighi
and then centrifuged at 15,000 x g. Twenty to 40pI I of total 
protein extract were loaded into 12.5% agarose gels and run 
at a constant current of 30 mA for six hours and stained 
overnight with Coomassie blue. 

The larget proteins were transferred from the acrylamide
gel to a nitrocellulose membrane in an electric field at a 
constant current of 30 V for 16 hours at 40C. This transfer was repeated until approximately 50 ptg of protein was 
obtained for immunization and then injected intraperi
toneally into mice. Tile inice were then sacrificed and the 
spleen removed. Spleen cells were fused with myeloma cells 
(cell line P3X63AgS) to produce the hybridomas.
Myelomas are essentially malignant cells that secrete anti
bodies and provide the immortality factor needed for con
tinuous antibody formation. Spleen cells impart the 
specificity of the serum. 

The dot-immunobinding assay will be used to detect the 
causal agents of bacterial diseases and to evaluate tile effi
cacy of the monoclonals being developed. In brief, the 
procedure is as follows: Plant tissue is macerated in water 
for several hours and the leachate (4 pl) is applied to 
nitrocellulose paper. The nitrocellulose is soaked in ethyl 
alcohol and acetic acid (15 inin.) to fix the bacteria and thenrinsed in buffer (Tris-HCI). The paper is incubated over
night at 4°C in antiserum diluted 1:2000 and then rinsed 
several times in buffer. Following several rinses in buffer,
 
the nitrocellulose paper is incubated in Protein A-Alkaline
 
phosphatase for two hours. Again, tile paper is rinsed several
 
times in TBS. A substrate consisting of Fast Violet B salt
 
and Napthol AS-NI phosphate alkaline solution is added and
 
the paper is incubated in the dark for 30 min. The nitrocel
lulose is rinsed with lap water. A red color on tile spot where
 
the leachale was applied indicates a positive reaction to
 
bacteria: a negative reaction of no color indicates that the 
target bacteria were not present. 

The DIA described above is amenable for use by scien
tists in LDCs as it requires minimal equipment, is rapid and 

easy to perform the diagnostic tests. If equipment is lackingor nonfunctional, cooperators could simply apply the 
leachate from diseased tissue and mail the nitrocellulose to 
our laboratory at Kansas State University. Research hasshown that the test can be completed up to three months after 
the bacterial pathogens have been placed on the nitrocellulose paper. Permits for importing plant materials or cultures 
are not required because tile process requires that tile nitro
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cellulose strips be soaked in ethyl alcohol and acetic acid 
prior to shipment (APHIS, Personal Communication). 

To determine if the bacterial stripe pathogen will over-
winter within the sorghum plant, wild-type and streptomy-
cin resistant (100 pl/ml) strains of Pseudonmnas 
andropogonis will be utilized. Seventy grain sorghum ac
cessions from the Texas A&M University (Courtesy of D. 
T. Rosenow, TAES, Lubbock) All Disease and Insect Nurs-
cry (ADIN) were planted at KSU's Rocky Ford farm near 
Manhattan, KS. Eacn accession was planted in 4.6 m rows 
with three replications. Plants were inoculated at the 12-leaf 
stage of growth with a Cornwall repeating syringe equipped 
with a 20-gauge needle. The first five plants in each row 
were inoculated with the wild-type strain and the last five 
plants with the streptomycin mutant. One nonth after inocu-
lation, bacterial leaf stripe infected tissue was collected from 
lower, middle and upper intemodes (including peduncle), 
leaves and seed of sorghum plants. Tissues were pulverized 
with a mortar and pestle. One ml of the extract was serially 
diluted and plated on YDCA medium. The plates were 
incubated at 28°C for 7-15 days. The tissues will also be 
examined by immunofluorescent microscopy. Plants were 
assayed at monthly intervals from July through May. The 
experiment will be repeated again for 1994-95. 

Smut and Covered Kernel Smut 

Sorghum accessions from the ADIN were utilized to 
evaluate genetic variability to rust and covered kernel smut 
pathogens. The 70 entries were replicated four times in a 
randomized complete block design at the Rocky Ford Farm 
near Manhattan. Seeds were planted during the first two 
weeks of May in rowr spaced 76 cm apart and I I cm 
between plants in the row. The experiment was conducted 
over three years (1989-1993) although not all genotypes 
were evaluated every year. 

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

Research Findings 

Fusarium spp. 

We have now formally described the F mating population 
ofF. oniliforme. Female fertility is relatively low in these 
isolates suggesting that sexual reproduction may be rela-
tively infrequent and that different race types could develop, 
Isolates from this mating population represent the majorily 
of F. numiliforme isolates recovered from sorghum. We 

have shown that representatives of the 10 most common 
VCGs are not significantly different in their ability to cause 
lesions following t(x)thpick inoculations. These 10 VCGs 
contain 75% of the F mating population isolates that we 
recover from sorghum in Kansas. The distribution of these 
VCG types in LDC settings is under investigation. 

Within the six F. moniliformnc mating populations, strains 
of only two, A & D,are known to mae fumonisins. The D 
& F mating populations are responsible for most of the 
observed stalk rot and grain mold of sorghum: therefore. 
there is potential for fumonisin contamination of sorghum. 
The ability to produce fumonisins is a property of the mating 
population and is not affected by the host from which an 
isolate was recovered. Within the D mating population there 
is considerable between isolate variation in the amount of 
fumonisin produced with a range of 2-2000 ppm. Although 
the F population does not produce fumonisins at any signifi
cant level, it does produce other, as yet unidentified, myco
toxins that ire at least as toxic to ducklings as are the 
fumonisins. 

We have begun studies of the karyotype of F. inonili
firme using CHEF gel electrophoresis. The available data 
suggest that all six mating populations have the same chro
mosome number (n= 12), and that there is relatively little 
karyotype variability within a mating population but that 
differences between mating populations appear to be sub
stantial. 

Isozymes are being lested as an alternative to crossing for 
the diagnosis of the mating population to which a strain 
belongs. At present we are testing 20 different isozymes for 
polymorphism both within and between mating popula
tions. Depending on the level of variability present, isozymne 
analysis could provide infornation comp arable to that pro
vided by the current crossing protocols or to the VCG 
analyses. 

Bacterial Diseases 

A complementary DNA (cDNA) specific probe for de
tectionof Pseudoitonasandroogonis(causalagentofbac
terial leaf stripe) continues to be sought. The vector, 
pBluescript, and genomnic DNA from P. ath'opogonis have 
been isolated. Ligation of the DNA insert into tie vector 
remains a problem. This particular research problem has 
now been delayed in order to complete the monoclonal 
antibody project for X. c.pv. hoh'icola. 

Approximately 12(X) hybridonas were screened against 
30 strains of X. c. pv. hocicola, 18 other pathovars of X. 
camn/stris and other Pseudomonas spp. tha incite bacterial 
diseases in sorghum for specificily and cross-reactivity. Six 
hybridonma clones were selected and the antiscra tested with 
the DIA.Background problems developedand the cause was 
found to be an improper dilution with the rabbit anti-mouse 
serum. In addition, serious delays were encountered when 
subclasses of the IgG isotype developed and resulted in a 
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loss of specificity. Subclones of the six hybridomas were Table 2. Reaction or various sorghum genotypes to rust 
retrieved from storage in liquid nitrogen. These subclones (Puccinia purpurea) under natural conditions 
were again tested in immunoassays to ascertain Ihe specific- (1992-93). 
ity against the 32 Kd protein immunogen. Subsequently, the Oenotytv Meana Waller Grouping, 
hybridomas were injected into mice which will result in 'x2858 5.6 A 
tumerous cells and ascites fluids will be formed. One ascite 90132662 5.4 A 
secretion has been tested and the results show excellent X2862 4.1 B 
specificity and the titcr is extremely high, exceeds 106, TX7078 4.6 B 
whereas titers from polyclonal antisera are considered ex- QI3 4.6 B 
cellent at a reading of 2,160. TX2783 4.6 B 

1135-6 4.0 C 
Smut and Covered Kernel Smut t3TX2755 3.9 C D 

89131:5142 3.9 C D 
Three ADIN entries, B35-6. SC414 and Sureflo were 8811924 3.9 C D 

immune in our tests to covered kernel smut. The most MI018B 3.6 C D E 

susceptible accessions were TX430 and BTX623 with over BTX378 3.4 D E F 
50% of the plants exhibiting smutted heads (Table I). 88111016 3.3 E I. C 
TX2858 and 90B262 were very susceptible to rust whereas I(SVI.-89 3.3 Et F G

SUI'N32E F (1 tl
86EDN362. 90CW8147 and 86EDN361 were nearly in S-RENO 3.2 
mune (Table 2). 901"0N328 3.1 E F G If 

TX2767 3.0 F G II I 
TX430 3.0 F G II I J 
138618 2.8 G If I J K 
R8503 2.8 II I J K 1, 
SC630-11 2.7 11 I J K 1, 
89CC132 2.7 If I J K 1. 
90CCDI)N343 2.6 I J K 1, MTable 1. Genetic variability or various sorghum acces- 850(;4300 2.5 J K 1. NI N 0
 

sions to covered kernel smut (Sporisorium sor- 91B2978 2.5 J K 1. Mi N 0
 
ghi)a " It] 2.4 K 1, NI N 0 P
 

eAccession NI L m h R9188 2.3 1. NI N O) P Q
 
TX430 56.8 911:7-114 2.3 1. M N 0 P Q R
 
BTX623 56.0 8811943 2.2 NI N 0 !' Q R S
 
88111016 46.0 80C2241 2.2 NI 
 N 0 P Q R S
 
TX2767 40.4 87EI)N 109 2.2 M N C 1P Q R S T
 
R9188 37.2 91CC515 2.2 1i N 0 1) Q R S T
 
B8618 35.8 BTX623 2.1 NI N 0 P Q R S T
 
11 35.6 8713118606 2.1 NI N 0 P Q R S T
 

85D4300 35.5 B2TX636 2.1 N 0 P Q R S T U
 
QL3 35.4 TAN1428 2.0 ) P Q R S "T U V
 
MALISOR8 35.0 |ITXa,"(; 1 2.0 0 P Q R S T U V
 
BTX378 34.8 8811928 2.0' P Q R S T U V W
 
BTX631 31.6 11TX635/l1 1.9 P Q R S T U V W
 
R8503 31.3 tl'lX631 1.9 I' Q R S T U V W
 
TAM428 26.9 82111)NI499 1.8 Q R S -r t V W
 
TX2783 26.4 R9036 1.8 Q R S T U V W
 
80C2241 24.9 SC326.6 1.8 R S T U V W
 
BTX2755 23.8 NIAIISOR8 1.7 S T U V W X
 
8711118606 23.5 89CC443 
 1.7 S T U V W X 
TX7078 9.7 SC414-12 1.7 T U V W X Y 
87EDN109 8.9 SRN39 1.6 V W X Y Z 
82131)M499 0.9 91111)1319 1.5 W X Y Z a 
8813928 0.7 87El)N366 1.2 X Y Z at 
SURN'O 0.0 86E)N362 1.2 Y Z a 
SC414-14 0.0 90CW8147 1.2 Z a 
B35-6 0.0 

'Data collected 1989-1993. 
ehMean.s based on a rtinlg .,,lcof: I = 0-2f; 2= 3-I 0;, 3 = 1-25%. 4 = 26-50%;

5 - 51-75(f; and 6 = >76%, of the foliage exhibiting rust symnptom.s. 
Means f holl ed by the same letter arenot significantly different (11= 0 05). 
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Networking Activities 

Workshops 

Dr. Claflin attended and participated in the International 
Conference on Insects and Diseases of Grain Sorghum in 
Tibaitata, Colombia January 26 - 31, 1993. Approximately 
170 scientists attended. 

Dr. Leslie has been co-organizing a conference on 
"Biotechnology in the management of variable pathogens 
of sorghum and millet" that is scheduled for the Rockefeller 
Foundation's Bellagio confeience center in November 
1993. 

Research Investigator Exchanges 

Dr. Claflin visited the ICA (Colombia) Agricultural Re
search Centers in Nataima and Villavicencio in cooperation 
with Dr. Guillermo Munoz (INTSORMIL/MSU 111) and 
made plans to coordinate the International Conference on 
Insects and Diseases of Grain Sorghum (November 29 -
December 5, 1992). Other organizing personnel included 
Dr. Manual Torregroza (ICA) and Mr. Fabio Polania 
(FENALCE). 

Dr. J.R. Reddy has laken addilional leave from the Plant 
Quarantine Unit, ICRISAT, to finalize projects on mono-
clonal antibodies and epidemiological research on bacterial 
streak disease of sorghum. 

Dr. Claflin consulted with the collaboralive 
ARC/USAID/INTSORMIL research program in Egypt
from August 27-September 4, 1992. 

Dr. Leslie spent 11 months (August 1992 - June 1993) 
on sabbatical leave in the laboratory of Dr. David D. Perkins 
at Stanford University.During this time Dr. Leslie was 
studying the underlying mechanism of the vegelative con-
patibility response in fungi using the model organism
Neurospora crassa for his studies. 

Dr. Leslie consulted with the collaborative 

ARCIUSAID/INTSORMIL research program in Egypt 

from December 8-18, 1992. 


Dr. Leslie is serving on the Ph.D. advisory committee of 
Mr. Anaclel Mansuctus in the Plant Pathology Department 
at Texas A & M University. 

Germplasm and Research IformnationExchange 

Dr. Leslie has also been collaborating with the following 
scientists: 

James B. Anderson, Department of Botany, University 
of Toronto, Mississauga, Canada. 

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

Lester Burgess, Department of Agricultural Biology, 
University of Sydney, Sydney, Australia. 

Walter A. J. de Milliano, Sandoz Seeds, Enkhuizen, The 
Netherlands. 

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

Linda Kohn. Department of Botany, University of 
Toronto, Mississauga, Canada. 

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

Philippe Nicot, INRA. Montfavet, France. 

David D. Perkins, Department of Biological Science, 
Stanford University, Palo Alto, California. 

Claude Seletrinnikoff, Department ofCellularand Struc
tural Biology, University of Colorado Medical Center, Den
ver, Colorado. 

William E. Timberlake, Myco Pharmaceuticals, Inc., 
Cambridge, Massachusetts. 

Germplasm Conservation an(d Use 

Dr. Leslie maintains a collection ofapproximately 6,000 
cultures of Fusariwn based on worldwide collections. Many 
of these strains have been genetically characterized, and
have known mycotoxin or pathogenicity profiles. This col
lection complements other major collctions of Fusarium 
that are maintained in Pennsylvania, Australia, Germany, 
and tie Republic of South Africa. 

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

Assistance Given 

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

Nitrocellulose paper and various enzymes were sent to 
Mr. lven Kiriakov, Dobritch, Bulgaria. 

Plant samples from the Gezira Research Station, Wad 
Medani, Sudan were examined for mycoplasma-like organ
isms at the electron microscopy section at Kansas State 
University. 

8 



Sustainable Plant Protection Systems 

Various bacterial cultures isolated from sorghun by sci-
enlists at Gulbarga Univcrsity, Gulbatrga, Indil wer idcnti-
fied in the laboratory of L. E.Claflin. 

Approximately 30 bacterial cultures from the collection 
of L. E. Claflin were furnished to the Foreign Pests and 
Weeds Section, USDA-ARS, Ft. Detrick Containment De-Fdek,MD. 

partmen, Freei, M . 

Assistance was provided to Dr. Ellamy Et-Assiuty, 
ARC, Giza, Egypt in preparation of technical papers for 
presentation at international professional society meetings. 

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

Publications and Presentations 

Publications 

Anderson. J.It., L. M. Kohn & J. F.L.eslie. 19 92.Genelic iechanismis in 
fungal adaptation. In: The Fhngal Coniynumijgs: ItsOrganization and 
Role in fie Ecosysten, 2nd ed. (6. C. Carroll & 1). T.Wicklow. eds.), 
pi.73-98.Marcel l)ekker. New York. 976 pP.

Bowden, R. L. & J.F.L.eslie. 1992. Nitrate-ntonutiliziig mutants of Gib
berella :eae (Fiusorium graininearitm)and their use in determining 
vegetative conipatihility.E pcrimenh (( 16:307-3 15. 

Bowden. R. I.. & J.F. lCslie. 1992. Lvidence for outcr ssing in Gibberellh 
:eae (Ftttriumn granin us htlsh/ti h). dogy 82:1065. 

Canl-bell, C. I.., J.F. l.eslie & R. Farrok hi-Nejad. 1992. (e;netic diversity 
of Fusarium nioniliforme itt seed fromt two maize cullivars. Pi'h
lopalhohgy 82: 1082. 

Claflin, .. 1.. It. A. Ramundo 3.H. l.each. & M. Qhobela. 1992.Ilacterial 
diseases of sorghum. pp. 135-15 I./nSorghunt and millet diseases: A 
second world review. (de Milliano. W. A. J.,lrederiksen, R. A., & 
Bengston, G. D., eds). Palanchel, A. P. 502 324, India: International 
Crops Researcth Institute for lieSetni-Arid Tropics. 

Desjardins, A. IE.,R. I). 'laltlner. J.F.Leslie & '.I. Nelson. 1992.1 erila. 
hility of fulnoni sin lI piroductiot in Gihbbirellafijikuroi maling popu
lation "A". Applied and Environmental Microbiology 58:2799-2805. 

Dickman, N0.It. & J.F.l.eslie. 1992.Complementlatioil of a nn Iutlallof 
Gibbwrella:cae (Fnisariinq riintiniiritt) by the reguialory nit-2gene
 
of Neurosporo crassa. Molcilar ani (h-neral Genetics 235:458-462.
 

Greene, S. I., It. A. Rain undo, I'. J.Ilrauttel-( oX. & I.. I. (lallinl. 1992.
 
Presence, iipatl atd control of endophytic bacleria
in sorghtlitn lissue 
culture. Agron. Abslr. 1992 Ann. Mtg. p. 191. 

Jardine. 1). J.& 3. F.Leslie. 192. Aggtessiveness of (;ihh-r'lhijfijik11roi 
(Fusariumn monilifornie) isolates itograin sorghmin under greenhouse 
conditions. Plant Disease76: 897-9X, 

Kedera, C. J.,J.F. Leslie & I.. IE.Clallin. 1992. Systemic infeclionof corn 
by Fu.oarinm momli]iurne.Phytolsithilgy82:1138. 

Klittich, C. J.R. & J.F.Leslie. 1992. Identificatit of a second mating 
population wilhin tie uiarmin niom liftornc anuainorp)h of (ibbere/hi 
fujiknroi.Mycologia 8-1:541-5,17. 

Leslie, J. F. . J. Doe,R. I). 'lattner, 1). I). Shackelford & J.JonL 1992. 
Furnotisirt ItI production and vegetalive comlpat iiility of strainis front 
Gibereltrafijtkuroi mating population -A- (FIuirriunt nionili. 
fornie).,yc,opathoogita 117: 37-45. 

Leslie, 3. F.,R. 1). l'lattner, A. F.I)esjardins and C. J.R. Klitich. 1992. 
:utnonisin IIt production by strains from different natinig popilations 

of Gibberelh, fijikisr,, (hsl~arinii section L.%ola). !'hlifir hology 
82:341-345. 

Qhobela. 1M.,& L. I Claflin. 1992.Fasteni and soutlern Afric-a slrails 
of Xanlhoiionas canipe.tris pv. itasiu'tloruntdilijgiislable byate 
restriction fragiient length polynior histn of DNA utd xlmyacrylailide 
gel electrophoresis of nienibrane prlteits. I'lni Pat/l. 41: 113-12 1. 

Qhobela, M., .. I. Clallin, & I). C. Nowell. 1992.Cotlsrison of lech
niques useful in the characterizatiott of Xanthonotmas caoipe.s ris liv. 
:eae, the causal agenlt of bacterial leaf streak of maize.pp. 136.139. In: 
Proc. 9th So. African Maize Breed. Synip. IEd. 11.0. Gevers. Teth. 
Cosnmmut. No. 232. Dept. of Agric. )evelop.. RelrJblic of South Africa. 

Xu. i-R. & J.P.K.eslie. 1992. Ellectrophoretic karyolypes of Gibberella 
fi~jikuroi
mating populations A-F.Pivtopahology 82: 1150.Zvoutele, P.. L. E.Claflin, & 13. A. Ramundo. 1991.Suscepibility of 
Xanhmionimus Cansplstrispv. hotiola to various antibiotics.l'roc. 17th 
Sorg. Improve. Conf. No. Alter. (Lubbock, TX) 17:96-98. 

Presentations by John Leslie 

)epartment of Plant Pathology, University of Missouri, Columbia,Mis
souri2/92.-

Zaadunie BV. (Sandoz Seeds), Fnkhuizen, The Netherlands - 2/92. 
National Center for Agricultural Utilization Research, Peoria, Illinois -

3/92.
Departmet of Plant Pathology. Iowa State University, Ames, Iowa - 3/92.
International Ciestnut Conference, Morganttown, West Virginia. 7/92. 
Ilay Area Yeast Club, San Francisco. California - 10/92. 

)epartment of 'lantl'atlhology, University of California, Davis, California 
- 10/92.

)epartment of Platl Pathology, University of California, Berkeley- 10/92. 

9 



Sustainable Plant Protection Systems 

Low Input Ecologically Defined Management
 
Strategies for Insect Pests on Sorghum
 

Project MSU-105
 
Henry N. Pitre
 

Mississippi Staie University
 

Principal Investigator 

Dr. Henry N. Pitre, Entomologist, Mississippi Agricultural and Forestry Experiment Stalion, Mississippi State 
University, Box 9775. Mississippi State, Mississippi 

Collaborating Scientists 

Dr. Dan Meckenstoxk, Agronomist (TAM-13 1), Agronomy Department, Texas A&M University, College 
Station, TX 

Dr. Francisco Gomez, Plant Breeder, Honduras Ministry Natural Resources. Pan American School of 
Agriculture, Aparfado Postal 93, Tegucigalpa. Honduras 

Dr. Keith Andrews, Entomologist, Head. Plant Protection Department, Pan American School of Agriculture. 
Apartado Postal 93, Tegucigalpa. HondurLs 

Dr. Ron Cave, Entomologist, Plant Protection Depariment. Pan American School of Agriculture, Aparlado 
Postal 93, Tegucigalpa, Honduras 

Dr. Nasr Eldin, Entomologist, Agricultural Research Corporation, Gezira Research Station, Wad Medani. Sudan 
Dr. Billy Wiseman, Entomologist. USDA Insect Biology & Pop. Mgt. Res. Lab., Tifton, Georgia 
Dr. Lynn Gourley, Agronomist (NI SU-I 04), Agronomy Department, Mississippi State University, Mississippi 

State. MS 
Dr. Sonny Ramaswamy, Insect Physiologist, Entomology Department, Mississippi State University, Mississippi 

State, MS 
Dr. Peter Sikorowski, Insect Pathologist, Entomology Department, Mississippi State University, Mississippi 

State, MS 
Ms. Willye Harrison, Quarantine Officer, USDA Lab., Stoneville, MS 

Summary 

Insect pests, some common to both the United States and 
Honduras, were investigated to facilitate development of 
pest management programs. Crop mortality factors were 
partitioned in sorghum-corn inlercropping syslems in lion-
duras; 65% mortality was due to insects. The complex of 
insect pests damaging or destroying the various crop stages 
was identified. Pest species diversity and density levels were 
cataloged. Seed treatment with insecticide was required to 
prevent seed and seedling loss due to soil-inhabiting insects 
and millipedes. A lepidopterous complex, referred to as 
"langosta" by subsistence farmers destroys crop stands: the 
complex was identified to consist of three arnyworm spe-
cies and a grass looper. Tle neotropical cornstalk borer and 
panicle feeding insects did not appear to be major con-
straints to production. Biological and ecological relation
ships of tie langosta species with non-crop and crop plants 
dictated lie crop damaging potential and economic signifi
cance of each species. Non-crop plant "source habilats" and 
crop plant "sink habitats" were identified and the biotic 
potenlial of each species was determined. Parasites of army-
worm species in 1.1e langosla complex were identified and 
their impact qu intified. The inleral ion al sigilifica nce of a 
migratory pest species (fall armyworm) was elucidated in 
compai isons of insect biology, behavior and reaction to 

insecticides for insect populations from the U.S. and the 
Latin American Ecogeogranhic Zone. 

Ecological approaches to insect pest management in
eluded cultural and biological control and host plant resis
tance. Planting strategies (seed selection and planting 
method) and cropping systems (e.g., cereal-legume) infu
enced insect pest damage. Weed control influenced the 
langosta species differently, thus impacting crop damage. 
Honduran native landrace sorghums, "maicillo criollos" 
with antibiosis insect resistance was identified. Insecticides 
were used selectively for control of insect pests on seeds, 
seedlings and older plants. Insect pesl management was 
demonstrated on-farms. 

Introdultion 

Grain sorghum is one of the world's nost importan foxl 
and feed crops.The value of sorghum has steadily increased 
in the United States, especially in the southeast over the past 
two decades. Insect pest management, however, remains a 
great concern to sorghmn farmers. Annual Io:s estimates 
due to just one insect, the fall arnyworm, exceeded $300 
million in the U.S. in one year in the late 1970's. Yield losses 
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and costs of control attributed to the complex of insect pests 
on sorghum in the southern United States is considerable, 
considering that this one insect, the fall armywonn, can be 
responsible for this high level of expense in pr dluction of 
the crop. Crop and insect pest management systems must be 
improved to provide the sorghum farmer with a reliable 
scheme for management of pests with ininmuim use of toxic 
chemicals to achieve an environmentally acceplable and 
sustainable sorghum production system in the United States. 
This must be achieved in regions where insect pests on 
sorghum have historically been controlled with insecticides. 

llonduras 

MSU-105 has been involved in entomological research 
in Honduras throughout the INTSORMIL program. Corn 
and sorghum are tie first and third, respectively, most 
important grains produced in Honduras. Ninety percent of 
the sorghum acreage in southern Itlonduras is intercropped 
with corn because of adverse cnvironiential and agronolic 
conditions which are best characterized by enatic precipita
tion, high temperature, and low soil fertility. I tlie corn crop 
is lost to drought, farners substitute sorghum for corn to 
feed theiran inals and famnily. Thus., sorghum isai insurance 
crop during dry years when the corn crop fails, which occurs 
in three of every five years. More than 40% of the sorghum 
harvested iii southern Honduras is destined for human coi-
suniption. 

Native landrace sonlighuis called "I'iaicit lo criollos" 
grown by subsistence fatrni .rs in fields averagilg 1.5 ha in 
Hlonduras are tall (3-4 in) anld sensitive to phtuperiod. 
Because of its phofoperiod sensitivity, sorghum doesC Iot 
differentiate and begin inteniode elongation unti Ithe first 
part of October after con reaches ilmaturity and is harvested. 
Tne intercropping of late maturing, photopcriod-seulsitive 
sorghums with carly-maturing corn varieties effectively 
utilizes the limited land available and soil moisture and 
nutie nts. 

The major insect pest constraints to sorghum and corn 
production in Honduras were identified during Inie c,l!), 
years of tile MISU- 105 proJect. Ilsect pests in the soil dam-
age and/or destroy sorghul seed, lepidopterons pests Can
age or destroy seedling plants, stem aiid stalk borers weaken 
and/or kill maturing sorghum and head feeding species 
destroy the seed: .dl are important in reducing crop yields. 
Therefore, a range of insect pest ianagenlent tactics have 
been evaluated to determine the effective practices tlat have 
application in developing countries in the Central American 
Ecogeographic Zone. Principal Cml)hasis Ilas bcen oi dcvCl
oprnenl of non-chemical liest coilrol praclices. This is iun-
portant in production areas where liilai ciall investment in 
crop production niust bei heldIto a ininiitm. These insect 
pest control methods have ciiphasized host plant resistance, 
and cultural and biological contrtl taclics. 

Insect pests commnon to the Americas, hove been inves-
ligated in the United States to elucidate the biological and 

ecological relationships of populations and influence of 
these populations from specific geographical areas upon tile 
population densities and crop damage by the pests in other 
geographical areas. Studies on pest biology and ecology and 
reactions to insecticides, as well as relationships between 
insects and crop and non-crop plants have contributed to tie 
development of an ecological framework for understanding 
the role of insects inldifferent sorghum production systems. 
MS U-105 has developed information to assist resource poor 
farmers in Latin America, and will facilitate further devel
opment of strategies for managing insect pests of interna
tional importance, especially those entering the continental 
United States. 

Graduate students from Honduras have MSU-105 INT-
SORMIL training and all have returned to pursue entonio
logical careers to provide sustainable agricultural practices 
for the region. MS U-105 has worL!'hosely with TAM- 131 
and the Department of Research., Hoiduras Ministry of 
Natural Resources. This c.ollaboralion will continue. 

Sudlah 

Col)aburativc INTSORMIL relationships between re
search entomologists in tile Sudan (ARC) and MSU. 105 
were established in 1987 in association with the Purdue 
(PRF) INTSORMIL Project. The priicipal pe:,i coC..traints 
to sorghlim pr(xtict io in Sudan are slhioot fly, steni/stalk 
borers. American bollwcini, aphids and sorghum midge. 
The levels of dam age caused by these pests vary in raii-fed 
areas and irrigated areas. MSU-105 colla boralion Itidale has 
involved host conln y visits, reviews of program designand 
project evaluations. A graduate student Irol Sud:!:, has been 
trained in ItPM. 

Present studies by in-country scientists emphasize 
screening of insecticides against sorghum shxt fly and stein 
borers. Tests to eva' nate selected insecticidCes for efficacy 
against shoot fly and steni borers aind impleentation of 
insect pest contrul ;actics into IPM progr:,ms in sorghum is 
needed. 

Malawi 

The partlicipation in MSU- 105 of a gradual student 
(M.S. level) from Malawi in 1991-1993 wilt provhe +n 
opportulity for further networlking and exiansion of re
search on iisect pest constraints oi sorghum in Africa. This 
SADC student has returied ti Malawi to continue employ
nent with the Ministry o 'AgricuIttire. 

Objectives, Production ando Utilization Constraints 

Obeclives 

Stid,, tile biology ald popuIatiou dy naniics of insect 
pests responsible for daiage or destructionC of sorghum and 
corn seeCls scedl ings and older plants. 
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Ev:duate sorghum-. for resistance to specific insect pests 
and determine mechanisms of plant resistance. 

Develop integrated insect pest management melhods ema-
ploying basic concepts of ecological crop management. 

Constraints 

Soil inhabiting insect pests damage or destroy sorghum 
and corn seeds ahus reducing or destroying plant stands. Pest 
species diversity (richness) and density (evenness) were 
identified in selec:ted areas in southern Honduras. Methods 
to assess plant damage and pest control measures were 
developed. Seeding rates, depth of planting, seed size and 
color, and insecticide use were investigated, 

Defoliator lepidopterous pests were identified as the prin-
cipal insect pest constraint to sorghum and corn production 
in Honduras. Some !hat occur in Central America also occur 
in the United Slates. They sr.rive from one year to the next 
in both areas, or they rmay migrate from south to north, 
arriving in the United states during the crop growing season. 
The economic significance of inigrant insect pests is intlu-
enced by time of arrival of imnnirant populations, stage of 
crops in the affected area, fitness ot the migrant insects, leve' 
of insecticide resistance, if any, in the migrant polation, 
and other factors infl u,,cing their population dynainics. 
These factors have been investigated and reported in MSU-
105 for fall annyworni. 

Investigations of the role of each species in the langosta 
complex in Honduras included relationships of diversity and 
density, seasonal population dynamics. and behavior, biol-
ogy and ecology. This information provides the base for 
integration of cultural, biological and chemical control tac-
tics in the implementation of insect pest control programs. 

Stalk borer and panicle feeding insect pests have been 
investigated to a limited extent because of their secondary 
importance, 

Research Approach and Project Output 

Soil Inhabiting Pests 

Agricultural extension workers and farmers in Honduras 
expressed concern about soil and early-season insect pests. 
Since little systematically collected information was avail-
able on diversity and density of the soil inhabiting arthropod 
species complex damaging these crops in the area at the 
initiatiom of MSU-105,studies were conducted toobtain this 
information. 

Wireworms, white grubs, rootworins and millip-,Jes 
were among the most abundant arthropods collected. Dif-
ferences in species diversity and density were observed 
between fields with slash and bum and slash and mulch on 
hillsides and fields on the plains. Wireworms, white grubs, 
rootworns and millipedes were tire dominant pests. In-

creased numbers of arthropods in burned fields was related 
to their establishment in attractive, luxuriant regrowth vege
tation. If these soil inhabiting arthropods are not controlled, 
replanting may be necessary at additional cost to (lie farmer. 

Crop Stand. A good crop stand is critical for resource
poor, subsistence farmers. Subsistence farmers incur higher 
production expenses when aldditional seed is required for 
replanting or they may not replant due to the lack of seeds. 
Replanting also results in delayed maturity of the corn, 
which increases its vulnerability to mid-season drought and 
exposure to additional damage by late-scason insect pests. 
Depth of planting of seed influences seed germination, 
seedling emergence, seedling vigor and subsequent plant 
performance. Depth of planting may be determined by seed 
size and type, Lswell Ls number of seed planted. 5 cese 
factors were examined in different cropping systems. 

Ants were mainly responsible for seed destruction. Seed 
size and color did not influence the amount of damage to 
seeds and seedlings by insect pests. More seeds were de
stroyed or removed where seeds were planted 7.5 cm deep 
than at 2.5 cm. Seedling emergence was higher when seeds 
wcie planted 2.5 cm deep than at 7.5 cm. Seeds were 
damaged less by insecls, and seedling emergence was higher 
where seed were planted in alternate hills than where seed 
were planted in the same hill planting system. Thus, infor
ealtion was obtained for recommending seed plantingstrate
gies to limit arthropod destruction of seeds and seedlings. 

Insecticide Seed Treatment. The need for effective use of 
selective insecticides to protect sorghum and corn seed and 
seedlings from arthroxod pests was detennined during the 
early years of MS U-105. The effectiveness of chemicals in 
protecting seeds and seedlings was determined. Furathio
carb (Promet) provided the highest level of protection arig 
is recommended for use: it is presently used in on-farm 
demonstration studies. Kerosene, applied to the seeds by 
somle resource poor farmers, limited number of seeds re
moved by ants. This material is a low cost alternative for 
limited protection of seeds from ants. 

Lepidopterous Pest Complex (77w "langosta") 

A lepidopterous pest complex, collectively referred to as 
"langosta" by subsistence farmers, was ideotified as amajor 
constraint to sorghum and corn production in Honduras. 
Three annyworm species, Spodopieraf'ugiperda (fall ar
nywornr), S. latifascia, aid MetaponpnetnMala rogen

hoferi, and tie grass looper, Mocis latipes were identified 
as the principal insect species in the complex. The fall 
arinywormn was tie predominant species collected through
out Ire growing season. S. latifhscia and Al. rogenhoferi 
were presert only early in tile season, and M. latipes was 
present in nid-season. 

The "langosla" may destroy or seriously damage the crop 
plaits during the first and second growing seasons in Hon
durs anmd other areas in Centra! America. lie fall anny
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worm and M. rogenhoferi were identified as the principal 
pests species in this complex. Non-crop vegetation in and 
around the production fields servo as host plants for these 
insects prior to crop emergence. Removal of this vegetation 
influences populations of larvac and crop damage (to be 
discussed later). 

M. rogenhofiri and S.lat/ifscia were common on non-
crop broadleaf, weeds and grasses in early season, attacked 
sorghum and corn in seedling stages, but were limited in 
population development on these crop host plants. This 
suggested that sorghum and corn may be "sink habitats" for 
these species; these are areas whero factors are not sufficient 
to carry out its life functions. Wiiere:L , tie ion-gr ss host 
plants in certain arcs growing it- suitable environmental 
conditions for the species to carry out its life history are 
"source habitats." Except for the fall annyworm, sorghum 
and corn were determined to serve as a sink irabilat where 
the net lepidopterous population decreases, and survival and 
population increase depend on nearby non-crop source habi-
tats. Source and sink habitats serve to complicate tie ecol-
ogy of tie species in this complex. 

Although many farmers spray insecticides to control fle 
langosta, environmentally safe and effective control meias-
ures were investigated, including management of non-crop
vegetation or source habilals and plaltinly strateg icr. Moni-
toring source habitats and synchroniiziig planting dates in
relation to immigration is a low cost co;,.trol mesure lhat 
can be employed by subsistence farmers. These tactics are 
within tire means of resource poor farmers since they pri-
manly involve invesim'rnt of their own labor. 

The diversity of tirle Ipidopterous pest coinplex ensures 
that sustaining adequate control of the langosla depends on 
an array of integrated pest nan:gc:, practices. Because 
manipulation of a niche may alfect one species adversely
only to benefit another, as in the case with weed control 
which reduccd lie population of M. latipes but increased 
population size of the f:.li armyworm, knowledge of tire 
ecology of each species is required in developing IPM 
programs for specific production areas. 

Factors Asseciated With Pest Population Outbreaks. The 
suitability of non-crop and crop host plants for estab-
lishment of insect infestations and developmnent of popula-
tions throughout the crop growing season ihas been 
investigated for til it ryworm species in tile langosta. With 
knowledge of the seasonal occurrence of tire pests and 
availability of suitable non-crop host plants for tire various 
species, insect populations can be monitored closely for pest 
outbreaks. Identifying "source" and "sink" habitats for the 
species and associated biological and ecological relation
ships is fundlamental to tie development and iniplemenla-
lion of specific insect control tactics. 

The most conmon weeds insorghuni production ecosys-
tems were identified. All species in tie langosla complex 
fed on non-crop vegetation in and around production fields, 

M. rogenhofi'ri, fed on Thriantheuz portulacastrum L. 
(Aizoacca), Portulaca oleracea L. (Portulacaccac), Cassia 
h'iophila Vogel (Leguminosae), Ipomioea sp. (Convolvu
lacca), Mlanmpodiun divaricatium (Rich. ex pers) DC 
(Compositac) and Anmaranthus spinosus L. (Amaran
haceae) some of tie most common broadleaf weeds in 

southern Honduras. S. latfscia fed on tire above weeds as 
well as oir other grasses like Ixophorus unisetus (Pres L.) 
Schlecht, the most common grass oir the plains. I. unisetts 
was the most common weed-grLss host for S.frugiperda.
Knowledge of the preferred ovipositional and food host 
plants for tie langosta, provides the basis for specific rec
ommcnrdations for management oftthese plants in such away
that the crops are least affected by insect pests. 

The sudden appearance and disappearance of economi
cally damaging populations of M. rogenlhofi'ri and S. lati
fiscia in farmers' fields in southern Honduras was 
investigated. No evidence was obtained to conclude thrat 
biological agents are responsible for te sudden disappear
ance of tie two species. Rather, tire crop plants serve ;s a 
sink habitat for these species. Feeding preference and feed
ing performance dala on non-crop and crop vegetation were 
obtained for Iriese two species to support this conclusion. 
The two airmyworin species fed sorghum or corn declined 
in numbertrs as tire season progressed; they have a low 
siirvival rate on these host plants. 

Crop and non-crop (weed and grasses) host preferences 
for egg laying by tire langosta species were investigated. For 
example, oviposition patterns by fhll arinyworin were elu
cidated using moths of different physiological ages on plants 
of different phenological growth stages. In-formation ob
tained is useful in establishing insect sampling procedures 
to determine pest infestation levels in low as well is high 
technology crop production systens. 

Insect Migration 

Internaional Significance. Migration of tie fall anny
worm inta tie United States from southern latitudes and tire 
possible existence of host-associated sibling species have 
raised some controversies over tie origin of fall annyworm
occurring in tire United States, control success diapausing 
capabilities and host plant relations. To further define rela
tionships of fall arnyworm from Mississippi, Florida, lion
duras, and Jamaica, biology (developmental rites), behavior 
(pheromone studies) and insecticide susceptibility (resis
lance) compaicoms were conducled. These studies indicated 
that the fall armywornis from Honduras appeared to be more 
like those from the nid-south in tire United States than those 
from Florida. 

Adult insect movmenct anid its role in population dynam
ics of tire species is of economic importance, as well as 
ecological intrest. Knowledge of the timing and magnitude
of immigration and the relationship of local conditions to 
te probability of population establishment can be used to 
develop an "early warning system" for predicting the sever
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ity of the immigrant pest problem for a specific area in a 
given year. This procedure was used successfully to identify 
population establishment of immigrant fall armyworm 
popldations in Mississippi. 

Adult movement and its role in annywonn population 
dynamics is of economic importance as wcll as ecological 
interest. Knowledge of the timing and magnitude of immi-
gration and the relationship of local conditions to the prob-
ability of population establishment call be used tu develop 
an "early wanting" system for predicting the severity of the 
armyworm problem in a given year. 

Insect Pest Management 

Cultural Control. The MSU-105 project has emphasized 
the ecological approach (cultural management of insect 
pests) in design and conduct of investigations involving the 
langosta complex. Studies were conducted on hillside farms 
and on farirms on the plains, representing the two farming 
systems in southern Honduras. Observations were made in 
pure stand sorghum, and in sorghum and corn in inlcrcrop-
ping and mixed cropping systems. Comparisons were made 
between fields with burned stubble (slash and burn) from 
the previous crop and fields with some mulch but not burned 
(slash and mulch). 

Planting Stralegy. Cropping systems in the tropics coni-
monly include the practice of growing together two or more 
crops in the same space and with sone overlap of' their 
growing period (intercropping). Crop associations may con-
sist of cereal-cereal or cereal-legumne systems. Inlercropped 
cereals and legumes have been recognized to have yield 
advantages over monoculltures, but weed problems exist. 
Studies comparing different intercropping strategies 
showed sorghum in fields with a natural weed infestation to 
have fewer fall armyworm larvae than fields without a weed 
infestation. Sorghum and corn planted in the same hill had 
lower fall armywonn infestation than sorghum planted with 
a corn trap crop or in pure stand. Corn (the preferrcd host) 
served to attract moths an( crop interference was responsi-
ble for reduced numbers in interplantings. 

Infestations of fall annyworm on sorghum and corn were 
similar in intercroppedl sorghun-corn fields with or without 
pigeonpea. Fields with cowpea had lower fall annyworn 
infestations than fields without cowpea. Corn yield was not 
affected by this intercropping practice, although ,orghuill 
yield was reduced. Tile additional legume yield from tihe 
cowpea or pigeonpea in this cropping system call be oif great 
value in the diet of subsistence farmers. 

Plant Population. Sorghumn-corn inltercropping systems 
nrovide greater net returns, on average, than non-intcr-
cropped sorghum or corn or some combination of the two 
crops. And, this planting practice could create lower yields 
than when the crops are planled in different systems at 
higher densities. MSU-105 investigated ilic effect of plant 
population on fall armyworin infestations and plant damage 

on sorghum. Although total numbers of fall armyworm per 
unit area were greater in higher plant populations, observed 
plant damage was lowest in the more dense plantings be
cause the larger number of larvae was spread over an even 
greater number of plants. 

Weed Control. The influence of weeds and grasses on 
insect pest populations was determined in sorghum-corn 
fields grown in convcntiondl planting systems in southern 
Honduras. Weed control was combined with insecticide use 
(as required) for evaluation of the lepidopterous pest coin
plex. Fertilizer, seed and insecticide were provided to the 
farmers in return for their cxperation. The close spatial and 
temporal relationships of these insect pests with non-crop 
vegetation allows for use of effective weed management 
practices in the management of certain species in the Ian
gosta complex. 

The role of broadleaf weeds and certain grass species in 
the establishment and development of insect pest infesta
tions in and around crop production fields was elucidated 
(reported earlier). The use of good weed control programs 
cannot be overemphasized in insect control recommenda
tions to subsistence farners growing sorghum and corn in 
Honduras and other countries in Central America. 

Trap Crop. The effectiveness of a corn trap crop in 
reducing fall arinyworn larval infestations on sorghum in 
areas where sorghu an(ld corn are grown together in ihe 
same field (farm) was investigated in Honduras: and in tile 
United Slates. Ilfestalions of fill armyworm were similar 
or soncwhal greater on sorghum grown in small plots with 
and without the corn trap crop iIllboth Honduras and the 
United States. The test area was too small to differentially 
restrict fall aniyworin activity on the preferred corn plants. 
Corn was more heavily infestcd and dinaged than sorghum, 
further suggesting the potential for use of corn as a trap crop 
for monitoring insect populations and its possible use as a 
trip crop. 

Host Plant Resistance. The development and use of 
plants resistant to pests is essential to most integrated control 
approach;es. This pest control tactic is an efficient and per
sislent method of controlling insect pests, and it is environ
mentally compalible. MSU-105 has emphasized host plant 
resistance in :;orghuni to the fall arnyworin, identifying 
genotypes with various levels of resistance and mechanisms 
of resistance. Knowledge of the basic aspects of insect 
biology and behavior is critical in developing techniques for 
tesling and evaluating resistance levels and mechanisms. 

Studies in the laboratory have emphasized the develop
ment oif lechniques for measuring sorghum resistance to 
larval feeding. Meridic diets have been formulated, tested 
and proved to be highly successful in our fall arnyworin 
host plant resistance evaluilions. The use of ineridic diets 
has enhanced the progress of sorghuni screening for resis
tance to fall arniyworn. The MSU-105 and TAM- 131 Pro
jects are working cooperativcly with the 1londuras Sorghum 
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Breeding Program to deternine sources of resistance to fall 
armyworm and mechanlisms of resistance to this pest. 

Honduras landrace sorghums (maicillo criolls) were 
identified with antibiosis resistance to the fall armyworm. 
Insects responded to feeding on resistant plants by having 
low net reproductive rate and/or low intrinsic rate of natural 
increase of the population. Antibiosis resistance appeared to 
be widespread in the maicillos. The sources of resistance 
may be polygenic and should be stable over time. Sorghums 
with resistance have been crossed to achieve increased 
levels of resisiance, but this limited effort has not been very 
successful. The INTSORMIL/Honduran National Sorghum 
Breeding Program will continue these studies. 

The low cost host plant resistance insect control laclic can 
be used in combination with crop management (planting) 
strategies and limited use of chemical or biological pesti-
cides to effectively manage infestations of the langosta 
species on intercropped sorghum and corn on subsistence 
faris. 

The host plant resistance to insects research program in 
Georgia (MSU-105) is designed, in most part, to evaluate 
and develop sorghum with resistance to leaf feeding lepi
dopterous pests, particularly fall arnyworm. Converted sor-
ghum lines evaluated for resistance appeared to have a 
morphological-non-prcfcrence type expressed inthe form 
of lack of sustained colonization by tie larvae. Research 
completed with the new collections of sorghum (PI) from 
Ethiopia and Yemen represents the international scope of 
the plant resistance research program (MSU-105). Studies 
combining host plant resistant sorghum and biological con-
trol are in progress and will provide information for use in 
affecting effective integrated insect pest management pro-
grams in high technology, as well as low teclrology sor-
ghum production systems. 

Biological Control. Studies with FAW were conducted 
in Mississippi and Honduras to partition mortality of imma-
lures to responsible factors, including "accidental death," 
predators, parasites, and enloimopalhogens. Survival rates of 
the different age classes and effects of these mortality factors 
on seasonal populations were elucidated. Parasitization of 
the fall armyworm S. latifascia and 1. rogenhofe'ri larvae 
did not successfully regulate populations of these aniy-
worms during the growing season in iHonduras. 

Insecticide Control. Chemical and biological insecticides 
were evaluated in relation to the application of effective pest 
management strategies. The selective use of insecticides at 
minimum effective rates and larval age specific mortalily 
were investigated. Insecticide efficacy-pest mortality rela-
tionships for insects from tie United States and the Latin 
American zones were identified. This is important because 
of the migratory behavior of the fall a-mnyworm from and 
into different geographical regions (re: Migration section). 

On-Farm Research Demonstrations. Conventional and 
improved crop management practices were evaluated in 
Honduras to determine applicability and economic feasibil
ity for incorporation into integrated insect pest management 
lrograms in Honduras. Partial life tables were constructed 
for sorghum and corn for test comparisons during the very 
early season. Overall 65% of the total mortality ofsorghum 
and corn plants was attributed to insects, 20% to lack of 
germination, 10% to abiotic factors (drought and mechani
cal damage), 2.5% to diseases and 2.5% to unknown causes. 
Total crop mortality ranged from 25% to 95% in corn and 
from 3% to 32% in sorghum. 

Stalk Borers 

The neotropical cornstalk borer was determined by 
farmer survey procedures and observations to be the princi
pie insect pest in the stalks of sorghum and corn in the late 
whorl and reproductive stages of plant growth. Whereas 
burning practices appeared to be responsible, in part, for 
larger numbers of neotropical corastalk borers in sorghum 
in fields on the hill.;ides, this practice of burning crop 
residues did not increase infestations ofthis pest on sorghum 
infields o the plains. 

Control m"niurcs recommended for neotropical corn
stadk borer in some areas of Central America include crop 
rotation, crop residue destruction, early planting and good 
soil fertility. Studies indicated that in farming systems in 
southern Honduras, crop rotation is of little value for reduc
ing neotropical cornstalk Iorer infestations. 

Test revealed that the timely application of an effective 
insecticide may significantly reduce numbers of this pest on 
sorghum, reduce damage to the stalks and improve crop 
yield. (In the sorghum-corn intercropping system in Hondu
ras, corn is harvested before the neotropical cornstalk borers 
can cause serious damage to this crop.) 

Panich Insect Pests 

Surveys were conducted to identify insect pests feeding 
in the sorghum panicle. Observations during several years 
indicated that the occurrence of panicle feeders, (e.g., head 
bugs and head caterpillars) varied from one year to another 
in the same region. The coillaboratiig Agricultural Exteni
sion personnel did not include these pests as a principle 
constraint, but did caution that insome years they may be 
responsible for some crop damage. 

Networking Activities 

Workshop 

1993. International Consultative Workshop on Panicle 
Insect Pests of Sorghum and Pearl Millet. Invited speaker, 
Title: "Panicle Feeding Caterpillars on Sorghum in die 
Western Hemisphere." Niamey, Niger. 
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Germplasm and Research Information Exchange 

Germplasm Conservation and Use 

Sorghum germplasm acquisitions from Honduras, SudanSorgum ermlasmacqisiionsfro Hodura, Sdan 
and elsewhere were received and evaluated at Tifton, Geor
gia for resistance to the fall armyworm. 

Seed production 

Sorghum seed produced in Honduras by TAM-131 in 
collaboration with the Honduran National Sorghum Breed
ing Program received and tested at Tifton, Georgia for 
resistance to the fall armyworm. 

Impacts 

Methodologies developed in the United States, reported 
in "Methodologies Used for Screening Resistance to Fall 
Armyworm in Sorghum," and published in the Proceedings 
of the International Workshop on Sorghum Slem Borers are 
techniques and procedures readily transferable and adapt
able in most host plant resistance programs in developing 
countries. Techniques for testing and evaluating insecticide 
resistance (or susceptibility) in insect pests have been used 
successfully in similar studies in the host country. Knowl
edge gained from studies in the United Stales on sorghum 
planting methods and strategies, as well as, use of trap crop 
and insecticide methods of sorghum insect pest control have 
been successfully used in insect pest control on sorghum in 
the host country. 

Assistance Given 

Research dollars have been transferred to the host coun
try to assist graduate student research in the laboratory and 
in the field. Equipment and research supplies have been 
provided to include (e.g., pick-up truck, stereoscope, refrig
erator, hygrothermograph, camera with telephoto lens, tape 
recorder, metal cages for taloratory, screen cages for field, 
insect diet and rearing supplies, other laboratory, field and 
office supplies). 

Publications and Presentations 

Publications 

Castro, M.T., II. N. Pitre, D. M. Meckenstock. and F. Gomez. 1994. Sonie 
phytophagous insect pests, and aspects of control in intercropped
sorghum and maize in southern Ihonduras. Tropical Agriculture. 

Castro, M. T., If. N. l'itre and D. II. Meckenstock. 1994. Fall annywonn 
(Spodoptera frugiperda) (J. E. Smith) (Lepidoptera: Noctuidac) arid 
neotropical cornstalk borer (Diatraca lineolata(Walker)) (Lepidoptera: 
Pyralidac) on sorghum and maize intercropped with legumes in Ilon
duras, Turrialba. 

Diawara, M. M., B. R. Wiseman and D. 1.Isenhour. 1992. Spodoptera 
frugiperda resistance in developing panicles of sorghum accessions. 
Insect Science and its Application. 13: 793-799. Portillo, II. E., II. N. 
Pilre, D. M. Meckenstock and F. Gomez. 1994. Iproved chemical 
protection of sorghum seed and seedlings from insect pests in I londuras. 
Turrialba. 

Portillo, II. E., 11.N. Pitre, K. L. Andrews, and D. II. Meckenstock. 1994. 
Partial life tables of intercropped sorghum and maize and influence of 

non-crop vegetation on insect-related crop mortality in southern I on
duras. Tropical Agriculture.

Wiseman, B1.R. 1992. Foliage-feeding lepidopierous insects attacking
sorghum in the Americas. Sorghum Newsletter. 33: 40-45. Wiseman, 
13.R.and R. R. Duncan. 1993. Evaluation of grain sorghun hybrids for 
resistance to insects. 1992. Field Crops Perfonnance Tests. Universityof Georgia Research Report. 618: 77-79. 

Presentations 

Pitre, 11.N. 1993. Caterpillar Pests of Sorghum Panicles in the Western 
ilemisphere. Internatlional Consultative Workshop on Paticle Insect 
Pests of Sorghum and Pearl Millet. Niansey, Niger. Oct. 1-9, 1993 
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Summary 

This project applies the lechniques of biochemistry in an 
interdisciplinary manner, with LDC and other INTSORMIL 
collaborators, to some of the major constraints on sorghum
production and utilization. It originally addressed the tan-
nins as antinutritional factors. We developed methods, now 
widely used by others, for assaying and characterizing these 
materials. We also developed a simple method for detoxify-
ing and improving the nutritional value of high tannin 
sorghum. We are elucidating the biochemical mechanisms 
by which lannins exert their antinutritional effects. We are 
also characterizing the role of tannins and related materials 
in resistance to birds, molds and leaf diseases. 

With Drs. Ejela and Babiker, we developed a unique and 
effective approach to the Striga problem, described in the 
research bulletin we published this year. We consider each 
stage of the Striga life cycle separately. We characterize the 
host-parasite interaction at each stage, particularly the 
chemical signals exchanged. For each stage we seek simple 
ways to detect ineffective interactions. We use these screen-
ing methods to identify crop genotypes bearing the resis-
lance-conferring traits, and to map the traits on the sorghum 
genome. We plan to combine genes conferring resislance at 
several stages to obtain crops with durable resistance. We 
have fully chanacterized and exploited the first committed 
step in the Striga life cycle, seed germination, and its re-
quirement for a host-derived signal. The first generation of 
improved Striga-resistant sorghums will soon be available 
for release in Africa. 

Introduction 

This project initially addressed tannins and other 
polyphenols which diminish the palatabilily and nutritional 

value of sorghum grain. Tannin-free sorghums are available 
but are more difficult to produce because of their suscepti
bility to grain molds and to grain-eating birds. Bird depre
dation, particularly by Quelea, is one of the major
constraints on sorghum production in Africa. The amount 
of sorghum that subsistence farniers can produce is often 
limited by the amount of crop they can protect from birds, 
rather than by dhe amount of land available. Sending chil
dren to schxl diminishes their availability for scaring birds 
from the fields, and decreases the farmer's production. 
Expensive programs involving spraying avicides from air
craft have killed millions of African birds and poisoned the 
environment, without appreciably decreasing the damage
caused by birds. Likewise, grain molds and associaled 
weathering are severe problems in several areas of the 
world. Sorghums rich in tannins tend to be resistant to bird 
and mold damage, but are of limited value as food unless 
extensively processed. 

As the project produced useful results and demonstrated 
the applicability of biochemical approaches to these prob

ilems, opportunities arose for interdisciplinary collabortion 
to address other production constraints (Striga, acid soils, 
leaf diseases). Observation of a unique sorghum root 
exudate led to inclusion of Striga in the constraints ad
dressed and resulted in closer ccillaboralion with Dr. Ejeta.
Striga is considered to be the single greatest biological
constraint on cereal production in Africa. Shifting from 
tri itional cuLt arnd slaIsh agriculture to modern intensified 
rionocrop production has greally magnified tie S rigaprob-
Ier. Control methods suitable for small subsistence farniers 
aire simply not available: they are still being advised to
practice hand pulling, which only prevents seed setting but 
does not diminish damage to the current crop. The approach 

17 



Sustainablh Plant Proftection Svsts 

and the screening meihods we developed with Dr. Ejeta, and 
the gemination stim ulants we identified are making amajor 
impact on Striga research all over the world. 

Objectives, Production and Utilization Constraints 

Objectives 

To elucidate tlie biochemical basis for tileantinutritional 
effects of sorghum tannins and aussociated phenols and other 
sorghum components including proteins. 

To elucidate the biochemical hasis for tileresistance to 
predatory birds, fungal pathogens, weathering, and Striga, 
which are provided by sorghum tannins and/or other phe-
nols and other sorghum coneltinerts including proteins. 

To utilize the inforniation fromine above objectives, with 
cultural, practical, and iin-field input front LDC collabora-
tors, to develop simple anti pnrctical approaches and/or 
techniques foreliminating orat least diminishing theantinu-
tritional effects of sorghum tannins ard associaled plienols 
while maintaining or enhancing their agronomic beinefts. 

To develop practical and effective h(w-techlogy ap-
proaches and mt1r x(Is by whiclh LDC scientists call mini-
mize tire effect of St,iga on soirgl ruiaid millet productioni 
in Africa. 

To train, establish and encourage a network of LDC 
collaborators innat ional agricultural research progra nis 
who, with help from INTSORI IL and other sources, will 
continue tI address these prtiblems. 

Constraints 


The parasitic weed Striga 
Grain-eating birds 
Grain mols 
Antinutritional effects of tannins 

Research Approach and Project Output 

Research Approach 

This is a fully integrated interdisciplinary research pro-
grani c(xordinatd ctisely witIi that tf Dr. Ejela. Our generil 
approach is oincrop iinproven en, but we also contribute 
new basic knowledge about tlie crop/cons trainits we inves-
ligate. The specific approach we often use is to collect int 
identify reportedly superior sources of resistance (to birds, 

sistance. The major emphasis we place on developing pest 
resistant crops (rather than chemical or technological 
"fixes" of tie pest problem) is consistent with the current 
thrust Itoward low input sustainable agrictllI ire, and is par
tictilarly appropriate for African subsistence farmers with 
limited access to inputs. Other approaches we utilize in 
specific cases will be described below. 

Project Outl ut 

Methods develoment. When this project was initiated in 
1979, the severity of the nutritional problems caused by 
tannin was just being recognized. Methods for as.saying and 
characterizing sorghum taniiins and relaled polyphenols 
were relatively primitive. Therefon. much of our early work 
was on development of netlhods ior tainnin analysis. The 
result W,,s Iseries of tarlrilr/polyphenol assays either devel
oped froni scralch (Prussian blue for total phenols. proein 
precipitable phenols. protein hinding capacily, tlavan-4-ols) 
or improved tlrii earlier assays (vanilliln). Refining alid 
combilning these assays led to methxls ftor further chrarac
teri/ing tie polYlheliols of sorium: taniin specific activ
it.y, ilyriia rtitln. These methods were. taunin degree oft 
uset] to chiaracterize the piollyphenols otfa wide varicry of 
sorg hum genotlypes,resuling ii an inprtved ulntdierstarinding 
oftlite pfllyphenol Iils contflled by a series of sorghum 
genes. With Dr. Axtell. this polyplhe ol chiaracteritition 
work has ken eextltcid efleIs tf ge'nIesiiil ilitfl byI( It' 
transllxsable ClCmerits (cartlystripe mulntalts) ant by trans
foriiation with genes froim oither plants. The charac
terizati rut1MlItis were applied iliiturlaoratory to 
sorghum grain throughout seC tldevelopnient tl elucidate 
Ire pattens of' polylhenol synlhesis and he effects of 
environimental stress. A meliod for purifying storghum tan
ni iiwas list) Iideveloped has beCii useti by several others 
in tile preparation of analyticl standlards. Metlhods for 
polyplhenol anaIysis. urificalin anid chlraclerizalio lde
veloped by this prijec have been widely adopled anti used 
by nutritiolnists and st,;Le sultJd'ing tainnins in other 
crops and range plants. Mrore recently we have devloped a 
convenient labora ltry bioassay for bird repxllency, and 
several bioassays for chemical signals inthe Strigo-hosl 
asstociation (see Iler). 

Prolein-tanirin inleractiils. This project piieered the 
investigation of the biticlienical basis for the strlnig inter
aclion oftinnins with prIteins. We dev'ltped aiacoipetilive 
bindig assay iimodified frot inilit)It logy , and using it 
dt'nionstra-d for lie first tiie anywher ;ihigh dtegree (If 
spccificity ilproteil-tanli iiilCractlioins. Wte wel tin tto 
show that a hi hproline Clt'Iett arnd a tloose, 1l1)pplv struclure 

nilt, Siriga.etc), establish intlre laboratory, if possible, tile ofthe protein increases its alhnity ftr lannin, that anliini
bitchinical mode of resistaince, develop isimple inetlIod 
of screening for tire resistalit tarat. screen genolttypes intIhe 
laboratory for tie trail, ctillfirintiheir resistance in fie fields 
of our African colliaboirators, and use thel inbreeding 
improved stirghusiS. We also rely oininvitro tissue culture 
to screen for resistance-conferring traits, andithaltg wil) 
Mulagenesis, to develop lew genotypes with elhancet] re-

iLin lifrlein size is rclfired forianin iIIlii 1ig,.anid tlat 
hvdrophticit' illtrill) is play an iiporti: paltl iftIeIi(rd
ing. Th'se obstrvalitIns provideda sat isfying Iri llit'wtrk for 
such diverse and lncient pr1it's IsIc'atlit'rnieaking (gotillia
gen, lire principal protein iinaninil skin, is rich inihiftlline 
aiid has ih1igh affiliiy for tannin) antI brewing (lannil used 
Ioclarify beer brings down i proline-rich st'tdient). We also 
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showed that the sugar molecules attached to certain glyco-
proteins can also enhance lannin binding by keeping tie 
struct-lure open. 

Tannin bindin specificity has praclical si,'nificance in 
tile use of sorghu m os We lo tuld thlat sorghumiifod or feed. 
Imlinh is capable of binding mI.ore than tell li ies its own 
weight in protein, a.and tl at high tannin sorghuis con tain 
more [han enough tannin to bind all the protein in tile gri ill. 
But we also flound that a rnior protein in tile sorghumi 
endospcrm is rich in proline and i.Lasuch a high affinity for 
tannin that it partially proiects [lie other sirgIuin troleins 
froii the tannin, thus keeping more of ilte i Itlin 
available for digestion and utilization. Mioreover. we 
showed that melbrale irolteins in animats' digestive tracts 
compete with digestive enzynies for hinding tanlin and 
thereby diminish its harinful etfects. 

Herbivore defense a ainst dielary t:anins. With our col
lahoralors, we discovered aLntolhr mechnlismi which lessens 
the pxtentially severe ailtilutritiolal effects of tannins. We 
demonstriled thIat when t:anins are first introduced iint tile 
diets of rats and iiice, tlese animals shonw asevere. response 
and lose weighlt for about 3 days. then slowly gain weightl 
During tile period of adjusuline Io the dietary laniins. the 
parolid glands increase 3 to 5 fIld in sie and egin to secrete 
Copioius quanltities 01ta peculiar type of Orteiil. These sali-
vary proteins secreted in response to dietary tannin contain 
extremely high levels of praline (over 401(; ) and have no 
sulfur amino acids. arunatic aiiino acids. or nutritionally 
essential alilO acids. These Liusnual proteins are barely 
detectable in tile glands of aniials not consuming tannin, 
aid their production increases over 10 fold Wih0 tannins are 
introduced into the diet. As expected from their high proline 
content, these proteins have an extremely high affinity for 
tannin. They are capale (if strongly and selectively binding 
dietary tanni In tile presence otf a large excess of other 
prolteiis with lwer affinity for tannin. It is these salivary 
prolteins which first encounter lannin whcn it isconsumed, 
and the rsultingtainiin-prolein compnlex which is formed 
passes relatively harm lesslv tlr ugh the di-estive tract. W 
later found siniltr tannin-iinding pntcins ii the saliva of a 
wide range of herbivorous an iiiials inclLdiinig Such etic 
species as howler noiikeys and koala hears. They are not 
present in he s:iliva of canfivores. Afpproxiiiately 70% of 
the proteins in human saliva have this proline-rich tlannin
binding charaicteristic and appear to be present independenl 
of diet. Others have shown that in liveslock such as swine, 
like hulias, these prlicins arc constiluive, rather than 
inducible by dietary tannin as they ire in rodents. Th loss 
of these endogenous proteins as tanii complexes in the 
fecesaccounlis for nch ofthe large increase offecal protein 
induced by dietlry iainin, and is ilL nutritionially costly 
because these lannin-binding salivary proteins contain very 
few essenial a llin(o acids. 

T-he discovery of the role of these unique salivary pro-
teins in defending herbivores, including hunians and live-
stock, against dietary tannin is a lajIr finding arising out 

ol this research project. We deiionsirated in two ways, with 
our collaborators, tile crucial imporlance of li is protection 
against dielary tannin. First, it was shown thiat Syrian ham
slurs caInhot produnce these salivary tannin-binding proteins 
in response to dietary tannins. althtough hansters have tie 
genes controlling their production and caln produce thern in 
respomse to other stinuli. lien placed oii a tannin-coltain
ig diet to which lrats and nice readily adapt. hanist ers fail 
to adapt a1tall. Thiey lose weight, ather tlhan gain, and some 
die in as little a.s three days. Second, administering low 
levels of propranool, abta-bhl'king drug used for human 
heart vatiens. in the diet of rats prevents the m from produc
ing tin salivary tannin-binding proteins. Propranolol treated 
rats, like hainsters, are extremely sensitive to dietary tannin. 
Bott these studies indicate that withtl the defense system 
of salivary tannin-bintiiiiig proteins. the effects of dietary 
tanllin wiould likely be much more severe, even falal, in 
livestock and ii humans. 

Basis for altinuntritional effects. The salivary tannin
binding proteins do not completely overcome tie anlinutri
tilnal effects of dictary tannin. With our collaboraitors. we 
have niade an intensive study Of tie natlure of tie anlinutri
lional effect:; and their biochenical basis. These studies 
involved feeding trials with chicks and rats using experi
menial diets conltaining isolope-laliled tannins and pro
teins. tannin-hinding agents, drugs, and hydrolyzed 
proteins. The results show that the conveltional view of 
laniins as primarily inhibiting digestion of dietary protein 
is incorrect. At least part of the antinutritional effect is on 
tlie metabolisin of' digested and absorbed protein aiid is 
systemic rather than being confined to tie digestive tract. 
TIhese effects seem to be due less to lannins than (onon-Ian
nin pxolyphenols exclusively assxiated with tannins. Low 
MW p ilypheiols from high tannin sorghum grain melabo
lically labelled with 1 

4CO2 are absorbed from the chick 
digestive tract, but condensed tannins are not absorbed. 
Thus the systemic effects of consuming high tannin sor
ghulii canmot be due to tannin. However, the tannin fraction 
was farmoreeffecliveasan ihiitorof ralandchick growth 
lret arttic low NW abso>rblble polyphenols. It secls that 
fpolyIhenols as tIhey ccur natlurally in tlie seed produce 
effects quite different from those caused by polyphenols 
purified from tlic grain and then added back to polypheiiol
free dicts. 

Deloxification oihigh lannin sorghu. With our collabo
raLtors, we have addressed the problem of overcoming the 
aitinitritional efleeIs of high tannin sorghum s. We showed 
I11t1 ttradiliOllaI processing technique from Eiast Africa, 
involving soaking iii wood ash, germination and ferninta
lion. comipletely eliminales the chick leg abnoriimalities 
caused by dietary tainin. and produccs weight gains of 
chicks and rals ciuivalent to those oi tannin-free sorghim. 
We foilud tha.t it is the itliCOSLI alkali from file wood xSti 

which effectively (etloxilies [he lnnin. A simple bul hily 
effeeliv metle for using dilute alucos alkalies. espe
cially aniliiia. to letoxify high tanin sorehum was devel
oped in our la orator,. This process has been presented to 
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Prolinal, the largest domestic feed company of Venezuela, 
for enhanced utilization of the high tannin sorghums pro-
duced there. It could be used in the development of sor-
ghum-based foods of superior nutritional value: a 
modification of it is being used commercially in Burundi. 

Beneficial vs harmful polvphenols. Our project research 
showed that the polyphcnol components of sorghurn respon-
sible for the antinutritional effects in livestock diets are not 
the same isthe components which confer resistance to birds 
and to grain mold. This observation opens the Issibilitv of 
developing bird- and mold-resistant sorghumis with gool 
nutritional quality, something previously not thou hl possi-
ble., 

Mold and leaf disease resistance in sorghum. We found, 
for example, that an assay we developed for flavan-4-ols, 
uniusual non-tannin polyphenols unique to sorgIIIII, gives 
excellent correlations with mold resistance in low tannin 
sorghums. Flavan4-ols themselves do not seem to be re-
sponsible for mold resistance: we are currently pursuing the 
identity of the polyphcnols or proteins which ire rcsponsi-
bie. Consistent with our original observation, mold resis-
tance remains more highly correlated with seed content of' 
flavan-4-ols than with tannins or with 3-dcoxyantlhocyaiii-
din pigments. We recently found thai tan sorglun plants 
accumulate the yellow flavone apigcnin. purple plants accu-
mulate lutcolinidin and red plants accuinulalae apigeninidin: 
the latter two are 3-deoxyanthocyanidins, relatively rare in 
the plant kingdom but the major pigments of sorghum. As 
measured in mature leaves, sheathi or gluies, none oft hcse 
flavonoids correlate with resistance to anthdclnose as evalu-
atcd in the field. 

Tannin-free bird resistant sorghums. Likewise, two bird-
resistant sorghums which are taniin-free and have excellent 
nutritional value are under intensive investigation in our 
laboratory. With our collaboriltors, we have confirmed their 
bird resislance in Zimbabwe aiid Kenya. The component 
responsible for bird resislance from oneof these, ARK 3(8, 
is being purified so that it can be identified and a chemical 
assay can be developed for it. This bird resistance factor may
be of considerable importance because it seems to be spe-
cific for birds, and does not show aitinutritional effects in 
rat diets. Moreover, it can be completely inactivated by 
moistening lie flour, so sorghums conlaining this bird-re-
sislant factor can nevertheless be used as poultry feed. 

Genetic engineering. We are part ofa collaboralive effort 
with Drs. Ejeta and Bennetzen here at Purdue to develop a 
complete map of the sorghum genome using molecular 
markers. Genes controlling imlxrtant traits contributing to 
resistance to molds, drought, birds, and Striga (see below) 
are being mapped ard characterized. Our project developed 
several of the melhods used in screening for the traits that 
ire being mapped. Just recently Purdue University an-
nounced the first successful slable traisformatiom of'sor-
ghum, inserting a gene for herbicide resistance stably into 
sorghum chromosomes. Our project's role inthis collabora-

live effort wLs to provide the technology for culturing and 
regenerating the tmn~sfornined sorghum cells (see section 
below on tissue culture). 

Tissue culture. Our laboratory was one of the first in the 
world to culture sorghum in vitro. Tishu Cai, as part of our 
INTSORMIL project, has regenerated over 8(X) sorghum 
plants from callus culture: this is more than all other labo
ralories in the world combined have reported in the litera
lure. This work has generated unparalled detailed analyses 
of soniaclonal variation rates and frequencies as a function 
of genotype, culture time and conditions, and explant 
source. Several previously unreported types of variants were 
observed. It was found that in in vitro culture, sorghum will 
readily lose its ability to make chlorophyll (an essential 
mealbolite) but was never observed to lose its ability to 
make tannin (a nonessential metabolite, since many sor
ghums are tannin-free). The implications of this finding are 
still being explored. Ms. Cai has produced finely divided 
fasl-growing suspension cultures of sorghum cells of six 
genotypes, some of' which have been stable in culture for 
over 4 ycars. liese culture techniques have been utilized in 
tlie sorghum transformation work mentioned above. 

Siriga. Our research on Striga has largely focussed on the 
chemical signals exchanged between Striga and its host. 
With our collaborators, we ideitified sorgolcone, a group of 
chemically reactive oily quinoncs exuded from the root hairs 
of sorghum, as tie first natural germination stimulant iden
tified from a Striga host. Sorgoleone has other activities, 
includi iigherb icid: a1(1 antibhiotic,and is a powerful contact 
allergen. In the field, Striga germination isnot controlled by 
sorgoleone but by a different set of compounds exuded by 
host roots. These compounds are more stable and more 
water soluble than sorgoleone. Bupe Siamne, SADC student 
from Z7-inbi:i, identified he major Striga gennination slim u
lant exuded by corn and proso millet roots as strigol. Re
searchers in Germany had identified the major Striga 
gernlinaion stimulants from cowpeas and sorghum isana
logs of strigol. Strigol had previously been found in root 
exudale from cotton, which is not a host for Striga. 

Unfortunately, strigo! and it,an:ilogs are Io difficull ILo 
synthesize and too unstable insoil to be applied to Striga
infested fields, in the absence of host crops, to induce 
suicidal gen inat ion and eliminate the Striga infestation. In 
an altenative approach, our major LDC collaborator Dr. 
A.G.T. Babiker, Sudanese weed scientist who spent 1992 
supported by INTSORMIL on sabbatical leave inour labo
ralory, found that a mixture of two already widely used 
agrochenicals (TDZ,a cotlon defoliait,and 2,4-D, a herbi
cide) iscapable ofstimulating Strigaseedsto germinate. Dr. 
Bahiker's curreit field tests inSudan will determine if this 
suicidal genninatlion approach to Strigacontrol can be suc
cessful. Dr. Babiker had already cofinned in our laboratory 
that the ultimate signal for Striga seed germination is ethyl
ene gas, an importani plant hoione. Like the naturl ger
ruination stimulaits, the mixture ofagrochemicals works by 
increasing the Striga seed's capacity to produce ethylene. 
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The most attractive and sustainable approach to Striga 
control for African subsistence farmers is the development 
of Striga-resistantcrops: this is our major emphasis. On our 
project, in vitro cultures of sorghum tissue are challenged 
with a "toxin" produced by Striga, so that most sorghum 
cells are killed. From the survivors, new clones are estab-
lished and regenerated into plants. Over 100 such sorghums 
have been obtained for testing for expected increased toler-
ance to Striga. The reverse approach is also being used; 
sorghum genotypes are being screened for possible toxicity 
to Striga cells in culture. 

Sorghum SRN 39 was identified by Dr. Ejeta as having 
superior, widely expressed resistance to Striga in African 
fields. Dale Hess, graduate student with Dr. Ejeta and post-
doc with Dr. Butler, devised a simple, rapid, nondestructive 
gel assay for screening individual host seedlings for produc-
tion of Striga germination stimulant molecules such as 

g. Using the new gel assay and a more precise dilution 
ssay, we showed that SRN 39 is resistant because its roots 

produce a billion-fold less Striga genination stimulant than 
do highly susceptible sorghums. Yohan Weerasuriya, Sri 
L'ankan graduate student on the project, found that produc-
tion of the gennination stimulant by highly susceptible 
sorghums is strongly influenced by daylength. A millio; 
fold less stimulant is produced in long ( 16 hr photoperiod) 
days than in short (2 hr pholoperiod) days. Dr. Ejeta showed 
that sorghum's capacity to synthesize the germination 
stimulant is controlled by a single, simply inherited gene. 
He crossed elite but Striga-susceptible sorghums with SRN 
39 and other low stimulant producers and used the gel assay 
to identify progeny bearing the low stimulant, resistance
conferring trait. Striga-resistant improved sorghums devel-
oped from these crosses are likely to have a major impact 
on sorghum production in Africa as they are introduced in 
the next few years. Before the development of the gel assay, 
repeated attempts at breeding for Striga resistance had been 
largely unsuccessful. Preliminary screening of corn has 
identified two low stimulant producing (therefore likely to 
be resistant) genotypes, the first ever reported for corn. 

We continue to pursue host-derived signals required by 
Striga further on in its life cycle. A screen we developed for 
the signal which causes the Striga seedling to form an 
attachment structure called a haustorium has identified a 
corn genotype which produces abnormally low amounts of 
this signal (none yet for sorghum). This is the first report of 
any c',np genotype which produces low amounts of the 
haustoriL-initiating signal. The resistance resulting from 
low production of this second signal has the advantage of 
helping to clean up Striga-infested fields. Crops with this 
trait produce normal levels of germination stimulant, but, 
for lack of the subsequent signal, the Striga seeds which 
germinate cannot attach to host r(x)ts, and simply die. 

We have shown the existence of additional signals ex-
changed between Striga and its host by the effects of ex-
tracted sorghum components on Striga cultures and ihe 
effects of Striga components on sorghum cultures. We 

currently have evidence for both growth-promoting and 
differentiation signals produced by the host and required by 
Striga, and fora "toxin" produced by Striga which somehow 
controls host growth. Our overall plan, with Dr. Ejeta, is to 
identify host-produced signals required by Striga, develop 
screens for them, use the screens to find crop genotypes that 
produce abnormally low levels of the signals, and geneti
cally combine several of these resistance-conferring traits 
into a single elite sorghum whose resistance to Strigashould 
be much more durable than resistance based on a single trait. 
This approach to the control of Striga seems to have far more 
prom ise than others that have been used against this destruc
tive parasite. 

Networking Activities 

Workshops 

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

B.A. Siame, 1st Crop Science Conference for Eastern and 
Soulhern Africa, June 14-18, 1993, Kampala, Uganda. 

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

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

L.G. Butler, 18th Biennial Grain Sorghum Research and 
Utilizalion Conference, March 1-2, 1993, Lublck, TX. 

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

D.A. Bell-Lelong and L.G. Butler, Syrp. on Natural 
Phenols in Plant Resistance (hit. Soc. for Horticultural Sci
ence), Sept. 13-17, 1993, Tech. Univ. of Munich, Freezing, 
Germany. 

Research Investigator Exchange 

Dr. A. G. T. Babiker, sabbatical year. 

Research Information and Material Erchange 

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

Journal articles 

Babiker, A.G.T., G. Ejeta, L.G. Butler, and W.R. Woodson, Ethylene 
Biosynthesis and Strigol-Induced Germination of Striga asiaftca. 
Physiologia Plantanrm 88:359-365 (1993).

Babiker, A.G.T., L.G.Butler, G. Ejeta, and W.R. Woodson, Enhancement 
of Ethylene Biosynthesis and Genmination with Cytokinins and l-Ami-
nocyclopropane- 1-cartboxylic Acid in Striga asiaticaSeeds. I'hysiolo-
gia Plantarum 89:21-26 (1993). 

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

Casas, A.M., AK. Konowicz. U.B. 7Zehr, J.D.Axtell, L.G. Butler, R.A. 
Bressan, and P.M. Ilasegawa, "'rarisgenic Sorghum 1'larils via Micro-
projetile Bombardment. Proc. Nail. Acad. Sci. U.S. 90:11212-11216 
(1993). 

Ilagennan, A.E., and L.G. Butler, Methods o Assaying 1'avonoids and 
Their Oligomers (Condensed Tannins) in Plants. Methods in 'niynsol-
ogy, in press. 

llipskind, J.D., J.R. Vincent, L.G. Butler and R.L. Nicholson, Partial 
Purification of 4-llydroxycinn:unic Acid: CoA Ligase from Maize 
Leaves Infected with Biopolarisniaydhs. Physiological aid Molecular 
Plant Physiology, in press. 

Jimenez-Ranssey, L.M., Rogler T.. I lousley.L.U. Butler. and R.(. llkin, 
Absorption and Distri bution of 1 

4
C- albelled Condensed Tannins and 

Related Sorghum I'henols inChickens. Journal of Food and Agricul-
tural Chemistry, in press (1994). 

Melake-Berhan, A. .S.1I. I lulbert, L..G. Butler. and J.l.Beiuietznen, Struc-

ture and Evolution of the Genornes of Sorghumitcolor ard 74-a mays. 

Theoretical and Applied Genetics 86:598-604 (1993). 


Mole, S.,J.C. Rogler and L.G. Builer. Ierbivore Growth Reduction by 

Tannins: Different Effects Due to Different Tannins. Biocheiical 

Systematics and Ecology 21:667-677 (1993). 


Siame, B.A., K. Wood, G. Ejeta and ..G. Itutder. Isolation of Strigol, a 
Genination Stimulant for Striga asiatica, from Natural Ilost Plants. J. 
Agric. Food Chem. 41:1486.1491 (1993). 

Weerasuriya, Y., It. Siane, DlE. I less. G.Ejeta and I..G,Buller, Influence 
of Conditions and Genotype oilthe ArIount of Striga ;ennination 
Stimulants l'xuded by Roots of Several Ilost Crops. J.Agric. Food 
Chen. 41:1492-1496 (1993). 

Review chapters, Research Bulletins and Conference 

Proceedings 


Butler, L.., Polyphenols and Ilerbivore Diet Selection and Nutrition, in 

Polyphenolic phenomena (A.Scalberi, ed) INRA Editions, Paris, pp 

149-154 (19931. 


Butler, LU.. and K.D. Bos, Analysis and Characteriz.ation of Tannins in 

Faba Beans, Cereals and Oilier Seeds, A L.iterature Review. Proc. 2nd 

International Workshop on Anti-Nutritional Factors in I.egurnie Seeds, 

Dec. 1-3. 1993, Wageniningen, 'lleNetherlands, (inpress). 


Butler, LG. and G. Ejeta, Control of Striga: Purdue
New Approaches at 
University. Proc. 3rd PASCON General Workshop on Integrated Man
agene of Striga for theAfrican Fanner, Oct. 18-23, 1993, 1larare, 
Zimbabwe. 

Buller, I..G., B. Siame, Y. Weerasuriya, and U. Ejeta, Characterizationi of 
Striga Seed Gernination Stirmulants for Several Striga I losts. l'roc. 3rd 
International Workshop on Orolmnclic, is v. 8-12. 1993, Royal "ropi
cal Institute, Amsterdam. 

Butler, L.G., Genination Stimulants: State of the ,'rl.P'roc. 3rd Interna
tional Workshop otnOrobanche, Nov. 8-12. 1993, Royal Tropical 
Instilte. Amsterdam. 

Ejeta, G., L.G.Butler and A.G.T.Babiker, New Appro:,ches to rite Control
 
of Striga: Striga Research at Purdue University, Purdue Agriculture
 
Research Bulletin #RB 9)1 (1993).
 

Ejeta, G.and LG. Butler, 1Ilost-Parasite Interactions "l'troughoultie Striga 
.ife Cycle, and Their Contribution to Striga Resistance. Proc. 1st Crop 

Science Conference for Eastem and Soutlheni Africa, June 14-18. 1993, 
Kampala, Ugandai 

Reda. F. L.G. Buller, G. Fjeta, and JK. Ransone. Screening of Maize 
G-notypes for Low Striga Siriulant l roductiont Using theAgar Gel 
Technique. Proc. Ist Crop Science Coinference for -astern arid Soutlhen 
Africa, June 14-18, 1993, Kampala, Uganida. 

Siame, B.A., G. Fjeta, and LG.Buller, Role of Tannins and Pigments in 
the Reaction of Tan And Red Near-lsogenic Sorghum Lines to Leaf 
Diseases. Proc. IstCrop Science Conference for Eastern and Southern 
Africa. June 14-18. 1993, Kampala, Ugamda. 

Abstracts 

Bell-l.elong, ).A., D.E.Hless, G. [/jeta, and LG.Butler, Do Phenolics from
 
the Parasitic Weed Striga Inhibit Host 'lhotosyniesis and Growth?
 
Syrup. on Natural Phenols inPlant Resistance (lit.
Soc. for hlorticul
turalScience). Sept. 13-17. 1993, Tech. Univ. of Munich, Freising, 
Gennany, Abstract # 1-32. 
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Summary 

Diseases of sorghum continue to be major constraints to Most of the efforts were designed to increase the amount
improving sorghum production in the developing world. of collalxration among developing country scientists and
Changes in the plant genetics affecting architecture, matur- with those of tie U.S. Disease management requires theity, productivity, and other aspects lend to alter plant vul- developmentl of improved sorghums/millets with higher
nerability to disease. Part of the responsibility of levels of disease resistance. This is best achieved with
pathologists is to recognize these factors and work with cooperation among disciplines. These projects were proother crop improvement specialists to reduce or eliminate noted in Brazil, Niger, Mali, Sudan, and londuras on
these potential problems. The most common example isthat diseases of im)x)rlance in these countries. 
of grain mold/head bug complex. Wilh the introduction of 
earlier maturing, higher yielding hybrids there isan increase Major confcren's on disease research were planned andin tie potential for grain mold. Tight headed cultivars with carried out. There werL two global conferences of diseasesgreater yield potenlial are more vulnerable to head bug of sorghum and millet (India 1978 and Zimbabwe 1988),
feeding and damage. Combining early maturing light Regional Conferences on Rxt and Stalk Diseases (1983),headed traits could be disastrous in areas where these and on Variable Pathogens (1993) in cooperation with the
pest/pathogen combinations exist. Rockefeller Foundation, Bellagio, Italy. There were several 

training workshops in Mexico on pathology techniques 
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(1981), in South Texas on integrated control of sorghum for commercial Finns. Disease evaluation and host plant
 
downy mildew in 1983, and periodically with breeding and resistance is a part of the National Program.
 
quality on sorghum improvement in south Texas.
 

Mali 
Graduate training has been a major component of tile 

program with over 32 degrees granted during the past 15 Efforls were made to develop a National sorghum and 
years. millet disease program. Progress has been made in the 

design of nurseries and in collalxration among workers. 
Introduction Currently, both the sorghum and millet pathologists are in 

the U.S. continuing their education and future collaboration 
Each country (developed or developing) has disease will wait until they complete their studies. 

problems of sorghum and millet and each needs to develop 
approaches to reduce the dunage caused by these con- Niger 
straints. Over the years, we identified disease problems in 
Brazil, Colombia, I-tonduras, Mali, Niger, Sudan, and Zim- An integrated sorghum and miilet disease research pro
babwe. Using Honduras as an example, we determined gram is in place. Emphasis has been on the biology and 
researchable priorities and addressed the diseases from the control of long smut. Initially, collaboration between work
standpoint of management within the existing agroecosys- ers in Sudan and Niger permitted tie rapid transfer of 
tem. In Honduras, downy mildew, anthracnose, indoval specific technologies. Evaluation of resislance to long smut 
leaf spot were among the more significant disease problems. is an integnd part of the Niger sorghum improvement plo-
In Niger, long smut and head smut of sorghum and downy grain. Evaluation for resistance to head smut,Acremnoniuni 
mildew of pearl millet have been identified as important wilt, and anthracnose isalso part of this program. Work on 
disease constraints. In Mali, anthracnose, grain mold. long tilecontrol of downy mildew of pearl millet has been accel
smut, and downy mildew of pearl millet are among the most crated with the deployment of Apron® plus. Essentially, in 
important. In Sudan, most of these diseases are important: Niger, there is a competent, dynamic sorghuni/inillet disease 
however, charcoal rot and long smut have been emphansized. management control prograun in place. 
In each case, we looked collaboratively at defining research 
approaches, which generally led to developing tradition al Sudan 
controls such as host plant resistance with the exception of 
limited chemical control when seed dressings are available. Research in Sudan began with the control of charcoJ rot, 
Techniques for screening for disease resistance, selecting resistance to long smut and related s-,,ui Ciseases and more 
and identifying sources of resistance, and evaluation of recently on control of anth, cnose ai Jdodwiy mildew of 
materials in segregating generations were all employed. The pearl millet. Host resistance work for control of charc(al rot 
philosophy has been to cncourage teams of workers to and long smut are included as a continuing program in 
collaboratively address researchable problems in areas Sudan. Transfer of the inoculation techniques to Niger and 
where those problems (cur. elsewhere represents the quality and maturity of the research 

oiisorghum pathology inSudan. The research is interdisci-
Objectives, Production and Utilization Constraints plinary and collaborative. 

Objectives Zimbabwe, Zamibia, Malawi, Uganda, Venezuela, 
Argentiina, Coloibia, Mexico, and India 

Brazil 
In these countries, snaller but iiiportn t trials are being

In Brazil, we worked from 1979 until 1991 oindevelop- carried out characlerizi'ig pathogens (particularly for sor
ment of integrated control and management of sorghum glmum/millet viruses), evamtaling host resistance, and grow
anthracose and sorghum dowiy nildew. Tis work was ing specific nurseries, such as the All Disease and Insect 
extended through a grant from the USDA for evaluation of Nursery, Grain Weathering Nursery, Anthracnose Resistant 
sorghum geniplasm. Converted Sorghums, etc. 

Honduras Domestic 

The major objectives have been to identify the most • Identify sources of resistance to disease. 
important disease constraints and design disease control 
strategies. Currently, we are working oi evaluating tile e Assist inthe incorporatio of multiple sources of 
population dynramics of Collefotri,'hum graminicola, the 
pathogen of sorghum anthracnose, inHonduras. The Hon 

resistance to disease. 

duran National Program has a major downy mildew screen- a Determine inheritance of resistance. 
ing program that they provide for researchers in the area and 

e Improve disease screening methods. 
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* 	 Study the effects of sorghum pathogens on yield. experimental materials that need evaluation in many differ
ent disease environments. Both of these collections of ma

* 	 Complete biology of disease where needed. terials are widely grown and represent one of the best means 
of comparing gernplasm from region to region. Addition

* 	 Evaluate epidemiology of sorghum pathogens. ally, we have accuInulated disease information on converted 
sorghums and with fhe assistance of Dr. Rosenow (TAM

* Organize, maintain, and distribute the international 	 122) maintain sets ofanthracnose, sorgh:,n down) mildew,,
sorghum disease and pathogen identification nurser- and head smut resistant converted lines. These specific
ies in collaboration with ICRISAT, and with TAM- nurseries represent valuable sources of resistance for hreed
121, TAM-122, and TAM-12 . ing programs as needed. 

" Maintain and strengthen the Sorghum Virus Antis- Sorghum Smuts
 
erum Ban't and provide antisera internationally.
 

Long Smut
 
* 	 Detect, identify and catalogue sorghum viruses and 

strains, and Colh'totrichun graninicola worldwide. Isolation and culturing of Tolylosporiun ehrenbergii, 
the causal agent of long smut, along with careful inoculation

* 	 Employ the new serology technique ELISA to deter- of sorghum at the boot stage resulted in excellent infection 
mine virus concentration in sorghum. Virus concen- of the pathogen with sporidia. The teliospore inoculation 
tration is being used as anew tx)l to breed for MDMV procedure was not effective in Niger. while it worked to 
resistance in sorghum. some extent in Sudam. Dr. EI-llilu and I do not find these 

differences to be a)tmF ing but recognize that in a controlled
Research Approach and Project Output test, sporidia will cause the highest amount of infection. 

IssoufLou Kollo noted that he inust avoid plant injury inorder 
Our approach to domestic and international work has to obtain high levels of infe tio,. Based on inoculation 

been virtually identical. Only the locations and sometimes during the off-season, Mr. Kollo cla.;sified MR732, MR803,
the diseases have been different. We begin by identifying NIR804 ani MR926 as resistant to long smut. Survival of 
sorghums with excellent resistance(s) to specific palhogeti teliospores (spore balls) was evaluated over a tperix of two 
and assisting their incorixration into useful cullivars. Most years at three month in:crvals (trime:;;crs). Desiccated 
of this work is done cooperatively with plant breeders in tie spores remained viable at a higher rate over a longer period
Texas programs but occasionally wilh breeders in other of time than those not desiccate!. Very few spores survived 
states, nalions (NARS), or with an hnlcrnalional Crop Re- over oaie year unless they Aci e desiccated. 
search Center, specifically ICRISAT. Much of the disease
 
evaluation isdone in large research nurseries inSouth Texas I-lead Smult
 
at al i,,ges of introduclion, cotiver:; on, or breelillg genera
liol,. Since few if any cultivars are perfect and pathogens Present tcchniques for evaluating resistance of sorghum 
chaige with time and sefection pressures, we periodically to infection by Sporisorium reiliant, the causal organism
mom(ior commercia! hybrids for their reaction to diseases of h:,d smut, involve trials in field nurseries using natural 
that are econenmically iliportant atld/or caused by variable or aitificial inoculation. These trials can be expensive in 
pathogens. This information ismade available to growers in terms of time and money and are restricted to the growing
Texas and elsewhere when infornation isneeded on disease season. Natural infection requires repeated trials for reliable 
reaction of U.S. produced hybrids. Our system of network- results due ,o cnvironmental effects, whereas, artificial in
ing includes the growing of several uniform nurseries in oculation of sporidia is labor intensive and bypasscan 
locations where sorghum/millet diseases arc important such resistance factors that provide satisfactory levels of natural 
a, the International Sorghum Anthracnose Virulence Nus- resistance in tie field. A technique has been developed by 
cry (ISAVN) (This nursery is a collaboralive program with Dr. J. Craig (Craig aid Frederiksen, 1992) (o evaluate head 
ICRISAT} which is grown where antllrcnose is endemic smut resistance at thIe seedling stage.
Other nurseries include a uniforim nursery for head sinut, 
sorghum downy mildew, sorghum viruses, and grain mold. Alejandro Palina, who worked with Dr. Miller, studied 
Growing of these nurseries pCnni ts a qluick evaluation of inheritance of' nonleintetl atLesistance in sorghum to 
pathotype differences amiong locations and Ilc severity of head stout. His work demonitraled that some of these 
the problem. We also evaluale and distribute elite sorghutis sources of resistance are extrermely dur~d ,r,.s pailhogc;i
in nurseries for evaluation of tile multiple resislances of the races. Ilis work supported tIle theory tiat there would be no 
sorgium. These are international nurseries and represent a physiological basis for d!iferentialion. This is consistent 
means of distributing elite gerlplasnl froil different breed- witlh the R I ch:aactei,.ltion of host resistance proposed by
ing programs in INTSORMIL. The Intertational Disease Craig and Fredcrikstn (1992). EAploit,,tiol of noinier

and Insect Nursery is a 30-entry test and is most widely istetlatic resistalce to disease will bc greatly enhanced by 
grown. The All Disease and Insect Nursery, a 70-enlry tes, the niapping of tie sorghum genomie. 
is also widely grown and is comlpsed ill part of untele'.sed 
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Dr. Gnanambal Naidoo completed her work on the dif-
ferentiation of host specialized isola:es of S. reilianum. 
Texas populations of S. reilianum, tie causal agent of head 
smut in maize and sorghum, exhibit two levels of host 
specificity. Certain isolates are restricted to the maize host, 
while other isolates infect sorghum predominantly. The 
latter type can be further divided into four races based on its 
reactions on a series of sorghum differentials. Head smut of 
both maize and sorghum is a disease of worldwide impor-
lance and is controlled by host resistance. Genetic markers 
associated with pathogen variability will be extremely valu-
able in the disease management program. An examination 
of morphological and physiological traits, including a pre-
vious study employing isozymes failed to provide markers 
to distinguish the host specialized isolates. The objective of 
Dr. Naidoo's study was to find unique molecular markers 
which would clearly differentiate between the host special-
ized isolates of S. reilianun. Polymorphisms were sought 
by using an arbitrary primcr-PCR based assay and pulse 
field gel clectrophoresis. Karyotype analysis of the haploid 
sporidia revealed a polymorphism that seems to be associ-
ated with the host specificity. The maize patholype of S. 
reilianwn possesses 15 chromosomes, while only 13/14 
bands were separated from the sorghum pathotype. This 
difference of 750 kb in the sorghuni patlhotype was common 
in all 15 isolates examined. The addilional chromosome was 
unique to all maize pathotypes examined. 

Down), Mihh'w' 

Sorghum downy mildew (SDM) is one of those diseases 
that attracts attention whenever and wherever it appears. 
Generally, in sorghum the disease has been a minor problem 
since 1980, except where it has appeared or reappeared in a 
new region or country. Downy mildew has been found in 
Colombia, where most of the sorghum grown is susceptible 
(1990). In Egypt, it has caused siunificant losses in maize 
and has changed the cropping practices in the Delta region. 
It causes losses and damage in the southern African region 
and occasionally in South America. We began with studies 
on the biology of the pathogen, resullting in a monograph on 
the pathogen and disease. I-lost resistance was found and 
deployed, fungicide seed dressings were evaluated and in-
troduced to growers, and aspects of the disease epidem iol-
ogy and management were fornmulated into a program of 
integrated disease management for control of SDM. By the 
1980's, new pathotypes of the causal orgao:sin were moni-
tored nationally and internalionally. Our program has de-
fined numerous pathotypes from various regions of the 
world and identified sources of resistance to these patho-
types. Recently, [lost genes for resistance have been mapped 
and specific probes for identifying the presence of the SDM 
pathogen or several other downy mildew fungi have been 
described. 

Anthracnose 

This disease constitutes one of tile most serious continu
ing problems in sorghum production worldwide. With ihe 

advent of improved varieties and hybrids with modest levels 
of resistance or with deployment of resistant cultivars over 
a long period of time, anthracnose becomes very damlaging. 
Pastor-Corrales demonstrated the seed-borne natutu o fie 
pathogen and tfie effect of environment on symptom expres
sion. K. F. Cardwell later found that isolates of the pathogen 
differed in regions and between wild and cultivated hosts. 
T"Vhese observations are baiMg examined with much larger 
populations txay by Ms. Ute Rosewich. Carlos Casela, 
from Brazil where anthracnose represents the most serious 
disease threat to sorghum production, has defined the vari
ability of the pathogen, proposed mechanisms of variability, 
as well as described both discriminatory and dilatory resis
tance to the disease. Phil Guthrie developed PCR/RAPD 
markers for Colletotril'hum graminicola, the pathogen caus
ing anthracnose, and tie was able to demonstrate, in part. that 
many of the isolates possess unique genetic markers. Dr. 
Casela demonstrated that tie fungus overseasons in sor
ghum in the form of resting structures known as sclerotia. 
RFLP markers being developed by Ms. Rosewich will be 
used to develop a better understanding of the padogen 
population in tie field and during its survival from season 
to season. 

We developed an International Anthracnose Virulence 
Nursery which is used to monitor the pathogen. This nursery 
is now managed in cooperation with ICRISAT. Addition
ally, we maintain and periodically evaluate sorghum culti
vars for anthracnose resistance. 

Grain Mold 

Grain mold is a complex disease that was defined by 
Loral Castor when he was a graduate student. Dr. Castor 
compared disease evaluations in India at ICRISAT with 
those in Texas and elsewhere. His work became the slandard 
for the biology and mcthods of evaluation of grain mold. 
Following Castor, G. Forbes studied the bixhemistry of 
resistance and indirect methods of assaying disease (]:image. 
Most recently, A. Mnsuetus has defined the role of glumnes 
in disease development and, in a joint project ,v;Ih SADC 
and Dr. John Leslie at Kansas State University, he is evalu
ating tie population biology of isolates of Fusarium monili
fi'me present inTanzania. lis preliminary .i:iasuggest that 
there is a remarkable similarity between populations in the 
U.S. and Tanzania. Dr. J. Peter Eselc attempted to define tile 
genetics of sorghun pericarl) traits with resistanc, to grain 
mold. Ilis work demonstrated that several of the pericarp 
and plant pigment genes are involved in grain mold reaction. 
Other than the presence of the pi,:.i,::dtesla, a bright red 
seed with tie intensifier gev, was the most imlportant. 
Mesocarlp thickness was not found to be iminq',inl whereas 
tile tal plant genotype was more impolant lha, tIhe purple. 
He learned tfat tlie resistance evaluations could be made as 
easily in Serere, Uganda as in College Station, Texas. 
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Sorghutm Viruses 

The taxonomic status ofsugarcane mosaic virus (SCMV) 
strains reported from vaiouv paits of the world has been 
uncertain. Previous analysis of 17 SCMV strains with virus-
specific p)lyclonal antibodies demonstrated that they repre-
sent four distinct potyviruses, namely johnsongrass mosaic 
virus (JGMV), iy.':ize dwarf mosaic virus (MDMV), sor-
ghum mosaic virus (SrMV), and SCMV. To confirm this 
classification, we have now compared six strains of SCMV, 
three strains of JGM V,and two strains each of MDMV and 
SrMV using high-pcrforniance liquid chromatographic 
(HTILC) poplikic profiling of tryptic digests as their coat 
proteins. The results showed that peptide profiles could be 
divided into four distinct groups, whih are m different from 
each other as are peptide proft-le: of other distinct lxty-
viruses. These findings confin our prcviou., classification 
of SCMV strains based on N-terminal serology. 

Sorghum Yellow Banding Virus (SYBV) was otserved 
in two nonadjacent counlies and seven counlies contiguous
with the initial site of observalion near Florcsville, Texas in 
1984. SYBV was identified on a soighum x sudangrcss
hybrid in 1993 from Moore County, Texas in tie Northern 
Panhandle. This is over 400 miles from where it was first
observed. SYBV occurred naturally only on sorghum x 
sudangrass hybrids except for one occurrence on grain sor-
ghum tillers. No SYBV was observed on primary growth
and initial or highest incidence was generally observed at 
field perimeters on basal rather than .scnitillers. Aphids did 
not transmit the virus and vectors are yet unknown, but 
results indicate a soillborne mechanisin fbr SYBV. Mechani-
ci ly-inoculated sudangrass and sorghium x sudalngrass by-
br;Os differed in resi tancc to the virus. Sorghum x 
sudangraiss hybrid tissu,: f SYBV intfccted plits, analyzed 
serologically for the p:es,,ince of SYB V,der.ionstrated that 
the virus was present in roots, leaves, culms, pedicels, stemi
exterior, and flowers. SYBV showed inapp:ucnt increase 
in iicidence after ralooning, but the increase occurred only
in new ti!.ers of plants already infected. A definite synergis-
tic effoct between SYBV ain( MDMV-A on the grain sor-
ghum htost exist. Iiie multiple infected plants were more 
severely diseased than those with either virus alone. All 

plants doubly infected (lied after 17 days. 


MDMV-B inf'cled plants with necrotic reactions were 
reduced in height, panicle. heighl, and slem diameter by
40%, 40%, and 25%, respectively. Yield was reduced an 
average of 70% in plants with necrosis. In 1990, one hun-
dred fifty commercial grain sorghum hybrids were evalu-
ated for their reactions to MDMV-A under field conditions. 
Disease pressure was very high with about 99% of tileplants 
infected.
 

Biotechnology 

Progress has been made in defining the location of sev-
eral genes conditioning resistance to head smut, sorghum 
downy mildew, acremonium wilt, and antlhrcnose by Drs. 

B. Gowda and B.J. Oh. Shs, a gcne designated for sorghum 
head smut i. located in linkage group A, 8.8 cM between 
RFLP marker Ixs560 and 6.0 cM from RAPD marker opg5
2 (Fig. I). This smut resistance gvne was obtained from 
SC325C which has been resistant to all isolates of the 
sorghum head smut pathogen in TexaLs. Resistance to sor
ghum downy mildew (Sdn)is located in linkage group F, 
6.6 cM from RFLP marker Ixs361 and 6.1 cM from RFLP 
marker txs552 (Fig. 2). This dn gene is also derived from 
SC325C and conditions resistance to pathotypes 1and 3 of 
I'eronosclerosporasorghi. Other genes for SDM resistance 
from sorghum cultivars QL3(lnd) and BTx623 have also 
been linked with RFLP or RAPD markers but not placed
within linkage groups. A gene for resistance to acremonium 
wilt was found on the tip of linkage group J (Fig. 3). A gcne
conditioning resistance to anthracnose has been located on 
linkage group G, 23.8 cM from RFLP marker txs309 and 
20.2 cM from RFLP marker txs 1090. This gene derived 
from SC326-6 was located by Dr. Abdou Tenkauano while 
working in Dr. Hlart's sorghum RFLP latx;ratory. 

Networking Activities 

Worl 'hops 

The following are major conferences in which the PI 
Chaired or Co-Chaired. 

Global Conference on Sorghum and Millet Diseases, 
1978, Hyderabad, India and 1988, Harare, Zimbabwe. At 
these conferences, workers from all sorghum growing re
gions of the world participated. The proceedings resulted in 
major publications that are standard references on the slat us 
of sorghum/millet disease and disease research. Limited 
plans are being made for the next Global Conference to be 
held in the Americas in 1998. 

International Conferences on Downy Mildew (1989),

Slalk and Root Rots 
 (1984), and Variable Pathogens of
 
Sorghum and Millet (1993). These meetings were all held
 
at the Rockefeller Foundation Center al Bellagio, Italy.
 

Co-organized and assisted in sponsoring with ICRISAT
 
a Central American Workshop on sorghum disease manage
ment at CIM MYT in 1981. 

Assisted or co-organzcd the South Texas sorghum field 
days, more or less on an annual basis since 1967. These 
programs have focused, in part, on disease management or 
integrated crop production systems. Recent South Texas 
Nursery field days have included mainy of the INTSORMIL 
P1's and w'orkers from the sorghum seed industry. 

A vast number ot LDC sorghum workers have visited the 
program. These have included visitors from Asia (China, 
India, and Malaysia), South and Central America (Mexico,
El Salvador, Ilonduras, Colombia, Venezuela, Brazil, Uru
guay, and Argentina), Africa (South Africa, Zimbabwe, 
Zambia, Uganda, Kenya, Mali, Niger, and Egypt), Europe 
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Figure 1. 	Position of the Ss locus on the RFLP linkage map or sorghum. (A) Linkage group A as derived from a 
segregating population (IS3620C x BTx623) used for the sorghum RFLP map (Xu et al. 1993). (B) a part 
ofsorghum linkage group showing the linkage maps around the Shs locus as derived from SC325 (resistant) 
and RTx7078 (susceptible). 
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Figure 2. 	 Position of the Sdm locus on the RFLP linkage map of sorghum. (A) Linkage group F as derived from a 
segregating population (IS3620C x BTx623) used for the sorghum RFLP map (Xu et al. 1993). (11) A part 
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Summary 

The objective of this project for lie 15-year period has 
been to develop sustainable, integrated pest management 
(IPM) strategies for insect pests that are constraints to 
sorghum production in West and Southern Africa, Central 
America, and the United States. Insect pests reduce yields 
and the sustainability of grain yields, and increase produc-
tion costs. The research emphasized plant resislance to 
insects and identified non-chenical :cologically compat-
ible, insect pest suppression, anid IPMtactics. This project 
is a companion lta biological control ofinsecl pests project. 

On-site collalx)rative research activities have been con-
centrated in West Africa, especially Niger and Mali, on 
African sorghuni head bugs. Research in Southern Africa 
has been to identil 1sorhums resistant to ,ugarcane aphid,
and to incorporate aplhiid resistance into locally adapled 
sorghum cultivars. Insect pests of sorghum in Texas include 
sorghum midge, greenbug, and yellow sugarcane aphid, 
Research has been conducted to develop techniology appli-
cable to all are.as of the world where these insects occur and 
to educate foreign and U.S. graduate students in sorghum 
entomology and IPM. 

During this project, sound international collaborative 
research programs with NARS and ICRISAT scientists have 
resulted in the development of sustainable insect manage-
ment strategies and identification of sorghums resistant to 

sorghum midge, greenbug (biotypes C, E, and 1),African 
sorghum head bugs, sugarcane aphid, and yellow sugarcane 
aphid. Mechanisms and inheritance of resistance have been 
determined, and genes conferring resistance have been in
trogressed into elite parental lines that have been evaluated 
alone and in hybrid combination. Levels of resistance have 
been quantified, and economic injury levels established for 
most of them. The role that insect resistant sorghums play 
inan integrated pest management system has been assessed. 
and tie compatibility of plant resistance and other IPM 
tactics has been elucidated, along with approaches to in
prove the effectiveness of resistance. Ancillary research on 
insect pest biologies and population dynamics hls been 
conducted to supxort the deployment of IPM technology. 

The collaboraive-research on Africaii sorghum head 
bugs in West Africa, especially Niger and Mali has quanti
fled damage (yield and quality loss): identified resistant 
genotypes, including practical methodology to screen for 
resistance: and described bug species composition, biology, 
and population dynamics. Research in Mali confirmed the 
resistance of MaliSor84-7 to head bugs. Research on tie 
sugarcane aphid was conducted in Botswana and Zim
babwe, sorghums resistant to this insect were identified, and 
the mechanisms and inheritance of resistance assessed. Sor
ghun midge-resistant sorghums have been evaluated in 
Honduras. Research in Texas has employed a holislic ap
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proach to identify, evaluate, and deploy sorghum midge. Objectives, Production and Utilization Constraints 
greenbug, md yellow sugarcane aphid-resistant sorghums 
as a component of IPM, and develop and validate sorghum Project Objectives 
plant and sorghum midge dynamics computer models. Sig
nificant advances were made in developing the technology Emphasize genetic plant resistance and develop inte
to allow farmers to manage these sorghum insect pests. The grated pest management strategies for insect pests of sor
research has resulted in 129 published articles. 115 invited ghum including sorghum midge, aphids, and 
or submitted paper presentations, and 21 graduate degrees. panicle-infesting caterpillars and true bugs. 

Introduction Determine the biology, systematics, behavior, and sea
sonal abundance of sorghum insect pests and associated 

Insect pests in developing countries reduce sorghum predators and parasites as support tactics in IPM schemes. 
grain yields and are a deterrent to sustainable sorghum 
production. In the United States, insect pests reduce yields, Educate foreign and United States graduate students in 
and insecticide use adds to production costs and decreases sorghum entomology, and develop appropriate institutional 
profit. Insect pests that ravage sorghum must be dealt with and organizational linkages to promote collaborative re
in a biologically/ecologically sound manner. The negative search, technology development, and technology exchange 
impact of sorghum midge, African sorghum head bugs, in a manner that is mutually beneficial to agriculture in the 
aphids, and panicle-infesting caterpillars in traditional farm- United States and developing countries. 
ing systems in developing countries is dramatically in
creased when improvements in agricultural production are Initially there was a biological control objective for this 
attempted through breeding and changed cultural practices, project, with Dr. F. Gilstrap as co-investigator, but that 
The public mandate in the United States for safe food, clean research was separated from his project and is reported 
water, and natural resource conservation requires insect pest separately. 
control strategies that are less dependent on insecticides. 
The species of insect pests that infest sorghum vary geo- Specific Research Objectives 
graphically, and in intensity and persistence. In different 
production areas, at least one key insect pest species, and Determine species composition, biology, and population 
several occasional insect pests attack sorghum. Reducing dynamics of sorghum panicle-feeding bugs, especially the 
the amount of loss caused by these insects requires an African sorghum head bug: develop practical techniques for 
integrated approach using several management tactics. This screening sorghums for resistance to head bugs: identify 
project has focused on developing inscct pest management resistant genotypes; relate resistance to glume, kernel, and 
technologies applicable to sustainable agriculture systems grain-texture characteristics; and relate head bug abundance 
in developing and developed countries. The tactics devel- and kernel kmiage to pathogen infectiongrain deteriorltion 
oped and evaluated include plant resistance to insects and and food quality. 
manipulation of cultural practices that reduce insect pest 
severity. Each tactic is supported with ancillary research on Identify and evaluate sorghums rcsivitint to sorghum 
insect pest biology, ecology, and population dynamics to midge,greenbug, yellow sugarcane aphid, sugarcane aphid, 
ensure their proper use and impact of the tactics in insect and panicle-feeding caterpillars and bugs: determine resis
pest management. The project's approach involves on-site tance mechanisms; investigate plant-to-insect and insect-to
collaborative research, complementary United States tech- plant responses: and determine economic injury levels. 
nology development activities, and graduate student educa
tion. Assess the biology, habits, seasonal abundance, and dan

age of sorghum midge, greenbug. yellow sugarcane aphid, 
Improvements in sorghum production in developing and panicle-feeding caterpillars and bugs to support non

countries is usually through changes in agronomic practices chemical management tactics in an IPM strategy.
 
and the use of genetically inproved sorghum cultivars.
 
Inevitably these changes disrupt existing ecosystem stabil- Constraints
 
ity, cause insect pests to be more severe, and create problems
 
with new insect pest species. Such is the case with the Insect pests limiling production and sustainability of
 
African sorghum head bug inWest Africa,and the sorghum agricultural systems must be dealt with in a biologi
midge in most sorghum-producing areas. cally/ecologically sound manner. The negative impact of
 

aphids, panicle-feeding bugs. sorghum idge, and panicle-
At project initiation, insecticide use to control sorghum infesting caterpillars in traditional farming systems is dra

insect pests in the United States was at an all-time high. matically increased when improvernents inagricultural 
Approximalely 60% of the sorghum acreage in Texas was production are attempted through breeding and changes in 
treated with insecticides between 1965 and 1978. cultural practices. Also, a public sensitive to environmental 

and human health issues requires insect management strate
gies less dependent on insecticides. 
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The constraints addressed by this project are those caused 
by major insect pests of sorghum in selected developing 
countries and the United States. Sorghum head bugs in West 
Africa are a cre ltel problem resulting from allempts to 
change frorm local, adapted, photosensitive sorghum to irn-
proved, non-photosensitive cultivars with compact panicles. 
These bugs lay eggs in and suck juices from developing
kernels causing yield loss and grain deterioration, especially 
in conjunction with infection by pathogens that ruin '.,od 
quality of grain. Sorghum midge, the most cosmopolitaul
insect pest ofsorghum, causes severe damage when flower-
ing is slightly delayed in the United States or occurs at an 
inappropriate time in developing countries. Sugarcane aphid
is an inscct pest of sorghum in many areas of the world, but 
is especially troublesome in Southern Africa. The aphid is 
most severe during dry periods, and naturally occurring
beneficial insects alone do not reduce aphid abundance 
enough to protect sorghum from damage. Greenbug and 
yellow sugarcane aphids are primruily American insect 
pests, although greenbug is cosmopri tan iii distibution,
These aphids suck juices from sorghum leaves and stems 
and inject a toxin as they feed that reduces the ability of tile 
plant to produce maximum yields. Sorghum panicle-feeding 
caterpillars are occasional insect pests in alniost all sorghrum
growing areas. 

Research Approach and Project Output 

Research Approach 

The project's approach involves on-site collalrative 
research in developing countries, complementary technol-
ogy development activities and technology exchange, and 
graduate education programs. Collaborative research in 
West Africa focuses on damage assessment and plant resis-
tance to the African sorghum head bug complex. Collabo-

rative research in Southern Africa focuses 
 on plant

resistance to the sugarcane aphid. Research in Texas sup-

porls foreign and domestic graduate student education and 

utilizes a holistic approach to identifying, evaluating, and 

deploying sorghum midge-resistant sorghums as a conipo-

nent of integrated pest mamagement. and developing and 

validating sorghum i 
 lat and sorghum midge dynamics 

computer models. Also. grecnbug- and yellow sugarcane

aphid-resistant sorghums are developed and evaluated in 
Texas, and resistance mechaisms and inheritarce deter-
mined. 

Rescarch Output 

African sorghumn head bug. Eurystylus sp. research in 
West Africa: The cotlaborative research prograin oi Afri-
caii sorghum head bugs began in earnest inWest Africa in 
1985 with ttre placement of Dr. Gary Steck, Texas A&M 
University Research Associate, at tie Tara Experiment Sta-
ti(i at Maradi, Niger. IHI conducted research there fir tw() 
years withi INRAN entomologist, Dr. Seyni Maiga. That 
research identified Eurysthlus rargrnatlus Odhiamlo as tie 
most important and abundant Iead bug species of sorghum. 

Steck's research was first to assess damage and elucidate the 
seasonal dynamics of the bug. Bugs reduced grain weight 
per panicle by 19-62%, and kemel vitrosity by 20%. Bug
infestation significantly reduced grain qualityand gennina
lion as aresult of oviposition and feeding in kernels. Glume 
characteristics, percentage of grain surface covered by 
glumes, and time from anthesis to opening of the glumes 
were significantly correlated with reduced head bug num
bers. 

After two years of head bug research in Niger, the re
search project was moved to Mali, where a collalborative 
relationship was established with Dr. Y. 0. Doumbia, IER 
entomologist. That project continues. The objectives of the 
collaborative research identified through annual work plans 
were to develop practical techniques for screening sorghums
for resistance to head bugs; screen sorghums for resistance: 
relate resistance to glume, kenrel, and grain texture charac
teristics: relate head bug abundance and kernel damage to 
pathogen infection, yield loss, gra in deterioration, and food
grain quality; and determine bug biology and population 
dynamics. This collaborative project has been very produc
tive. 

Resistance Screening and Methodolog y: Several hun
dred sorghum genotypes have been screened for resistance 
to African sorghum head bugs. Itwas from this research that 
tle resistance of MaliSor84-7 was found and confirmed. 
Sorghum breeders have used MaliSor84-7 to produce 
progenies with more favorable plant characteristics and with 
some resistance to the tread bugs. Equally important is the 
screening methodology developed. A procedure was de
signed and tested whereby bug-damaged and undamaged
panicles of test genotypes could be compared. This ihethod 
allows plant breeders to accurately determine with little 
effort during selection of large numbers of entries, relative 
damage by bugs. Three methods were used to protect sor
ghum panicles from bugs: constructed cages, plastic polli
nating bags, and insecticide. Tie plastic pollinating bags 
were the simplest way to protect panicles from bugs. Breed
ers can use these bags to cover sorghum panicles, later 
remove tire bags, and compare protected paiicles with pan
ides that were exposed to natural bug infestation to deter
mine the relative amount of damage to that genotype. Dr.
Dounibia, Mr. Conare, and I presented a paper on this 
research at the panicle insect workshop in Niger. 

Biology and PoTulationL arnics: Important aspects of 
the biolrgy ofAfrican sorghum head bugs are yet unknown. 
For exa mpIe, it is not kiown how the head bugs pass tie 
off-season. tlowever, much has been learned. Adult bugs
infest and lay eggs withiu the endosperni of kernels soon 
after sorghun panicles complete flowering. These eggs 
ratch into nymphs,and Ixth adults ard nymphs suck juices 
from the developing kernels. Only one generation is pro
duced oar a panicle, but there are two major peaks in abum
daice when liter developing paiicles are available. Usually 
one peak is inSeptember ard one is inearly Oct(ober. Olher 
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aspects of the biology and population dynamics are too 
detailed to present in this report. 

Relationship of Head Bugs and Pathogens: Research 
conducted through this program has determined the relation-
ship of head bugs and pathogcns. Experiments were con-
ducted on sorghum that was untreated, treated only with an 
insecticide, treated only with a fungicide, and trealed with 

anthinsecticide and a fungicide. The results of these,i 
experiments provided a means of assessing the bug/patho-
gen relationship. To summarize, bugs cause more damage 
than pathogens. but pathogens are more severe as bug abun-
dance and damage increases. Pathogens can occur without 
bugs, but are significamly more serious when bugs are 
present. The severity of pathogen infection is much in-
creased when rains continue late into the season, that is, 
when sorghum matures during wet conditions. Results of 
these experiments were presented in a joint paper by Dr. 
Doumbia and Dr. Ratnadass at the panicle insect workshop 
in Niger. 

Sugarcane aphid research in Sonth,'rn Africa: This re-
search project was coIIdtlCCd in Botswana iLd Zimbabwe 
in collaboration with Dr. ('hris Manthe. [)eparlinl of 
Agriculture entomologist in Botswana. anld Dr. Klaus 
Lcuschner, SADC/ICRISAT Soulhern Africa Regional Sor-
ghuni1llet Research Ptogram en itoIolog ist in Bulawayo, 
Zimbabwe. Fouriundred and sixty-lfoursorghtilin lines were 
screened for resistance to sugarcane aplhid. Forty-one lines 
had low plant damage and aphid abundance ratings. In 
Botswana, TAM428and ISI 261C were determined highly 
resistant, and IS12609C, IS12610C. and IS12664C were 
moderately resistant. In Zimbabwe, TAM42X. IS12661C, 
IS I2609C, and IS 12664C were highly resistant and 
IS 126 IOC was moxlerately resistant. Some differei i:d host 
plant ications were noted between aphids front Botswma 
and Zimlbabwe. Anlong the resistant sorghduims, high levels 
of antixenosis were found, usually in seedling and mature 
plants. Aphid mortality was high and fecundity low oil most 
resistant sorghums. The resislance appeared to be inherited 
,s a single, dominant gene. 

Technology Dev'elopment and Studcnt Education Rescarch 

The following is a sunmmarization of technology devel-
opment that supports internaliomnl research colabtration, 
and tie results of graduate stludent research projects associ-
ated with INTSORMIL since 1980. 

Technlogyc Develo uneit 

Integrated pest management strategy for sustaitale sor-
ghum production in developing and developed cottries 
begins with ihe identification and/o development of appli
cable management tactics. Research oi biology, hilbils. antd 
ecology of pest insects provides the knowledge required to 
take advantage of cultural manipulations that work against 
the insect pest iand in favor of tlie pr xlicer. Development of 
insect pest-resistant sorghum cullivars begiis with ain ef rt 

to identify sources of resistance and should end with release 
of a resistant cultivar for fanner use. Knowledge of tie 
insect pest density to plant damage relationship is required 
to detennine resistance level and to eslablish economic 
injury levels. Mechanisms of resistancc and the inhcritance 
of resistance need to be understoxd for breeding purposes 
and to assess stability of the resistance. 

Thousands of sorghums have been screened in Texas for 
resistance to sorghum midge, greenbug (different biotypes), 
and yellow sugarcane aphid. An important source of mate
rial to screen, especially for sorghum midge resistance, is 
the Sorghum Conversion Program. Other sources are from 
existing breeding programs, the world sorghum collection, 
and those collected around the world. Screening of sor
ghuns for resistance to some insect pests is under field 
conditions with natural infestations, while screening for 
other pests is done in a greenhouse using cultured insects, 
especially apihids. 

Beginning wi h the identification and confirnation of lhe 
resistance of the converted sorglium line IS12666C 
(SC0175-9) (released as TAM2566 germplasm) to sorghum 

lidge , this linCe and others from t le t nversion program and 
other programs such as Al-'28 (released as ISR I and Tx2782) 
have been used to develop agronoimically acceptable, sor
gium midge-resistant parentat lines and hybrids. During 
this project, cooperation between sorgluim breedinig and 
sorghum entomology projects has resulted in the registra
(ion and release of 65 sorgltinm midge-resistant A- and 
R-lines (Tx2754-Tx2781, Tx2801-Tx2815, Tx2869-
Tx2890). 

The development of'grcenbug resistant sorghui hybrids
 
Iihas ben a1successful product of this project but Ias been
 
counfounded by the development of greenbug biotypes.
 
Sources of greenibug biotype C resistance was discovered in 
sorghum lines such as IS809, SA7536-I, P1204453, and 
KS30, but thiis resistaice became ineffective in 1980 with 
the occurrence of biotype E. Resistance to biotype E green
bug was discovered in sources such as P1264453, Capbam, 
and others. This resistance is still effective, bil ia new 
biotype, biotype I was identified in 1990. Resislance to 
biotypc I was fouund in sources stich as P1550610 and 
P1550607, and these are being inlrogressed in elite pareital 
lines. During this project. 33 sorghum lines resistant to 
biotype C (Tx2567 & Tx2568, Tx2734-Tx2752, TAM 
Bk41-44), an( II lines resistaint to t';olype E (Tx2783, 
Tx2859-Tx28X) were registered anld released. Of these 
releases, ATY2752 and RTx2737 were extensively used in 
commercial sorghumhyiLibrids for resislace to biotype C. 
aitd RTx2783 aind its derivatives were extensively used for 
commercial hybrids resistant to hiotype H. 

Resistance to yellow sugarcane aphid was confirmed in 
the Ethiopian sorghum lines P1457709 and i114539 I. Cenes 
from tliese hiitosensitive sorgliums1ave been crossed into 
elite sorghum parenital lies which were evaluated. 
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The impact of the insect-resistant sorghums described 
briefly above has been dramatic. As carlier stated, insecti-
cide use on sorghum in Texas was at an all-time high at tie 
initiation of this project. In 1978, -60% of the sorghum 
acreage in Texas was treated with insecticide, while in 1990 
only -24% of the acreage was treated. The savings gained 
from not using insecticide were $6,(XX,(X) per year, and 
this does not consider the ecological or environmental bene-
fits, or benefits from the reduction in insect pest resurgence 
or secondary pest outbreaks. During this project, tile eco-
nomic benefit to Texas farmers h:as been at least 
$90,000,000. 

R. M. Anderson. Research Associate with this sorghuin 
entomology project has conducted on-going experiments to 
detenine insecticide efficacy and optimal frelutlncy. inter-
val, and times of day for insecticide applications for reme-
dial integrated pest malnagemcnt of sorgium midge. These 
experinlents complement othicr efforts oil non-chemical 
management tactics. Insecticides have the sigililicant ad-
vantage of being curative while nc -chmical tactics are 
preventive. Research oIl sampling procedures and economic 
threshold levels is designed to ensure tlhat inseclicide use is 
economically justified. The environmental COilsetLiences of 
insecticide use are in il portalt considerattion in these ex-
periments. For example, insecticide applicatiols begun dur-
ing the mid (50K) to later (75;%) stages of panicle aithesis 
resulted in less dalage, higher grain yields and tie need Ifr 

fewer applicatiollS than wleln applications1were niade prior 
to these anthesis stages. Optimal sorglltll midge conltrol 
was achieved when hourly illsecticide treallihlts were ap-
plied during the early to illid-n1lirning ill's (0 ())0-I(X)). 
Other experintiCis were coiRIlIcted to1eval ,lte IhIfccive-
ness of various "oil-only" IrealleInts for colllrl ol'sorghilm 
midge. Grain yields and kernlel damage data indicaled that 
treatnments of collonseed, corn, soybean, peallut. ald callla 
oils resulted in significant inariCrC:Ce il yield and reductions 
in damage when comipiared Ito unLlrealed sorghim, and some 
were is effective as some illSect icides. 

Student Education Rcserscah 

D. G. Hall, U.S.. Ph.D. s;tudeiit: This research iuvolving 
panicle-ilfesting bugs ;n Texas was alc project toimpanion 
ile African sorghumLicad bug research conduclcd il West 
Africa. Six species of bugs: O(ehalus puglt(v (F.), N'Zra 
viridula (L.), Leptoglos.sus phllmopus (L.), I1*vanta . ''rra 
(McAtee), Euslihistus siv-v'iru (Say), aiid Chlolvrohro hialta 
(Say), infested sOrghLu in. Alternlate hosts Ifrom which these 
bugs moved into sorghum included joltIIigras, dalIis-
grass,oats, Texasllthislle.ad silvercafnightshadc. BLIgs fed 
on steis, rachis braiiches, anld glules, but were primirily 
kernel-feeders. Dalmaged kernels were sialler anrd lightcr 
in weight than ndamnaged kernels aind were oftel shriveled 
and disctlored. Kernel daiage was po1sitively related to ) Lg 
abundance. Bug feedilg reduccd grain weightlnd gcrmina-
ti(i. From bug density/ker1el damage relliolships, cco-
nomic injury levels were established. 

R.W. Fisher, U.S. M.S. student: This research provided 
valuable informaliol on time of sorghum midge emergence 
and oviposition and environmental factors Ihat affect themni. 
This information has been important to sorghum midge 
management. Males emerged shortly after daybreak, 1-2 
hours before females emerged. Most females laid eggs on 
flowering sorghum between 10(X) and 12(X hours. Few 
sorghum midges were present at night. Time of emergence 
and oviposition were affected by relative humidity and 
temperature, and rain delayed these activities. Sorghum 
midges began to emerge from infested spikelets 10-13 days 
after infestation, aind peak emergence was 19-22 days aftcr 
infestation. 

C.L. Lippincott, U.S., M.S. studelt: This research iden
tified tie hynlenopterous parasitoids of the sorghum midge 
and parasitoid biology. Four species parasitized sorghum 
midge and were mostly ectoparasitic. Development time 
from egg to adult corresponded to that of sorghuml midge. 
ParaSitis i did not adeqltnacly suppress sorghuLIm Midge 
abundance. 

K. D. Mellon, U.S., M.S. student: This research was the 
first to examine in resistant sorghum hybrids, mechanisms 
of resistance to sorghum midge. It showed that there was 
some nonpreference resistance, but the major effect wais 
prodLucion of40-40% fe wer offspring by sorghliun midges
infesti lg resistaitstrghLiS thail thse ilfesIig susceptible 

hybrids. 

G. J. Ilallman, U.S., Ph.D. sludent: This research was 
the first to asse.,;s the relationlship of sorghuni midge adult 
abundance Io resulling damage to resistalnt and sLisceptible 
sorghums aln provided the dlata oil which current economic 
injury levels are based. From 36-5 1 kernels per sorghum 
midge adult were destroyed on suisceptible sorghums but 
only 9-13 o1 resistal sorghums. Also, no compensatiol for 
dalaged spikelets by un damaged spikelcs occulrred. Resis
laice primarily resulted from reduced oviposition. 

F.I1.Baxendale, U.S., Pih.D. stldenlt: Tihis research was 
first to deVClOp bi(I-illysicai 111:11atical coiu11111er models 
to sinliulate sorgitn midge developmenlt. Two lelleraLture
depe dellt iodels were lo011 lat ed which described spring 
emergence from overwintering and devClopmen of nonidia
pausing generations of the sorglium midge. 

J. M. Watluil, Brazil, Ph.D. studet t: This rescarch con
firmed Ihe effect of resistmr sorghums oi reduced oviposi
tioi by sorghum lidge, and tile presence if adult visitation 
:ionpreference. It chtracterized the "conIfused" aclils of 
Icmales on resistalt sorghums. 

M. 1. Beceira. (olombia. M.S. situdelil: This research 
cIl'iri Illec cl o omc aldvai.It ig, of sorgh1111u111i dge-resis
tan( sorgim hybridls liver ihat of sLsceptible hybrids. It 
clmpared yields when the two types ofli ybrids were insec
ticide treated unler differenl application schedlecs anld not 
treated. Net returns from tile resistaiit hybrid when insecli

35
 

http:aldvai.It
http:thislle.ad


SttainablePhntProtection Systems 

cides were used and not used, were 58.7and 101.8%higher, 
respectively, than that from the susceptible hybrid. When 
sorghum midges were very abundant, net returns from the 
resistant compared to the susceptible hybrid were 79.3 and 
505.4% higher when insecticide was used and not used, 
respectively, 

J. P. Breen. U.S., M.S. student: This research assessed 
the damage by yellow sugarcane aphid to sorghum. Aphid
densities of 2 to 8 per plant reduced yields from 0 to 35%. 
Aphid damage increased the time to 50% flower by 2 to 12 
days. Yield reduction per aphid was 2.5%. Dynamic eco-
nomic injury levels were calculated, 

A. E. Ali, Sudan, M.S. student: This research screened 
newly available converted exotic sorghums for resistance to 
sorghum midge. Based on damage ratings and yield loss 
assessments, the following new sources of resistancc to 
sorghum midge were identified: IS8232C, IS8112C, 
IS7193C, IS8237C, IS6946C, IS7132C, IS807C, 
lS6984C, and IS3390C. Also, the resistance was determincd 
to be dominant for some, inconipletely dom inant for others, 
and recessive for others, 

M. E. Merchant, U.S., Ph.D. student: This research was 
the basis for improved sampling procedures for sorghum
insect pests based on within-field spatial patterns, and as-
sessed farmers and pest management advisors' attitudes and 
practices regarding sorghum pest management and field 
scouting. A "beat bucket" method was found suitable for 
field scouting. From 30-39% of fanners and 56-72% of pest 
management advisors did not follow stale Extension Service 
guidelines for economic thresholds of sorghuim midge, corn 
earworm, and rice stink bug. 

M. J. Scully, U.S., M.S. student: Population dynamics 
of corn earwornn were detenined. Life tables were con-
structed for corn earwornis infesting compact and loose 
panicle sorghums. Egg and larval mortality were similar for 
the insect on either panicle type, and mortality exceeded 
98%. More larvae incompact than loose panicles were a 
function of more eggs laid. 

H.P. Thindwa, Malawi, Ph.D. student: This research 
assessed the resistance mechanisms of sorghuni resistant to 
biotype C and E greenbugs an1d determined the effect of 
temperature oii the expression of resistance. Tolerance was 
the major resistance mechamism wasxdmore pronounced 
at 30 than at 21 or 260 C. Anlixenosis and antibiosis were 

evident, but at low levels, and were affected by tempnerature. 


C.S. Manthc (see research output sectiion). 

N. C. Jimenez, Colombia. M.S. student: lImprovements 
in the level of retsistance to sorghum midge were evident 
when resistant were mixed with susceptible sorghunis to 
increase the effectiveness of nonprefernce resistance. This 
research was first to show that the spikelet flowering of 

resistant sorghum did not coincide with the presence of 
oviposiling female sorghum midges. 

B. B. Pendleton, U.S., Ph.D. student: Data on the popu
lation dynamics of the sorghum midge in relation to anthesis 
of sorghum were used to refine and validate a model to 
simulate sorghum midge incidence and abundance. Ability 
to predict sorghum midge occurrence in relation to sorghum 
flowering would improve sorghum midge management ca
palbilities. Sorghum hybrid and length of panicle accounted 
for 47.8% of the variability in the number of spikelets per 
panicle. Most spikelets in a field were in anthesis on days 
seven and eight, and most spikelets on a panicle were 
susceptible to sorghum midge oviposition on days 3-4 of 
anthesis. The model was fornulated by combining a tern
perature-dependent poikilothenn development model, a 
temperature-independent distribution of sorghum midge de
velopment times, a distribution of abundance of sorghum 
spikelets in anthesis in a field, and assessments of daily 
abundance of ovipositing sorghum midges. The model ac
curately predicted sorghum midge emergence and xcur
rence of generations. Sorghum midge generation time 
ranged from 15.8-21.0 d. Abundance increased from no, or 
few, ovilX)siling sorghum midges inMay to a maximum in 
mid-July. The static economic threshold density of one 
ovipositing sorghum midge per panicle in anthesis was 
estimated to be exceeded on 27 June, during the last days of 
the season's third generation of sorghum midges. Wind was 
the primary delerminam of the direction and probably dis
tance of dispersal of sorghum midges. Most sorghum 
midges trapped during late-July and August dispersed to
ward the northwest, but a few dispersed against the prevail
ing wind direction and toward nearby sorghum. Sorghum 
midges were trapped >400 in from where they had emerged. 

D.J. Jost, U.S., M.S. student: Incooperation with Tem
pie TAES scientists, research was conducted to validate the 
sorghun midge component of the sorghum crop growth 
model, SORKAM. ilncorporalion of the sorghum midge 
component into SORKAM would allow prediction of ihe 
initial emergence of sorghum midges, abundaice increases, 
and sorghinn yield loss. Sorghum inidge abundance in 1991 
was cousidemmbly higher than in the previous year and yields 
were higher because of more annual rainfall. Field paranie
ters required to run SORKAM were incorpo ated into the 
model. Observed da1a w,ere compared to SORKAM'S pre
diclions. Initial comparisons indicated that fIrthter modifi
cations to the model were needed. Data from nine of 36 
fields were used to refine tie minldel. Modificalions to the 
model included adjusting iiiitialjohnsongrass densities. The 
model was lhen re-eva!uated and further iiodlifications of 
SORKAM were made. Although the model still requires 
refinciien, close approxiiatiou between observed and pre
dicled values are being recorded. Sllistical analysis re
inains to be conductcd. 

R.Magallanes, Mexico, P'h.D. student: Differential feed
ing behavior and survivorship of sorghum midge infesting 
resistant and susceptible sorghum were evaluated. Two 
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sorghum midge-susceptible (RTx430 and RTx7000) and 
three resistant sorghum lines (RTx2782, RTx2767 and
RTx2890) were used for comparison. At anthesis, floret 
samples were cuilected every ether day until physiological
kernel maturity. Florets chosen were dissected to record 
numberand location of immature stages ofsorghum midges.
Sample size was increased to help reduce data variability 
and effort was made to account for differences in plant 
development. Data collected included life cycle length, egg
location and rate, larval feeding site in the floret, and rate of 
sorghum midge survivalship. Also :ecorded was rate of
female sorghum midge floret visitation, and subsequent
grain yield. Seasonal behavior patterns were also investi-
galed and will be related to sorghun midge feeding behav-
ior. 

A. Paliani, Malawi, M.S. student: Greenhouse screening
trials confirmed that P1457709 and P1453951 are moder-
alely resistant to yellow sugarcane aphid when compared to 
a susceptible stanidard check, Tx43O. These sorghum lines 
were more resistant to yellow sugarcane aphid in the very 
early seedling stage (4-10 cm) than at later seedling stage
(18-35 cm) when plants were infested with 5 or 10 aphids 
per plant. When early-stage seedlings were infested with 20 
aphids per plant, all plants of the resistant lines were killed
within two weeks. Nonpreference wLs not a najor re:.slance 
mechanism of the resistant lines. Based on plant grov,,h, the 
two resistant lines showed greater tolerance to yellow st'g-
arcane infestation than (lid susceptible sorghum and uunin
fested plants. Antibiosis was shown tn exist and is a 
resistance that componcnt affects survival and progeny pro-
duclion. 

Networking Activities 

Workvhops 

Major international sorghum entomology workshops or-
ganized are as follows: 

lnternational Sorghum Entomology Workshop. 15-20 

July 1984, College Station, Texas. Sponsored by INTSOR-

MIL, ICRISAT, and Texas A&M University. 


International Consullative Workshop on Panicle Insect 
Pests of Sorghum ali0 .,:l] Millc. 4-7 October 1993,Niamey, Niger. Sponsored by ICRISAT. 

Internalional workshops participated in are as follows: 

INRAN/INTSORMIL/NCRP Sorghum/Millet Work-
shop. 13-17 Oclober 1985, Niamey, Niger. Sponsored by
INRAN and INTSORMIL. 

International Workshop on Plant Resistance to Insects. 
Biennially each February since the start of the project. 

Research Investigator Exchanges 

An average of 10 international scientists visited the sor
ghum entomology program at Texas A&M University each 
year of the project. Short-term training programs were di
rected for Mrs. Niamoye Diarisso Yaro from Mali, and Mr. 
Abdul Jalil from Bangladesh. 

Gernplasm, Equipment and Supplies, and Information 
Evchange 

Seed requests were received from an average of 10 inter
national scientists each year for the life of the project, and 
these were forwarded to Dr. Gary C. Peterson. Publication 
reprints or copies related to sorghum entomology were sent 
to 119 international scientists. Research supplies and equip
ment were sent to Mali, Niger, Botswana, and Zimbabwe to 
support on-site research activities. Material for cages, bags 
to cover panicles, insect-collecting supplies, insect-preser
vation supplies, computer software, and other research-re
lated supplies were provided. 

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

The development and distribution of the Sorghumt Insect 
Identification iHandbookhas been a valuable tool in lechnol
o,-y exchange. 

Pubicat uns and Presentations 

Publications 

Merchant, A. E.& (. L,.Teeles. 1992. t'valuation of selected sampling 
methods for lp.nicle-infesling insert pests of sorghum. J. Econ. t'ntoniol. 85: 2418-2424.
 

Teetes, (;. L. 1992. Sorghum management options to reduce insect-induced
 
siress. Proc. Ann. Corn and Sorghum Industry Res. Conf. 47: 112-120.
 

Anderson. N1.I.&G. L.'etes. 1993. lvaluationof insecticide apsplication
timing, intervals and frequency for control of sorghum midge in sor
ghuin. Tex. Agric. Exp. Sin. I'R-5049. 61,1.
 

Peterson, G. C., (. I.. 
 eetes, J. W. Jones, and R. M. Anderson. 1992. Yield 
and selected trails of sorghum midge resistant hybrids in tihe presenceand absence of the pest insect. Tex. Agric. Exp. Sin. l'R-4922. 4pp.Anderson, R.M. & G. 1. Teetes. 1993. Evaluation of insecticides for 
suppression of sorghum midge on 1991.sorghum. Insecticide and
 
Acaricide Tests. 18: 266-267.


Teetes, G. L. 1993. Adjusting crop management reconinendal ions for
insect-resistani crop varieties. 1.Agric. Enloinol. (Accepted for publi

cat ion)
 
reetes, (. 
 L., R.M.Anderson. and G. C.l'eterson. 1993. Exlsfoitation ofsorghum nonprference resistance to sorghum midge (Diplera: Cecidolnyiidae) using mixed plantings of resistant and suscelpible sorghunt 

hyhrids. J. [icon. :ntoiol. (accelped for puhlication). 

Presentations 

"leetes, (;. 1,. 1992. Sorghum nidge up-date. "lexas Plant Protection Con
ference, College Station, TX. 
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lost, D. J.& G. L. Teetes. 1992. Refinement and validation of the sorghum 
midge component of the grain sorghum crop model - SORKAM. Texas 
Plant Protection Conference, College Station, TX. 

Anderson, R. M. & G. L. Teetes. 1992. Sources of biotype I greenbug 
resistance in sorghums. Texas Plant PIotection Conference, College 
Station, TX. 

Magallanes-Cedeno, R.& G. L. Teetes. 1992. Sorghum midge infestation 
pattern of resistant and susceplible sorghum. Texas Plant Proleclion 
Conference, College Station, TX. 

Pendleton, B. B. & G. L. Tectes. 1992. Predicting sorghum midge popula
tion dynamics. Texas Plant Protection Conference, College Station, TX. 

Teetes, G. L. 1992. Adjusting crop management recommendations for 
insect-resistant crop varieties. Value and Use of Plant Resistance to 
Insects in Integrated Crop Management, [Etomological Society of 
America, Robert II. Nelson Memorial Symposium, ltaltimore, IMD. 

Teetes, G. L. 1992. Sorghum management options to reduce insect-induced 
stress. Forty-Seventh Annual Cor & Sorghum Industry Research 
Conference, Chicago, IL. 

Teetes, G. L. 11-93. Economic impact and economic thresholds for the 
greenbug. Entomological Society of America Southwestern ltranch. 
Albuquerque, NM. 

Anderson, R. M. & G. L. Teeles. 1993. Sources of biotype I greenbug 
resistance. I8th Biennial Grain Sorghum Research and LUtilization 
Conference, Lubbock. TX. 

Jost, D. J. & G. L. Teetes. 1993. Refinement and validation of the sorghum 
midge (l)iptera: Cecidonyiidac)component of the grain sorghum crop 
growth model - SORKAM. 18th Biennial Grain Sorghum Research and 
Utilization Conference, Lubbock, TX. 

Magallanes-Cedeno, R. & G. 1. leetes. 1993. Adjusting the economic 
threshold for sorghum midgte (Diptera: Cecidomyiidae) with an infes
tation index. 18th Biennial Grain Sorghum Research and Utilization 
Conference, Lubbock, TX. 

Pendlelon, It. B. & G. L. Teetes, 1993. Predicting sorghum midge popula
tion dynamics. 18th Biennial Grain Sorghum Research and Utilization 
Conference, Lubbock, TX. 
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Summary 

For 15 years, the objective for this project has been to 
contribute knowledge needed for implementing sustainable 
integrated pest management (IPM) strategies to deal with 
insect constraints to sorghum and millet production. The 
focus of this research has been in tHonduras, Niger and the 
United States. This research has empha.,ized the biology and 
ecology of pest insects and their natural enemies, assess-
ment of key natural enemies and dev(,lopient ofconceptual 
models for using biological control in annual crops. This 
project is acompanion to an INTSORMIL project on plant 
resistance and IPM. 

On-site collaborative research has been conducted onl 
natural enemies of stem borers and whorlworm on sorghum
in Honduras, and on natural enemies of stem borers and 
millet head miner on millet in Niger. Research in Honduras 
examined biology and ecology of whorlworni and slem 
borer natural enemies, especially how to inaii il.ilkic these 
enemies to improve biological control of wlorlworin. Three 
students conducted research in Iloiiduras during this pro-
grnn, and two of these students have returned to an LDC to 
begin their professional careers. In Niger, the initial focus 
was on stem borers attacking millet: more recently the focus 
is on millet head miner. In both cases, [lie research was 
conducted by student trainees. One of these students is now 
employed by ICRISATat the Saiclian Center. This research 
continues, and is now focused on the millet hiead miner. In 
the United States, the research has focused on insect pests 

that are analogous to those in Honduras and Niger, including 
stein borers, midges, aphids and spider mites. 

During the course of this project, strong cxperative ties 
have been eslablished with collaborators in Honduras and 
Niger. These collaborations have resulted in development 
of suslainable biological control strategies for stem borers, 
and infornmation on pest and natural enemy biologies i;a!; 
contributed to improved approaches to IPM. For 
whorlwornis in Ilonduras, techniques were developed to 
manipulate key natural enemies; for stem borers in Hondu
ras, an efficient natural enemy waLs imported, rc leased in 
Honduras and established: for stcin borers in Niger, ;!itural 
enemies were demolstrited to occur in greater densities in 
natural vegetation than in millet, a suggestion that the sub
stantial changes to cullivated millet is interfering wilhi bio
logical controls; and for millet head miner in Niger, the 
biology and in pact of head miner natural enemies mlst be 
:Lisessed before progress can be made for biological control 
If the head ininer. For spider mites in the United States, 
phyloseiid prcdalors have been demonstralcd as an effective 
altenative to pesticidat conitrol: for stein borers in Ile U.S., 
paras;ites were shown to be effective on tIhe American sug
arcane borer attacking sorghui; for midges in the U.S., 
para.siles of midges were demonstraled to be present inmust 
johnson grass (atcrn ale host staads in Texas, and may bX 
useful as commercial controls if a numerical relationship is 
promoted in jols,migrass: and for aphids attacking sor
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ghum in the U.S., predators were demonstrated as key natural enemies. Biological control implemented without 
natural enemies for effective biological control of the proper enemy assessment results in necdless failure. This is 
aphids, other aphid species were demonstrated as important especially important in the low input and fragile farming 
nonpests that support the needed nalural enemy complex on systems typical of developing countries. In these systems. 
aphids, and predators were shown to be important to the omitting or improperly assessing enemies not only misses 
overall IPM strategy on sorghum crop protection, an opportunity for reliable and inexpensive pest control, but 

also increases prospects for significant crop losses. 
During tae course of this projecl. significant advances 

have been madc in biological control and these advances This project seeks to develop scientists from national 
contributc !o improved 1Pvl of sorghum and millet, and to agricultural research systems (NARS) in developing coun
improv :'J concepts for using biological control in annual tries. These scientists are trained to be specialists in biologi
crops. Moicover, in 15 years this project has conducted cal control, and to develop biological control technologies 
research that resulted in 84 published articles, 45 invited or and concepts that can be useful to subsistence and high-input 
sutn~i~:'l paper presentations and 21 graduate degrees crop production systems. The project uses on-site collabo
either conferred or in progrcss. rative research, development of new technology, evolution 

of vital biological control theory, and a strong focus on 
Introduction graduate student training. Student training is particularly 

important for this CRSP because ultimately scientists 
Arthropod pests are among many external stresses that trained in this program are the key to sustainable NARS 

reduce or prevent stable yields of sorghum and millet in resources who will develop future pest control strategies. 
developed and developing countries. Among the most ima- Research in tile United Slates provides a platform for train
porlant of these arthrop)ds are aphids, panicic feeding cat- ing, evolving theory, conceptualizing and defining func
erpillars, stem borers, armyworms and nIdge,. Where tional ecosystems of pests, developing methodologies for 
possible, these pests are often controlled by chemical pesti- measuring actual and potential impacts of natural enemies, 
cides which are generally expensive and ecologically dis- and validating results of biological control after implemen
rupltive. In recent years, tile public isdemanding safe fkd, tation. 
an unpolluled environinenlt and conservation of wildlife and 
other natural resources. These demands are generally in- Objectives, Production and Utilization Constraints 
compatible with chemical pesticides, and thus req irc ahicr
native control strategies that are sustainable and minimize Objectives 
dependance on insecticides. Biological control is a suSiain
able alternative, and is typica" very effective when inte- Central America 
grated with other sustainable practices. 

Assess the efficacy of natural enemies that may be useful 
Sustainable pest management strategies generally re- for biological control of stetn borers, fall armyworm and 

quire more detailed understanding of pests' ecology and other pests of sorghum: optimize tile implementation of 
their natural enemies. Biological control in perennial crop effective enemies for producing local sorghum crops. 
ecosystems places a premium on natural enemies that work 
best with habitat stability, whereas biological control in West Africa 
annual crop ecosystems places a premi um onl natural ene
mies tI'al are adaptable for survival on varying host plants Assess the l)tential of biological controlagents attacking 
and on varying species of hosts-prey. Thus, to be sustain- millm head miner (NiI-IM) and millet stem borers, and in 
able, biological control often requires detailed information fieid trials to assess agent value for biological control: 
about tile pest, relatives of the pest, and the natural enemies conuu field studies for implementing conservational and 
of these phytophagous arthropods. Tlhis information is es- augmeulational biological controls in integrated crop pro
pecially important for times of year when the pests inhabit tection strategies. 
non-crop portions of the agrOecosystem. 

United States 
Biological control of arthropods is a tactic that has a long 

history cf success. However, most of this history is in Provide graduate level training programs and develop 
developed countries and vvi exotic naturat enemies iin- stratgies tor iinplencnniiig biological controls in sorghtiLn 
ported to :otrol exotic pests oii perennial crops. This his- and inillet, develop examples of conceplts and tactics for 
tory provides dmost no insight on flow to use indigenous implementing biological control in antual crop ecosystems; 
natural enemies to control inligenous pests on annual crops. investigate plant-pest ecology and identify potential bio-
Also, this history fails to illustrate the special imporlance of logical control agents for use against sorghum and millet 
assessing natural enemies before advocating their use for pests: and develop uderstanding needed to integrate effec
biological control. Preliminary assessment of natural ene- live biological controls with host plant resistance and other 
mies isespecially important for a pest management strategy local pioduction practices. 
that uses biological control by augnienting or conserving 
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Constraints of these pests. Discussions in 1990-92 with faculty at the 
Pan American School of Agriculture sought to identify aInsect pests of sorghum and millet addressed by this student from Central America for Ph.D. graduate training.project arc key pests and primary constraints to efficient When identified, this student will consolidate research recrop production in Niger, Honduras, and the United States. suits of the prior three M.S. programs on biological control.Sorghum and millet sustain losses and control costs from Research on stem borers in the Honduras maize/sorghuminfestations of key insect pests, and these losses and costs ecosystem released and recovered an exotic parasite,are variables that can be minimized with imprnrved manage- Cotesitflavipes. Further surveys are needed to confirm thisment practices. Ideall), management practices for these parasite as pennanently established.
 

pests are compatible with oher agronomic needs, and are
 
ecologically sound. Detailed ecological understanding of West Africa
 
target pests and their natural enemies is key to asustainable
 
pest management strategy. Research on millet was initiated in Niger in tileSpring of 

1986 and focused on the millet stalk borer (MSB), H/aim-Research Approach and Project Output bachia ignefusalis (Lepidoptera: Pyralidae), and the millet 
head miner (MHM), Iheliocheilusalbipunctella de JoannisResearch Approach (Lepidoptera: Nocluidac). In the summer of 1993, additional 
work was initiated on 11. albipunctella. Research conductedTAM-125B uses on-site collaborative research in devel- on these pests included identification of non-crop hostoping countries as complements to research in tileUnited plants, natural enemies, oviposition behavior, affects onStates. The piima y research focus is to develop under- crop loss, survival illexcised millet stalks, and l)opulltionstanding for using biological control as part of improved dynamics. The NSB was collected in Niger from 14 phltintegrated pest management strategies. The collaxrative species and seven gramineous and non-gramineous famairesearch in West Africa consists of biological and ecological lies, with Anb'oporgon gcqanus being the most commonlyexperiments to better undersland millet head miner and infesled non-crop plant. MSB apparently uses these nonmillet stem borers and their respective natural enemies. The crop plants as a diapause refuge. Our research indicates thatresearch in Honduras consists of biological and ecological MSB causes serious damage to both early and late plantedexperiments to better understand fall army worm (i.e., millet, though greater numbers of MSB occur in early millet.whorlworm) and stem borers and their respective natural Results of work on MSB ovipositional sites indicated thatenemies. In tie United States, research consists of biological green millet slalks with inlact leaf sheaths were preferredand ecological experiments on spider miles, aphids and over flat green or dry leaves. This behavior complicatessorghum midge and their respective natural enemies. In all insecticide strategies for controlling MSB because the larresearch, tileprogram is developing ideas and approaches vae bore into the stalks immediately after halching and thusneeded in biological control to effeclively use natural enc- are not exposed to the toxicants ifapplied. Research on MSBmies in a sustainable process that is compatible with inte- daimage showed anegative correlation between grain weightgrated pest management. and numbers of exit holes in mature plants, that diapausing 

MSB larvae occurred in all stalk inlernodes but were mostProject Ottq1t numerous in internodcs distal to the plant base, and that 

CentralAmerica 
damage was greatest when MSB occurred on intemodes
distal to tie plint base. Though svveral parasite species 

Experiments were conducted ol fall arlyworns and 
attack MSB in millet, densities of MSB are not suppressedby Ihese parasites. Tlhis result supports imporling additionalstem borers in Honduras during 1982 through 1988. This parasitc., from other parts of the world into Niger. Rsearchrescarch collaborated with Drs. Ketilh Andrews. Jeff Bentley on MIIM is currently examining the impact of specificand Dan Meckenstock to identify the most important ene- natural enemies. This research is a precedent to developingmics of FAW. Fall annyworm (FAW) (i.e., whorlwornl), tactics for manipulating extant M-IM natural enemies,

Slpodopterafiugilrda,has many natural emnemies in lon- either iii a conservalion or an augmenlation approachduras. Results revealed that three of these enemies can 
to

be implement biological control.
particularly useful and may be manageable. Iliese enemics 
are an earwig (Doru taeniatnu), tie tropical fire ant (So- United States 
enopsis geminata), and a species complex of paper wasps(Polybia spp.). Research to date has detennined tilebiology TAM-125B, Biological Control Tactics for Sustainableand seasonal phenology of the earwig, the impact of fire Production of Sorghum and Millet, has worked with popuanis, and tactics for manipulal ing fire ants and D.taeniatuin. lations of arthropod pests and their natural enemies illtile
This work also showed that FAW and other pests are more U.S. insorghunl and Nigerien millet. These two crops areabundant on maize than sorghui, and that tile abu ldance (If typical of annual crops that often are perceived as isolatedFAW and other pests isgreater in mixed maize and (hai in and discontinuous life systems. This perception promotessorghum monocultures. Research has progressed suffi- viewing these crops as temporary or ephlmecral arthropodL:iently to begin investigations on manmipulating tlie enemies refugia. Actually they are parts of larger ecosystems com
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prised of not only crop refugia, but also of enduring noncrop 
refugia such as noncrop weedy host plants, streams, hedge 
rows, turn rows, fence rows, ditches, roadsides, and pas-
tures. These enduring habitats occur near annual crops. and 
harbor relatively undisturbed vegetation and populations of 
arthropods. Noncrop habitats are well recognizedas sources 
of arthropods that damage crops, but usually are not man-
aged to lake advantage of their value ais refugia for natural 
enemies of these pests. Since 1979, TAM- 125B INTSOR-
MIL research in the United States has developed and exam-
ined several models for using natural enemies from noncrop 
refugia to control pests in sorghum and millet. In Model I. 
a nonpest invades the crop early and "holds" significant 
numbers of immigrating natural enemies in the crop until 
the "real" pest arrives. An example is coccincllids thit 
immigrate from nearby crop and noncrop refugia to occupy 
grain sorghum. Here they prey on corn leaf aphids (Rho-
palosipimu maidis (Fitch)) (i.e., nonpest) until greenbugs 
(Schizaphis graminunt (Rondani)) arrive: as the key pest 
greenbugs are available, the coccinellids become principal 
nalturl enemies for biological control of this pest (Kringan'i 
Gilstrap 1986). Model I1features early movements of natu-
ral enemies into a crop from roncrop rel'igia, and these 
enemies then show a within-crop numerical response to 
changing pest densities in the crop. An example is move
ment afnatural enemies of spider mites moving from weedy 
refugia (i.e., johnsongrass) into grain sorghum where they 
respond numerically to Banks grass mite (Oligonychus 
pratensis) and two-spotted spider mite ('eItranychus urti-
cae.) In Model Ill, a natural enemy numerical response 
occurs in a noncrop refuge and these enemies suppress the 
pest before it moves from the refuge to grain sorghum, 
Examples of this model are (1)sorghum midge on johnson-
grass (i.e., noncrop) and grain sorghum, and (2) the stem 
borers on Andropogon and millet. 

Technology Developnent atd Student Education Research 

Technology Development 

The research approach of TAM- 125B consists of on-site 
collaborative research, complimentary research in the 
United States to develop supporting theory, and graduate 
student training. Collaborative research in Niger and lion-
duras is focused mostly on implementing biological control 
of the millet head miner and fall annyworm, respectively. 
In the United States, the goal is to implement biiological 
control of spider mites, apthids and sorghum midge. Re-
search in the United States provides the platform for Lider-
standing and validating results of biological controls when 
implemented. Specific project activities include: (I) use 
literature to determine the known diversity, geographic dis-
tribution, and host plant affinities of natural enemies of 
sorghum pests in selected sorghum producing regions of the 
world: (2) collect. culture and evaluate natural enemies that 
attack sorghum and millet pests to develop their biology, 
behavior and seasonal abundance profiles: (3) initiate work-
ing relalionships and informational exchanges with investi-
gators insorghum and millet producing regions of tie world: 

(4) use classical techniques for studying ihe biology of 
sorghum and millet pests and their associated natural ene
mies are used and include laboratory, greenhouse and/or 
field studies: (5) determine the effects of various environ
mental factors on natality and mortality of arthropxls asso
ciated with sorghum and millet; and (6) determine the 
temporal and spatial distributions of sorghum and millet 
insects and their associated natural enemies. 

Student Education Research 

Imad Bayoun, Lebanon, Ph.). student: This research 
is assessing the merits of three approaches for measuring the 
impact of aphid enemies in Texas Panhandle. The research 
seeks to develop improved methodologies and expand the
ory for evaluating parasites of aphids. Specific objectives 
are to (1) select insecticides and application rates to selec
tively remove natural enemies from plots and estimate the 
impact of natural enemies, (2) determine the value and role 
of chemical versus caged exclusions from measuring the 
impact of natural enemies, and (3) determine how host 
exposures can be useful for estimating the impact of natural 
enemies in htbilals that are dynamic within pernmanent 
agroecosysteiis. 

Robert Behle, U.S., Ph.D. student: Changes in the 
nonstructural carbohydrate (NSC) levels ingrain sorghum, 
Sorghum bicolor (L.) Mench, due to greenbug. Schizraphis 
graminum (Rondani) feeding were examined. Concentra
tions of fructose, glucose, sucrose, ffuctan, and starch in 
grccnbug-infcsed and uninfested sorghum plant samples 
were determined using high performance liquid chromatog
raphy. Objectives of this research were to observe the effects 
of grecnbug feeding on the nonstructural carbohydrate con
centrations (NSC) of sorghum plants at three plant growth 
stages and determine if greenbugs create a nutrient sink at 
the feeding site, which competes with tlie normal plant 
nutrient sinks. For seedling sorghum plants grown in the 
laboratory, greenbug feeding infested plants had greater 
glucose and starch concentrations in the shoots compared 
with uninfested plants. Also, greenbug infestations reduced 
shoot length, shoot fresh weight, shoot dry weight, root fresh 
weight, and root dry weight (df=3, P_0.05). Greenbug-in
fcsted vegetative sorghum had a greater total concentrations 
of NSC inr(ots compared with uninfested plants. Increasing 
greenbug densities caused deficiencies in the shoots before 
depleting NSCs from the roots. For reproductive plmits 
when greenbugs were confined to the third leaf below the 
head, greenbug-iuftested plants had greater concentrations 
of total NSCs in tlie infested leaf while uninfested leaves 
above and below the infested leaf, peduncle and root sam
pies had reduced concentrations of NSCs compared with 
uninfested plants. Results suggested that greenbugs feeding 
initially triggers a plant response that increases the concen
trmtion of NSCs, then creates a nutrient sink near the feeding 
site that draws NSCs from roots of seedlinig plants and other 
leaves of reproductive plants. For all three growth stages, 
grecnbug feeding depleted NSCs from tie infested plants 

42 



Sustainable Plant Protection Systems 

and may explain why greenbug damaged plants exhibit JelTrey Edwards, U.S., M.S. student: These studiesdelayed recovery after the aphids are removed. investigated tile competition between two coccinellid preda
tor species (Coceinella septempunctata L. [C71 and Hippo-Gary Brooks, U.S., M.S. student: This research exam- danna convergens Guerin-Menville [I-ICJ), and the effectsined the parasitism of sorghum midge, Contarinia sorghi- of this competition on the suppression of grecnbugs. Coincola (Coquillelt). on a ubiquitous host plant, johnsongrnss petition between two predator species and their ability to(Sorghum halepense).These studies revealed Ihal a)the soft suppress aphid oi×pulations were invest igated. These experidough stage is the best stage of development for optimal ments showed that competition among individuals of mixedmidge and midge parasite emergence, b) the tertiary species is about the same as it is among individuals of onebranchlet is the least variable sample unit for monitoring species when one species is caged alone. These studies alsomidge and midge parasite population dynamics on johnson- found no conclusive evidence that C7 interferes with HCgrass, c)adults of the midge parasite, Tetrastichusblasto- population increase or HC predation. In fact, the presencephagi, emerge from midge hosts significantly earlier than of C7 apparently complimented predation of HC.


do other midge parasites and thus should not be included in

estimates of percent parasitism when samples are collected 
 Daniel Flores, U.S., Ph.D. student: This research isas in our studies, d) 7'.blastophagi emerged only from developing biological controls for spider mites,and seeks topediceltate spikelets, and e) inaddition to 7".blastophagi, understand the links between "banding" with Comite® andother species of parasites attacking midge on johnsongrass impact of naturally occurring predators, and ecology ofare Eupelnus popa (60% of the total for the 3), 7'.hr. phytoseiids. Specific objectives are to (I) document thevenustus (36%), and Aprostocctus diplosidis (4%). These timing, rates and impact of Conite® and other key acariresults facilitate efforts to collect additional species of cidcs on naturally xcurring predators, (2)document the rolemidge parasiles on grarineous hosts in other parts of the of natiral enemies in making plant bIanding with Corn ite®world for use inbiological control of sorghum midge. work, and (3)develop the biology ofkey naturally (Xcurring 

enienies of spider miles, especially using alternate foodMatthew Ciomperlik, U.S., Ph.i). student: This re- sources.
 
search is seeking to develop a capability for separating

populations of Diacretiella sp nr rapae, important for bio-
 Daniel Friese, U.S., M.S. student: This research examlogical control of aphids. The work was conducted sub- ined the survival and efficiency of three species of spidersequent to importation biological control project that mite predators at low levels of prey availability. Theseimported eleven strains ofD. rapac for biological control of established a relationship between the prey killing powersaphids on grain sorghurm. Standard horizontal slarch gel and developmental times for each predaiceous phylosciidelectrophoresis techniques were used to survey seven geo- when feeding on two species of spider miles which occur ongraphic strains of Diacretiellarapac for isozyme polynnor- sorghum and other crops. Predatory stages of Phytoseilusplisms. The separations are necessary as an antecedent to pet-sinilis killed about 30% more spider mites/instar hourfield research thzt will detennine the respective impact of than respective stages of either Atnhlyseius califoinicus or
these new natural enemies versus those already present on Metaseiuluts occidentalis. Reproductive females of P. peraphids in the sorghum-wheat ecosystem. The clectrophore- similis killed more than 3 times the number of prey eggs
sis work used twenty-three enzyme strains and five buffer- killed by A. califoirnicusand more than 5 times the numbering systems. Each enzyme stain was tested with each of the killed by M. occidentalis. Phtwoseiuhs persimilis in thefive buffering systems forall of the parasiles strains. Twenly presence ofexcess prey has the shortest developmental timeeight isozyme loci were identified for the D. rapae strains, for aclive stages (69.3 hour), the greatest reproductive Ion6 were polymorphic and twenly-two were monomorphic for gevity (482.4 hour), kills the most prey as an immature (13.4all strains. None of the identified lci revealed fixed genetic eggs) and as a reproductive adult (503.1 eggs), and conisisdifferences between the D,rapae strains. Average helcrozy- tently kills the greales nunber of prey/h as post-larvalgosities (i.e., H p)for tie seven strains ranged from instars or as reproductive females. An index of predator0.065+0.031 to 0.02±50.018. 11i" p values were low, but capability estimates that prolonymphal P. persimilis can
were of the sai'e magnitude reported for other haplodiploid funLcfionI at 1tetranychid egg/74.3 cm 2 versus 85.6 cm 2 and
para.sitic Hymenoplera. Nei's unbiascd genelic distance and 66.8 cm2 for A. calhfornicus ard M. occidhntalis, respccidentity cocfficienis indicated that the seven strains are lively. The index estimates that adull P.persimilis can findgenetically similar. The F1 hybrid progeny frori reciprocal 2I spider mile per 47.1 cm , whereas A. calioi'nicus mustcrosses of the strains were electrophorescd to determine the encounter adult prey at 1/35.7 crii 2 and M. occidentalis atinheritance of the isozyme banding patterns. Two allelic /24.5 crii. 

fornis f aldolase were inherited as co-doiilants in Ire Ft 
progeny, where segregation was delerinired in tie haploid Robert Jones, U.S., M.S.student: This research conmales as well as inthe diploid females. Addti(nral work on sistcd of experiments on D-oru laenriatumn, an earwig predacourtship and pre-zygotic isola ling mechanisms are inpro- tor of fall arm yworm (= whorlworm) in Honduras. gress as additional t(x)ls to separate these populat ions. Experiments revealed that a) this predator isclosely associ

ated with the fall arnyworm in temporal and locational 
distribution, b)is predaceous on larval stages of fall ary
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worm, and c) has a behavioral preference for occupying the 
plant whorl, the same habitat as damaging instars of fLill 
armyworm. These experiments provided key information 
for later experiments that soughl to manipulatteD. tateniltun 
and the tropical fire ant for biological control of fall army-
worm on sorghum in Honduras (see Lastres. M.S.). 

Timothy Kring, U.S., M.S. student: This research as-
sessed the population dynamics and within field distribution 
of greenbug, Schiaphis graninum (Rondani), and its 
parasitoids in central Texas. Samples showed that greenbug 
was the most abundant aphid species present, tollowed by 
the bird-cherry oat aphid, Rhopa)losip/,um padi (L.). The 
primary parasites reared from greenbug in order of abun-
dance, were L 'siphlebus testaceipes (Cresson), Diacretiella 
rapae (M'Intosh). and Aphiclinus niritus (Howard). The 
hyperparasites in order of abundance were Alloxysta sp. 
(megourae complex), Asapuhes lucens (Provancher), and 
Pachyneuron siphonophorac (Ashnead) (see Kring. Ph.D). 

Timothy Kring, U.S., Ph.). student: This research 
evaluated all the biotic mortality flctrs altecting the popu-
lation dynamics of greenbug, Schiz p his graminum. on 
Texas sorghum. The efficacy of greenbug natural enemies 
was measured in grain sorghum using mechanical exclusion 
techniques and paired comparisons. Environnmenld paramloe
ters were not significantly different between cages where 
natural enemies were excluded and those where natural 
enemies had complete access. Greenbug densities on caged
plants excluding natural enemies rapidly exceeded cstab-
lished economic thresholds and killed the plants. Grcenbug 
densities on caged plants that allowed access to natural 
enemies remained well below threshold levels. Predalors 
were the only natural enemies present during most of the 
studies, and in the absence of greenbugs increased to high 
densities by feeding on corn leaf aphids, Rhol losiphuon 
maidis (Fitch). Parasite activity was not significant until 
mid- to late-season, 

Lorena Lastres, Ilonduras, M.S. student: This re-
search examined the pest/beneficial role of the fire-ant. 
Soenopsis geminata, in a maize-sorghum intercrop system 
in Honduras, and demonstrated the role ofSoh'nopsis geni-
nata and Doru taeniatuntto control the whorlworm (WW), 
Spodopteraf'ugiperda. Naturally occurring earwig densi-
ties are not great enough in the field to reduce WW or aphid 
infestations. Thus, research to improve biological control 
manipulated D. taeniatunby using whorl-like structures to 
increase D. taeniatuin field densities. These structures 
served as artificial refuges for D. taenialum. Field work 
showed that population densities of D. taeniatum can be 
doubled by attaching the arlificial structures to plants. In 
field cage studies, D. taeniatum at densities of about one 
earwig per plant provided useful levels of predation on 
second instar WW at two weeks after plant emergence, 
Predation of second instar WW by D.taeniatum was more 
influenced by plant size than by prey density. Field studies 
on S.geminata indicated that predation by S.geminata isan 
important source of mortality to WW larvae when fire anlts 

densities exceeded 10/1,12. Solenopsis geminata also re
duced Listronotus sp. infestations and cutworm damage to 
seedling corn plants. In laboratory studies, short day pho
toperiod (I L: 13D) stimulated diapause in D. taeniatun. 
Photoperiod, relative humidity and diet were important in 
regulating the development of D. taeniatum. Doru devel
oped the fastest on corn pollen, and the slowest on pelletized 
dog foxl. The fire ant did not adversely affect crop yield or 
parasite abundance, but did reduce FAW densities in both 
maize and sorghum during tileearly whorl stage. 

Leslie McKinnon, U.S., M.S. student: This research 
characterized the mummified remains of greenbugs and 
determined the causes and frequency of parasite pre-emer
gent mortality. A key was developed which helps identify
the hyperparasite species and trophic level (secondary, ter
tiary, etc.) by examining empty aphid mummies: a second 
key allows identifying types of predators that kill a devel
oping parasite. Preference experiments were conducted with 
three predator types (Ilippodaniacon vergens adults and 
larvae, and Chl-sop'rla rufilabris larvae), and these indi
cated that all three will feed on niuminified aphids when 
unparasitized aphids are present. Only C.rufilabris larvae 
showed apreference for unparasitized aphids over Lysiplhle
bus mummies. 

Charles Pickett, U.S., Ph.l). student: This research 
evaluated all indigenous and two exotic phytoseiids preda
tors for biological control of Banks grass mite. Predators of 
spider mites were sampled and monitored in commercial 
fields and adjacent vegetation in Texas during 1981-83. 
Several species of predaceous arthropods were found asso
ciated with spider mite infestations. Orius insiiosus and 
Feltiella macgregori were the most abundant predaceous 
insects collected. The most common naturally (ccurring 
phytoseiid was Neosciulus seti/us (Fox). Several naturally 
occurring predators responded numerically to increases in 
spider mite densities, but usually well after spider mites 
reached damaging levels. Phytoseiulus persimilis and Am
blvseius californicus were augmentatively released into 
commercial fields in the Texas High Plains in 1982 and 
1983. Both predators significantly reduced spider mite in
festations and maintained these infestations below economi
cally damaging levels. Timing of releases was critical to the 
efficacy of the phytoseiids. Plots with P. persimilis gener
ally had lower spider mile densities than plots treated with 
A. califrnicus,though statistical differences were detected 
inonly one season. 

Asha Rao, India, M.S. student: Researching use of 
insecticide check method to evaluate nat ural enemies of 
aphids on wheat and sorghum. Experiments are in progress 
to develop specific methodology for using the insecticidal 
check method to assess thc el'ficacy of natural enemies of 
aphids. Specific objectives are to detennine the efficiency 
of removing aphid parasites by three insecticides applied at 
the (I) same dosage bul at diflferent frequencies. (2)different 
methods of application, one for removal ofenemies, and the 
other for trapping time enemies, and (3)determine the mecha
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nism for preventing natural enemy activity, mortality or not result in important decreases in population levels of
avoidance. 
 whorlworm, neotropical corn borer, or Geraeus as com

pared to maize nionocultures. Corn leaf aphid was al excep-Edgar Rojas, Costa Rica, M.S. student: Research tion, being 1) more abundant in sorghum than in maize, 2)
sorted out the biology and control of mites infesting and more :J.undant in the monoculture sorghum than the rest of
contaminating fungus cultures in mycology laboratories, the copping systems considered as homogenous entities, 3)These studies measured the effects of four temperatures, five less attracted to sorghum when present in a system with
fungal diets, eleven toxicants, and a predkiccous mite on the maize, and 4) abundance was not affected in maize by thedevelopment, reproduction and survival of Cahoglvphtus addition of sorghum it a same hill or alternate hill system.
new sp., Tarsonemus new sp. and 7r'roliaguslputrescenti Predators and para.Ates in all the cropping syslems were
(Schrank). Each pest mite is a serious problem in lalxrato- more abundant in maize than in sorghum.

ries that work with stored products, especially those that deal
 
with fungal pathogens of plants. 
 Kenneth Summy, U.S.A., M.S. student: This research 

surveyed greenbug parasites in West Texas, and was corn-Edgar Rojas, Costa Rica, Pi.[). student: Researching pleted in 1981. Results showed that only three primary
interaction between biological control and host plant resis- parasites attack greenbugs in this part of Texas, and that
lance. Specific objectives are to (1)determine the within parasites alone are not effective natural enemies. This workgeneration impact of parasitism on the pest insect, (2) deter- was the beginning phase of research olnnatural enemies of
mine the effects of parasitism oni between generations of the aphids on sorghum, and initiated the concept that early
pest, (3) detennine the impact of selected insecticides on the season predation by coccinellids is far more important thiani 
pest and its 4 parasites, previously thought for biological control of greenbugs. 

,Iavier Roque, Mexico, hi.l). student: Researching Ousmane Youni, Senegal, M.S. student: This research
segregation of exotic and native races of Aphelinus .p.1r. evaluated indigenous and exotic parasites attacking stern
varjles, natural enemies ofaphids that atlack grain sorghum borers on sorghum in the Texas Rio Grande Valley. These
and other small grains. This research seeks to separate six studies developed understanding and methodology needed 
races of Aphelinus varipls (F~ierster), a group of parasites to conduct similar studies in Niger (see Youm, Ph.D.).
that are key natural enemies of aphids in wheat-sorghum in Results showed that a) three species of stem borers con-
Texas. Specific objectives are (I) assess the host aphid monly attack Texas sorghum, b) stem borers are not abun
acceptability and suitability of each parasite race, (2) coin- dant on sorghum or corn until late summer or early fall, c)
pare the mating behavior of respective races. (3) use starch the stem borers in Texas are each attacked by one or more
gel electrophoresis to describe the isozymic patterns of the parasites, and d) parasites attacking stem borers in south
six strains, and (4) examine the reproductive isolation of Texas sorghum include parasites established to attack these
each strain by using reciprocal crosses among respective same species of stem borers in sugar cane. 
races. 

Ousmane Youm, Senegal, Ph.D. student: This re-
Ronaldo Sequeira, Honduras, M.S. student: This re- search evaluated natural enemies associated with stem

search examined biological control agents attacking sten borers and the millet head miner, lleliocheilus (=Raghtva)
borers and crop losses due to stem borers at several loca- albipunctella, attacking millet in Niger. Earlier work on
lions; quantified the effects of four different sorghum crop- stemborers in Texas was an important precedent to this workping systems on the population dynamics of several pests of (see Youm, M.S.). The results on populalion dynamics of 
sorghum and maize: and released several species of exotic the stem borers llahmbachia ignfusalis,Sesatia calamistis 
stem borer parasites in Honduras. More than 140,000 para- and Raghuva albipunctella in millet ionoculture showed
sites were sent to Holduras, consisting mostly of Cotcsia that mean numbers of eggs and larvae of/. ignfusalis and
(= Apanteles) flavilws, a proven natural eniemy of stem- S. calamistis were greatest in the first planting and mean
borers in Texas and Caribbean countries where it is already numbers of pupae were generally low.Populations of ii.
established. As a result of Sequcira's research in Honduras, igmnfusalis were consistently greater than those of S. ca
avery intensive program oilbiological control ofstemlborers lanistis,indicating that I1.ignefusalis is probably the most
is now making progress in Honduras and El Salvador. scrious pest of the two borers. Many of tle same species ofRecent reports verify that Cotesia is definitely cstablished parasites associated with Ilaimbachia ign'fusalison millet
in Honduras, and is already widely distributed outside areas also attack this borer onl wil, non-crop hosts. This informa
where it was initially colonized. Regarding the effects of tion is needed for developing crop refuse management
four different cropping systems oilpests and Iicir enemies stralegies lhat will minimize diapausing stein borers. and to 
on maize and sorghum, data showed lie following general niaximizc Ilie effects of parasitcs oistel Ixnrer populations.
trends: 1)pests were mloire abundant in maize than ii Experiments oii post-hiarvesl holdilg of' millet stalks
sorghum, 2) pest abundance was usually grealer in mixed showed that stackillg infested millet stalks inor around 
systems than in sorghum ionoculture, 3) pest incidence in villages ilcreases proispects for stein borer survival between
the mixed systems was usually not significantly different growing seasons. Millet stalk borers were collected from 14
from pest incidence in maize nmonoculture. Mixed crops did species ofplalts belonging to seven families of noncrop host 
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plants, and Andropogon gayanus Was the most commonly 
infested host plant over several locations. This suggests that 
the millet stalk borer uses alternate host plants primarily as 
a refuge for diapause. The larval parasite Euvipio sp. wss 
reared from tie millet stalk borer on more hosts than any 
other parasite. Studies on MSB damage versus millet grain 
prxuction showed a negative correlation between grain 
weight and numbers of exit holes in mature plants, and 
damage was greatest when borers occurred on inteniodes 
distal to the plant base. MSB on the fourteen alternate host 
plants were parasitized by acomplex of parasite speries that 
occurred both on millet and sevcn of tie alternate host 
plants. Results showed that natural enemies do not control 
MSB on millet. Many diapausing MSB luvae died during 
the dry season: however, a subst:untial number survived due 
to the stacking of millet stalks. MSB population densities 
were not reduced by adjusting millet planting dales, but were 
affected by millet growth stage. Life table studies of the 
millet head miner were inconclusive, but provided method
odogy used in experiments in 1993. 

Networking Activities 

Work0hops 

Sorghum in the Eighties Symposium. 2-7 November 
1981. Patancheru, India. Sponsored by INTSORMIL. ICAR 
and ICRISAT. 

International Sorgium Entomology Woirkshop. 15-20 
July 1984., College Station, lex:s. Sponsored by INTSOR-
MIL, ICRISAT, and TexLs A&NI University. 

WCAMRN-ROCAFREMI Workshop for tire Cenlrl 
Africa Millet Research Network. 21 March - 3 April. 1992. 
Sponsored by SAFGRAD, ICRISAT and NARS of West 
Africa. 

International Consultative Workshop on Panicle Insect 
Pests of Sorghum and Pearl Millet. 4-7 October 1993. 
Niamey Niger. Sponsored by ICRISAT. 

Research Investigator Ex, hanges 

Mr. Flenry Fuentes, Ministry of Natural Resources. lion-
duras: lng. Rafael Reyes and Ilg. Leopoldo Serrar o: Octo-
bcr 1985. RoMaldo Sequeira. two Salvatoran scienlists, and 
a Honduran scientist prepared a joint work plan fori 1986-87 

slem borer biological control research iii 1:1 Silivadoir aid 
Honduras, and in Noveinber 1985 Sequeira trained a Nica-
raguan scientist (alffilialcd with INRA-Nicarigua) on tire 
same topic for work in Ceontil America. Mr. SCtiUCira gave 
reports of his research findings at an October 19,85 irecting 
in Gualemiala (of Centril American Sorghium Research 
Group), and at a second reclirg in Decemllr 1985 El 
Salvador (Second Basic Grains Seminar in Sai Salvador). 
and at athird meeting ili El Salvadotr inMarch 19}86 (Ceni 
American Foto Crops Research Group). III April 1986. two 
Salvadoran scientists visited the Gilstrap labIirah ory iii order 

to obtain specialized training inbiological control proce
dures for stemborers attacking sorghum. 

Juan Marenco, Honduras, special training, March-May 
1988: Mr. Marenco worked in tie Gilstrap's INTSORMIL 
laboratory, learning to rear and identify parasites of stem
borers that attack sorghum in the Texas Rio Grande Valley. 
Hc also worked with Ronaldo Sequceira reexamining data on 
stem xrers from I londuras. 

Myo Chit, Buria, special training, August 1986-May 
1988: Working on the biology of an exotic parasite of the 
sugarcane mcalybug. Mr. Chit was supixirted by USAID 
grant funds from Burma. Mr. Chit also worked with the 
INTSORMIL research program, developing and maintain
ing cultures of aphids and aphid parasites. Learned culture 
techniques for each aphid and parasite, and the protocol for 
working witi natural enemies ill an importation program. 

Jose Monroy, I londuris. special training. February-May 
1992: Research deternmined tIhe host range of an aphid 
parasite. and worked with Ilaboratory progrirn to maintain 
cultures of five species olaphids and 17 species of parasites. 
Learned culture tectniques for ea ch aphid arid Iparts ite, and 
the prtltool for v.'rking with natural enemies in ai impor
tation progrnu,. 

Jorge Lcyva, Mexico, special Iraining, August 1985-Au
gust 1990: Research dealt with the biology, distribution and 
impact of parasites alttacking the Mexic an fruit fly, and this 
was suppolrted ii pu-t by funds from a Mexican govenmen
tatl grnt t educate MCxicn stulelts. Also worked with 
laboratory progr:inr matinlain cultures of' five species of 
aphids and 17 speies of parasiles. Learned culture lech

iques f jr each aplhid anld parasitc. and tire protocol for 
working wilhlnatural cnenics ill Ill importation program. 

Benlara Davawathie, Sri inka. special training. January 
1979-December I1983: Research icalt with tre biology. 
d istribution arLI irIMpact o lparaSiles altticking tlie yellow rice 
stcn Ixrer. arid this w;is supporled ill part by funds from a 
USAI D grant to the University of PeradCriyial (Sri liurrka) 1t 
improve tie instnlutioral capa hi lily of the tiniversity. Ms. 
Dayawatlhic also worked with the INTSORNIIL research 
prograrm, devloping aid mairtainrinig cultures of allhidsarid 
aphid parasites. Learned culture tCChItiltues for each aphid 
and paLrsite, :lil the protool for working with nalural
erreirries ai irpatilrogramil.lo 

Evasio Kapeya, lalawi. slpcial training. Jrine-Deccrn
ber 1988: Worked on birlg' alld colorniatior of two 
dipterous predtoltrs froin Blsw:ina which teed on ailllils 
attacking sorghtin . Mr. Kalya was stiprorlcd by I grant 
From USAII)/SADC. 

Mr. Noutiu Kontrdo,. INRAN, Niamiey Niger. Mr. Kordo 
wastrained :as a collab oriting scienlisl during tie research 
of Otsroarre1C YotInr ill 1985-86. Mr. Koirdo, was trained to 
take Field sa mples, idntify adutl ard inmmature stages of 
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millet stem borers and millet head miner, conduct laboratory 
insect rearing, and make insect diet. 

Assistance Given 

Each year during 1979-1993,7-10 international scientists 
visited the sorghum entomology and biological control pro
grams at Texas A&M University. Short term training was 
provided scientists listed above for Research Investigator 
Exchanges. Additionally, research supplies were sent to 
Honduras, El Salvador and Niger to support on-site research 
programs. Computers, computer programns, insect diet, diet 
blenders, cages, netting for cages, books, insect-preserva
tion supplies, tic., were sent to collaborators in support of 
collaborative programs. Important linkages were main
tained with Dr. Ousmane Youm, Principal Scientist, ICRI
SAT-SC, Sadore Niger; and with Francisco Gomez, SRN, 
Honduras. 

Publications and Presentations 

Publications 

Jones, R. W., F.E.Gilstrap, and K. Andrews. 1993. Dinimica Poblacional 
de ia Tijereta Dorm taeniatijni (Dohn) (t)ennaptera: Forficulidae) en 
Malz y Sorgo en Ilonduras. Ceiha 30: 67.80. 

Yount, 0. and F. E. Gilslrap. 19(93. Life-fenility tables of Bracon hebetor 
Say (llynienoptera: Braconidae) reared on hetiowdeilus albipuritella 
de Joannis (Ltepidoplera: Noctuidae). Insect Sci. Allic. 14. In Press. 

Gilslrap, F. E. 1993. 'he six-spotted thrips: a gift from nature that provides 
control. Proc. 1993 Internal. Conf. on "lhysanol-era. Sep 28-30, 1993. 
Burlington VT. In Press. 

Gilstrap. F. E. and I. Bayoun. 11,03. Biological control oif the millet head 
miner: Needs. tad ics and pro-pects. Proc. Workshop on Millet Panicle 
Pests. Niamey, Niger. Oct -1-9, 1993. In Prerss. 

Presentations 

December 1992. Gilstrap presented ESA Symposium tilled. "Biological 
Control in Iphemeral Ilahitats," and presented paper entitled "Impor
tation biological control: Conl]ict bt sveen theory and practice." 
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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 and J.F. Leslie, Plant Pathologists, KSU-108, Department of Plant Pathology, Kansas State 
University, Manhattan, KS 66506 

D. Frederickson, Post Doctoral Plant Pathologist, SADC/ICRISAT, Sorghum Millet Improvement Program, 
P. 0. 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 
K. Leuschner, Entomologist, SADC/ICRISAT, Sorghum Millet Improvement Program, P.O. Box 776, 

Bulawayo, Zimbabwe 
C. Manthe, Entomologist, Agricultural Research Station, Private Bag (X)33, Gaborone, Botswana 
E. Mtisi, Plant Pathologist, Plant Protection Research Institute, RSS Box 8108 Causeway, Harire, 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. Matilo, Plant Pathologist, Dept. of Agricultural Research, P. O. 151, Maun, Botswana 
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 
D.T. Rosenow, Sorghum Breeder and Principal Investigator, TAM- 122, Texas A&M Agricultural Research and 

Extension Center, Route 3, Box 219, Lubbock, TX 79401 
R.W. Toler, Plant Pathologist, Principal Investigator, TAM- 124, Department of Plant Pathology and 

Microbiology, Texas A&M University, College Station, TX 77843 
B.N. Verma, Sorghum and Millet Coordinator/Sorghum Breeder, Mt. Makulu Central Research Station, 

Private Bag 7, Chilanga, Zanbia 

Summary 

Strategic regional nursery sites were identified in col-
laboration with national programs and SADC/ICRISAT for 
leaf blight (Henderson Station, Zimbabwe), and anthrac-
nose (Primary-Mansa. Zambia, Secondary-Golden Valley, 
Zambia). TAM-128 assisted SADC/ICRISAT in develop-
ment of regional disease nurseries through introduction and 
evaluation of TAES and other cultivars which represented 
a significant number of entries having both excellent disease 
resistance and wide adaptation. Several cultivars with 
SC326-6 in their genetic background demonstrated goxd 
general adaptation to the SADC region and ixssessed cx-
cellent disease resistance needed in some areas of the region 
(leaf blight and anthracnose). Genetic relaledness between 
119 isolates of C. graminirola from around the world in-
cluding the SADC region was more correlated with geo-
graphical origin than with susceptibility or resistance of the 
sorghum host source when their DNA was compared using 
RAPD markers. No pathotype specific RAPD banding pal-
tern was found. In U.S. studies on corn, sorghum, and 
cotton, predominant Fusaria were Fusarium solani and F. 

equiseti below ground, and Fusariun spp. section Liseola 
above ground. Corn and sorghum tissues contained large 
numbers of Fusaritun spp. section Liseola including F. 
,nonilifornic mating population A (pink in culture) that 
predominated on corn, and mating populations A and F 
(yellow in culture) that predominated on sorghum. Cotton 
did not contain large numbers of any Fusariun splp. Eleven 
different species of Fusarium were identified from 71 rep
resentative isolates obtained from sorghum and pearl millet 
grain samples collected in Zambia, Zimbabwe, and Bot
swana. Predominant species, in order of frequency, were F. 
equiseti, F. senilecum, F. (hlamyd)slorwn, and F.numili
firme. Fusariunt equiseti occurred on 90% of samples from 
both hosts and F. scmitcrtunm on 60 and 75% of the millet 
and sorghum hosts, respectively. All mating populations 
AB,C,D,E, and F of Fusariwhi section Liscola were recov
ered on sorghum grain collected in Tanzia with F occur
ring at the highest frequency. A cultural method was 
developed to produce large volumes of conidia of Ramulis
pora sorghi (causal agent of sooty stripe) which could be 
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used as inoculum in field and greenhouse screening. Isolates 
of Macrophomina puseolina (causal agent ofcharcoal rot)
from diverse hosts in Botswana could generally be distin-
guished in culture as being from a gramnineous and non-
gramineous host. A Gaertneriou'vces spp. parasitic to 
soilborne oospores of Peronosclerospora sorghi (causal 
agent of sorghum downy mildew [SAMI) wLs ideotified as 
Gaertnerionycessemiglob iferum. In field studies it reduced 
both soilborne inoculum of P. sorghi and subsequent SAM 
in corn and sorghum planted in tbat soil. 

Introduction 

Thioug;hout Southern Africa there are divergent environ
ments which favor one or more diseases of sorghum and 
millet in a variable manner by location and by year. The 
occurrence of many diseases was recognized iii many re-
gions of SADC but their relative imx)rtance was often not 
known. Through collaboration with national and 
SADC/ICRISAT scientists, aconcerted effort was made to 
accomplish three goals simultaneously. They were to: I. 
Identify and characterize major pathogens across the SADC 
region 2. Identify stable, adapted sources of resistance for 
those pathogens or develop allernative controls and 3.De
velop and utilize standardized nurseries to evaluate general 
and specific resistance to diseases and to assess the relative 
importance of various diseases. Identification of major dis-
eases also includes the deternination of their impact, and 
the characterization of genetically-variable pathogens 
across locations. This infornialion will assist breeders in the 
identification and incorporation of the most appropriate 
resistance into improve(] cultivars and better ensure their 
longevity in production. Where applicable, alternative dis-
ease control systems were sought to augment and conserve 
host plant resistance or function in lieu of host plant resis-
tance. The effort included pearl millet but predominantly 
involved sorghum. Some of the major diseases evaluated 
were charcoal stalk rot, smuts, several foliar diseases, grain 
mold. and sorghum downy mildew. Tie project was initi-
ated using standardized nurseries primarily froon the U.S. 
that were evaluated acioss multiple locations in ihe SADC
 
region over several years. Coincidently. selections from 

these nurseries, and from nationatl. SADC. and other sources 

were used to develop standardized nurseries for ttie SADC 

region with cultivars more specifically adapted to the region
and targeted more to tie disease and pest problems of 
Southern Africa. 

The use of iunllilcational nurseries, at least some (f 
which are standardized and planed at several of the saii e 
Ikocalions over several years, will naximize both breeding
and disease control efforls b caise cultivars are evaluated 
under diverse enviroinerits. iliese nurseries can be stnc-
tured ti help delermine iiajor diseases t( r each location but 
a few strategic locations should be chosen where one to a 
few major diseases can be evaluated without interference 
from other diseases or otler problems. Mulliple pest and 
disease resistance isextremely valuable but I(oations with 
pressure from multiple diseases can interfere and prevent 

identification of valuable sources of specific disease resis
lance. Some cultivars are not agronomically suitable for 
pr(xluction in many areas where they are being evaluated but 
their response under higher disease pressure at that location 
better determines their relative levels of resistance than 
evaluation in their primary production area. The multiloca
lional approach also helps to identify those cultivars with 
the greatest adaptation across geographical areas, environ
ments, and knowledge of their pest resistance strengths and 
weaknesses better detemiines where they might be success
fully grown. 

Objectives, Production and Utilization Constraints 

Broad Pathology Objectives 

Identify major disease constraints of millet and sorghum
in Southern Africa with emphasis on Botswana, Zaimbia, 
and Zimbabwe. 

Develop integrated disease control systems including
cultural and biological controls to complement host plant 
resistance, 

Field Nurser) Objectives, 

Deploy TAES nurseries and olher sorghum to 
SADC/ICRISAT for use at several SADC locations to 
evaluate resistance to specific pathogens and to characterize 
pathogen populations. Develop and deploy standard and 
discae specific germplasmn nurseries throughout the SADC 
region to monitor variability and impact of major sorghuhii 
pathogens and to identify the besl adapted sources of disease 
resistance. Diseases for specific evaluation include charcoal
 
rot, sorghum downy mildew, unknown viruses, leaf blight,
 
sooty stripe, and anthracnose.
 

Assist indevelopment of improved natural and inocula
tion screening techniques to assess palhogen resistance in 
sorghum and millet inthe SADC region. 

Determine stability and sources of resistance to major 
foliar pathogens through field screening nurseries at strate
gic locations. (leaf blight, sooty stripe, anthracnose) 

Specific Disease Objectives 

Determine effect of seed treatments on stand estab
lishnient (Botswana. Zimbabwe) and on incidence of sor
ghunidowny mildew (Zni babwe). 

Evaluate cross patt hogen icity and virulence of Macro
phonina phascolina collected from diverse hosts in Bot
swana including sorghini and inillel. Determine if Ihese 
isolates can be differcntialed by analysis of cullural charac-
Icrislics. 
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Table 1.TAEIS sorghum nurseries grown one or more 
adapta tion.
 

Lo.'at ion Acronvnll 


All Disease & Insect ADIN
Nursery 

Inlernational 	 ISAVNSorghium Anthrainose Viulcnce NursCry 


Intenational Sorghum Virus Nursery ISVN 


Anthracnose Reistmt (ennplaln Nurseiry1 AR ;N 


Extcnded Antlt racnose Virulence Nu rswiv t.AVN 


[Leaf ui N/A
IBight Sooty Siripe Nursery * 

Sorghum IDovmv %Ihhlek Virulence Nursery SDW VN 


[Ji= Il blight, AN =nthracno,e, SI) n ei.orgimdhiw ny tmilde', Ss+,txltystnpC 

O"Nursene les elopei by TAM-I 28 for use in the SAIX' region. 

Table 2. 	 Strategic sorghupn nursery sites used for most 
disease evaluatiA_ ns involving TANI- 128. 

Lo.alotln 
Maisa, ziutiha 
(;olden 'ai.'), 7'hia, 


IlentdLerso
Station, ZittilIm\e 
I'atmure Station, Zitohaie 
Mt.NtakWtL Stattott., Z,u11h I 

L.us.tu. Zutl,,a 
Sele,I.lttts ma 
t'ond.unalttul,,, Itots'Aana 

tti,2/.tttdltth' 

D,.aw.s erah.d" 

AN (11) 

AN.SS 1)11.St)M, 


IB tl'.
SS. AN 
I.S(t'). SS
StNt. ].R. 
M)MV-A t).AN 

CR.SS 
('R 
L.B, SS, SIM 

SItM dt'
-tttUlaLct 
l.i=l,:afbhght. ,.N-MthMLr,:ti. SliM=iohirghirn d,.,ny titcl. 5Ss.-+ty 
sinpe. ..S=adder spot, CR=0arLalnIt, i-M 1MVA1=M.ic DAi M s c
 
Vitu-Stri,%tIl)=Pnmat) site fora, spetit, i,--c ,dufior 


Develop sivrulation techniques for Ramuihspora sorg'hi 
and evaluate their use in greethituse atid field itcilltatitis 
to enhance nalural dis,ease scree ingit tCclIiqtties. 

Ideit ify and cIirac te i/c tite F011 11it1 species .ccurrinig 
on pearl millet and sorghtut in thle SADIC regiin aIld assess 
the polential for their involvement in myli ttoxin cutamia-
lion of seed used fOr hunia cotlsutiplion. 


Identify palliolypes atid cotptre relatediless of Colh-
IiIrWichm triil (Ih frim 5otlllie ii Africa alidother geo
graphic areas using differetitil ciultivars aid bittechnology. 

years in the SAI)C region ror disease evaluation and 

t.ocalion:
P'rimarv disease evaltiald* 

Zinhahvc: 1.1i, SDM 
Zatuhia: 1.1. 	 SS, AN,Viruses 

Zinihahv. e: 1.11,AN Z7unia: AN,SS 

Zitnbahwe:Viris Z/unltia:Vinis 

Zinihalme:tt.i
Zambia:AN
 

Zitihahwc:1.1, AN Z;utiia:AN 

Zimlthbwe:1.. SS Z~unhia:lI.B, SS 
Zin1mlv+ke:SI)Ml Z~u1hia:SIM
 

pathologist (W. deNMiliano). Final disease, agronomic, and 
other evalations were most often conducted jointily withltle 
TANI-128 principal investigator Ihrough on-site visits inl 
these coutries. TANI- 128 also assisted indisease evalu
alions of severl olier disease or agronomic nurseries at 
several 10'atutns. T'lhese jollt evlhl;ltloitS Ial;iXilnized the 
Imitting value of tie disease idenlification allidevaluation 
process tha was of Iltulital value to all j;rticipatling scicil

lists. It also allowed efficient comtt tucaliont betweell sci
elitists abollltllhose cutllivar Irails of greatest itlIerest to tile 
lational scienlists fir use illtheir couIiltries alld 1t1os 0of 
gretest' poleliii al use throughtout the SADC region. Sor
gIi tlSItlly tf these TA-S ;lnd] other nurseries wereltill 


selected because of gool adapl;ltion. getneil or specific 
disease resistaie, atid other ist or agronomiic Iactors and 
incorpor:ated itto revitwal SA)(C/ICRISAT and natiolnal 
ittursel es. Proilisiniig. impriived cultivars were cointilnously 
ittcrpoloraled into these ittirse-es as they were identified. 
()t11;rs were retioVedl dh.petidiig u1pon their coilsistency tof 
l)irfirtriacea1d )Ilier facltits theyN.swere evaluated itthe 
slratfegic disease itirsery sites and tlher national sites where 
regitoal SADC/ICRISAT irseries were grown. Exanples 
of these SAI)C/ICRISAT iurscrie, are the Regional An
lhracntose Resistance Screening Nursery (RARSN), Re
gional Advanced Disease Resistance Screening Nursery 
(RADRSN).ald the Regitnal Preliminary Disease Resis
lance Screenting Nursery (RI t I)RSN). 

The culliv:s SC326-, SC4 14-12E. BTIX37X (Redl:t),
 
SC748-5. SCI 2(),
TAM-128, RTX434., 1TX63 1,BTX638,
 

Evaluate itturally OIcIiriti ,11diluIucd .iOgic:lRTXt30. RTX-13(0 aidiothers deriived rum crosses with 
C0l1 0l tecliiquesti'f sorgtihum dowity mildew itt stirglhnin. 

Research Approach and Project Output 

Nurseries 


TAES sorghum lirseries (Table I) and olher selected 
cullivars were grown at one or more slralegic sites (Tilble 2) 
i'+oi;c :r more years frotm 8-199).6+ liaddition to disease 
response, iWost cultivrs were e'ValtutCed for ()ler faIctors 
including adloiltion aitd polenli;il use Ilithe SA[)C regiot. 
Early and mid-,c,,.;on evaluatitis for disease :iod tilher pest 
and agronomic faclirs iii these nurseries were ctituced by 
national scienlists and the firiier SADC/ICRISAT philt 

sotIie (fIlteti 11ld good I)kItaflItt to maniy SA[)C regitts.
 
Several cultivars with SC32(,-0 in the get etlc backgroiid
 
(iIcludiig ,6FiON301, ,F(FN3(i2. selectiots Irot tlhem,

itul were aittomig those with the best overall
X(6F()N37.4) 

ftliar disease resisl;ice atid best genieral adjtt)L~tiol to Ile 
SADC reciuti. Ihiwever. Oi-()N361 was iiterCitediale ill 
suscepLtibility 1I l;ithraciio se. TANI12X. selected Iri1 
SCI 10, was tirkly, well adapled to Botswana atnd had resis
lance to tie stigarC;lue ajihtid bil WAs vulnerable to0
:uilhirc
nuse. !B i I. 'IlX(iRTX03 S('12) il IlAcklotitt). aitd 
fI'XA 3N hi:d gooud alhl;iaitiHe rCsi.talICe illZaullia 
(MI S:.) Ilietliui bliglilbul hiIAd 1t1igh sIIceplbiility t0 le;if 
illZitlihvAbwe (IleRliritMi). RTX430 (SC 1211 ill back
grottl) had goxl eat blilight lesisltce bull was inlenlleliale 
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in susceptibility to anthracnose. SC414-12E had good over-
all leaf disease resistance but, as a line, it oxcasionally had 
incidence of ergot dramatically higher than proximal culti-
vasat the same stage of nalurity, 

FoliarDiseases 

Leaf blight anJ sooty stripe 

Foliar diseases of sorghum are generally not a problem 
in Botswana so it was surprising that two of the popular land 
race varieties from Botswana had good general resistance to 
foliar diseases when evaluated in Zimbabwe. Segaolane 
demonstrated good resistnce it) soty stripe and leaf blight 
during a late season epiphy tttic at Kadonia stalion, Zin i
babwe i:, 1985 and Segailane and Town consistently 
sho ,,ed gx)d resistance to leaf bight at tile lenderson 
stat ion in Zimbabwe in 1986 and subsequ.|elt years. Nurser-
ics for leaf blight and sooty stripe evaluation were developed 
using the best sources of resistance to each disease and 
evaluated at Henderson sltation and Goldein Valley, Zalinbi:a. 
These nurseries had some cullivars in coinion because of 
their known resistance to b( th ipathogens. At the Golen 
Valley location G. Kaula eiihanced natural infection of sooty 
stripe by seeding between the rows wilh sooty stripe infested 
debris. The naturil devetlpmenit of' s()t l, stripe was Cii-
hanced usinig tlis teciiiqiue 11d goodtl Sonrc es (i' resisltaice 
to sooty stripe were confirmed but it was apprent Illit Iis 
resistance wLs noit va:uible inless coupled wilh resistance 
to leaf blighlt. Solme cillivalrs with good sI y .sytripe resis-
lance at Golden Valley had all or most leaves killed by leaf 
blighl it ithxitGotdn V il ley ;ll d tCIlderson. Smte micro-
climle effc s were observed aI Gt(ldn Vallcy that iight 
lead tIo erroneous evaluat (io f sooty stripe respotinse: a few 

i;hortcr cullivars had a greater appiarert susceplibility t 
sooty stripe than some taller CUllivars beca use st y stripe 
destroyed most leaves oil the shorter ilalts but killed only 
the lower to ild-lCaves Oin the taller plats. 

TAM- 128 developed a iet liod by which large vtlunics 
of conidia of R. s.r',Ii could be )rodlluced ill labIoratory 
culture for use as inoculumti field :id greilttuse screen-
ing. Conidia of R..rg i )rotctld iii this manner nain
mined viability at 6-I(C for hog periods of litiie if 

maintained in their origiial gelatinius matrix bill rapidly
senesced when dispersed iin free wae r. 

Anthracrise 

The importanice of atiractiose was drai atically noted 
in 1988 in Z.xnbia allhiugh it previoiusly was observed 
destrtying very stisceptible cultivars at somiie Zambia aid 
Zinllbabwe locatitis. Begiitilig inlI)89. the MN;iisa, 7Zani-
hia locatlion became a primary site for antlhrai ose evili-
ation fo the SADC regiiin because the disease ccurred 
there at cotnsistently high severities will mitimal interfer
ence from other foliar pallhogens. 

A Regional Anthracnose Resistance Screening Nursery 
(RARSN) was grown for several years at several SADC 
locations where anllhacnose screening ijiformiation was de
sired. This nursery contained alarge number of entries from 
ant hracnose and other nurseries of TAES. 

Using RAPD maikers. P.Guthrie comp:ued the DNA of 
119 isolates of C. grantinicola from around the world in
cluding several sorghum isolates from the SADC region,
especially Zambia and Zimbabwe. He determined that ge
nelic relatedness between isolates was more correlated with 
geograpihical origin than with susceplibility or resistance of 
the sorghum host source. No palhotype specific RAPD 
banding pattern wLs found. 

Chlarcoal rol 

At Sebcle, Bolswana, the greatest charcoal stalk rot on 
sorghum and millet occurred when stress occurred primarily 
after anthesis rather than occurring before or throughout the 
season. Some high yielding millcs introduced by lhe 
SADC/ICRISAT program developed high levels of char
coal rot at Sebele in 1986 and 1987 and some died prema
tnrely as early as the initi:ition of grain till. Other more 
ad:apted millet cultivars had less severe or no visible itici
dcnce of chairctoal rot. Tissutie samtples :if. phasi.olim wvcie 
collected Iroim several diverse itsts in Botswana and frolmi 
a few ill Zamindb ia over a period of several years. Isolates of 
M Ihascolinawere obtaited from these samples and alarge 
number were e vatlnated ill culture for differences that inight 
ilnd icafe hos tipreferencecmechanisins sitnilar to those deter

inuled in tlie U.S. ftir isolates from corn and soybeans. 
Sensitivity to petassium chlorate in cultural medial helped 
diffrnl Ihatethe predominant isotales fromtiliese twi hosts 
ail(d we delermiied generally similar responses wiih isolates 
from Africa but IIle results were somewhat variable. In 
general, we could distitnguish isolales from graitinetius atid 
iioieramiieous hosts. This may have some relevance iti the 
in tercrlpping environment where ati increase of sclcrotlialI 
intoculuim fromf rolen ushlst does iot intcrease tile risk 
of charcoal rot iin the nongramineous host (or vice versa) 
but tlis assunl lion rcmaiis to be proven or disproven. 

Sorg-hum DowIny Mildew 

Later datlS(1'f pfl1atiniig had intcreased amouimists of sor
gh i d(oIwIny uoildew in tests ctilul tcd at Pa iitre statlion,un 
Zittibabwe. Cullivar reaclion of the SDNIVN(Sorghium 
)otWiy Mildew Virulence Nursery) at several SADC sites 
iticated the issible exisletice ofinire Ihan ontie palhotype 
of I'Cr/010,SIlora .o,,iii ii the SA[)C regiOl :ilhlloigh 
most initial reiaclions resetibled palthotype 2 rtS101ses. 
Later reactiols at (odti Valley iticated : etirely new 
pallioltype of ' .%or, hi which allacked the previously it
tillie cultivar QI3 (India). 

Tie Ph.l). work of S. Kine char tri/e rd tile hyper
parasitism of a chyrid fungius onl oispores of l'. sorghi and 
,sses.sed its pot enlial as abiocintril agetnt for controlt ift this 
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disease. She demonstrated that the chytrid, a Gaertnerionty-
ces spp., parasitized soilborne oospores which reduced both 
soilborne inoculum and subsequent SDM in corn and sor-
ghum planted into that soil. She also utilized various other 
research techniques to identify the previously unclassified 
chytrid as Gaerajeriomyces scniglobhf'rum. 

Viruses 

At Mt Makulu, ZSV- I and some entries of the Interna-
tional Sorghum Virus Nursery (ISVN) had a high incidence 
of an unknown virus in 1986 and 1987. Samples collected 
by the PI and later evaluated by TAM- 124 (R.W. Toler) by 
ELISA tests indicated that the virus was MDMV-A. The 
same virus was identified from samples collected at Nhlan-
gano, Swaziland in 1987. The high, uniform incidence of 
virus at Mt Mukulu, Zambia in 1988 allowed excellent 
screening of germplasm including the ISVN that had entries 
QL3 and QL 11 free of virus and TX 3098, TX7(X)0, and 
New Mexico 31 with the most severe virally indiced leaf 
necrosis. A high incidence of virus and red (or tan) leaf 
necrosis in some cultivars at Pandamatenga, Botswana in 
1993 indicated that viruses could be economically important 
on some cultivars in some years if they were highly suscep-
lible. 

Seed Treatmient/Sland Eslablishient 

Variable stands in seedling establishmelnt tests in Bot-
swana and Zimbabwe indicate no apparent activity of 
Pythium and generally no benelit of seed treat init, wer the 
control or captaln. Metalaxyl protected sorglimin againust 
systemic infection by P. sorghi in Zimbabwe. All seed 
produced by the Botswana Seed Mtiliplication Unit is 
treated with captan before distribution to growers. Captan 
seed treatment controls covered kernel smul which is an 
endemic problem for farmers who save their own seed and 
do not apply a seed treatment before planting, 

Head Smut 

In 1988, G. Kaula modified the Pl's technique for isola-
lion of soillborne (Xspores to isolate and qt antitlate tlie intuch 
smaller soilborne teliospores (14iu) of Sporisoriun 
reilialmwn (head smut) . He used the technique on a variety 
of soil samples taken from various sorghum nurser' sites in 
South Texas: the techniique's abilily to distinguish 
teliospores from other spores was evident in ti, nmber of 
Icliosporcs (2/g) isolaied fron a Pa)sture site adjacent to a 
sorghum head siiut nursery (I 16-172/g). 

Grain Mold and Fusarium Studies 

Grain from sorghum and millet was collected by the P.1. 
from various sites in Zaiiibia, Zimbabwe, and Botswana in 
1989 and the species of FusariLun occurring oir that grain 
was identified by Paul Nelson ofl'Pen State. Eleven species 
of FuLsariurn were identified from Ihe 71 IoLtal isolates se-
lected for identificat ion and (ire predominant species, in 

order of frequency, were F. equiseti, F. senitectumn, F. 
chlamy)ydoslrurn, and F. nonilifrfme. Fusariun equiseti 
occurred on 90% ofsamples from both hosts and F.senitec
turn on 60 and 75% of the millet and sorghum hosts, respec
lively. 

In Fusariun studies in South Texas, A.S. Ring deter
mined that mating px)pulation A (F. monilifo'e, pink in 
culture) predominated on corn, and mating populations A 
and F (F. monihffi'e, yellow in culture) predominated on 
sorghum. All Fusarium species were low on cotton. Initial 
characterization to mating 1x)pulation and type (+ or -) were 
conducted with standards provided by KS- 108 which facili
tated intercrossing of local isolates and further established 
the ability of the local population to sexually recombine. 

In October 1993. A. Mansuetus comp',ted his Ph.D. 
research on characterization of isolates of >"usariun section 
Liseola obtained from sorghum grain sa nples lie collected 
in Tanzania in 1991. In Fusarium sec'ion Liseola, sexual 
stages ae useful in the identification of mating xpulations 
that represent different biological spec:cs in the absence of 
distinct morplhological characters. M,:ting populations were 
identified on sorghum grain from Tanzania by using stand
ard mating type testers. All mating lx)pulations A, B, C, D, 
E, and F were recovered on sorghum from Tanzania. Mating 
population F occurred in higher frequencies than mating 
populations A-E. Vegetative compalibilily studies across 
Ilie three Iocat(ions in Tanzania (Ifakara, Ilonga, and Kachiri) 
demonstrated eleven vegetative colnpat ibi lily groups 
(VCGs) witlhin aling potpulatin A and five VCGs within 
mar. ig iIoIl ation 1. Strailus from each location appeared to 
be more genetically siniilar to each other than to strains froi 
other locations. The variability ofmatiig populations witihin 
Fusarium section Liseola on sorghum in Tanzania appears 
to be similar to that on sorghum in the United States but 
variability of VCGs is less similar. The predominance of 
mating population F on sorghum in Tanzania may indicate 
a lower poitential for the occurrence of the mycotoxin, 
fumonisin, because isolates in the F group produce little or 
no funionisin unlike isolates from mating pxpulation A 
(KS U- 108). 

Networking Activities 

Principal Investigators Conference: TAM-128 P.l. 
served on the conference planning committee, poster corn
millee, and organized nursery field tours for the Iiterna
lional Sorghum Millet CRSP Conference held July 8-12, 
1991 in Corpus Christi, TX. 

Geriiplasii exchange: Over the nine years of interaction 
with SADC countries, TAM- 128 through TAM- 121, TAM
122, TAM- 123, TAM- 124 and some olher INTSORMIL 
and non-INTSORMIL breeders has introduced over 3() 
lines ind cultivars fur evaluation ilr the SADC region and 
approximately 30 lines were acquired frn the SADC re
g t~ for evaluation in the U.S. 
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TAM-128 participated in tie Second World Review of 
Sorghum and Millet Diseases March 7-1 I, 1988 in Harare, 
Zimbabwe by making two presentations and contributing to 
two others. 

Mr. Godwin Kaula of Zambia participated in a one year 
short term training program at Texas A&M under the super
vision of TAM-128 and TAvl-124 (R.W. Toler). He com
pleted his program in September 1988 with submission of a 
research report entitled, "Development and Use of Tech
niques to Quantitatively Isolate Teliospores of Sporisoriun 
reilianun: from Soil". 

A 50-slide set of sorghum and millet diseases was devel
oped in 1986 and more than forty sets were distributed to 
key personnel in Southern Africa and to many SADC and 
other LDC students. 

Requested equipment and supplies were provided to B. 
Matilo in 1986 to enhance her abilities to conduct plant 
pathology research in Sebele, Botswana. 

Funds have bee~i provided in 1993-94 to E. Mtisi in 
Zimbabwe to support collaborative research nurseries in
vestigating leaf blig); resistance at the Hendrson and Pan
inure stations. 

Publications 

Collins. S.D., R. A. Frederiksen, G.N. Odvody, 1).T. Rosenow, and F.R. 
Miller. 1993. Disease Resistant Converted Sorghum lines, p. 15 

1-156. 
In Proc. 18th lienn. (;rain Sorg. Res. & Utilization Conf.. Feb 28-Mar 
2,1993, Lubbock, "X 

Guthrie, P. A. 1992. RAI'1) Markers as aSystem for )ifferentiating Among 
Isolates of theAnthracnose Flungus CPlhoriehum granicoha. . I). 
Dissertation, Texas A&M. College Station, TX. 114 pp. 

Mansuetus, A.S.H. 1993. Mating Populations and Vegetative Compatibility 
Groups Within Giblerella fujikuroi (Famuni Sect ion l.iseola) on 
Sorghum in Tanzania. IPh. 1). )issertation, Texas A&M, College Sta
tion, TX. 93 pp. 

Odvody, G. N. And R. W. Toler. 1993. Sorghum Yellow Banding Virus in 
South Texas. p. 144-146. In Proceedings of 18011 Grain SorghumnHiern. 

Research & Utilization Conf., Feb 28-Mar 2,1993, L.ubbock, TX
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Summary 

Pearl millet sced eiimer screened for larger size or pro-
duced by partial removal otf the head resulted in better 
establishment and in many cases improved yields. Tle 
exception was under extremely severe stress conditions in
Botswana. Germination responses of both pearl millet and 
gradn sorghum to temperature and soil moisture have been 
quantified. Inleractive effects between seed quality and en-
vironmenal conditions were variable. A field germination
and establishment modei should bc developed from these 
results to allow simulation of field estabIislnen under a 
wide range ofenvironmenial conditions. The grain sorghiumgrowth model SORKAM was validated, improved and uti-
ized to de' elop a replant decision to allow Ifor U. S.condi
tions. 

Introduction 

Poor stands are constraints to production in semiarid 
areas where sorghum and millet (Peacock, 1982) are grown.Both sorghum and millet in the semiarid tropics, where they 
are grown as food crops, and sorghum in tlhe U.S., where it
i:; grown as a feed crop, generally are grown where climatic 
conditions are characterized by moisture limitations, ex-
treme variability in amiounts ain( patterns of rainfall. frequently high temperature stress at variouis stages of crop
development, and thus tlie expectation ofextrcmcly variable 
yields and frequent occurrences of low yields or completeyield failures. This means that, in general, lie amount Of 
input available and/or utilized oi these crops frequently is 

low as the risk of failure or no economic return is high. The 
approach to addressing the establishment problem in this 
project has been two-fold. First, to try to determine the seed 
characteristics tlat might improve establishment capability
and relate these to environmental conditions, bxth during
seed production and during establishment. Secondly, be
cause of the extreme variability in climates, a crop growth
modelling approach has been utilized to try to capture the 
information obtained and apply it to relatively long term 
climatic data bases. 

Objectives, Production and Utilization Constraints 

Objective's 

Determine seed characteristics important in stand estab
lishment and assess or develop methods of improving these
characteristics. 

Quantify the cffects of environmental conditions, par
ticularly temperature and moisture, on stand establishment 
and delennine theextent of interaction with seed charac
teristics. 

Determine thie relationships, ifany, between stand estab
lishm nt and subsequent crop yields. 

Develop or refine crop growth mXlels to provide specific 
management options for producers. 
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Constraints thus would be of limited value (Mwageni and Vanderlip, 
1986). Increases in eithcr seed size or seed density generallyConstraints to productivity include climatic, edaphicand resulted in improved stand establishment (Iawan, c al.,

biological factors. The climate of sorghum and millet pro- 1985, Okonkwo and Vanderlip, 1985, Gardner and Vanderducing regions has low and erratic rainfall, with high within lip, 1989). Manipulation of the seed crop, particularly re- and between - year variability. Solar radiation is high due moval of a portion of the spikelets from the head resulted in 
to frequent cloudless conditions and humidity is low, result- significant increases in seed size and, in most cases, ining in high potential evapotranspiration (PET) rates. For creased field establishment (Okonkwo and Vanderlip,
example, in Botswana, PET exceeds precipitation in every 1985). Dr. Tareke Berhe, INTSORMIL Agronomist at the
month. Soils are often of low fertility and are prone to WSARP location in Sudan also found that increased seed
crusting, rapid drying and high soil temperatures which size resulted in increased stand establishmentof millet under
reduce crop establishment. Sorghum and millet are small the very severe conditions at El Obeid.
 
seeded crops requiring shallow planting. Low yields are the
 
norn in these regions and crop failure is common. Farmers 
 Objective 2. Quantify the effects of environmental 
may be unable to produce subsistence grain or even seed for conditions, particularly temperature and moisture on
the following season. Low yields are a function of the harsh stand establishment and determine the extent of inter
environn nmt,which often does not enable an adCntltle stand action with seed characteristics. 
to establish. Because of the probability of crop failure,
Iraditionl subsistence farmers have developed means of ResearchAlethods
 
minimizing risk. For example, Botswana fanmers will plant

following each "planting rain" and will expend little addi-
 Pearl millet and/or sorghtun seed were tested under a
tional effort on each plinting inor',r to inake as many range of te inperat tire and moisture conditions imposed by aplantings as Possible. If sland estalfishment could be imn- temperatire gradient table, growth chamber, greenhouse,
proved perlwps fewer planlings coHIld be ma;.de and addi- and field experiments both in the U. S., Botswana, and thetional nanagelment, for example weed control, would be Sudan.
 
possible on relatively fewer planlings and result in inore
 
stable production. Even under tie relalivcly more favorable 
 RI'scarIh Findings
conditions in temperate regions, stand establishment fre
quently is a problem and replant decisions are common. 
 As would be expected, temperature and moisture both 

have tremendous effects on stand establishment (MortlockResearch Approach and Project Output and Vanderlip, 1987, Mortlock and Vanderlip, 1989: Gono, 
1993). Interactive effects between environmental conditions

Objective 1.Delcnnine lhe seed characteristics impor- and seed quality were variable (Mortloxk and Vanderlip,
tant in stand establishment and assess or develop 1989: Gono, 1993).
methxs of improving these characteristics. 

Objective 3. Determine the relationships, if any, be-Re., arch Methods tween stand establishment and subsequent crop 
yields.


-aboratory vigor tests which have been used 
on grain
sorghuni were tested with pearl millet to see if field estab- Research Methoils 
lishment could be adequately predicled. These included 
standard germination, am muonitm chloride treatment, so- Pearl millet seed differing in seed size and density obdium hydroxide treatment, acceleraled aging, and use of a tained either through screening and flotation, or throughvigor analyzer, which measured leachate fronithe seeds, crop management was planted at a number of locations toPearl millet seed was separated into seed size and seed evalluale not only stand establishment, but subsequent
density categories, and evalualed for gerniati n arid enmer- yields. Relalive effects of plant population on sorghum and 
gence. Seed crop management treatments iicluding tiller pearl millet were detennined undera range of environmental
removal, spikelet removal, additional nitrogen applIication, conditions, using planting dales, plant populations, and dif
hill planting, and head selection were utilized to atei pt to ferent gentitypes to assess tlie expected variability.
influence seed characteristics. Genetic differences in seed 
size and mesocotyl length were investigated Itdletennine R'scarchFindings 
their importance in stand cstablishment. 

Early results under Kansins conditions (Okonkwo andResearch Findings Vanderlip, 1985: Gardner and Vanderlip, 1989) and the 
work by Berhe in the Sudan showed increased grain yieldsResults with the seed vigor mcasurements generally of pearl increasedmillet with stand eslahlishiet. Later

showed significant correlation with field establishment, work in Kansas (Freyenberger, 1986) and work in Botswanahowever, none of the vigor tests consistently accounted for (Mortlock and Vanderlip, 1987) showed no increase in more than 50% of the variation infield establishment and yields with increased establishment. M'Khaitirand Vander
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lip, (1992) showed that plant population, and therefore Gardner. J. C. and R.L. Vanderlip. 1989. Seed size and density effects on
 
establishment was much more critical with sorghum than field er-foniance of pearl millet. Trans. Kans. Acad. Sci. 92(1-2):49

59. 
pearl millet. Pearl millet was able to tiller and colnpensate Gono, L..T.1993. Sorghum emergence among genotypes in relation to soil 
over avery wide range of plat popul.lions, water and soil temp.rature. I'h.). )isserlation. Kansas State Univer

sity. 

I leiniger. R.W., R. L. Vanderlip, and K. 1). Kofoid. 1993a. Caryopsis
9 Objective 4. Develop or refine crop growth inodels to Weight Patterns within tie Sorghum Panicle. Crop Sci. 33:543-549. 

provide specific management options for producers. Ileiniger, R.W., R.I..Vanderlip, and K.1).Kofoid, 1993b. Influence of 
Pollination 'allernon Intrapaiicle Caryopsis Weight in Sorghum. Crop
 
Sci. 33:549-555.


Research Methods ileniger, R.W. 1994. I'h.I). Dissertation. Kansas State University.
 
I luda, A. K.S., M. V. K. Sivakuniar. . Alagarswainy. S. M. Vinnani. and


Existing crop growth models were evaluated for strength R...Vanderlip. 1984. 'roblems and prosivc1s in modeling pearl millet
growtii and development: a suggested framework for amilletmodel. ]In 

and weaknesses and where weaknesses were found, experi- Agroineteorology of Sorghum and Millet Intie Seni-Arid Tropics. 
ments were designed to address those specific aspecls of tle l.awanF.I., F. lBanielt, B.KI.aleeq. and R. .. Vanderlip. 1985. Seed
 

crop growth models, density and seed size of pearl millet as related to field emergence and
 
several seed and seedling traits. Agron. J. 77:567-57 1.
 

M'Khaitir. Y. 0. and R.I.. Vanderlip. 1992. Grain sorghum and pearl millet
 
Research Findings response to date and rate of planting. Agron. J.84:579-582.
 

Morilock, M. Y. and R. I.. Vanderlip. 1987. Effect of pearl millet and
 
sorghum seed quality oilsland estahlishment in Botswana. INTSOR-


An outline fora pearl millet growth model was developed MIt. Tech. Series Rept.
 
(Huda et al., 1984) however, because of shlifts in emphasis Monlock. NI. Y. and R.I.. Vanderlip. 1989. Gennination and estab
and reduced funding, this Wais not contlinued. Tile grain lishment of pearl millet and asorghuii of different seed qualities under
 

controlled high temlperalore environ ments. Field Crops Res. 22:195sorghum growth model SORKAM, (Rosenthal etal., 1989) 2W,).
 
was used to evaluate managemett practices in Botswana Niwageni. G.J.and R.I..Vanderlip. I986. Seed vigor measurements for
 
(Tlonpson, !988). Subsequetnt evalt.Olln of tlte model estahlisliment of pearl millet. Acad. Sci.
predicting field Trans. Kans. 

89:57-61.
indicated that tile grain-fill portions of tile treatment onitilleting and Okonkwo. J.C.utd R.I.. Vanderlip. 1985. Effect of cultural 

model either lack sensitivity to enviroilnenll al cottditions, or iquality millet seed. Field Crops
anid subsequent perfomiance of' pearl 


resulted in unrealistic results. The tillerittg response Was Res. 11:161-170.
 
r d r c so Peacock, J. .1982. Response and toleraince of sorghumm to lenlpralure


evaluated by Coulibaly (1992), however. Ihe range of tiller- stress. In: Sorghum in the Eighties. I'roc. hit. Symp. on Sorghum.
 
iug responses obtained under controlled cotnditions were no Intenational Centre for Research in the Semni-Arid Tropics, 1981.
adequate to predict field response. The grain filling problem l'atancheru. Al'.. India, 1p. 143-160. 

Rosenthal, W. I).. R. I.. Vanderlip. It. S. J.,ckson, and G. F. Arkin. 1989.
 
was addressed by Heiniger cl atl., 19931), atnd sub- crop growth miodel. Texas Agric. Exp.
(1993a, SORKAM: A grain sorghumi 
sequent validation indicated Ihat tle grain filling porlion of Sta.. "AES Computer Software Documentation Series Nil'- 1669. 

ie m(xlel is now very respontsive I) elvironmnettnt al cotnd- IlioiipSn' C. K. 1988. Simulaliuig the effects of double plowing and date 
of Iplanting on sorghulm yields in otswaina. M.S.Thesis. Kansas State


tions and produces realislic resulls under a wide range of University.
 
combina tions of environmentlal conditi(ttns ,)l1.tp Ia- Vanderlip. R. I.. sW.Welch. R.W. Iteiiger. and 1). .. Fjell. 1993. Alions, and planting dales.The [robleuns with tiller itg aptpe1r decision aid model for detennining planting and replant mnagementates. ilpt ions it grain so rghuin. Agron. A\bst. 

to be related to temperature responses and this is presently 

being addressed by another studetnt (nol funded by INT-
SORMIL). Validations, sensitivily analysis, improvelent 
of the model, and use of tlie ntodel to develop replant 
guidelines is nearly cotuplele, (Heiniger, 1994, partially 
funded by INTSORMIL). Results from this miodeling efforl 
have been used to develop a colpulerized decision aid 
package (Vanderlip, et al., 1993) for trattsfer of the inforna
lion to U.S. producers (not funded by INTSORMIL). 

p in probl 85:74. 

Networking Activities 

Although not funded by INTSORMIL, INTSORMIL 
made arrangements for Mr. Lemma Zcwdie to spend six 
weeks with me in a short-term growth modeling experience 
so that he could evaluate tie use of tie sorghum and corn 
models in Ethiopia. 

Publications 

Coulibaly. A. 1992. Relationship between growth rate and filler number il 
grain sorghum. M.S.Thesis. Kansas Stale University. 

Freyenherger. S. G. 1986. Emergence. yield, and yield-comolslents re
sponses to size and density separations of pearl millet seed produced 
by three management practices. M.S. Thmesis. KaumsasState University. 
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Sumnary 

ihe main constrailnt to Colombian sorglium inoductito 
is the high production costs. The national averge yield is 
2.6 t/ha. Bec:ause most sorghium is grown on high va Ile 
lands, production costs can be reduced by incorporating
marginal lands. Bit produLction constraiiits on these low-
cost lands are numerous, delmanding tlie development of 
adapted varieties or hybrids, 

Acid soil, well-watered savan nas accLOt)n t for more thaln 
10% (76 million hectares) of land in L:tin America and the 
Caribbean. They costitute a pote liil region or sorghui
proxluction and are, therefore, a logical focus for the pro-
ject's work. Other regions of interest are the forest margins,
where grain mold diseases are tlie inam constra int, ai id the 
semiarid zones, where droight is prevalen. 

Wherever farmers grow sorghum in Latin America they 
need low-input teclnology ad invest con sidherable effort in 
preventing resource degradtalion. Research on suslaiiable 
agricultural systems is therefore mandatory. 

Before INTSORMIL began it's project, sorghum could 
not he grown on soils with levels ofAl satuiration higher than 
60%. Since 1982, five cultivars, tle result of collahor tion 
between ICA, commercial compaies, and INTSORMIL, 

have been released. These cullivius produce profiltably in 
soils with as high as 60% Al saturation. opening up more 
than 200,000 ha ofmarginal land in Colombita alone. 

INTSORMIL streng thened ICA's Acid Soils Research 
Program tIhrough training and funds. It also helped establish 
nurseries to select gernplasm adapled to the acid soils of the 
Llanos Orientales in Colombia (Colombian Eislern Plains),
IL)improve agronomic chlaracterislics, and tolerance to pail
icle diseases. 

Introduction 

The project, initiated in 1981, Il s changed its research 
focus three times: first, the project identified suitable 
sources of sorghnin germplasm with potential for commer
cial grain production. Evalu:t ion methodology and scale, 
based on field Soil aIlintili saturation level, were also 
developed. Second, germplasm selected from the world 
collecti on was evaluated. Agronlomic lata were also col
lected for the official release of four varieties adapted to 
differenlt Irtpical ecosyslems with acid soils. The varieties, 
Sorghica Real 60, Sorghica Real 40, Icaravin 1, and 
Icaravin 2 were released by Litin American natlioinal agri
ctultural re:;earch programs (NARS). lTird (and current), the 
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projecl actively exchanges germplaism and information with 
entities from both private and public sectors to encourage 
research efforts and accelerate (he delivery of new cullivars 
to farmers. Varieties and hybrids. agronomically superior to 
those originally released and tolerant to head l'uiga1l d is- 
eases, are undergoing preliminary evaluation. 

At first, institutional relationships were limited to in1 r-
Ial relationships among individual sorghum breeders 1(O-

cusing on acid soils. Relationships became ilore complex 
,;i more scientists and institutions, such as the National 
Federation of Cereal Growers (FENALCE), became in-
volved. 

Objectives, Production, and Utilization Constraints 

Objectives 

To establish a Latin American netwcrk for the evaluation 
and exchange of sorghum geniplasm. 

To establish a regional prgranm to develop sorghum and 
pearl millet germplasm that is adapted to tropical environ
ments and tolerant of low p 1and Al toxicity in Irlical soils. 

To develop miimuni-inull tecli ilogy strategies for 
evaluating Al-tolerant lines griwn in tropical saa:na soils. 

To screei and evaluate Al-loleranI sorghum hybrids ac-
cording to Al-saturation levels, 

To screen and evaluate part of the world's sorghum and 
pearl millet collections for toleraince t Al and inanganese 
(Mn) toxicities, and low phosphorus (P). 

To incorjxrate sources of tolerance to At and Mn loxici-
ties, and low P into elite U.S. and tropical sorghum geio-
types. 

To distribute sorghum and pearl millet gerniplasni devel-
oped by INTSORMIL and ICRISAT to national prognams 
of Ltin America and Africa. 

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

To aissist other INTSORMIL Pls in conducting research 
ill Colombia. 

Constraints 

Most Latin American countries are olening ilp their 
markets by freeing imports. International prices will lower 
domestic prices ofsonie products, especially grains. Produc-
lion costs must therefore be competitive. Most Latin Aineri-
can sorghum is grown oi high value lands, making 
proxuction unprofitable. One way of reducing production 

costs isto incorporate acid soil affected marginal lands into 
the production system. 

South America has the world's largest acid-soil areas. 
They cmlain levels o Al and, soinetin es, In thiat ire toxic 
enough to inhibit the growth of major cereal crops. Soil 
acidity is therefore the most illportant constraint to in
creased sorghum and pearl millet production. It can be 
overcome by using tolerant geriipl si. 

A secoid constraint is tie iiadeqnate inagemeit of 
these highly fragile soils. lIdeed, the ecosystem as a whole 
can be easily destroyed. Maintaining and. if possible. im
proving soil structure aid nutrient balance :re essential. If 
the savannas can be cultivated under a sustainable agricul
tural system. the pressure for l1nd would lessei. Agriculture 
in the savainas can ieiore easily mechanized and har
vested products would be closer to population centers than 
from the Amazoo region. Crop rolation, improved fertiliz
tio aniid soil preparatlion practices, an integ rated pest and 
disease 11:i1ielit llUSt becoiie part oft lie research tool 
kit for tie fuLture. 

The third most important constrait ti sorghu and arl 
Millet production in Latin America is drought, caused by 
variable rainfall patterns. 

A fourth constraiint to sorghumlprxlctcion is paiicle 
diseases, which thrive in imiid areas, where most sorghum 
is grown. Under high relative humidity, grain molds ill
crease and the grain loses ldity. 

Research oii acid-s(il constraints woul benefit both 
developing contries and the U.S.: first, in both regions, 
sorghum prodtctit on at id soils Would increase while 
inputs decrease. Second. the U.S. wotull probably benefit 
most through commercial seed companies. By usiig proiven 
Al-tolerant geriiplasii for hybrids in overseas operations. 
multinational seed companies would encourage spinoff iii
provement in U.S. hy brids, especially if a large cnough 
demand develops - which may occur in Latin America and 
Ccnlral Africa, both of which ack grains for food and feed. 

Research Approach and Project ()ulput 

Research Methods 

Adaplation of Genotypes to the Environment 

The INTSORMIL Cotlombiai Program has developed 
anid distribul] sorghum geriplasii which is adapled to the 
many di ffereit ecosystellis ii Latin America where sorghun 
is grtiwi (Table I). Bcc ause sorghui in Latin America is 
generally plainledias a second crop, it ilmust be evalualed and 
selected for hardiness as the characteristic which makes it 
more attractive than other crops. But, if it is to compete in 
inlternational markets, production costs inLust be reduced. 
Sorghum's inlernatioial prices are usually low. especially 
in counltries, such as Argentina, where produclion costs are 
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Table 1. Germplasm provided by INTSORNII. for 
Latin American research. 

Country Institulion(;enilpia m ('Chr;tric l 
Panama II)IA A and i-lhies Ai hlcrant 

Segregating population, 
Colombia ICA A ildIL.tine AI tolerain 

l)rought tolerant 
Segregating piioullio, At tolerat 

i)foughl ul'lant 
Midge Ittcraill 

FEDEARROZ A .Md j.Iim,% AI h",Iul 
l)roughl hlramul 

Segrgating population,, At bolerairt 

Diotigh tolerant 
Midge oleraill 

El Alcaravdn A aid i-Lines A tolernti 
)rught h rnt l 

Segregaing populations Al tol'r;rlri 

.rogli.toe:,nt 


Venezuela FONAtAI' A ;nd B-I.me, \ h"ltlail 

Scggatg ilu 


t'ROSFi(;RA A aod Itii.ju, 	 Al I cri~Jl 

popu;1 ase tng i,l ll"ll 1%l 

Argentina ICI A mild It tine, A] llermar 
Segi'galrt atI,11%
g pp,. 

C(IA-O(eigy A m.d i-tinc. 	 Al lideraii 
.Midge.toleram 

Se.grt'gtltlq
ojmllloll', 


low and produclivily high, or in cootlries with subsidized 
prices.
 

For the Colombian Easteni Plains, the Project has ijevel-
oped genotlypes that tolerate as much as (14r Al salturalion. 
The new genotypes IbutSIbe highly Iolerant to panicle dis-
eases, adapted to soils wilh l(ow fcrtility, and resistant to bird 
damage. They also nced to be resisttit to fl()lling and 
drought. 

Characteriziation and Delerminilon of Ecohiiiica 
Areas for Sorvhtin Production in 	LatinAmierica 

To develop adaplted gerniplasi.an imternlli)l prograin 
Itmust defin ile areas an iiobjectives wili whfich itworks. 
The CLAIS meeting atVillavicevcio. ('olombia in 1993. 
approved thosec cological arcas of si rghtiu piroductlion thatl 
were defined by Ihe INTSORMIL MSl11i Ill Project,
headquartered at CIAT. 

INTSORMIL's role mut comlemlnt that layed 1,
private research. Essentially, the greatest effort sliOUld be 
directed toward the developmremnt of gerniplasn for the ll-
mid tropics. where most of' the conieiltw's suirglitni is 
produced. A defiliilion of the different ecological oreas 
where sorghum is cullivated inLatii America. follows: 

Niechani/ed a'rictnllure 

vst,'/ SI' is ilh salinity tr Al stullUrition. More 
th:n ()W 1ninof rain, high relalive humidify (Colombian 
North Coast, Miolteri'a). 

Eio, vstm 2. Soils with saliniy or Al saturation. More 
thlll 6(X) non of rain, high relative humidity (Colombian 
Eisicni Pilins. Aranica). 

E 'osv.vi.-lm',p 3. Soils with salinily or Al saturatioll. Less
 
than 6(X) inni of rain, relative hlmmidiy may be high or low
 
(Brirnililan Cerrados).
 

Eosy.,ic't 4. Soils with filllimitations, but no Al toxic
ity. Less thma I.((X)L nm of rain, relative hunmidify may be
 
high or low (EIl Tigre. Venezutel ).
 

Ec.ts Ii'.t5. Soils wilhi normal pI, neilher Al toxicily
 
nor salilty is 1plilletioli constraini. Droughi is the main
 
colllrlill. Less tha:n WO 1in1of rainrlativce limiliditv aIlly 
bhehigh or low (Coloinhiam Notlli Coat. C(l lzi). 

EI'o.rs\t', 0. Soils with Inoial p~t . neithler Al toxicity 
nor salinity is a prodCtiO consriiit. )rought is not imlipor
tant. Less than 1,5)) Ino of rain, loniditl may be high or
 
low.An excellent ecosystei fr sorghtm production. High
 
technology and good iIIxnrstrucutre are available (Cauca
 
Valley. Colombia).
 

Nonnechlni/ed a ricultltre 

Ecos * tiit 1. Soils vih iirnorial pll, neither Al toxicity
 
nor sallility is ;aprOdtoelu n constrint. Most cropping sys
fellis are (ont hillsidCs. [)rolnht is an aidditionl:t constraint.
 
Less thm W(X) of iiln,ui1ii relative humidity may be high or
 
low (Sail Pedro, I lolduras).
 

Ecosv\iti-n 2. Soils with normal p11. neither Al toxicity 
nor salinity is a production constraint. Most cropping sys
(eins are on hillsides. Drought is not Iconstraint. More lhan 
60(1 im of rain, relative imuldity may be high or low 
(Santander del Norte. Colombia). 

Ie.r '/i Pr, rc.s 

Breediun and (G'riilaskiii hn provement 

The private sector is more interested inithe production of 
hybrids tIhan o1 vaities. BcausC conqtering acid soils 
would be casier wilh several research programs inivolved,
the INTSORMIL MSU-III Project developed and evalu
ated A anut B-lincs. which were then made available to the 
privatle sector. 

The FI hybrid progenies from INTSORMIL progelnitor 
ilies are highly adaplted to tropical clidilions. lhe selection 

programiili'hdes CvaInL i iii under low-inpu technology. 
with no fungicides or insecticides, thus gutaraiteening naxi
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nun protection of the environ ent. Another inportaillt lie INISORMIL NISU-I Il Project followed apolicy of 
characteristic is the development and evalu:tion of gerro- cooperation aid pooling of conmoin efforts with the privale 
types that are stable under hlunlid tropic:d colldtlioll. sector. Germipasm was givCn 1o slililllle sCed production 

and teclioiilgy traisler. As a result of this cooperation, 

Standard research intlho . lie used I[or all brcedirie-rc- FEDEARROZ will release a hybrid for the dr, Caribbean 

lited activities in Coloibia. Furly cent liion (1P2 breeding region o' Colobnibia. which will use i A-line frirln the 

material is received each year trmn Project NiS IJ-1(4 and is INTSURMIL NISlU- I (A Project aid an1R-linie from Texas 

evaluated at each level f \1 saituraion ald screelCd at A&M University. Most South Anieiicari comipaiesLeed 

several sites by all parlicipatng institutions. Over the years. with breCdilg prograiis use INTSORMIIL's gerniplasin 
severil sets of geriplasiii were sent ito IWA ailid the El which should bencilt Latiiii .-\nemricain ftarers. 

Alcarav~in Foundation for screerniig iii both acid aitd Ioll
acid soils. TAM-I 2K breed inr lines :ilid hybrids fIir drought ('oncurrenilv. Al-s:ilUntion levels have ix'en defined 
tolerance have been increased al ('IAT. Low-input ICtliol- elabling Ibreedtiig lijec tivcs to be esta blished acoirding to 
ogv wais used 11all siltes (iiUSii (0)-04-(t N-P-K Icilill/a- iol0ogical perfnirrri:irice, t: ionl.i6 , aind production 
tirn). within each level olfAl sari1 atirin for given ecological zones. 

lreeiri ha.s bCCI c'TrriCL ll with low-input IechIIology 

[ecause t[he world COIllctCiOll'S irst-ge'ieratiou lines are i a friiework of sustainable lroductlion systems.an11d ,it 
very tall, selection las foiused i reihlciii h1liCitt. while 
niaintinliig high yields and1.lolerance to paiicle diseases. Evalh:ition in the field 
T-lie selection prnocess is dC.AignCd to includC dill'rent levels 
of Al Siuratiioni. aid expected vieds ire bised iii the decree Not all Iilnes or liybrids Iave beeif ill ind to perflirn 
Il'Al toxicity. Teise levels iiave ieni estiblishcd is ftolliws: equally well ait different levels of'Al saturation. Soille geno

types are exccllent fbi vegi soils (low levels of Al satura-
Level I (M;'-35 4 Class I 01; -2{11', AI tull), but do iot ierfrmrn well at high levels of' Al, even if 

(laiss 2 21; -35<' AI one parent is tolerait. l.iies aiid hybrids are therefoire 
Level 2 36(f--(, Class I 3W; -45(' Al SCreiCd at the Ih leIcvCls if Al saturation iii separate 

('lass 2 416 -0; Al nurseries. Sormie o Ilifcse gnotypes will be tested next year 
Level 3 > 60/( ('lass I 01V;-75'( Al ini yield trials. 

Class 2 > 751; Al 
Sets of selected lines are sent to ICA-La Liberlad fronm 

For example, grain yield of2.5 t/ha will be sat isffe tory for the El Al ea:riv~in project eachli year ind frni CIAT's heald

level 3. whereas at least 3.5 tlhia is exp)ected for l el I. quarters to oth locationis. 

Since 1982. the sr rgliuiii brecdiii i40gillr Iiis hritl a For levelsiabove 6(( Al situnralion, hybrids may provide 
series of researchli successes tliaid d' vc'hliing sirstiiiable ;eir alternrative for increaa ed graiii yiel. A full set (if hybrids 
productiili systei.s for Latin Arrreric:r's acid soils. The first is Ivire tesled iin Arica aid ICA-La Libertiad at the three 

icOtplislirrerill was fillilig geriirlpl;srii ;ail:pltC(I to acid levels of Al Saturatioll. TwOr grorwiig seasons per year have 
soils 3id wilh lCCCIiipale agrio1riiic' chiarit.rislt;cs. "'ilicse bccn used for evalhtirrg Al-t lcraril malerial. Some geo
lines were evliited it sCvrl siCs ill ['11 iniasS types pl'Ornned bectter in tIhe first season arid tie height ofcli fruiri 
selections carriedoul INbyscientistsi I A aid INTS( )RNII.. ;all lilies ndilthybrids is rCduced ilI thre second season. Also, 
Tliey were rele.sed as variilies Suirhica Ri',il 41 ( 156-P5- euOripared wilh comiilirercial hybrids. this breeding material 
Serere I )anid Sorghlica Ri'al (4) (M N-.1. },id are tilerari less iicilelice oif paliicle diiseases.ar sliows 
to soils wilh 41/'; arild 0("(Al Slktr:lull. reslpctivily. 

Bireediig arild Institutiornal Bluildiing ill Colollnbia 
lirough collaboritive agrecrin'iis heliee NISU. IN'-

SORMIL, El Alc:travir.arld CIAT, geniye.s IS-3(171 aind During eight years ifreserch in ('oloiilia, coIlsider'ible 
IS-8577 were re'le: sed frir lie world cuillictini. Sorliica effCi has golle irnto evaluating acid-soil toleint lines from 
Real 4(0 and Suirglrica Real (1 weir' us d as che'cks. the world collection. ICA and tie El Alcaravin Foundation, 

with IN'TSOR NMIL's suppirt. recently released two lines 
IS-3)71 is extelrtiollv haid :ard CliLricti'rieiid hV a aipti'd lo Araiuca (('olrrnrbioin Ei.estiri Plains): IS-3071 

produiictioun of inrore than .3 I/ia when aluiiruni aid fiellili- (dlr;iav:ii I ) aid IS-8577 (Icariv.ili 2). 
'nulion levels are low. It alir ttrlersoi 'os partial flouodirig after 
flowering-ain ess'ntial cli:iraceristic iIllpdy hiailred sa- Originally, 3(1 lini'.s of' tihe willld corllection were evalu
vaniras. This variety was s'lected for iultiplicatiorn by tIhe ated in tie reiiiole region of Ariiica where Sulplies arCe hard 

El Alcaravdini Foundatiorn aid was released as Icarav.irr I. to get. This is tih iis irl rlmortan icr.asurn for selecting 
IS-8577, released as Icaravin 2, is very Al tIlerairt andilhis lhw-input tecoliolui, for bioth irodii niiaid evaluation. 
goxil agrorminn ic charne tetristics. INTSORMIL defiics low-inUli htehiilogy in Liin Atirer

icai as, rcluiring fertilizatirrn cvcels hlwer than .() kglla of N, 
P, ind K, with io fingicides or insecticides. 

62 



Su.tainable-Production svesnms 

IllLitin America, rice. soybeans, or cotton are rotated A and 13-lines by evaluathing the general and specific coin
with sorghum as a second crop. Rice is planted illthe raliny bining abilities of the original 125 A and B-line pairs, using 
season and sorghum in the dry seasoci when lack of water IA 28.ICA Nataima. and TX 430 as pollinators.
 
could be aproblem. As a result. INTSORNIIL has developed
 
technology thal can use rcsidul from the main
fcrlili,,iti/in 
 Every year, ICA, INTSORMIL, FENALCE. and El Al
crop, and thus efficieitly explilot [he soil ilpUlts. ciravzin develop tacilCl work plans which becole a forull 

part of INTSORMIL's collahorative effort. All operatingSignificant advances hiave been iade illI('A's breeding budget is thenldeveloped to support [he research 'Omialized 
prograun through collaborationi with INTSORNIlI. and the illthe work plans. 
El Alcaravin Foundation.Research ccliductcld bv INTSOR-
NIL iincollab ration with ICA and other orgalli/.atioccs ill In close coox'ration with NISU-104, the main breeding
Colombia has altracled privale-secltor uI'Mds, furthering and evacluafioii research wLs conducted illColombia at
hlog-tern research goals.Th El Alc aramvin Foundation has CIAT-Palmira. ICA -i Libertad, and Arauca. and iii the 
provided substantial operalional and training fudm.s fkor re- U.S. ItMississippi State University. ICA carried out breed-SCarchIi coclihCted illAratica. This research is oriented to- ing at Na taim and L-i Lilbertad . and evaluations at Ua 
ward plamt breeding f'or both acid and non-acid soils. Libertad and other acid-soil sites illthe region. INTSOR
agronomy. phytpacll y".aid sorghum utiliztalion. MIL cciducled collaborative breeding and screening activi

ties at MS U-104 wititer nursery research sites illColombia 
Nc' (;,'I m/hlcm and also at cither sites in Aftrica. 

Advanced liies Nlost oIf Ihis 'ear's research was directed tcward support 
cf IC.A in devlccping the grllicnolic packages for the release


Advanced breeding malerial htas Ibcn evailuled with the 0f fLlllre varicties aind hbrids. Emphiasis was tI develcp

objective ol decreasing pllt hieight. retaiciugc rc ;istacice to niincmil-iinput techolgices fllr the evaluatin and produc
palcicle discases. alld havicig yield pitential clvc three tons licn ol,Al-ltcleracnt cultivars grown ilc trcopical savanna sccils.
 
of grain per hectare, while iusing IcOw-iipict htClmcllcygv 11 Uniftrm regimial yield trials were ccnducted at sites deter
levels I aid 2 ofl Al satirntiol. lhese lilies have been miined by natii:il programs iii Colombia (La Libertld a1nd
 
distribtjled rcom the Araict .rijecl
Ica thlrlingh l'A-La Liber- Aracicat. Veieuela. Peru. aid Brazil.
 
tad. Their levels cf clid-5.,il toleralcce MrV tile sic as tloise
 
of the first-gerl tin ichues Iniccil the wrld cclleciccic but Because ccf ll:irluiiie pnoblems with Texan gercicplasm,

their alrchiteclure is inicce acceptable tic fariies. the ;ced ccf geclctypes sent by )r. Darrell Rosencw ill1991 

are beilic iCreased at ('IAT. Ii ccooperation with cther 
Ihvbrids INTSORNIL proIjcts. drccught iolerait sorghum 

germplasm (TAI- 122) was evalualed inlMlicmia (in col-
National ;ald ,cullinational seed comlnices in Latiin labir.-tio% with FI-NAI(Fi) cci the Ciicichiacn Ncorthi Coast. 

America have a special role in tice develmet and research acid at Natai. Pearl iillet germplasm (UNL-II 8 and
 
i the sorghltcii crop. Broth resarch aiid c\ICISicill actli ties KSIJ- IM1 was cvaliated l 
 ICA-La L-ibevrtld. Fulure phos

are emplccved, with CIeiphiasis cilihe prccdluoitirllaid Coin- phlirus-cliciency research will e ccnductcd with UNL
nercializatiii ol hybrids. ('0cicsidenii'- thlit ticd:V's agricul- 114.
 
uciral frocitiers are the savanais (ILatin Aierical with high

Ai-saturaic ln levels, geiliplasi cliiibe dcvehvc'd fhr Breeding malerial has been 
 gecierated from crosses
 
those specific comdilions, iuicrcisii g tile tltal producltiin aiiicli Al-tilerait 
 sciurces. agronoiically elite lines, and 
area while preserving ile iilturmal resmcice bai. iCew sources ofIttlleraiice. Difi-.rent sets cl segregatiiig ma-

NISUt-terial were sent frtoii Ito4 to be screeied inColomibia.INTS()RMIL devc ped bk.sic ,Cidlillliaili dil- Insect resistait liles fromn TANI- 125 have been ilicreased al 
lweol the seed industrv tlcbe invclved illIhe tevlcc nient CIATaind testld uicider dillerenCi levels otAl tiirition with
 
ilncw livl rids hcr this cTcSVstlCi- . INIS()RMII. is prcvid- gccd !.,,stilts. They were 
 further screcenced For plant height
ing Al-llerait A :nid B-line liv, liich cciiiilc'rcial c,cii- anid tllerince itp:iicle diseases. Because the first-gciiera
piliies Ca1ci use isseed paicnts wkilh Icir toli R-lines as lil acid-scil tt'leirmllt lilies the willd collection are tailllcoill

pcillinialcrs. thus allcowiig comnipainy aidea. ci tccrcliln cxcLiisiv- ilenatcurilng. directed selectlici was tii reduce pllilt
ity for its final picidcict. Su0elli)ettccdclcen will have a height acid nicaturily while keeping toleralice tco paiicle dis
nultiplier effect. bcC;liise eacl %kCiipii , ill Cvalli;ile ie he agroccnccomicall)eases. Y'eld Irials ofli best perftorliig allid 
basic geriiplasni acc rdilig tlcspecific geiclic ccombinations Al-tclerail hybrids were ccciiducled by ICA at three diflerci
aid tIothe specific nuaikets IlhCtarget. levels of Al satiuralicin (Tables 2. . and 4). 

In suinmary, INTS )IRNIIL will distributc Ice basic All reseaiccclduclCced by INTSORMIL NISU-1I lfol
gerniplas and the ccciiercial seed coillailies will de- lows the lw-iiullut lecliiiilocgy apprich. Dcliomitic lile
velcOpI dllcc'cnierciali/e thehinal prccdiicl. At the saei ticmie. Icone ( ()0 kllca is used ISAsctirceilllire it Calciuin and 
INTSORMIL aims tIc decrease the cirigicil large nuiiber cf' 
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Table 2. Ten best hybrids from each of three sets of Table 3. Ten best hybrits from each of three sets of 
Al-tolerant experimental steriles using ICA Al-tolerant experimental steriles using ICA 
Nataima and IA28 as pollinators and Al-toler- Nataima and IA 28 as pollinators and Al-toler
ant pollinators of "'X623 or TX635 steriles ant pollinators on TX623 or TX635 steriles 
evaluated at La Libertad, Colombia, 1992 It, evaluated at La Libertad, Colombia, 1992 11, 
level I Al saturation. level 2 AI saturation. 

Yield YWild 
Pedigree kmla) Iedigre IkA1.)
 

MS (ATl -27-2-I- I-1-I x I('A-Nam a (6407 MS 1AT2(-25-I-2-2-2-1 x W'A-Naliaima 2225
 

MS (A'121-4-3- I-2- I-1x I'A-Nal.urea 6.273 MS (A12-7-2- 1-1-1-1 x (A-Na tima 2308
 

MS (ATl (-24-6-1-I-1-2 x ICA-Nadijau 5305 MS (ATl -3-3-1-2-2-I %ICA-d.,ataI 
 2071
 

MS IAT2)-25-I-2-2-I-5 x ICA-Niaitma 5102 MS AP12[4-3- 1-2- -1I I(A-Niiaiai 19M11
 

MS (All (-24-6-I-1- 1-3x I'A-Nai.iiniu 5064 MS (AT21-25- 1-2-2- 1-.x I(A N.,tai 
 1891
 

MS (A'2)-29- 2-1-1-1 x I'A-Nat.uma MS 2-1-1-2. I(A-NatIIIa 
 1884
 

MS (AT2- 14-I-1.1-1-2 x I'A-Natamm 4779 MS (A P2-25-1-2-2-2.2 %IA-Natmia 1851
 

NS (AT2(-25-I-2-1-1-2 x ICA-Nma.ina 4740 MS (A'1-45- I-2-x-- ICA-Nataima 1841
 

MS (AT2-25-2-1-1-2-I x I'A-Nalamia 4611 MS (Al11-28-1-1-2-2-I , I'A Nataima 1834
 

MS (A'1'2)-14-2-1-1-1-3 x I(A-Naama 4603 MS (A'1'2-25-1-2-2-I-5 x IA-Naaiima 1833
 

MS 26-2-1-2-I xAI 6434 MS (A'I')- 1(0-4- 1-1-1 2294
 

4938 I %A2-7-

x IA-28 x IA-28 

IS(A (F-55-2-1-1-2 x IA-28 5389 MS ,A12.24-3-1-1-1x IA-2S 2015 

MS (All1-20-2-1 -1-1x IA-28 5064 MS (AllI)-3(,- -2-2-1 IA- 28 1811 

MS (ATI-45--I-I-I xA--X 4956 MS (A'l'-24-5-1-1 2 xIA-28 1511 

MS tAllI-22-2-1-1-1 x IA-28 4955 MS (All" -5-1-1-2-2 x IA-28 1501 

MS (A1(-50-3-2-1-2 x IA-28 4464 MS (ATI -21-(-2-1-1 x IA-2S 1476 

MS (All (1-3-2-1-1 x IA-28 4422 MS (AI11-2-1-2.II- I x IA-28 1366 

MS (ATI)-26-1-1-2-1 x IA-28 4091 MS (A'll"-24-2 -11-2 x IA-28 1352 

MS (A'lI- 7-3-1-2-1 xIA-28 4069 MSI (A l -I17-4-2-2-1 xIA 28 1130 

MS (ATII-13-1-I- -1 x IA-28 41165 MS AII,-5 1-2 1 x IA-28 10M6 

MS TX623 xCIX430 x ISI,084 1-27-2-2-1 4114 MS TX(,35 x (I X-I. x IS9084-.0-3-2-1 3462 

MS IX623 x (NI(K4[(x IS8577(-2h-2-2-1 3797 %ISlX35 x (NI(1((( x IS8577i-9(-2 
• 
1-1 2538 

ISTX65 x (NIPOI.C , I, ,,2f,2 2. I 3463 MS "1X635x (X4;0,\IS,15441 1 Z. : 2391 

MS 1 -X,23 x ITX430 x IS8577(-21.- -2-1 2975 MIS "2,X35 x ("IX430 x FIMI NKj-1-2-I I 1890 

MS TX623 x (ITX430 x I58577--8 1-2-1 2796 MS "X.I S3x (TO43( MN4508(-I14-I-1-1 1855 

MS TX635 x x IS9X)84- I10I-I -1 2685 MS TX635 x (NIN x( IS, 10-4 1INlIKMl(4 1 I1-I-I. 1786
 

MS IX635 x t N,I l(40x IS 1984 -8- 1-2- I 2563 MS TX35 x (Nil0-410 x IS8577 1-2 - I 1755
 

MS TX623 x ('IX43(0 x IS6'44-8- I- I-I 2559 MS TXV35 x 1"X4301 x IS85771. 1-2-2-I 1718
 

MS TX623 x (TX430 x IS6944-1. -2-I 2390 MS TX623 x (I5(OMO(1 x IS8577-31 I-I-1-I 1559
 

MS TX635 x (IX430 x MN4508(- 14-1- 1-1 2380 MS 1"X623 x (IX43(I x IS8577-I-1-2.1 1484
 

magnesium than for correcting the acidity of the soil. Fertil- tinuous exchange of information with internationall scien
izcr with 30 kg/ha each of N,P. and K is used. lists and research progralls. Other countries, such as Brazil. 

need new sources of gerliplasm and innovalive research 
Networking Activities methodologies that allow highly qualified personnel Io es

tablish research projects.
Intr1oduction 

What all countries lack are nleworks for exchlanging 
In general lernis, Latin Aierican countries lack sources glImplasm alnd holding intenilli nailscientific meetings 

of germplasni. They also lack stable networks wehich would thiat uplate knowledgewould and exchange ideas among 
allow access to elite materials available from germIplasiI scientists. Networking activities must friii a m lajor objec
banks in developed countries or fron INTSORMIL and live oany inlelrnai11I project. 
ICRISAT. 

Colombia is [tic only Latin American coluntry where 
Although INTSORMIL has successfully established sci- universities, the privale sector (El Alcaravii). national re

entific c(lntlts wih cooiperating coultries, s(1enai: llal search insiluli ns (FENALCE and ICA), and an interma-
ULIin American programs need a more Ila(ture syslcm. SIme lional center (CIAT) coll aborate wili INTSORMIL to 
countries, such is Panalla., nced permanent cotill;act oircon- accomplish research and training goals. In conIIItrast, net

64 

http:AI11-2-1-2.II


SustrainableProductionSystems 

Table 4. Ten best hybrids from each of three sets of can countries ard INTSORMIL. INTSORMIL has been one 
Al-tolerant experimntal steriles using ICA of the major organizers olthese meetings. 
Natainma and IA28 as pollinators and A-toler
ant pollinators on TX623 or TX635 steriles In January, 1991, the first international sorghum meeting 
evaluated at I.a Lilertad, Colombia, 1992 I, for Latin America. organized by ICA. El Alcaravin, 
level 3 Al saturation. FENALCE, anId INTSORNiII, sought to strengthen the 

Ytid relationships and exchange of gerilplasin among Latin 
Iled igrtce I(kgih1 Aimerican countries. 
MS (ATI.-7-2- 1-I-2-I x ICA-Natnw 15(1) 
MS tA'11-3-3-1-2-2-1 xI(A-Nt.iimia 1118 Comite lnterinstitucional del Sorgo (CIS) (ICA, El Al-
IS(A1V'21-25-1-2-2-2-I x (A-N.aLima 1030 camvin. FENALCE. and INTSORNIIL) organized Ihe sec-

MS ,A2-25--2-2-1-4 x WA N~iaila l)lt, ond inmternatioiial sorghum ineeting for Latiin America ilM",S(All'I)-3-3- i-3- 1-2 x l('A-NatLii,L 1(007MS (ATI)-314-2-2-l-I xI('A NI UP July 1992. Tie main themes 'vere crop protection and fur-

NIS A121-4-3-1-2-1 1 I(A-Nlamima 9I48 tiher strengthening of relationships, eslpcially with the pri-
NIS (A* -I-1-2-i1 -1 I (A- Nd d 889'ate sector, for joint research. 

NIS IATI j-24-5-2-I- 1-5 , I%.WA iamiaN 873 
"" ICANalamm CIS and CL.AIS o(rgani/ed the third inlernational sor(A"1-25- 12-2-2 2 

MS (A]l1.35-3-1-2-2 x IA-2S 2255 ghum meeling for Latin America iii August 1993. The mail 
MS (AIt-7-2-. -1.I IA28 1278 topics were sustainable agriculture for acid soils. the eslab-
MS (All ,. I- 1-2-1 x IA-2s 1010 lishlnent of : Lain American sorgitmi Ietwork, : 'd the 
NIS (All'-7-2-1-2-2 IA-28 flutire of ICRISA'FaidINIS( RNII. iti Latin America. The,,48 I 
MS I,Il 1-5-5-I-1-2 xIA 28 7(5 coitseistIs waS t c((tinue supporting INTSORMIlI's work 
.%s (AIt -2-2- IA-2-I 744 ill Latiii America. tising ('IAT as lheadtlUarlers.I.\-28 
N (Arh-24-2-I - I-I-I xIA-28 595 
MS (AIl1 7-4-1-2-1 x IA-28 524 Collaborationwith ( A andlI/t 17 Aw'rariw Foundation 
NIS (ArI--5-1-1-1 x I8.\.2 470 
MS (Allx-5-6-1.2-2 IA-28 441 Region:l rials 
N1S Tx635 x (1X430 x NtN45()5-73-1- 1-1 1222 
NIS "IX63 x NBt40 x IS)9084 )-S-I- 1- I192 For ite last three years, regional trials formed the NISU-
MS x35 (IX43(0x ISS577 8 .-2-1 1118 111 project's nain approach to acid soils ill Colombia. 
MS TX621 x (TIX-13 x ISSS'77 . 1-2-2-1 10,3 Because ICA also has a scientist issigned to arauca (Sr. 
MS TX6I4 5 x (Nt,(- .x ISS77-2,9 I-I -1 1(o7 Walter Rend~n). all reseaucth conductled at El Alcarivai is 
A1S"X(35 CIt1X4.3( I'NK) .f-,- I 951 replicated ill full wih ICA-Arauca. The El Alc.,:traVi pro

.15 IXt,35 ,t(Ni4(( , IS 577 r1226-2- 1-1 vides support Ior tlie evalttlion ((1 new segregaliiig ntlateri-
MS TX,35 xI-tA13ox is6,- 41 -6- -I -I 97 als antd hyhrids. Joint evaluation ol these itew lines will 
IS I- (35 x (NItP ( x IS577 ) .2-I- 8)2 slrettgtlhienctl(( .ilitoi(n and result in better defined goals ald 

N1ISUNI.23 x iNtI9n( ISS77 -2.- 1 873 
objectives amton1tg [I Alcamv:i1 In('\. and INTSORMIL. 

Two new sets of' AI-tolerant lines. develhped by INT
working activities in other Latin American countries are SORMIL. were testel ili regional trials located at ICA-La 
very weak. Libertad. which lies in well-drained SavanMs, andi at 

Aratica. which is in lI(Illy drained savalnnais. The Savalltis 
Work-.iops were also cl:ssified according to lhe levels of Al satralioll 

in their soils. 
A i atnal workshop is organi/ed by ICA, the El Al

caravyin Fouidatitn, FENALCE. and the universities to La Libertad is the main site for evalualing alld selecting 
share all research resnlts of' experinients ctnducted in Co- iaterials adapled to acid-soil cotdiliotns iii well-drained 
loinbi a. The El Alcari vin suipporlstlie ltannual pub llica tion savatms. Aratica is a tte\w research area for INTSORMIL, 
of the proceedings. The workshop is signifi-an., bing the begiing in l(98, willh the collab)rallion of' the El Al
only opportunity where a Iuill updating is carried 0ut and1 1 caravin Foundation, which provided the funds for the ex
w(rk plan implemetied with Ile participalioi of all ilistilu- periments. 
lions involved in Colombian s(rghul research. Since 1990. 
tie private sector has becomite itlvolved and fltre results are B(lh ntirnal aid acid-soil sites were used to evaluat and 
expected to he better, test seleced :advanIced it1:aerials (Solgliilll alld pearl itiil

lei. Regi(nal trials have beCei 'tlldUCIled willi lrst-geiiera-
Internatiotal meetings, emhasi/ing lopics ofinterest to tion lines. atnd resulting pr lge ly was tested ill 

Latin American scienlists, have beenM lueld ((iceI(r twice a semi-c(mierLi:l fields. II Ariuca. reseach was contducted 
year in Colombia. wilh the pail icipaltitt of all Latin Atlieri- at three sites with high levels of Al salmlloll aid ,t five 
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sites with Iloln-acid soils, according to the clssification olf 
Al-saturation levels. 

Foi-ntion ofa Niwotrk fin ill'Introduction, Exclhang, 

Stol-ge, 11ITr (IC, ttion of (crinplas m
and Di.tin 


Tie INTSORMIL Colomti biani Program. heatquarlered ahlt 
CIAT. has pr)moted and established a Latin Aincrican 

network. Ivolving bilth public and privale sectors at na-

tional and internal iotial levels, theiItwoik tilldiL'I/s tie 

illIttction. exch;a.ng., Storage, inCeaSe, alld dislribtllioll 
ol gertiplasn. Inlie network will alintain SllipIltS of tie 

I10)51 adlvincd stiureCs of celitcic resistance anld variability 

available ill naround tei worldadvallCed research iiislilutlis 
hfr those Lat in Ameiric an reearch iistiltiills I, ich wirik 

on sorghum and pearl millet. 

are tile small 

Forcro. tuiAngela. I')')2. tici iara claii rar w'hisky a0)itcitni aloio 

pai tic sorgo S, h,tmnhtc,,r 1.Moltncth. "lhclsis.
B.S. Uniiversity 
Sutiigo de ('all,Cali. ('toloithi 

-Riacos. t'dgar. '192. D)eli[ltllitlnciui etcol6gica%ipnra laptloduciezolla.s 
con d stug Sortu'hImh,hr .. M .nc. Ili Aratica. B.S. "rhiesis. 
Naliilla imtcr i t tfoaihmia. Palliniia. (olobnhia.

S
ILlII (.(hli,. i , Clriict'k Alglllh, ll6clillinl'.i902 .N Cu tih CIiicint' meIayttcs 
y inritirest, ci tUCIt AljItit cullivados el sorgo Sorghumfli tcolor .. 
Nmthc. 11S. Nal.iital I iiivci'ilv if (ombia. 'alira, ('olicsi,. 

hti.imi hm. 

Riiauilc, Jtsc Jatniiti. 092. 
1..-.11m.na, matt: .. sorg, Sot, hi't,,,I, I.. y swya (;Iwic ma L. 

cii .ticlosa'idis de ii.ija fll iiut.id tic I I'uls I()itri|t'ils.ItS. lieis. 

Stat.,. ( iiutiiitt. 

CI..V] Iiss'ilg.iiti tic tri) ('olombia: 1ltttile de aclividades 

\ '1isci.ii I ttlitt.I11'2 "Itiiiia.Et:tidamit(thlidtii..LilAh'~artvii-I(?A-IN'ISORM It.. 
de ell 

190 IIl (all.(Chi,,mitlt .12(1,1, 

Pro-s' ntiltions 

Niitti.. (;uiiciiniti I 112. Ii'ciiict y lulurt+dc INTISORMII. cii Ariiirica 
fl a1
a. i i .ttAIS.Lati .Til? L()lll)lllC t most; w lith w beii 109'2. /olaS die110dtJci~n de soigo el ('olonmbia:Theccom pa inies w iic h w illll t2|t'il llOg[ li."ile +',In:ll Mullol. (4uiIlellmt. 

nalional Companies. They will be able to use these 
gerimiplasin sources for developing (icnew lillRavailalble 

illlitemIain research centers but %khi llih r scveral reasols., 

-ire not availale to tilesimall Latin Aiie:-i.an research 

insgtittions. [F+ ll withi lew reso|llft.es, lk tCall
Ihk i hav'e 


great imipact ill[atin Alliri ca. 

.Jniformh regiolizil yield talis %were CrOMIictCl at 
Quilicliao. La. l.ilmlad,:alid \rauta (iall i ('oloiniat). and 
;ii siltes tletcrnined by n:itiioial pmogrunis in Vetiteicla. Pert,. 
aiiid Brazil. 

Because two varieties were relcasel il 1993.clsider
able effort was dirctCd towald seili-COmminercial fields. 
consislent with tilespecific levels of Al saliirlitmn fur Alich 
e,'ach virietv was released. FI-N.\IA'h., I( 'A.('RI ID, alld 
the E1 Alcaravaiii FOtiilzliuil were. alld \ Ill 'ollitinnC to0 be. 
in chare of the e semii-ciriiiiCitcii'il hIls. 

In cooperation with other I NIS()R N II. i0jeCts. 
drought-tflcram sorghum eimijrlasm Irtmi TAM -122 w'aLs 
evaluated at (odl/zi incollab irallin v tilt:[F[)hE.ARROZ, 
aitil ii regiounil testii ('lidiibi NithI (' )tast alll 

Nalaima. Phshor) s elfciclACv reswail h \ hIe ciducted 
inci(lperaitm v ith UNI- 114. Stii itt sorpliiim as a raw 
niaterial for food prixltiu'ts will iil'Cl('1tdirct cllsltaliol 
between ICA and INTS( )RMII.'s fiXd lulliyltpr 'cts. 

Pulblications annd lPresetatiins 

I'nuili(atioll 

CG AI'la, . A11 wI 199llI 1",ialt~jnl iltItrljl'.. f.lflll tiV 'tIm lo It 2, 0 p ,.I 

Sarictiatics titstrgo S'it Jtiu II. dw , IicCl t Ill111 d.t/i11.1;i 
nI iillilat ill I I teis i ti' .y galltcria. IS. ii' lw S.Uthig (.it ( 'all. 

(Colombia
(o o, ('arionii h I tilr yh 1992. h 

ll';lt t dki't lildidt't~t[t; t ll t't'l~ ll +,I~t lXi+ ltl ltttI ll 'IvIllal.| 

del sirt isr bitt,, I , il-itl ty.shun . ,lt i It S Natthil.i ('ilt t-

o( 'tClomia.Valnlra, C'6mnh
 

Rcillin tii .t'iilll/d0tiil , ijiuil gititr, ell Sorgo. Cim-;tigy, 
Nmtcna. (tilh Iw-t .t 

.Stunt.'. (tijiltnit. I 'to+ . Slcjtr/iiiiiltiiil tic sitigo iara siti tst ,+iidtit. 

RCIIuill .titi tic IIItiNVgt 1it I A A I.ii o.ld. (tolonmiia.el.tIgt. 

Mthit,. (;iiiitIIIttt. 199 1, IN I.(iRMII. en el it, oia liiian icait: 
ICU1 1 .tiM.1ti ['lii'. i, 'anama.I lt sItaIl Will. i'id.ttd tic t'P.ilu[Mult /.(;tiiilt.lllh 10)4 /ollamC, tlopgIs d it ittit it ellAIwrit'rca 

I.IIi \IIJIA 1 (t'tittihtIA. (CIi.11ut IILa. 
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Summary 

The economic impacls o1 II:lgeClDura I in thC SudaM 
and of Surello on the hillsides of soulthern IhlondurLs show 
substanlial relturs to agricultural research an1d extenlsioll, 
The liagecn Dara experience indicates the imporlance of the 
expansion of a privale seed iiidustx :and a fertili/er dislri-
bution system to support the rapidly incrcasing demand for 
otll inpuls once a n,.k hvbrid is intioduced. Ill I londihras 

the ilnvestlelint colselvationin Ik1'sioil letlhogy inilade 
possible the iltroduction otf ill inlensive technology s\ steim 
(vicld incrcasing)includoig tcllii/alin, beler algronoinmeC 
practi., amid Nn1W ctli.ar. 

Ill [inkina Fs;Lso ad Nicer fallow rolttioll used to e the 
prilnipal Ioellol foXr restiing soil fertility. I ligh popltikoll 
densilies and Coimmi l tlhnldiig sysNenls h:ve beenm 
elinlinaling Ihe fallow sysllns so this exellsivc syslem is 
now resulling il falling yields and soil degraLtill. We have 
studied the economic faclors influcLA.ing the Shill Iloin 
exlellsive, low input syStems. whCre tIhe principll unn,ova-
imn isanimal tractio . to llllclsivC svstCins %till pulrch;sed 

input use and improWed cltll rs. To irreacoe yiel([ds profil-
ably it is geerralily HncLTes;lrv to Icl"uuud to tili the acr 
availabilitV ;and1 Ime soil cltiliv Conl ,tla ill.s. The I.pes (o 
lechnologies retlliire.d VArv V oilh styl types and e.ldLHMine' 
environments. (im the crusling. clay soils the %wretenion 
is crilical to inicr:se Ihe relurns and reduce the risks iof 
fertili.mlilln. On time sandy utne soils fel ili/atioim icreases 

botlh soil Iutilment levels and waler use efficiency. On both 
tIpes o1 soils decreasing land avilability and incres'ed 
profitabilily of agricullure both accelerate the introduction 
of ilensive techitohogies. Intensive technologies not only 
increase yields bll ire mnore sustainable systems than the 
extensive sslemis presently practiced. Many of these inlen
sive systems are hihily profilale and thcir water-retenlion 
fe;ures result in little increase in riskiness oftlIe combined 
SSelis. 

We have idcitified a series of lechlology, and economic 
policy recommendLatiost accelerate lechllmolog, diffusion. 

iThe and longer sea,sonIotential 	farimier demand lfonldiuni 
cullivar; alld] the importance of reducing tIhe cereal price 
collapse ill good raimlfll years both becamel obvious ill 

contrl y Sltlc in Niger alnd Iiiirkina. Ill Sidain II~lgcen 
[)ura diffusion was iclated to the functioning of the input 
markcts,. exnsioi contacts, and farmers' taste preferences. 
The trzaditional farim aind farmer characterislic's lmnSt coin-
Inloilv ideltified iil diffusion studies weCrc shown to be 
rclated to tile raltiling associaled with illputl supply con
stralintfs ratheriliha , itlif difrellces ill the dinaund for the 
new tchlinoloy. 

ti e 11):K-n l oaIricultur:l alnd household tech
nologies oi Ie wellare of wollen has keen allilyzed. Wilh 
most lypes of- ihusebold decision making both typs of 
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technologies have substantial positive impacts on female 
(and household) incomes. Since household heads receive 
less benefits than the women but generally make the deci-
sions about household investments. they need to be made 
aware of the economic value of household technologies in 
releasing tiletime of wo:en for directly productive activi-

ties especially when new agricullura lechnologies are in-

creasing the demand for the time of women.
 

Introduction 

During the last eight years of the existence of the present 
economics program we have evaluated various aspects of 
the impacts of new technologies in Burkina Faso, Niger, 
Fhondurs, and Sudan. New involvement in 1993/94 is tak-
ing place with field research in NIali m!l Scneval. Technolo
gies are identified by other INTSORMIL staff or 
manage ment. Sonie of'our analysis pursues other issues 
relevant to development such .;s recenlt withour concern 
sust.in bility issues and the eflects of various types (Iif 
technologies on the welfare of wolieii. 

At the beginning of this project there were few ectijli-
mists working in tileNARS and I'ew ideas abotii how to 
integrate meo..,moiiists into NARS or even INTSORMIL ac-
livilies. I cnce, in the early years of this project we needed 
to establish our own credibility within INTSORNIIL and inl 
the NARS. We concentraled oii producing research and 
training economists to work iii multi-disciplinary projects. 
Ph.D. students (principally Africans) iinthe Eionomics Pro-
gram of INTSORMIL do fietlwoik in our priorily countries 
in collalxralito with NARS economists. The evidence of 
our impact is reflected in our publicatiouns and in tile ecoio-
mists trained ii this program now working iii ttie IARCs and 
NARS. 

Withiii the NARS there is IiiW agrlwing recot,_nitio lito' 
the nCCd tt docuLet the effects Otfnew tlCcmology in order 
to generate more national support for research investlleilt. 
Tliis is presently a rapidly expanding area oftlem1an1d for the 
services of economists ii tie NARS. The Fanoing Systens 
movement in the 'S(Os also created a dein:d lr cln)imilllists 
to pamicipaite in multi-disciplinary teams to undcrtake on-
farm testing and evaluation ol new teciologies. There are 
presently more and better trained economists in the NARS. 
Moreover. economists are iiicreasingly reclgni/ed illthe 
NARS for their poltenial contributitns to on-f'arm lechnol-
ogy analysis. II this new eiivirliniiiciit With iiiore trained 
Cconllsists and stone appreci:ation of their roles iii the 
NARS, it is now easier to design mire collhoralive activi-
ties with them. 

()ljectives, Iroductiom and tltilization Constraits 

Objectives 

Estimate the potential impact and sustaiiability of new 
technologies in variotus priority regions for INTSORMIL. 

Evaluate the f'anu-level impact of various agricultural 
and economic policies in facilitating technology introduc
tion. 

Underlake farm-level surveys inpriority regions for new 
technology introduction to estimate diffusion and to con
struct more realistic farni-level models. 

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

Evaluate the impact of the perl'ormance of input and
 
prodict markets in affecting technology introduiction and
 
recommend policies to improve this per'ormance.
 

Constraints
 

In previous reports we have documented various con
straiils to tccllolgy diflusion and potential introduction 
in various countries. The most imporlmlant coInstraint lthat we 
study ii tihe INTSORMIL progran is the inforniation con
straint: flow are the new techuologies associated with the 
collaboraliig NARS and with INTSORMIL perl'orming on 
farimers' ildChs'? W\hat are the lechnical aind economic CoiL
straints to their more rapid dilfusioii? What ecoioluic laC
tors influence the techlogy requirements aid the speed 
ohado,.)tiomi? 

Several specific constraints identified in our work over
 
the past eight years are:
 

Deterioratiig stil Ieliliiy resul tiiig from extensive pro
ductitii practices as the land Slspply becomes t0 limited to 
coitinue fallowing (hiurkina, Niger. Sudan). 

The water availability ct)istrli itmaking it 'oo risky te) 
resolve the soil feriility constraint unless both constraints 
are resolved siiimultaineously. This problem is most serious 
in the heavier clay soils with crusting problems (Iurkina). 

The l'reign exchamge constraint pushing ational gov
ernments 1t avoid chemical input purchases. Some areas 
such as the sanidy dui1e soils t1'the Salelo-Sudanian ZcOne 
can resolve both water availability and soil fertility prob
]lis with fertilization :nd higher densities. I luwever, they 
have to impul the clkoiica fertilizer (Niger. Sudan, Burk
imia). 

On the hillsilcs soil conscrvalion and stiil fertilily prob
lems need to be simuitaietnusly resolved. The farim has (ti 
be prevectd from washing down into the valley bI'ore 
more intensive tecimuihumes Ibecome appropriate (I londuras). 

The cereal price collapse associated with good rainfall 
years (Niger, I hiduiras). 

The sltow evolutlii ol the ecessary input titarkels for 
rapid techlological clmage esp.'cially the private seed in



Sustainabh'ProductionSystems 

dustry and an adequate fertilizer-distribution system (Su-
din). 

Research Approach and Project Output 

Rese,,rch eiWt~ods 

We evaluate technology performance with field inter-
viewing and statistical analysis. For example, in the Gezira 
study of the introduction of Hagcen Dura the farn and 
regional level factors associated with adoption were ana-
lyzed econornetrically. This type ofanalysis can give insight 
on how to accelerate tire diffusion process and help identify 
other constraints as an input into future research priorities, 

For new technologies that have been tested only on the 
experiment station or in trials on farmers' fields, we estiinate 
the expected consequences of their introduction. Wc idol-
tify teclinical and policy relaled constraints wtiih nat hemiali-
cal programming and with simulation imodels. The 
objectives arc the sanme as above to anticipate the consc-
quences and !he c(nstra ints to new technology introduction 
and to accelerate this intioduction with policy support. 

Finally, there is an emphasis not only oii describing and 
anticipltingthe effccts oft ecIro ogics butal sr Oc.ilaIyzing 
tie rol ,fagricultural and econonic policies in influencing 
technology adoplion. Moreover, we are presently beconring 
more involved in evaluating the functioning of tile input 
markets. 

RscarclhFindings 

Sudan 

In tire Sudan, we have been principally concerned with 
analyzing tie diffusion process of the new hybrid, Hagcen 
Dura-I. Previous diffusion studies have enrlmrasized farin or 
farier characteristics, such ',s farm size ard education. 
Most studies have ass,med that there are no supply coi-
t;raht; for otbtai irg lie reluired inputs for tre iew teei-
nologies. In this case, these inputs include Ire hybrid seed 
and higher levels of chemical fertilizer. Inthe Sudan tie 
public seed prcduction agencies have had problems inrecent 
years in responding to a rap idly increasing denaid for this 

resent more knowledge or information alx)ut thc new culti
var. 

Tastes were observed to change over time (see tileINT-
SORMIL annual report for 1992). This was also an impor
tant result because many diffusion studies have emphasized 
the importance of tastes, especially farmer complaints at tihe 
initiation of the introduction process. The two diffusion 
studies in tie Gezira region noted that over time farmers 
changed their preferences with regard to the "kisra" quality 
of the high-yielding Hageen Dura-l. This should not be a 
very surprising result since food habits have been observed 
to change inmany regions with variations in the availability 
and the prices of different foods. There often are resistances 
to these changes but there are apparently dynamic aspects 
to food consumption and some of these were captured in this 
statistical analysis. Within some range of food quality, 
consumers (farmers) were apparently willing to change their 
initial resistances to a new sorgh um taste if the price (or in 
this case yield) advantage were sufficient. This dynamic 
nature of tastes is imporlant for other diffusion studies and 
for research priorities of fixd scientists and breeders. 

Also in the Sudn we are evaluating tie long-run sustain
ability effects of present and potential technologies on tile 
vertisols. An extensive agriculture of mechanizaition on 
large farins has been encouraged by govenmental policies 
subsidizing land, machinery and interest costs for approxi
mately 30 years. During tire '8(Is. sixty-four percent of 
Sudan's sorghum came fron this rainfed, mechanized re
gion. Sorghum is the principal food staple of tie Sudan 
occupying 55% of food crop area (Salih, 1993, p.1). Since 
there isso much weather variation and some farmers prac
tice fallowing, there is a debate on whether sorghum yields 
have been declining in this zone. The crop/water/soil model 
(Erosion Productivity impact Calculator-EPIC) enables us 
to look at changes incrop yields and soil charactcristics over 
time.Extensive sorgiunI production has led to an approxi
mate 50% decline in yields after about eight years according 
to model results. In tIhe extensive, low input system pres
eitly practiced sorgh, yields have fallen to around 0.6 
int/a. 

Wilhi moderate feilization and ai improved cullivar 
so rghtum yields can be doubled from these low yields with 

hybrid in tile Gezira irrigated zone. Moreover, farmers cori- soil depletion. Moreover, tie rcdel results indicatc that 
plained of tile difficulty of obtaining as much fertilizer as 
they wanted to buy. 

When an adj usiiment is made for these supply restrictions, 
the traditional variables cxplaining diffusion are no longer 
significant. The farmer varial"les, such as farmi size and 
educatiou, apparuently explain tire differenti al ability cif 
farmers to oblain these ralioned inputs rallier thnlvariat ions 
in the dcmand for tire new technology. When all fIrmers 
who wanted to buy tire rationed inpuls were assumed to be 
able to get theor, then exlension cciintacts aind farmers' taste 
preferences about this new sorghum were the decisive vari
ables decmining diffusion. Extension contacts clearly rep

yields calr be maintained at this level. Tire extensive, low
input agriculture is not sustainable but leads to soil degra
dat ion and declining yields. The use of mcxlerate levels of 
chemical fertilizer, an improved cultivar, and improved 
agronomic practices cairrise yields and maintain then) at 
1.2 to 1.4 nirt/ ra. These arc not outstanding sorghum yields 
inicrniationll y but they are a substaitial improvement over 
present yields (Figure I). These improved technologies 
were also highly profilable. 
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A:improved sorghwn cultivar, moderate nitrogen, and improved agronomy under historic rainfall.
 
ll:lmpmved sorghum cultivar. moderate nitrogen, and fanners' agronomy under historic rainfall.
 
C:Traditional extensive sorghum production, continuous sorghum, traditional cultivar, and fanne,' agronomy under historic rainfall.
 

Figure 1. Estimated sorghum yields over time of present extensive sorghum production and two improved technolo
gies in the mechanized rainfed vertis)ls of the Sudan (EPIC model). 

Burkina Faso 

In the heavier clay soils, tile soil crusting over time often 
makes the water retention a critical investment. For the 
crusting soils of the Central Plateau of Burkina (Sudanian 
zone), yields are falling and farmers are extending cultiva-
lion into more niarginal agrict lural regions. Ill these condi-
lions, higher input use to increase land prodUclivity is 
critical. Higher clicnical input use also increas.s risks. But 
the combination of water-relenti(n !echnilquCs and chemical 
fertilizer reduces risks, makes agriculture more prolitable, 
and makes this a more sustainable system. A simpler and 
less effective technology of contour dikes, constructed out-
side tie crop season and combined with organic fertilizer, 
isalready being rapidly introduced. In tle Sudanian zone if) 
Burkina Faso, the introduction of tile conltour dikes has been 
very successful with an estimated 60,(X)[) hectares in these 
dikes inthe late 80s. 

A tied ridges-fertilization technology overcomes the 
same constiints but these inputs are more expensive and 
musi be undertaken during the crop season. Since many 
farmers will encounter seasonal labor constraints, the tech
nology combination will require animal Ircion an[d an 
animal traction ridger. lowevcr, the combined effects of 
this more complicated technology combination oil yields 
aid profits are also subsilltiaily increased according to 
model results (Rainaswainy and Sanders, 1992). The coni
bined introduction of tied ridges, fertilization, and a new 
animal traction implement has tlie economic po tential to not 

Ionly substantially increase sorghum yields but this higher 
input system ismore suslainable than the deteriorating low 
inpult system generally pracliced fow. Figure 2 indicates the 
economic effects of introlucing these new tecinologies at 
di'fferen levels ofiland availabilility and(I gradation with tile 
vertical shifltLpward being tlhe inIcome increase from tech
nology adoption. 
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Figure 2. Farm incomes with traditional and new technologies as the supply of bush-fallow land becomes more 
inelastic 

Table 1. Female worker's annual income after the introduction of new technologies and incorporating the different 
household. behavior theories (US$). 

IhlusehlldTr,deceision-nmaking Tdil ional Introduction of flewariculture Ilroduction of new household technologyagricultural technology and cw agriclural technology
Coilttpctitive I (X) 160 187FXplt ilive IW 10) 117
jliLi I (X 131 154 

Includc% ,Ifly h,,t',chIt. , tIedcnjt rlt ul r.. lltlum , poser. I louw hol., with anIl-d trctitn , ere mt nclm tl. 

Also in Burkina. wc have looked at [he effects on women technologies in raising female incomes. Household techof new technology introduction. Inagricultural systems with nologies, such as tile wood-burning stoves, are presentlyrapid technological change. women are made biler off with treated as a durable consumer good with environmental,(he new technology itroduction even if its use is concei'- health, and financial consequences for the family and tilet, tied among tie men lor most types of family decision- economy. These Imancial consequences aro in terms ofmaking. There is si ibstan tial emirical eviden ce firom otlcr money sa vcd in fielwo)d pturchases by tie urban housestudies Ilt most family dcision-matkin g is done in a bar- holds. The pro ductive pote tial of Itnousehold technologiesgaining franework. Wilh this bargaining, female iticomeg: is ignored since the opportunlity cost of women's time isare increasced 31% with agrictlural technol)gies (Table I). a;sutiled to be negligible. This stidy estimates the economicIfdecisio-mniaking is made ii ab:irgaitiing firamework, thell impact of household techlnlogies by pultitlig a value on thespecific policy measures toaim the techloogyl tilte wtitleti time saved in Ierhmofiiing houi1sehold chores that could begetierally are not as efficient in raising female intcomes as used iii generaling i,,coute.The inltrodutclioi of wood stovesaccelerating Ihe introduclio llthe new techoloIgy. If fanoi- and steel-tipped pcstles iiises the total farm icone fromily decisiot-making is male ii an exploitative manier, [he[) $1,111 to $1,177, a 6% increase, while it raises the incomewomen are not made betier off wilh new agricultural leci- of women tinder bargain ing from $1 I Io $154, 18%annologics. We also explored the effects of ntew household iicrease. In fact, household techno logies niised hie income 
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of women irrespective of decision-making. Even in the more 
extreme case of exploitation, women were made better off 
with the introduction of household technologies (Table 1), 
they experienced a 17% gain in income. 

An important aspect of our recent research was to exam-
ine the investment determinants for these household lech-
nologies. We looked at why investment in these 
technologies was low and what types of policy measures 
could increase household investment in these technologies. 
So long as the investment decision is dominated by the male 
household head, adoption of household technologies will be 
limited. The benefits that the household head receives from 
these investments are much smaller than those received by 
the women. Hence, he prefers to purchase a motor scooter 
or radio rather than a wood stove or improved food-process
ing equipment. This consumption pattern was also observed 
indeveloped countries where investment in household tcch-
nologies lagged behind other major consumption expendi-
tures, such as radio.,, televisions, and cars, until the 
opxrtunity cost and labor- force participation of the women 
were clearly higher. From a policy perspective, this research 
suggests that raising the opxrtunity cost of women through 
the introduction of agricultural technologies aind more off-
farm opportunities, if combined with increasing awareness 
of the household head and government officials of the 
opxrtunity costs of women and tie productive potential of 
household teclmologies, will raise the rate of diffusion of 
these technologies. 

Marketing the different household technologies directly 

Nie
 

In Niger on the sandy dune soils, crusting is usually aless 
serious problem but the water rapidly infiltrates deeply into 
the soil so that the plant rools are not able to tap it. Moderate 
fertilization and higher plant densities have been shown to 
simultaneously increase soil fertility and water-use effi
ciency. This makes technology introduction on these sandy 
dune soils much less complicated than on the clay, crusting 
soils as in Burkina, where the simultaneous introduction of 
at least two and often three new inputs was required. Here 
on these soils chemical fertilizer and higher densities alone 
resolved the two critical constraints of wateravailability and 
soil fertility. In the region early cultivars of millet and 
cowpeas are being introduced but no fertilizer. 

Since fertilizer isthe critical input to make this asustain
able agricultural system, we then analyzed in detail various 
policy changes and technology modifications that would 
result in the introduction ofchenical fertilizer on the farms. 
In the higher rainfall Libore region the analysis indicated tie 
importance of not overinvesting in early cultivars and in 
first introducing phosphorus alone (Table 2). Both of these 
technology modifications and an input subsidy result in 
fertilizer utilization according to the model results. In con
trast in the lower rainfall, Kouka region no feasible changes 
in technologies or in economic conditions would result in 
farmer adoption. For some regions improved crop technol
ogy may not be appropriate. Rather it will probably be 
necessary to encourage out-migration of fanners and to put 
these crop areas into more extensive uses such as agro-for

to women via female extension agents may reduce tile estry or grazing. Technological change is not a panacea for 
marketing costs and increase the diffusion rate since women 
with higher opportunity costs may invest inthese technolo
gies themselves. Public intervention to promote the diffu-
sion of household technologies, particularly the wood 
stoves, is also recommended since the social costs of 
nonadoption are higt in terms of deforestation and continu-
ing soil degradation. 

all regions and for all low income farmers. 

Honduras 

In Honduras, we studied the economic impacts of com
bined technologies for the hillsides of southern Honduras. 
Table 3 indicates that the soil conservation technique by 
itself increased farm incomes by 36 to 42%. Adding in the 

Table 2. Effects of various policy instruments on adoption of fertilizer in Libore and Kouka, Niamey region, Niger. 

Policy or pi,,gran 


Current practices - improved cultivars 


Price suporxt (50 FCFA) 

tnput subsidy (10%) 


Inpumsubsidy (50%7,) 


Credit prograt (10,0(X) FCFA at 0% interest) 


'lhosphonis only 


Long-cycle mtillet variety 


Adalptive livestock choices 


-Indicates that tois ltchlnology or policy choi cewas not evaluated. 

i'ichang Rate: 2K :('FA/JS$.
 
Souruc: Shapiro, Itr99I; Shapiro et al., t1992.
 

tre ilizer use (ha) 
tihore Kouka 

0 0 

0 

1.2 

0 

0 0 

2.1 0 

1.5 0 

0 
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Table 3. Potential incorne* effects or soil conservation techliques(sct) and a new sorghum cultivar and related 
technologies for hillside farmers insouthern Honduras at two levels of risk aversion. 

Tradilional fann wilh:
Description No new teclologies SC1s only SI's and new sorghums 
No Ri.,k AversIon 
Income level (S 276 374 415 
% Change front base case 36 50 

Area under new sorghums 
81 

(%of tolal crop area) 

Total grain production (kg) 2,590 2,735 4,439
% Change - 6 71 

Extreme Risk Aversion 
Income level (S) 262 371 401 
% Change - 42 53 

Area under new sorghums 
73 

(% of total crop area) 

Total grtin production (kg) 2,168 2,735 4.290 
% Change 26 98 

*Aprice Iloor aas included inthese calculations of inconte. Th1elow..t value- in thedistribution of maite anti sorgttum prices in the nodel were increased froml$.04 anti$.02/kg to S.10 and $.(t7/kg, repectively. So everywslherethere -as a lower value in the price distnhutions, they were replaced with these mininuns. llese were the prevailing minimum pr.-., oftferCdby the official matketing agency I I19 . 
Source: Lope-ereir, Miguel. John II. Sanders., 'litthy (G. Baker, and Paul V. 'reckel, 1993, ":anrt-l.ces'l Economric Effects of irosion.Control and Seed-Fertilicr Technologies for IHillside Fanling in | hoduns'' West lafayette, IN: Purdue Dnisersity. binco.p. 30.Ilept. of Agricultural lEconotiuw,, 

new sorghum technologies further increases farm incomes 
by another II to 14% (Table 3). The soil colservalion 
devices (SCTs) reduce runoff and hold more water o the 
hillside thereby reducing the risk from fertilization. lence. 
even extremely risk adverse fa|rmers u-e willing to make 
these investments according to tie illodel. Once Ihese waler 
retention investments are made, Ilhen the more in ensive 
cropping system wili the new cullivar ald ferlilizalion 
becomes profitable. 

The principal con|strainlt on these fnns is the very large
labor requirements 1o construct the terraces. Since the ler-
races can be huill outsice Iiw crtnp scn, itsesllnent in thi; 
lechnology depends upon fanners' on portunity costs out-
side agriculture. Farmers oni the southern hillsides of Hon|-
dur-as have been investilg in these comibiteld lec lttlogies 
bul their labo)r time on tile SC's has been subsidized by
various food for work aid plrogramos. An iltipacl analysis was 
also undertaken of the S's alone and of Ihe combined 
technologies with the new sorght um cultivar (see the Project
Highlights to Ihis report). 

Mali 

In Mali, we are now looki|ng at the same water retcl-
lion/soil-fertility improving techolologies that we consid
ered in Burkina Faso. The agro-ecological and economic 
conditions are very similar so this will be an i porlati case 
study to see how we can exl lr late resu lts bet ween regions
;d what regional modificalios need to be made when we 
are evaluating these combined lechnologies. 

Networking Activities 

W'orkshops 

Preseltcda papersulmtarizing INTSORMILresearch to 
three groups: USAID/AFRICA and related professionals, 
June 1993: developmel economisIs at Iie premeeti ngs of 
tie American Agricultural Economisls Association, July
1993: and agricultural professionals in tie World Bank, Oct. 
1993. 

Impacts fron. the above workshops are greater recogni
tln ol INTSORMIL's conitibultn Io cOnmtmlic atialysis of 
new technologies and policy recommendalions. This elters 
the f()licy dialog influencing research-resource allocation 
and agri tL(]ral-deveh ptenI policies fIIr developin|g counl
tries. 

Researchhifornaltion Exclange 

Did an impact evalualion of four commodity programs 
of SAFGRAD, le regional agricullull research network. 
The commxlities include(d sorghum and millet. Spent a 
mnthlll in Burkina Faso in collaboration with Dr.Taye
BezuLch, research Lirector of SAFGRAD, doing this report. 

These results were presellled in a seminar to 22 Directors 
General of NARS. The report showed the high reialrms to 
agrictillural research. This is iu laol to generate greater 
nalional support for these research systCen s. 
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Research Investigator Exchanges 

In the Sudanese fieldwork, Tennassic Nichola worked 
closely with Abdelmoncim Taha of the ARC. They collabo
rated on the fieldwork and Tennassie provided Taha with 
the software for analyzing Tobit and Probit models and 
showed him how to use it. 

Publications and Presentations 

Publications 

Shapiro. .I. Sanders, K.C. Reddy. and T.G. Baker, 1993. "Evaluating 
and Adapting New Technologies in a I Iigh-Risk Agricultural System -
Niger," Agricultural Synsteis 42(1-2): 153-17 I. 

Ramaswainy, S.,and J.II.Sanders. 1992. "'opulation Pressure, Land 
Degradation, and Sustainable Agricultural Technologies in the Sahel, 
Agricultural Systenis 40(4):361-378. 

I.opez.Pereira, M.A., and ll. Sanders, 1992. "Market Factors, Goven
ncint R,licies, and Adolpion of New Technology by Small I londuran 
Fanners: A Stochastic Progranmming Application," Qiaterlh Jouirinal 
of InternationtAgriculture 3 I1):55-73. 

Sanders, John II., and Sunder Rnassamiy, 1993. "ipacls of New Tech
nologies in Iurkina Faso and the Sudan: Implications for Future Tech
iology Design," in Proct 'ding.s q dic W',ksh,vpon Social Science 
Re.earch an /theCRSPs. Juti 9.1I, University ol Kentucky. lex
nglto. Lincoln, NE: INI SORM II. l'ublicatioi 93-3. 

Salih,Ali, 1993. "Sustainability aind 'rofitability of Intensive Cropping 
Technologies on the l)il'ald Vellisols of Sudaji: A Simulation Ap
proach With EP'IC," unpublished lh.). disseltlion. West lafayette, 
IN: Purdue University, Iept. of Agricultural Eiconomiics. 

Presentillion/s 

Sanders, John IL,1993. "Economic Impact of the Commodity Research 
Networks of SAF(;RAI)," pape~r preselted in Ouagadougou, Burkiia 
Faso, to the directors of 22 iatioiial agricultural research iistitutioiis of 
West and Central Africa. Mar. 22. 

Sanders, John If., 1993. "Technology )evelopmeiit forSeni-Arid Sub-Sa
haran Africa: "lliory.Perfonnanc aiid ('oistraints," paper presented 
at an USAIlD/Africa tiureau Collaboration Wolkshop oilTechnology 
)evelolment and Transfer, Washiiiglon. IX% Juie 29. 

SaMders, John I I., and Jodo Carlos Garcia, 1993. "The Economics of Stress 
and Technology )evelopmnt in the Sahel all '('crrados' of Brazil," 
paper presented at an IN'SORMII.-slsiisorcd Woikshop on Adapla
lionof Plants to Soil Stress. Liincoli, NE. Aug. 2. 
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lion conference. Orlaido, FL., Aug., udto iepublished as an ahstract. 
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Summary 

Cropping system research has been conducted in INT-
SORMIL UNL- 113 to address water and nutrient con-
straints in grain sorghum and pearl millet production, 
Efforts address factors that improve the produclioin environ-
ment to allow improve(] cultivars to express their higher 
grain yield potential. Project UNL- 113 research results have 
demonstia ted 18 to 203% yield enhancement of pcrl Imillet 
and grin sorghum yields by use of crop rolation wilh 
legumes, and a sizeable iitrogen equivalent contribulion to 
cereals following legumes.The rotalion effect is coli !I'-, 
as is ohvious from results showing rotational effects nr( i 
distribution, soil water extraction. microbial bioma.s ! 
corrhizal infection and grain iluality. Allhough the i,,:,i" , 
the rolation effect are unclear, producers worldwide cmi take 
advantage of tlie benefits by use of crop rotations. Inlte crop-
ping has shown land use clficiency increases over sole 
crops, and also to enhance yields of succeeding crops, 
Obviously legume protuction, no matter the system, is 
important to producilng opliia I yield when nilrogen fertil-
izer is limiting and improved cultivars are available. 

Introduction 

Water and nutrients, espeeialy nitrogen, are the major
natural rc;ources limiting grain sorgium and pearl millet 
production worldwide. During the past 10 years, INTSOR-
MIL Project UNL- 113 has focused oildevelopment and 
extension of cropping systenis that are water use efficient to 
improve the growiig environment through the use of nitro-

gen fixation by legumes so that improved varieties and 
hybrids can exprcs their higher grain yield potential. Re
search efforts in Nebraska and several African sites have 
studied inlercroppinii and crop rotational systems. This ef
fort has been slowed by the limited availability of trained 
production agronomists in Africa and the long-term nature 
of cropping systems studies. Efforts to improve the hunin an 
resource base has been miade by providing graduate training 
for 26 students from Bhulta, Botswana, Egypt, Honduras, 
Malawi, Mali, Niger, Nigeria, the Philippines, Senegal, 
Sudan, Tanzania, and 7Zanbia. 

Although not the mlajor f(xus of this project, several 
research studies have becn conducted to address other re
lated production issues that intluence expression of yield 
polential by improved varieties and hybrids. These studies 
included stand eslablishmtcn problems, genotype xenviron
ment inlteraction, crop residue inanagemcni tand weed/water 
use. 

Objectives, Productinn and Utilization Constraints 

objectives 

Study the "rotaliotinal effect" insorgIi1-soybean and 
millet-soybean rotalions by evaluating: 

Nitrogen and lhosphate contribution of legumes and soil 
water relationships 
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Long-term studies to determine sorghuim/peanut and inil- lix) expensive fOr small faniers. Priorities have been estab
let/cowpea cropping systems (inonocult ire. rotation, inter- fished in both Mali and Niger to develop cropping systems 
cropping) by nitrogen fertilizer rate interaction effects will that increase yields, improve yield stability. and minimize 
be continued in Mali. the use ol fertilizer nitrogen through crop rotational or 

intercropping systems. 
Long-terr, studies to determine the influence of crop
 

residue removal, incorporation and leaving oiltle su rlkce Mai
 
will be continued in Mali.
 

Cropping Systems o Sorghum and Millet
 
Long-term studies to levelop imtproved green manure Grain and Stover Yield (I1990 - Present)
 

and fallow systems will be iniri:iled in Mali.
 
On-going long-tern cropping system studies were initi-

Evaluate the nitrogen hy water inlerction on grain aind ated in 1990Iat San anko (Sorg Imit/Pea liut), and Cii ina 
stover yield of sorghum ihhrids and local cultivars. and Kolxro (Millet/Cowpea). Sorghum-pealll intercrop

ping increased the land use efTiciency ratio (LER) by 4, 13 
Constraints and 4 1%over sole crops at zero. 40 and 90 kg ha-I N, while 

inillet-cowpea inlecrrop incretsed the LER by 29-33% at all 
We havc primaily focused on crop producliols syslems N levels. Sorghum grain and stover v ilIwas increased by 

which increases the probahility of obtaining higher yield. 40kg ha I N application ilall three years, and by 80 kg ha-1 

This involves systems which increases nutrient antd %atcr two (ut (lIthree years. Millet grain and stover yield showed 
availability. better stands, and basic physiological process little rcspltse to mtore titan 20 kg ha- IN Irtilizer applica
soi available resources can be uset efficillV by crll plants. tion. These responses to N fertilizer indicite that the present 
Cropping systems research requires special cO liSierati s. pirouction sysles N neceds of grain sorghum and pearl 
First, they are long-lenm investments. [or inIstaice, once a ni!let could be imlt by crop rotation, but if yield potelitial 
rolaion )r inltercroipping system is started it canlnoIt be were inicreasetd .kirmilicaly,commercial Ibertilic, would 
stopped and rest:u-ted easily. Secnti, a host Scielllisl Must also be required. 
be genuinely intere.-sted in these long-term projects. aind they 
require stable fiIdiig over lime.Third. traninillg olscicilists Rese arch in Mai has show n clear yield advantage to 
incrop production aid cntinued support their wo(rk afler sofrghum 1(1lowing peanlut and millet followingIl rotatliotf 
return to home countries is neet Imi prowe presently used cowpc:,. 1l1c a smtaller yield advaltage folh(wing intercrop
cropping systelis. pinig (Table I ).This yield increase isinl Iressive consiclering 

Iha Iall peanut/cowl X.grailn id residue were removed fron 
Research Approach and Project Output the field. Although atitiollIfrotational croppilig syslems 

retluires a "big chlan ve ill presentIanrer mind set". it appears 
Sorghum and millet art usually growin ill stressful envi- to be the olily viable alternative to supply needed N l'orgrain 

ronmen I with high tem.,~eralures atllt lack of'a irectiicahle yicld if ci111111CCiI fertilizers are on:vaila leor are tx 
and adequate water s,,pply. Generally, lack of water is expenlsive. Researcht Is beCt illiCia to evlluale several 
considered tihe most ;ntluetial environmenavl I'tctor cIl- polreilial green l:mtire crops ald improved falows to fur
trolling plant growth and yield ini tlher capilalize oii this benef'it.these environments. The 
second moslitiluenlitl eivirolnmental ftctor :Ifft Plmtcilgan 
growth andtyield isoften adetlttielitnilrogen a l/or hithslht)- Lotig-terln studies iii Mali have bee;) initiated to study 
rus. The importance of these elemelts is becoming evenl the effecls of residue removal, inco poriiin or leaving 
greater wihll more intensive cil)ping praictices used when residues oi the soil surflacc oll strghum and millet yield, and 
availbility ol'new lattd islimited. Legunies Ihecitme a viable lliitOtiten:l)e ot tihe S il l)ilur:tl resolurce. After three years 
alternative for improvinig soil fertility (cspeci:tllv iitreeltl ,ltl'fereilces stover yielid have been found eitherill 'rain o)r 
slatus),asavailability andtmtlllai:tryclmlr,ltials 1)r plirchas- ill sorghum or milclt arc;:.-. which conlrasts with other 
ing fertilizer oxccurs. limrnmcd fertility Jso imprives water research inl Niger. Cro1p residue maatgement ill suslaiiable 
use efficiency of grain crops. inlicatinlg that it:j )r gailts ill crop production deserves much greater atcttiol in tie fu

sorghum and millet yields requires improved genclics coi lure.l-
bined wilh production practices to provide adequate water 
and ferllily. Will IER restruclurinlg. Project UNL- 113 has become 

associated will ihepearl millet agrolllilly learn. Planining 
9 [nlernalin:l efforis iii 1993 will result in increased research efforts oi 

nuiriet cycliing, iiltercroppinlg systels with allerilive 
Wcsl Africa crops, weetd man:gemcllt, grc.'ii maul reciops, aid im

iroivcd l'allow systells. ('Col:borators are actively pursing
In West Africa there exists : need to increase yield and ilcreaseCI CoIllidirtiiOll with other disciplines,aid on-fariii 

yield stability of pearl millet and graini sorghum. At present trials with the exl,.cnsili service. 
yields are low, and fcrtilizer ill lts are either tuI.,valable or 
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Table 1. Cropping syLem effiet on grain sorh_um and ptearl millet yield. 
Crop 

L atcaion Years Pr'ou, 
Nebraska 1978.92 Sorghumn 

Soybeani 

Nebraska 1981-92 Sorghum 

Soybean 

Nebraska 1986-87 Millet 

Soybean 

Niger 1988-90 Miller 
Traditional .lillet/Cowpea 

Improved Millet/Cowpea 
Cowpea 

Mali 1991-92 Sorghum 

Sorghum/l'caiul 
Peanut 

Mali 1991-92 Millel 

Millel/Cowpea 

Cowpea 

Sudan t 1989 Sorghum 

P'hilll pera 
Clitona 

Botswana 
Good h1o[pe 1983 	 Sorghum 

Peanut 

Sel'.le I 1983 	 Sorghum 
Cowpea 

Sebcte I1 1983 	 Sorghum 
Cowhlea 

Peanut 

tfoagc legumm 

Niger 

Cowpea Cropping Systems Influence 
on Pearl Millet Yield (1987-90) 

Millet grain yields increased willh N 'enrilizcrapplica ion, 
but the optimal rate varied across years. The optimal N rale 
was 25 kg ha1 in1990, 5(1 kg ha I in1988 and 19S9, and 
75 kg ha-I in 1987. Intensive ittcrcropping wilth cowpea 
increased the land use efficiency by 351,' at 46 kg ha I N and 
by 611/r wiltout N fertilier application. Pearl millct yields 
increaised greatly folowing a cowpea intercrmp or sole crop 
cowpca (T,.hle I).1"ese results demtonstil Ihc impoitlance 
ofa cowpea legume crop and Nfertilizer in improving millet 
yields under Ihe stressful Nigerien conditions. 

Yield Pertenit yield 
il'.ill ,Mgha- increase 

Sorghuni 3.72 .. 

Sorghum 6.10 63.7 

Sorghum 	 5.45 -

Sorghum 	 6.51 19.4 

Millet 	 4.95 -

Millet 6.12 

Millet 	 0.49 
Millet 	 0.64 29.6 
Millet 0.77 56.1 
Millet 0.84 71.4 

Sorghum 	 1.42 
Sorghum 	 1.74 22.5 
Sorghum 	 2.22 56.3 

Millet 	 1.57 
Millet 1.66 5.7 
Millet 1.85 17.8 

Sorghiim 	 1.71 

Sorghum 2.04 19.3 
Sorghum 2.40 40.4 

Sorghum 	 0.98 ..
 

Sorghum 	 2.68 173.5 

Sorghum 0.65 . 
Sorghum 0.91 40.0 

Sorghum 0.30 -. 

Sorghum 0.86 186.7 
Sorghum 0.91 203.3 

Botswana 

Yield Stability of Grain Sorghum in 
Low Rainfall Environments (1984-86) 

Identification of.cIartcIcrislics m. yielci:aleCd Wilt Stia
bilily aids invariclal development fkOr marginal clviron
inenls. The objectives n)I'this study were to dclennine 
characleristics a.,cia:tled with yield and yield slabilily of 
grain sorghnmn inlow rainlall environntts of soutlteasteot 
Blotswana. Eight grain snrgltun varieties with differing 
yield and stability potentials were identified from natioital 
variely trials COIRldlCdCl bI)Cween 196) ;ntd 1979. aRint"all 
during Ihis period was grealer tihan 400 itui year I.1he eight
varielies were growin in 24 environtuents crealed by faclr
ing two ferlility levels with Iwo planting dates a1 three 
hations over Iwo years. Rainffall during Ihese two years 
was below 35(1 nm year I.Varietal grain yields averaged 
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ac ross the 24 environmenirts ranged Iroin I.56 Mg IraI lir 
8D to 0.93 Mg la-Ifor Segaolane. Mean stover yields 
ranged from 1.28 Mg Ila-I lor sorglhmr variety 051) to 2.47 

" 
Nig ha for Torwn. Grain ield rs sit crirliiedp livel 
with the percellage ofl iplants reachlii aidisis. drillon itl 
tlieflowering J.riod, pl111 heigLt,. hCid iurriber. kniel 
weight. kenrels per head. stover yicld. and liar\r idex. 

sanples were taken acc'ordiig to sorghum growth stage. 
Grain and forage yield, yield COrIxmnellIts, nitrogen content 
and otler agroomic charactcrislics were collected. 

IBc'kiiuic IiIc'Viris crops greally inc reased Sorghi 
Nc'lf vcr Ihiat IHlowever, cliloriaof1c'itiliiiOiiS Sorghum. 
perltiliietbettlliha liillilv's:ia:iasalprcviouscrol). Ilb)oth 

Atillr lils. eIat)llerligh stover yield W.S associaild with c;iaid sialk. N upt)lake was gre lr following the legumes
leaf nuiimber, ild iorle tillers. (ir:iii ViCld ;tabitv :i.s 

1 ,rinarly dile to ainelinaiicc of head riuniir arnd k'rnls 
per hea in pilirer enviroiiieIs. kegrcsoiIi coclf iicLIlOfit 

grain sorglur yields On niea.i elir iiriti yie'ld caIil-

lated f'ron these 24 low rainfall ciiiniiiii;ts ,crc Lorni-

pared to cr.flicierits obtailed fro1i lt varitCl, tests lt.iisi 

of normal rainfall. ]his kis to heteCririiric if relalive sl;ility 

amilong the eight genotypes wais riiitailiicd.
l VaLiclics that 
had l e.i identifiCd L s:ible ilenlirorrlitC., v.he'le raritllC 
was above 40(( Ili ycar-I %clc nut ,table ilnlu% railfall 
environments. ilie resulls Si1c-1 Ih1l specitic• variliCes C:, 

have stability 

en virnmmenits. 

be developed Ilial Ior liilr- or hm -virehlii,. 

Yield and Quality of Stover iliLow 
Rainf'all Eniviroiniiii, (1t(),-,4 -1986 

Tie polential fOr uslin.g soelriri art;d rriillet crup rcsidues 
ais
foddtCr wo.nsudied iii-southeastern ltotswaiua This rcein 

is Clrarctenid y low, ureverlCi, dIstibutd riiIIall arid 

shallow saldy soils. I'rlie %Clc \eriifl c:nti nft ferericeTs 

among cullivars for giirr ,an tt cr yield. diItiIIilrthl 

crude proiiiir. ar idiiirr ril iO dit 'eicesbescNilCinl,bill C'fe 
tween sirghumri aid riiilctt \k'cr b V.rSticr hornl ill 
nltrie wsI aidLquaCite' for cattl crIriterirrce iii V i,:dr1 

mnatter iigcestilility (lVl),Il)j (57.1 -6.6 n~ulilioI ul tIre 
-minerals tested. bNt crueL roIFtCi (. .1. (arid)ih 

rs (.10 -0.1514;) levels did ilk ;lways iiict ilirniii 
requirement. The de'iciet plhi phlioriis lCvCls %wrcclri-
p ouind ed by'high 'alc'irniri (0l.4 ).5I ) v e'ls. ThrisI - 1 eI i ilicrrl 

imbalance could leadtoI boeiurrbliririics aid reducead 
ferlilily illlivest(,k. 

Grain Sirg lm ia.a\f cAlC'td lV ('r0)o klli ll 
ritd/or Applicd N (I ,1989-l0) 

Til experirimerit wascoriirtelt at elr res,'ireh stailir. 
latled inSud:(i;c/ir-a ( 14 - 15 N. 3, - 34 ),ui irri acd 
Suleiili soil series filic. so1lie peWrthclriiciiritrioiil lliliuiriC. 
enitic ('hloiilicrihriiig tire I ,, )rl)liii.,t 1 I8tllnlircll I990 C[)1 
Seasons. The lirl w'i.sili i:s is a forciui-ilclc! diliric 
tie crorplpingi Syterii 

The nilaill crol) ilith ki, (S.)CxNk-iiIiiit .m sirlhuril 
SRN-39" which w nu lfur:rgi.leUiiesiaos till v, ih k' clituuriti 
(C) UClaw'ia 11r1JhaL. arid liliillilsiri (P) /lla.liu til/ilh.A 
Ail. iiiaIw-tir-coirse roltiliral systemnrl. "lire exllririeit wa.s 

planed ilJuly 7, 1981 arid ilJull 18, 1990. [!ca (,43. 
and 86 kg N hal )was appllied li Ilts alplilling. 1l:ii1 

( 'ltora > plilrl psar > sorglii). aid applied N. liall 
IretiIhits N ctICClwas higher whoen apipliedit)conlinuious 
,sOlhiili )r:is :I firSt dlose ill sorgulil.a rotalLt Tie niaxi
liriuiii c1rtll dAlly N LiitLke occurred at CS0 midlitLiIf% ('NU 
(is iii tlli ,. lie N uplake diring replrodutic[ive period 
tyearsN Is 17 kg N hiIhigher fo12 :ikl~ roltated sorghumll
thAllii coitiurour ,oi''ulm fIr I1)9 aid 1990. The average 
clcc il lItori ,iiitIlillil'lsara exceeded the yield Iroimof 
cortlliluoir oigihunb Iby aid 401; I). Ile re19( (Table 
spoilsc of kcillel iii 2 per N level was 301.; Ior fire first level 
.ii1(la ,ri.icdCCdl to 121 k e coCllidwh te levCl wa's applied. 

I IIirir.S 

Graii Yield aid Phlrolsyilresi 
f liidrite Strliuin (1199)3) 

Landrace plopuLilatiiis are rcsiliert primiilive cultivars 
cdhraeteritd by low bul slable gra'ii yields. IlCentral 
Amuerica., siisistcL'c' fairlierS use ;igioup if pllooperiodic 
lair;L' ';is Illedca irIoI(is criolis iiitI'rcroiped withImaize 
ti Cdltl L' l ri. "l,ve sofihiri cullivars (3 maicil
ls. . tiilkt'rctl icsl aidt ifli;iiced liaicillo cultivais 

orlIV), \Cc'vlii;ricL ii 1111)2 at Mead. NE aid El 
ilriioll, I tiirirsliiicoLrllrbo',iori wih Dr.Dan Meek

eli~tock (T.AM-III3fol ilit-rcroipiig arid shade tlerance. 
('-oS.ip liarl(rus WCC liiiC of iic stiril (iriiulJiiure), 
If/ ir iirixed iitrill) sirrlrrhii Ill ll~ii' IplC ted in 
the sarc iow), aid a,,,l-que or row irrtCRTrrp (sorhulli
p~lanlltd b eti, ccii sati cultiv atirir~i). ize'. M aiicilo)rii. c'ruix Mal~ 

Aiiirrildi JX (NIcad IaS Used toliprovide natural 
CAiil)y siiC. 'hl t10S\ritlh i \w .silieamsircd illfrill sunrlighit 

Siirlirri r:iii %% lh\cr a., irii level\ icrld tIe coiri'l 
oflthe ciipi -iierit rcrea.ctt. Tllilr:lte variclies werecirW1 
affctld 1iiiit. rt'ducilg A'cra rriri yelld froii 2.1) Nig 
ha iii pire sland to 0.85 N,. hli IIi apo nuq' (-571/(), 
wheleas tre l)MVs were itireleasi affccled reidiciing their 
aVCrg grain yield 3.8 hi in pmire stailad li 2.72olimn lIg 
Mhg l ii'll/ r .c2(i I).I),V.splaitcd il.laldo(low 
crr iiet itirlcbc hli liihliciav age grain ie lt.4.41 Mg 
11; ha, otlhCr Cl irgI)i ilI ,ytri-,iliinrn i. lla rtlly h pe cirll 
llilitli. 

Niaxirimiril .Ihi,,lhclic lrats ot die eriperate variety 
lAN1428 decreased irlii -10.35 (l (.02 Il2 .1 ill ure 
shai fir 25.75 jiwl (( )2 Ill2 I Ili (,amido(-3( ;) and 18.84 
pill ('02 Ili (-5. 1'4). S;ili rriardo Ill, i

2 S I iii a/poqoi' 

riiiic'drraieiillur crill, 11:i1iil iurt0osyr.illic. rales across 

78 



.sI.latil/)h, PIIrodIuction sv'il.Sl. s 

cropping systems. Maximum values were 38.37 pol C02 Ic.carchAc.sutls 
2 "] ir- s n pure stand. 3S.96 pol ('02 rn2 s I ill caz.ndIo, anid 

237.42 pol C02 m- s- i 1)Hr '. Yield lnhda nceent - E florts to delcrminc hei agitude 
of yicld responise to rltating grain sorghum and pearl millet 

These results indicatie Ihu adap:t !()lI I~lliciflul to re- with soybeans h:as been a major fL..us. Long-term studies 
duced irrdiiance during ,egtative gro wth. This trait may i:iL shlown yield incre:.sesof 19 to(W(4; lollowing soybeans
havc Some usefuhless III InLphtoosylitlesis and (Table I ). Yiel ilnreIase , ere very consistent across years.
prtductivity wei reduced lilhi occU-S (CIOUtly dty. Calk, III)vlN¢:u) has.sltillshown ilmportalt yield increases%k 

orlilug, late evellilg) as well a. (cloud 
*'*l oail u;u inteciopiii da.efl hr th i withnd soybeanslunirihaplloilciop following soybean,oyen v[ibutIbCiyIhe 

with tall Species such :., Ilai.'c alnd lkvilIiuiltl. thuid year no eCOc' v.s prescet. Sto'erruuiu:il yield response
yields rlSIXulsC. hamve ieeni similar to those lhor grain (Table 

Tlaiiia 2). 

Cropping Pattern Interactions of l'ropical (raini and Slover Quality - Cereal rotations with legumne 
Sorghum, Maie. anl ('owpea ( 182) crops also iluIprove tie quality ol the grain and stover. Graia 

protein ', s iinproved fromi 0.5 to 7.9('( when sorghum 
SillnIl :Ulmers ill Eam t,\fr ici griw their cereals in1a.,O- wLs growi alter sovbean w hich combilned with yield en

ciatioli with othier croups. If I gcnotlp by cropping patten hamlceii emt. almost doubled p)rotein yield (from 234 to 454 
interaction exists, then, breck'ini Ili, Should c.isist. Kg h:1]). Nitroi_,ll f'tili/cr also increased protein yield,
t heL' ill u t culiv ar . h i I i hlcet i t ee cyug w tieu both ro latio n l i d N 

[IeIII)ILCCOf deVelopuuug Il~V!IS 1: wl performi h , ighsNield b~~ 1CI101
well ill tIlle IX N.'steIIIs. fertili/er used.were Stover protein iliprolvelliet provides

btter qualily fteed foI aniials or aiding ill recycling ( 
The' Ibet'live o~flte sltudly was.,; tol detteie ifa gel lt\'hle tc)llit ill ilte stover.
 

by ~cropping patteu iI inter.ecio.l existed. l-iolt varieties each
9' so:gl , 1i: :e an1d 'i) peas Of COIltraSlileL yield a1mid Crop (;rotlikIl liil Ma1turity - Sorglinti and millet crops
gr(wLh habits used.were ('roppilg Patterns consisted of growing under stress conlidtilins such as inadequate N have 
ilu(Itilltire (covpca. sorghtmil. iIai/e) and interCroppcd delayed flowering date and physiollogical lrilltity, thus 
(cowpea-sI rgllil. c;wp'-nmli/e, solln-huni-li/e). The increasinli te probability of' iost damage before miaturity.
Ifakara Station (raiulcd and llla :aiDio (irri-'ated) were -)Our iescarch has docnumented rltatiol elfects (in Crop root 
used as hkl:IlioIls. distributiin following a coltlilluuml (l'conltiltiotus grain sor

ghuml < grin sorglilun f'ollowing soIybeans < soybean lol-
RCstlts in.dicteId Ihlt ther'e , ere differlclCes ;llilg lowing grain sorgliuim < c(liniluilts soybealn (Table 2)
 

gemlotypes and ailloing clopping s.stcllls iliduathig gello
t''pes Ciuld K' dCvclopd hfOcIllI1)1Icx \Stu1nS. ('CatW/oW- 5(11 Nitrllgl 
- St:imoable. ec'tlIllliaI C'(Il } hr()tlutcIiiii
pei syIis tllispromdcd a f1iii lh c~lliLili( pi)tili *'.*iluiL' wvh~ith sVstenus of teil invole cropll roitatitimi tlo enh:nlce gial vielhl
 
is all ilip(rliit cuuisidei:li . The llliclltV advaililas of, and qualiy,,and reduce
thle need for cIOilircial N fertilizer.
i ntl rc r olppil lg sli . th e Ilim l'l l ltiir ofl s,ii ii : il t at least 51 Kg h ialll t et urn re Re sea rc h res u lts sho iw tia N equivalent 
cowl)ei was 3(01; If'Ip,, re'liili (if the Crops .grown ini is culillibledhv sllObIanilil tolhe liextcerl cCrap. Our Stdies;.sstlcialirc. f ilean rd-Iurli I crop lii/e show Ihil sybealis also cllilribile 2(0 kg la- I N Lquiivaletll 

aid( s(Irghulll was 40); t the ross rtull if those iiiter- to til SL'(ti year s(rghi crop. Slybeal residues decolli
cr( lped. posC rapidly diuriig Il' grl)iilg season. thus releasing N as 

the succeeding cn iipneeds N for plant grlowth. Ihowever. 
Il) illi5~dik' even at ilehliighs N rates, rultated surgliuii iind ilillet ofteii 

(outyiCld cuoifiiliuoils crulps. s ggesliiig that otler facvtrs thal 
('r(lp Roliion - (riii Slrliin (Ir Pearl MillM N are ilivolved ill fhle yied elnh1,uilTaincniL.


andlt - i)
Sulyf'a:li ( l97-]) lirs~t,,, Other Soil t.o,,lsli s - ()Or rescatcih has documnted hil 
s'cnIh'hl v'Hlull~C.% tle alilu ilf iucilbial billlii;S present foliiliitrielt recy

clilg :iid SnL'Iii Soil . alter extraction i the crop ar Closelyreae o h ol (itii ti mferet'iuces cause~tdbyco
T,,u sorgliuim soybean rlliatli studies havweb in relld Iiile tool lisni!tli(dl i c by cropien 

cropp)luilig (Table casead effLt't 
deterliinin the rltailhlial eflfeet". Onlotilliiexpe'iiuill relationshill i nt clear. Our rC'eirt'li iS Shwnii that sr
includes lirTtgii ries I(l allhow stu, oIf grainu yield iud ghuiin 

progless forolver I5 ,Nvis.Tlese rilililus have Ioc'usted (ii ;iiid scason 2). butil Ihe illt' 

has mlllre vesiiilai-arbuisciilair mycoriii/il Iuigi 
quality. aind nitrillei (vllilics. ''lleOther rltatini experi- cllliiui liii liall so bal, aiud thal both crops had gealcr 
iuieln incl~udesmiitrlge'iinidnicnu tucatllclits.a d has ell Clu'ilioiiiuuu wi'uu sorghni wIs lhe iCvious ctvl. Al
use(d Io study grain ield. soil watr etraction, rll distri- though diflicuilt imilif y. visual ubservaililliii.liciteit 
bution, imiicrobial biuuSs i1id Ilii't(urrli/il illection. siurghuli oJr iuillet following soybean iiee ille rallidly 

and uifiriiily. aund seedling growth is enhinced. Soybean 
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Table 2. Sorghum cropping systen influence on yield an(d imol distrilbtion, soil water content, imicrolbiail Iioniss 
and vesicular-arluscul:ir nmcorrhizai frin, i ;wrection. 

(;raina R c Ia ,li l ,l

CrljI)aaag I.) iI aaaaaaaabhola'ia i1
 

Sorghtitll +IOcl ..,I lih'I o.allkalIs N ,Lo-il/A
(M lu{a h.1-- 1 -i ag III Lollienit ' ( Igh .1IiliiiliL%0! 

S%"1L'11)
 

Rotaied 5. I.5 2, , 1 3.2 .. . .. 

(+onilaaau% 44 4.6 .. .. I 3. 1 2 

previous crop aiso facilitates use ofIIi-tIil sV.slemIIis die to paper. (C a)itplile diamuneters were Imieasutired I cir friom the
 
less risidLe and producing a mellow soil. lop lld hot01 t colefpt ile's. :an1d ill a
tie tMiddle tlSillg 

mlicronmeter. Coleopilte lengih and curling, kernel weights 
Economiic Analysis - Proltaldiiv and financial risk clhar- and percent potlti:il germination at 32 and 128 hours were
 

.acterisics deternmine the success of a croppinii svsteni. also deterallilied.
 
Analyses were performed to deterlin lltc effectl of itllIrogen
 
(0, 5,1% 112 anlldI( kg hla1 IertalriiOia ld i'l'r) rotallioll 1'isItn displacciatw illth"m vat-i screciling teclhnique
 
of shoIrgii and soybean ina long tcnn experiment. S\ stels wa; ;Iff'ecte'd [b.t 'III ' ,hle ,eaI otl s'.eedonll" + IhII r 
cotmpared were conlintious gni sairgauni ((C(X). coitiun- ti( lnl 1 efIeI'L-cIs were ill,ipr(XI ear X genoty'peIiteractl loll 

oIs soVbean ("SB). grainl s"arghill-so JiIrottllioll siLnlilei'lll. "1Iie largeC filfce.'ist p)isIr ar disp"laLiC.wee ill 

(GS/SB ). ;lld COlitiILtatalaS sorUhlll aiaai Ni0( each flLlt lllolg the sorhllll gnoiitvpes Studies iladical.,) bea, aIll graa 

50'; of" ai unit area ('GS/('CS11). Nilltroe iiul ts ag thallt consiferalale IllCicanergellce potential
we're \' hllitlllh 

oIlyv used on graini soarghu plitos. Yields. histoirac callllaia- tirinaula crsted ,)its-\ists Iragria saaill ,elmplasi

itv prices. anid productioln it, fottie peru d fiajia PiStiO diSIja L'CCl ,griat i fthis inilit) ,crc nlailag
r 1979- \'vl.cre ll 


99() wexre used ill han.-il N fI iul ItcChliu Ls retkllli yLears uid appa.rell
the :urafvsis. The IV+o ewls .l stable cs 

the CGIS S'Sltei res.ulteId ill the highe IIlllS lt %as nlt gl' lilt." onlvironet etrna 11 l]nclic.d theeCd pol~dutoll 

lowest fianIIcial risk. CoaapariSoro'I !afCGS'SlS aind 11llt.
 
GS/SB ssIstIS showed fie rtl:1atoias plrduced highIr ltl
 
returns and lower risks at coipable N levels. but tfese Coloptlil dnilletCis vclrc greater Illpistonll cntlillg
 
rotational beielfits dule tire in !1 ItueS illc 'llillu;llll 
Acre to iistbili the (SB all ttall palr. l;urge dilfferences 
ssteCir yields. lie Sorghullll L'pOllle)Lt l the ('(c ; illcoleoptlle daanater \keie [folnd along y'iat.,'. YeaMMri S'CSB 
s\'steI at 112 anad 1(08 kg IlaI iafhcel ,ahigher reltil wilth of sep[d lridokllX ,rIIto'pe ia1ta'iarlcs %.ere ilestll Iaor
 
lower risk than the raataaliiial colUlltairp;il. all Inetliohds iSitd. Ilo"iC e. iii All thrcc veais anid for both
 

iielhtI d.s of1rinSUi iCieiit. It.geaiti CelAI) hall tic glcalcst

Crop rotatlian reseaich Illis liIlctCC' las ke,C i.iSac ciac'Oliale (iiiicter. \, IKS 31 ha the These
afiJIed hile smiiallest. 


k i geaoult tre ratati e lctaidl pImiuded tesiil lor restults sr uc I g Citis
led thit cilic dil fc'Ces ailuira 

use ill exfension edicaitglltlI iias.The hlal0-Iin StudCS fair CleIC.t)afiC diiICtIr exist. aid Ill itteC til eiclies aei
 
have served is i 'l"aibarahi " fr Iniaring (if 1.5gihadiac ni iriCul liei i ill li lI\
N is ica:ltinipeCLId.
 
sludet s from deveflpinag c-olillrle.
 

lrSi i tlslil:ic liitIl b' Vi;iia sarghinai geiia tv.II iIthe
s 
St;I:ud l i lilriieii - 1Lirieg'l. ic Pi iiaal a/a111 SLcClii u 1t la rhill\ciirL'iatof %klthWl ate wasi$ ctv 

hi('ruseld Soils I ) .PicSi calaiplile hlialieler aid krial] h .,Ind ie:ilCaelv 'ior0I 1 
rCltld ill i)tlilt litet, al enll iai iiii atlQ hoiaiis aiad 

Sliaid eC.SIaalieiTl u i IS fLrctlr ;i.s IhCIr'e il lilaghli ti, ilall,iigliil A iiailor iIiriy IfCe Lilca lIl .Tho' 1:aii ci- lrld 
enviroir nme t.s .Ahere i,p l. ala.i Siljs Illila eiahiiii lhiat crust. aoCiaeff cits htI \ t'utliili dlaslal ca.llic, l illtCialeul.p
11ris rese.'u ' C(Iiid i h it l It'hIf ifI tal aaIi I(I..) la(.'7 1 i L Ihl t I . h wIS teal faa al p i IIIIe . riacltC tal haludaalca)11iale iia ,ratr 

'i IIla' of rIliiahigic Aiit.l Lh;11; ., i-'1 ,1 Cilihet'il iailg .c'rgeiac t lal nIl rllil)l; Il clUrh'ld Isa key lil cAitkl trlli
sails. deterii iiin i irll h iliaici tr:iil,rSSMiacit %iathageilhhatitILil ttlraiihi ,aifel ia,)l tllil s"Clili,;,\lesml 
IT'i~rlt L-e'it. llilW'i . illd Ct.",h i I h Ill h , ,, C 1111.1l 1(pciltl~l 1hiI lJ ;lllillg 'lCl~i; I 11 ()",lltl )! h c lllli 

raatliar , aillui Iilal fi t h ciiI ihic', hit i )i 

Sthres were c itriUclted trisilig grairi KeIS a.lhlki ricil 1(.7) Miid clcil)al iaLdiiiAl,,:,r (.5 t (i.7)%k.resNaIgIIa iioi 
8 geI)at'juus prIadiacufd dirarag Ire l) . 1989 ;n lii 1ai)9 I lili. alitIhat lAire' ;i(Illatae' C'llC Ita IhCCreIN\u Cae et. lifig 
growi'ng seasonrs. CSt11Aiuiti risingI liaor"iS sala11111 auiah ~ lo iI "iIle IaIaIJIals%Viegiae;uteaalIus ttild a ai1iisapr 

lli Scr IC' bV flicaailig IhC dtheisLic l hes t' l ildl, atlld alllaalou1n illVi rlalllg iiieLIIC fir ' the elIICire IL' lttllil ofi 
belwe'en tILe lulc d f l t I liith,piilgrnwth a Ia-lt) vai vriri Sga hi i lio),ii >, llsi c'dsail,. 10II 1i ld.iar)Cilii
p istli shalfl ilnuc'elialel' afllcr tanlfei fta !lo,,lh tli and rIaolaa. IheathC allila IAI) Ia v:l iialeiis IIC t ltl g pe l e 
12(0 hriurs later. (_le plilldi:aaiclers w reicdtilriried ill gerilialas)ni iI iL'c' ice calc pllie aiiliiter ,1id eiiiar
growh rlubes\k ilhpisltia a-ser blICS. :111d Ira geria liatl ge ace IOICiiAall 11uri ,sedSoils. 
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Sustainable Production Systems 

Weed Control - Effect on Sorghum 
grain pduclion (1919.0
:9.Systems 

Resources (water, nutrients, and light radiation) deer
mine ihe amount of biomass that can be grown in a field. 
Forsorghum fields, this biomass can bepartitioned into crop 
(grain and stover) and weeds. Control or weeds is very
important since they directly compete with crops for avail-
able resources. 

An experiment was established in 1990-91 to deternmine 
the effect of weeds on sorghum grain yield and precipitation 
use efficiency. Three genotypes were planted with three 
weed treatments: no weed control, one cultivation 2 weeks 
after planting, and complete weed control. Three levels of 
nitrogen were also included. Grain yield and other agro-
nomic data were taken. 

On an average, grain yield was increased from 1.3 mg
ha-I to 3.6 mg ha*1 with one cultivation and to 5.0 mg ha-
with complete weed control (Table 3). Grain yield was 
related to the precipitation use efficiency (PUE). On an 
average, PUE was 15.6 kg hat mn*I for sorghum with 
complete weed control as compared to 11.2 kg ha- mm1-
for sorghum with one cultivation and 4.0 kg ha-t mm*1 for 
no weed control. Weed control strategies merit nibre allen
tion insorghum production research. 

Table 3. Grain yield for field grown sorghum as af. 
fected by weed management (Mead, NE, 1990). 

Weed 

management DK 481 DK39Y Segaolane Mean 

........ Mg hat ........ 

No weed control 1.4 1.1 1.5 1.3
 
One cultivation 4.1 34 3.4 3.6
 
Complete weed control 5.4 5.6 4.1 5.0
 
Mean 3.6 3.4 3.0 

'DK- DeKaib Pint Genetics hybrds. 

Networking Activities 

WVork hops 

American Society of Agronomy Meetings, November 
1-6, 1992. Minneapolis, MN. 

EEP Review, March 5-12, 1993, Botswana and Zim
babwe. 

Plant Adaptation to Soil Stress,. Aug. 1-4, 1993. Univer-yof
Nebraska, Lincoln. N.sity offor 

EEP Review, September 13-14, 1993, University of Ne-
braska, Lincoln, NE. 

Latin America Workshop on Sustainable Production 
for Acid Soils, Aug, 30-Sept... ,1993.illavicen-,_. 

cio, Colombia. 

Latin America Sorghum Research Scicntist Workshop.
 
Sept. 2.4, 1993. Villavicencio, Colombia.
 

Research Investigator Exchanges 

Visited collaborators and other IER scientists inBamako,
 
Mali, May 10-18, 1993.
 

Visited Sorghum Research Program, Estacion Expcri
mental deAula Dci, Zarago7z, Spain, May 19-22, 1993.
 

Visited collaborators in Botswana, March 5-12, 1993. 

Research Information Exchange 

Equipment purchased for Malian collaborators/lER in
eluded:
 

Computer Printer 

Digital Soil Thermometer 

Roller Belt Assembly for Leaf Area Meter 

2Soil pH Meters 

Membership for collaborators in the American Society
 
ofAgronomy.
 

Publications and Presentations 

Kasalu, It.. S.C. Mason, and Gebisa lljeta. 1993. Temperature on gcnnina. 
lion
and seedling emergence or grain sorghun genotypes. Trop. Agric.
(rinidad) 70: (InPress). 

Mason, S. C.. J.Lasschuit, and J. M, Lasa. 1993. Interrelationship of 
sorghuin coleollle morphology with energence potential In crusted 
soils. Eur. Agron. 2: (InPress).

Mohauned. M.S., and M.D. Clegg. 1993. Pearl millet-soybean rotation and 
nitrogen fertilizer effects on millet productivity. Agron, J.85:1009. 
1019. 

Yowngquist, J.., D,C.Caner. W.C. Youngquist. and M.D. Clegg. 1993. 
l'henolypic and agronornic characteristics associated with yield and 
yield stability ofgrain sorghum inlow rainfall environments. Trends in 
Agricultural Sciences (in press). 

Clegg. N.D. and C.A. Franscis, 1993. Crop Management, Chapter S.In J. 
L.ilatfield and D.I.,Kartctu (ed) Sustainable Agriculture Systems.Lewis Publsherts tioca Raton, Plorida. 

Presentations 

Mason, S.C. 1993. Cop rotation - Aviable option for acid soils in tietropics. Lalin Anerica Workshop on Sustainable Production SystenttsAcid Soils. Aug 30.Sep, 1,1993. Villavicencio, Colombia 
Mason, S.C. 1993. tEmergence potenlial of grain sorgsn genotype In 

crosled soils. Semsinar to IVR Scientists, Bamako,Mali. May 14, 1993, 



Sustainable Production Systecms 

Nutrient Use Efficiency in Sorghum and Pearl Millet 

Project UNL-1 14
 
Jerry W. Maranville
 

University of Nebraska
 

Principal Investigator 

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

Collaborating Scientists 

Professor David Andrews, Depariment of Agronomy, University of Nebraska, Lincoln, NE 68583 
Dr. Steve Mason, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 
Dr. Max D.Clegg, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 
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Dr. Abdoulayc Traore, Ph.D. Student, University of Nebraska, Lincoln, NE 68583 
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Dr. Aboubacar Toure - IER Sorghum Breeder, B.P. 258, Bamako, Mali 
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Mr. Ousmane Sanogo -IER Economist, B.P. 258. Bamako, Mali 
Mr. Siriba Dione -IER Seed Technology, B.P. 258. Bamako, Mali 
Mr. Sogodogo Diakalidia - IER Cropping Systems, B.P. 258, Bamako, Mali 
Mr. Sidi Bakay Coulibaly - IER Physiologist, B.P. 258, Cinzana, Mali 
Mr. Cherif Oumarou, Agronomy Division, IRAN, B.P. 240, Niamey, Niger 
Mr. Seyni Scrifi, Agronomy Division, Maradi Research Station, INRAN. B.P. 240 Niamey, Niger 

Summary 

Project UNL- 114 has been involved in INTSORMIL 
since the inception of this CRSP in 1979. During the period 
of 1981-1986. one of the principal investigators conducted 
collaborative research in the Philippines to establish sor-
ghum as apotential crop for rice based systems. This work 
showed that use of early maturing sorghums planted 5to 10 
days after rice harvest worked best in bunded rice paddies. 
Sonic tillage enhanced seedling emergence and favored 
higher yields. Sorghum planted inthe soulhem Philippines 
as asole crop was possible when using selected genotypes 
such as VG 146 which yielded as much as 4 Mg ha t.Even 
though available markets were scarce for the crop, use of 
some fertilizer N was economically feasible. High local 
production tended to force prices downward with no or little 
government slahilization of prices which often proved to be 
adisincentive for production. 

Another co-principal investigator worked extensively 
with Brazil and Colombia Inacid soil research. These inves-
tigalions showed that all mineral elements were affected by
acid soil stresses, but that silicon and calcium inplant tissue 
were most closely related to acid soil tolerance. llese miay 
have reduced the effects of toxic aluminum, An effectve 
laboratory screening technique was devised to screen sor-
ghum seedlings for acid soil tolerance, 

Studies on mycorrhizal (VAM) colonizations on sor
ghum showed that VAM associations on roots can assist in 
the extraction of phosphorus (P)from low Psoils. However, 
ihe higher the inherent soil P level, the lower the VAM 
associalion which occurred. VAM colonization was also 
greatly retarded by high aluminum and low pH. 

Project UNL-i 14 hs been conducting collaborative re
search with scientists in both Mali and Niger, West Africa 
since 1988 with sorghum and pearl millet. The research in 
Niger showed that these crops can gain benefits from added 
Nin either awet or adry year. If alegume/cereal rotation is 
used to obtain "fixed N", then some addition of P is needed 
to maximize yields. Another advantage to having adequate 
Nin the system isthat it allows varieties to express their full 
drought resistance characteristics. Coping with one stress is 
easier than coping with two. 

Research in Mali has shown that grain yields do not 
always increase with applied N when conditions are cx
tremely dry such as atilhe Bema location, However, in the 
higher rainfall regimes, yield increases arc obtained with N 
application and the local varieties such t Tiemarifing have 
consistently higherN use efficiency than the improved types 
such as Mallsor 84-7. Very often, the inherent superior 



qualities of the improved types is masked by their suscepti-
bility to pathogens or insect psts, and often by poor secd 
quality vhich results in po×or stands. Nitrogen management 
packages have been developed for sorghum as a result of 
UNL- 114 collaboration which are now being disseminated 
to local farmers. 

Introduction 

Sorghunis and millets are generally grown in areas where
 
stresses of various types persist. The most cinmo, stress 

which constrains grain and forage production is w,iter be
cause it is so obvious in its devastating effects to crors. 

However, a stress of major imtortance and often overlooked 

is nutrient stress. Where crops are grown continually with
out the benefit of fertilizer or other nutrient replenishing 

systems, soils are depleted of imlportant minerals, and yields 

are constrained even when imoisture is adeqtuate.
 

Nutrient stresses can be largely relieved by two major 
methods i.e. better iii an ageniiielil including fertili/er addi
fiions it possil I.ati mprowing gtviotypes for nutriiieituse 

efficiency. Project UNL- 114 has concentrated research cf
forts in both of these areas dini ig thc past 12-13 years. 

Additionally, some 24 students have completed advanced
 
degrees inthe project and returned to their hoiie countries 

to conduct their own research prograis and oflen a ,sune
 
roles of major leadership responsibiilty. UNL- 114 project 

P.L.s have spent considerable lime ienoring these former 
students and colla orating with them in tiheir research pro-
grams. In this ma inner, UNL- 114 has contribu ted directly to 
:,1DC's capacity to resolve problems inone of thir major 
targeted areas of constraint i.e. nutrienrt stress. As a resill. 
several countries collaborating wih INTSORNIIL have 
made positive advances inihe judicious use of fertilizers 
(particularly nitrogen) in cropping systeins which enhatice 
resistance to water stress and sustaiin produclioii at higher 
levels. A part of this advance also lies in the fkict that [li e 
project assisled in identifying metlhlixls for plant breeders to 
use in iimproving both sorgliini arid pearl inillet genotypes 
for nutrient use e fficiency and can now better cope wili 
nutrient deficient soils. These saiie improved types also 
respolnd better to gooi i ianagc'lieli, especially whell inn is-

lure is favorable. 

Objectives, Production and Utilization Constraints 

Objectives 

Identify sorghum and pe.arl millet genotypes which ire 
superior innutrient use efficiency (primarily nitrogen). 

Determine the physiological and morphological mecha-
nisms which allow genotypes to be nutrient use efficient. 

Quantify tlie effects of environnilnt on genetic response 

at different soil fertilities (primarily nilrogen). 

Determine optimum nitrogen and phosphorus manage
ment practices for arid and semi-arid environments. 

Provide long and short lerni training experiences for 
students and scientists of collaborating institutions, as well 
as certain technical expertise for collaborative efforts related 
to overall INTSORMIL objectives. 

Constraints 

Soil nutrient deficiency stresses. 

Lack of adequate nutrient use efficiency in current sor
ghum and pearl millet cullivars. 

Inadequate knom, ledge of proper management practices 
to help cope with nutrient stresses. 

Lack of technically Irained personnel who can devise and 
carry out sound research pIrograms. 

Research Appro.i aind] Pr(iject Output 

Interni ational 

Philippines 1981 - 1986 

The objective of this research was to develop sorghumLas 
an altemilive to coni as a fced and potential food for the 
Phililppines. The w(rk was concenitrated on finding sorghum 
genotypes suitable for hoilhi paddy and nonpaddy rice crop
ping systems. Within the paddy systems, a lot of effort v-as 
maide itoIiiid proper miiiamgciemt procedures so sltands could 
be eslablisied and the crop could grow iii ihe heavily 
puddled soil structure remlaining after the rice crop was 
reinioved. itlIhe Upilalidl areas, coiplete prodtictioi packages 
were de vised aid inicuded varieties, pest control procedures 
and fertilizers. On-farn triaIs Were iniliated to demonstrate 
tie feasibility of producing sorgliin in lhe dry season as a 
cor alieniative. Considerable effort was spent on evaltnat
ing cconoliiic production costs and marketing potential in
cidiig various use; oiftlic grain for both animal and human 

Consuipt iuli. 

The mst iniplortallit output fromi the INTSORMIL 
funded r,.searchi was idi.nlification of variety VG 146 which 

showed promise as a )otential yield iinproving type for 
either feed or food use. Trials iii 1985 showed tfievariety 
outproduced the local type by as inuch is 43%, reaching 4 

1
Ing hi which inade it ecoinoinicailly better than corn even 
thoug'i ihe sorghuni imarket pric was lower. Variety VG 
146 is loe same variely as Surefio, a dual purpose grain/for
age cullivar released inIlonduras and recoinmended for 
10-2% of tlie cooulry's total acreage. hiaddition. VG 146 
gained inixularily as a specialty crop because it could be 
''popped'- and consuimed as fx i,a practice iot conlnoin for 
sorghumi inthe Philippines. Since lhis is a variety ralher than 
a hybrid, seed prodltclion would be reitively simple alit! the 
Cist niinimal and affordalie by iost farmers in lhe region. 
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The "on-faim "demonstration/researcl trials showed thII 
during the January-April cycle, three fertilizer levels were 
economically feasible. However, there was a strong interac-
lion between fertilizer level and growing cycle as the March-
June cycle did not require fertilizer levels similar to those of 
the early cycle. This was thought to be due to the dry 
condition of the soil during the latter cycle, 

Experiments on sorghuim production following lowland 
rice showed that 5 to 10 days after rice hu",',it was the best 
time to plant sorgium. Tillage of the bunded paddy eni-
hanced emergence and resultant yield. Germination was 
highest if sceds were planted 3 to 5 cm deep. It was also 
shown that early maturing sorghums are best filled to the 
post-rice condition. Under [lie best conditions, sorghlurn 
yields were as high as 2.9 Molhw. 

Economics of prxucing the crop were favorable, but 
market price dependent. As a rule, corn imports front the 
U.S. or other sources greatly influenced a millers decision 
to buy locally produced grains. IligI local production 
tended to force prices downward with no or little govern-
merit stabilization of price which oftcn prove( to) be a 
disincentive for sorgliiiu prodnti in. 

Brazil and Colomhia 1981-1988 

Research by Dr. R. B. Clark in these countries centered 
primarily on developing laboratory and field methods of' 
screening for mineral elementitolerances, primaily alimi
num relating to acid soils and low phoslphorus conLitions. 

A lalxratory procedure was developed and iublishcd to 
screen sorghu i in nutrient soluLion for high aluminun 
tolcrance at the seedling stage. The procedure was signifi-
cantly correlatedit) sorghumi response in the field underacid 
soil conditions. Ab-'ut O0,00() sample analyses were made 
annually at Nebraska relative to min eral tolerances and 
efficiencies w ith aboul hall'of these coming front Brazil and 
Colombia. These results were used to help define the mccha-
nisms of tolerance. 

The resear ch showed that all mineral elements were 
affected by acid soil stresses, bil that silicon and calcium ii 
plan tissue were most closely relatel to acid soil tolerance, 
Siliconnutrition could alleviate soime syimplois of alunli-
num and manganese toxicity. Itigh silicon concenitrations 
had no visual toxicity symptoms or caused any dry matter 
yield reductions in sorghum. 

Sorghums screened by a newly developed screening test 
in the laliratory were itlentified as tlicrant or susceptilc to 
acid soils and grown on an acid soil at Quilichao, Coliiombia, 
South America at 40% and 60% alurinum saturation to 
evaluate growth traits. Sorghum genitypes identificd as 
beirg tolerant showed favorable growth iard yield traiis 
when grown under relatively severe acid coniitions i.e. 60% 
Al-Sat and pH1 4. i. High concentions o afcacalcium and 
silicon may have reduced the effects of toxic aluriiirin. 

Studies were conducted on the effects of mycorrhial 
(VAM) colonizations on growth and phosphorus nutrition 
in sorghum. It was shown that VAM infected plants pro
duced 14 limes as much shoot and 13 times as much root 
dry matter as uninfected plants. Higher concentrations of 
phosphorus and some other elements also occurred. The 
higher P uptake of the VAM plants was altributed to a larger 
surface absorption area because of root proliferation as well 
as to VAM hylphae external to the root. These results tedi
cated that a strong VAM association sorghum production 
can assist tie extraction of P from low P soils and partially 
alleviate deficiencies in the plant tissue. Hlowever, VAM 
colonization was greatly ret.rded in high aluminun and low 
p1-i soils. Mycorrhizal associations did not affect genotype 
tolerauce to altiminnln. 

Niger 198S - pi esent 

Project UNL- 114 research has been concentrated on 
pearl millet exclusively in this country. The work was 
conducted at Maridi research station by Mr. Cliefif Ouma
rou aid Mr. Seyni Sirifi) in the initiatioin stages. Mr. Sifi fi 
later came to Nebraska for M.S. studies aid graduated inl 
Atigust, 1993. The Maradi trials were set tip to de termn ine 
the response of millet varieties to N rate under these rela
lively dry corditions and sandy soils. Three varieties were 
used being hill planted aiL grown at four N rates including 
0 kglb a as cortrol. Seasonal precilpitaiioi was a little more 
than 500 inu per season. 

The restlts showed tlhiat all varieties responded to N 
applIication even though rainfall was rather low. For tile 
varieties tested, 45 kg/ha appeared to be at or near the 
opltimui rale Ifor aione Mg grain yield per hectare using 
urea. It appeired evident that some inputs of nitrogen will 
be needed to boiost yields in either wet or moderately dry 
years. If a legune/pearl millet rotation is used to obtain 

ifixed" N frun the atmospiere, then some phoslptorus 
fertilizer will be needed to insure a.detLUllac legiiue growih 
and yield. Cereals can also take ad;uvartage o any residual P 
in tile rotat ion since that element does not leach or volatilize. 
Anolther advantage to having adequate N in tire systen is 
that it allows varieties io express their full genetic drought 
resistari characteristics. Coping with one stress i.e. drought, 
is easier than coping wilh a combinatio ni two, i.e., drought 
plus N (or phosphoruns). 

Sirce Mr. Sirifi's ret i plans oue underway to switch to 
research on cither Irl inillet or sorguiiii arid tile place of 
these crops in vegetable or horicultrlal cropping systems. 
Research olbjcctives andiai(lpro:ches ire being formiulated ill 
Niger to initiate this piograi under tlie guidance of Mr. 
Sirifi and in collaboratit with INTSORMIL Pl's. 

Mali 1988 - !,re'sit 

Research in Mali has en concentrated on sorghum and 
proper N managemeft iorthis crop in tiIe higher rainfall 
areas where fertilizer responses can consistently be ex
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pected. Another phase of the collaboration has focused on 
developing methodology to measure N use efficiency for 
varietal improvement as well as to make better judgements 
on management options. 

Research 1988-1991 (Abdoulayc Traore). A series of 
experiments were conducted using local and improved sor-
ghums to test yield response to rate and time of N applica-
tion. The experiments were conducted at either two or three 
locations ranging in precipitation from very low to average, 
The results have generally shown that the improved types 
respond more favorably to N application than the local 
providing that good slands are established and pests can be 
ef'hclively controlled. The local sorghum produced greater
a! ounts of forage (stern material) in comparison to its grain 
production which is a valuable resource inthis region. It was 
evident from the research that a good N management pro-
grain will require splitting the N application into two growth 
periods. The first is generally to apply 1/4 to I/2 of the 
intended rate at planting and the remainder at either lillering 
or preboot. 

Overall N use efficiency was slightly beler for the in-
proved types than the local at higher rtes of applied N. 
However, tile local had higher N use efficiency at zero or 
very low N rates. 

When sorghums were compared for N response in a very 
dry location (350 - 400 mn), it was found that grain yields 
did not increase with applied N. There was some evidence 
that stover production was higher wilh some N fertilizer in 
improved types, but not conclusive. 

1992 Research (Abdoul Toure). Four genotypes (CSM-
388, Tiemarifing, S-34. and Malisor 84-7) were compared 
at five nitrogen levels (0, 40, 80, 120 and 160 kg/ha) at 
Sotuba and N'Tarla. CSM-388 and Ticnarifing were used 
,as local types and S-34 and Malisor 84-7 as improved types. 
The Sotuba location is characterized by a loamy sand soil 
type with an average annual precipitation of 975 mm over 
42 years and N'Tarla by a sandy loam soil with an a 'erage 
annual precipitation of 875 mm over 42 years. At Sotuba, 
the plot received 50 kg/ha N in 1991 and I(X) kg/ha of major
nutrient in 1992. At the N'Tarla location in 1993, the plot 
received 300 kg of tri-calcic phosphale (natural plosphlate 
of Tilemsi) and 5000 kg/ha of manure. 

Parameters of interest were grain and stover yields, NEI 
,asthe ratio of plant total biomass to plant total N and NE2 
as [he ratio of plant total grain weight to plant total N 
(Maranville, 1980). However, because of financial prob-
Ictus related to tie cost of plant analysis, N use efficiency 
was finally calculated as the difference between treatment 
grain yield and the check grain yield divided by the fertilizer 
Napplied on the trealnet assuming that the soil N content 
in the experimental plots was at the same level. 

The differences for both slover and grain produced were 
significantly different among genotypes and N rates at the 

N'Tarla location. There v as no genotype x fertility rate 
interaction. The variety Tiem;.-ifing was the highest yield
ing genotype and Mdisor 84-7 the lowest. The low yield of 
Malisor 84-7 may be explained by its poor seed quality 
which affected the plant population. An estimated yield 
from a regression analysis of grain and stover yield and plant 
population may give a better yield potential of Malisor 84-7. 
Nitrogen efficiency calculated as a factor of yield increase 
per N applied resulted in the variety Tiemarifing having the 
highest overall N use efficiency followed by S-34. Variety 
CSM-388 had the lowest. Each variety reacted differently 
to increased N levels, but generally decreased as N was 
increased up to 120 kg ha-

Yields from tie Sotuba location were statistically differ
ent among genotypes, but only for grain when increased N 
was applied. Similar to the N'Tarla location, Tiemarifing 
yielded the most and Malisor 84-7 the least over all N levels. 
Nitrogen use efficiency was much lower, and at times, even 
negative at the Sotluba location indicating that some N rates 
resulted in yield reductions. Overall, Tiemarifing was the 
highest and Malisor 84-7 the lowest, and N use efficiency 
decreased up to the 120 kg hali- level similar to the N'Tarla 
results. The negative values observed were due mainly to 
lack of a good stand more than the inherent value of the 
variety. 

With the return of Mr. Abdoul Toure to Mali (M.S. 
Nebraska, 1992), a new research direction is being proposed 
for UNL- 114 collaboration. The following area of research 
was devised for implcnlentation. 

Research Area: Sorghum Responses to N fertilizer in
 
Relation to the Previous Crop
 

Objectives 

Assess the influence of various legumes or cereals as a 
previous crop to sorghum production. 

Evaluate proper N fertilizer needs to maximize yields of 
sorghum in relation to legume or cereal previous crop. 

Define physiological parameters associated with in
creased yields under proper N and crop rotation manage
iuent schemes. 

Evaluate several sorghum genotypes for production po
tential in crop rotation schemes. 

Make economic analyses to maximize yields at efficient 
monetary inputs. 

The experiments are planned for six years and include 
three legumes on two cereals in rotation. Fertilizer inputs 
include manure allernating with variable rates of N (0 kg 
haI to 80 kg ha- I) every other year. The proposed scheme 
is as follows: 

85 



Sustainable Production Systems 

Year 2 Year 3 Year 4 Year 5 Year 6 
Year ( sions 

cowpea (C) sorghum C S C S 

peanut (P) sorghum P S P s 

dol icos (D) sorghum I) S I) S 

olghtu (M) sorghum S Smillet (M) sorhu Ms F1 FI.,C 
millet (M) sorghum M S Si, S
millet (M) sorghum C S St, St. 

millet (M) sorghS S Si 

millei (M) sorghum P) S C S
 

Manure will be applied years one and three (0kg ha vs 
1000 kg ha'1) and N fertilizer will be applied to sorghum 
only in years two and four. At least two locations will be 
used (Sotuba and Cinzana) having different total rainfdl. 
Residues will be utilized in part for animal feed and in part 
for mulch. General agronomic and physiological data will 
be collected each year, and economic assessments made 
during the third year and thereafter. 

The experiment is designed to bring several research 
disciplines together, and eventually lead to on fani demlon-
strations of certain rotational systems which may include 
some fertilizer inputs. 

Domestic 

PearlMilht 

Studies on this crop were conducted by one student from 
Mali and one from Niger in pursuit of an M.S. degree. The 
studies were similar in that pearl millet genotypes were 
tested from their response to N fertility in soils having 
relatively high residual N or N release properties. One of the 
studies also incorporated three soil noisture regimes. The 
genotypes chosen were either African or Indian local lan
draces or improved types generally of shorter stature. 

Results of the first thesis (Abdoul Toure) showed that 
the pearl millet crop did not respond very well to N applica-
tion from 28 to 112 kg ha- I rates. This was not surprising 
since other researchers have shown the same thing when the 
crop is grown on soils to which it is not normally adapted. 
There was atendency for tie improved millet to increase in 
grain yield with increased N but not stover. The landrace 
millet had a maximum production at the lowest N rate 
applied. 

If N application was split at the higher rates (applied at 
planting and preboot), there was a tendency for grain and 
stover yields to increase slightly. Nitrogen use cfficiency 
(dry matter produced per unit N uptake) was decreased with 
increasing N rate, but was not affected by splitting tie 
application. Generally, pearl millet response to N rate, N 
application timing (early vs. late) and splitting of the rate 
was genotype dependent. 

Results ol the second thesis (Seyni Sirifi) which incorpo
rated a broader range of genotypes and soil moisture condi

than the first experiment, showed that improved 
genotypes took advantage of gxd management better than 
the unimproved i.e. landrace types. There was often a geno

type by N rate interaction in the high moisture situation 
indicating that soil moisture influenced genotypes differ

ently in their response io N. Only slight increases (xcurred
in grain yield with increased N rates at low or moderate soilmoisture conditins in these high N release soils. 

Nitrogen use efficiency (biomass produced per unit N 
uptake) differed among genolypes, showed the normal de
cline with increased N applicaltion, and was not greatly 
influenced by soil moisture status. The highest N use effi
ciencies were found in (lie landrace types and the lowest in 
the improved types. Water use efficiency did not vary 
among genotypes signilicantly although there was a ten
dency for those with greater grain or total biomass produc
tion to have greater waler use efficiencies. Genotypes with 
the greatest leaf area index were the best grain producers. 

Sorghum 

Study I (Cassim Masi) 

1 ;eld and greenhouse experiments were conducted in 
year 14 to investigate tie role of sorghuu roots in the uptake 
of N under varied soil anmd climatic environments. Ten 
genotypes of diverse origin were chosen for tie study based 
on recommendations from David Andrews (Project UNL
115). Genotypes were grown in the field under low N 
conditions for total N uptake, bioinass and grain production, 
and N use efficiency for grain or biomass. The lest site had 
been previously depleted of N by growing continuous sor
ghum without fertility for the previous two years. 

Table I shows tie grain, biomass, total N and N use 
efficiency values of the 10 selected genotypes oi a per plant 
basis. Genotypes CE 15 1 produced the greatest amount of 
both total biomass and grain. Even thouglh TX631B pro
duced a lot of total biomass. its grain yield was relatively 
low. The genotype WS V387 had good grain yield in relation 
to its total biomass p roluction. Generally, total N per plant 
was a function of the totd biomass produced as indicated by 
genotypes CEI 51, TX631 B and WSV387 having high total 
N values. 

Nitrogen use efficiency for biomass production (NEI) 
was highest for TX631 B followed closely by 118358 and 
M90378R. The best genotypes relative to N use efficiency 
for grain (NE2) were M90378R, CEI51 and WSV387 
which was obviously related to their ability to yield substan
tial grain under depleted soil N. The lowest in NE2 was 
TX63 IB. 

Root morphology was deteniined in greenhouse experi
ments using a procedure developed at Nebraska to describe 
branching through fractal dimensions. Plants are grown in 
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Table 1. Average grain yields, biomrass, N uptake, NE I and NE2 of field grown sorghum genotypes at the physiolol
cal maturity, Mead, 1992. 

%%in Ii nmasvi. WII.
G;enotype: Ifl ail l  

g Iflanr"I 

TX63 II 49.78 198. 16 
KS57 57.18 120.13 
P18358 44.66 13.3.62 

TX631A x WSV387 
 50.16 142.11t 
TX63 IAx M90378R 53.23 107.57 

Naga White 
 55.54 134.62 

M90378R 60.12 
 134.43 

C1I 151 125.90 246.96 

IR" 5 
 51.90 '91.54 
WSV387 74.92 136.41 

Means calculated on the hasi, of three rtplication., and three jllImt. 

*l'lant N is total N concentration frn grai, stein ad Itea e' 
Iiinnm ,,ss",I. doc. not include rt ry matier. 

peg boxes (120 cm x 121 cm x Cm)c in 4:1 satld/soil 
mixtures. At the 12-lea! growIlh stage, the soil mix is waslted 
from tle roots which slay in pl ace b being susenstded oi 
the closely spaced pegs. Pholographs are laken of' 9 equal 
segments of tie rmx svstit (each segment is 1025 cr1 2 of 
tile rooting surface area). artndlthe frac ial dimension deer-
mined by tite published procedure (see Elibill, B., J.R. 
Settili, J.W. NManrlvillu d A.M. Parkhurst 1993). Fra,c:1 
analysis for morpihological description (of crtn O I IIItiler 
nitrogen stress. Agron. J. 85:287-289). The procedutre esti-
n:es tit amllouLtnt of root bratchint g as well as root abittl
dance. 

Table 2 shows that the gretest btanching o'ctturred with 
WSV 387 closed followed by its hybrid TXO3 IA x WSV 
387. The least aoulnt of hratiching was fotrrd in KS57 1. 

The genotype with tie greatest ab ontd ice ofProls ill the 
profile w:L IR 2A followed by Naga While. The genotype
with the leIs abu nda lte wLs the onte with tlie gr-,t test 
branching (per unit rooting surface) or WSV 387. 

Table 2. Means of values for frac tal dimension (branch-
ing) and root abundatce orften sorghum geno-
types grown in peg boxes in greenhouse 
experiments. 

nFrac, l tnhiio s](sIGen 7.otyp It hinE .ranc1XWC )e (A 1t 
WSV 387 1.93 1.1'TX 631A\M90378 RxWSV 387 1.NS 1.0Wconteti1.84 1.07 
Naga Whi e 1.84 1.13 

CE 151-262 1.82 1.08 
TX 63 IA aMI90378 R 1.76 1.06'I 8358 1.71 1.06
IR 204 1.71 1.18 

TX 631 I 1.69 1.06KS57Ii 1.62 1.07 

IPluil N NE I NF2 
gplal" - -- g DI)M N ... 

1.44 137.42 34.52 
1.16 103.20 49.12 
1.06 125.48 41.94 
1.30 I(14.l0 38.48 
1.15 93.78 46.41 
1.16 115.67 47.73 
1.06 126.71 56.67 
2.29 107.77 54.94 
1.10 85.85 47.13 
1.47 92.94 5I(14 

Te genotypes with lie grealest abundance of roots di 
1ot coincide with those protducing the greatest amoutl 
bioniass (Table I ) ill these separale experiments. Genolypt
WSV3S7 :nd N190378R which had relatively high grai 
yields also iroduced highly branched rooting pattern:
There tppeared Io be little relation btkween N use efficienc 
tnaitsatd root brtching orahtundntce. Further studies wit 
roots ex tractled fnom field grain plants are being conducte( 

St"l1dv 2 ,lAbdotdtat, l'r:Iore) 

Sttdi es WCrCI C1td ic with' sorghumIto underslan 
better the filake and metabolism (i nitrale atnd its inlucic 
on N use efficientcy. Field and grettenhouse exxriments wer 
used to sludy 15 srtighum genotypes froi tie programs a 
Proftessir)r David Allth-ews (RUNL-115) regarding how itrat 
is related to growth and N use efficiency. The field experi
tiertts were grown near NlMead, NE ;t a site previo(usl, 
depleted of N.Two levels of Nwere used ((0 kg ha" I and I(x
kg Ila- 1), and water stress was ntot a lactor. 

Results of flhe 144'ld study (Tbile 3) showed that VG 14( 
accuLiulftted the highest reduced N cotlen Fol lowed b)
S34. These :tre l th tall tyvpes which produced a lot of Iota 
bionlass. These two getloty[,s also appexared to retain tit 
highesI tltflttttily (tf NOI- int the tissue. flowever. the Itl 
NOI - :lappeared to I more a function o!'biotiass accuilnu. 
ion than NO - concenitration since the Coirccntitiots werc 

relatively low. I locgetieverihybrid 10,40 had high reducedN levels butwas atmonog I ose low in total NO 3 - ard NO , 

t iiou. Low NO* -Iconte ll or conceintration in tissucindicates efficiency in reducing hitat ion to a Luseable form, 
The less NO 3- and reduced N retained in tle Iissue. the 

greater fite efficiency of N titilizatiort. 

Figure I shows thi NO3 -concenitrationt is higher instem
tissue than leaves, is higher in fertilized than unfertilized 
plots. and decreases with :age. 

Nitrogen use eflicientcy for bion1|ss productiont is calcu
Il|ted as toll above groutid dry milatter per unit reduced N 
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Table 3. Means of total N plant 1,NO3 plant 1 and N0 3 concentration at physiological maturity in 15 sorghum 
genotypes grown in the field at two soil N levels. 

Tolal N Total NO;- N0/conle. 

Genolylxp 0 kg I(X) kg 0kg 100 kg 0kg IW kg 
1 

g pIlant Ing plant-, 7 

M-35-1 58.3 74.3 8.5 12.6 .032 .046 

11720 73.1 72.2 10.3 12.5 .043 .046 

VG146 119.9 133.1 17.8 18.3 .022 .025 

TX7078 67.3 65.8 7.0 14.4 .023 .038 

873151 82.0 89.8 8.9 14.0 .024 .036 

87034 59.0 68.6 10.9 8.0 .021 .033 

SC56 64.1 74.5 9.8 9.8 .029 .028 

Martin B 85.7 95.5 8.0 16.8 .020 .051 

CK60 77.1 89.7 13.0 13.7 .035 .032 

Malisor 84-7 88.4 93.0 16.5 22.2 .031 .04I 

S34 110.2 131.0 18.0 35.1 .025 .046 

1'8855 75.5 78.6 9.7 16.6 .040 .067 

1111640 106.1 107.2 8.1 12.7 .020 .037 

G 1422 68.7 59.6 7.6 7.7 .031 .028 

NK5356R 79.3 105.0 8.5 17.4 .127 .050 

Percent Nitrate 
0.4 

0.3 

0.2 

0.1 

0 
Ten Leaf Stage Boot Anthesis Phys.Maturity 

Growth Stage of Plant 

U Stem high N Stem low N 

SLeaf high N Leaf low N 

Figure 1. Means of nitrate concentration in 15 grain sorghunis grown at low and high soil N levels. 
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Table 4. Nitrogen use efficiency (NII) values for 15 sorghum geoltypes grown at two soil N levels calculated wi 
and without the tissue nitrate N content. 

O.uw 1I liv 1121='.'I clhililv,, 
u,ithoul kk111 ilh h*lwlWillh 

Genoly 1i NI N No, N No, N NO, N 

VG 1-16 145.1 144.4 84.7 83.9 
Malikor 84.-7 123.1 122.5 08.7 68.4 
873151 107.1 10 ,9 63.8 63.7 
S34 107.1 1 (M. 1 75.1 74.8 
NK535(;R 107.0 I(X.7 71.2 71.0 
11111640 

CK6O 

G1422 
1'8855 

Mallin I 

"IX7078 

SC56 
87034 
M35- I 
1'720 

Table 5. 

tllol, IV 

TX7078 
M35- 1 

873151 

M4rtin It 

I'72) 

I(X.7 1 M0.5 66.6 66.5 
97.1 96.7 69.9 69.7 
95.8 95.6 73.4 73.3 
92.4 92.1 66.5 66.3 
89.5 89.4 60.4 60.3 
86.7 86.5 50.5 50.4 
82.7 81.8 58.8 58.7 
80.1 79.9 62.7 62.6 
75.6 75.5 57.3 57.2 
74,0 73.8 - 62.8 62.6 

Nitrate reduclase activityv in 15 sorghum genotypes as a mean of two greenhouse experiments replicat 
four times each. 

Atllitily (; Ii -lloli 

2.82 ' .-1 

2.69 $SC% 

2.54 18555 

2.53 ( 1422 

2.52 III 1610 

according to ithe definition of Maraoyile. ([luk and Ross (J. 
Plant Nut. 2:577-589, 1980)). This has been designated as 
NEI. Table 4 shows NF I valusC flr 1.5 si)r-1huill eIlltypeS 
calculated with ollyv reduch d N reini;ll 1 tisstJC of with 
nilrale N aLdcl. These ICsults indic;lie 1Ih1t very little chanvc 
in the NEI value occurs with tle incluiono ltirac N.and 
genotype rallk (does not change any. Tlrcf-lc, calculating 
NEI in tie traditional manner is silificiclit and savcs lhe 
expense of having to do niltrate analysis. 

The capacity to reduce ilinie ito a useable I'rn is meldi-
lied to a certain extent by n(itrate rcdoctase activily. Any-
thing which reduces tie tlivity 01 this onl/\vlne. sLich IS 
water stress restlts illactcullulfatiol of nilralc %hich affecl. 
growth polential. Genotypes which (Il) T1t Iliicc1lllulahe 
trite in lissu.,s Ire presinled to lie mooe N use Cffici-lll is 
shown ill Table 4. (Gcnotyjsvaried il the litrat rlictalti se 
potential (Table 5) illllic;allne+ a i iln atmCLabIolic t1 cC Ill 

experil((en., tlie highest nilralte re ltas activrt.'%%;isa I lidlli,it l 

in TX7078 lollowed hy N135- I. NF I (till hn(otrite welt 1) 
nitrate reductase ctivit'y (r = .1141 ). and shows Ihal N use 

efficiency is very complex with I((Allylacltors ilolvCtld. anod 
which needs much further study. 

A 11%Ill - Ie _ _II\ Atliv avy 

2 13 K(K 2(X)l 

2.41 V(; 16, 2.00 
2 ((2 NK535( ;R 1.84 

2.01 87134 1.71 
2,11 laht 8.--7 1.65 

Neti* orking Activities 

('haired a cononlitlee which planned and carried out 
w0ii ksh1 at thl Ifeniversily ol Nehrska entitled: "Adaptl 
iol of Plants to Sol Strescss". 

UNI.- 114 supplied Sto00}( ll Mali lFor coll~albralive ri 
scarch nllnitrogenl ;10r00Vly anld physiology. 

Travled to Mali exclusively ni UNL-I 14 funds to pa 
new ph;ases )OfcOlllablOnliIg ill bXh tlronomy and physio 
ogy. 

I'llications andl't'reseital ions 

I'tiUio1m.i 

Y,1CIyHIuI. .1' (iham l ( omd J \ Nt.latmil. l'('12.."valuaionlea~~~~~~~~~~~~~~~~~st~~~L'I~I'21 lttW ltllh.t ,i,))lt~l,L IIIt l I't k- Aflll~hIC L [tlt'llgl1llIL-1t' ll i¢l tivllL gemlOI N L t. t.l (l'tic ll V I ILleast one comnponenlt of N use efHCIcyKN. Il;I)a 2CIe le' Illl.hlll, 'l, lSLc1i2c1cAMI gm.htlilgc I V (la I 
s PP'4 Nlttlr:i 1.1 1 ( MidI u hy arl millel gro 

,tIiulotsml ,w,,lira mill ,l\i', N. slhcqS. thiiversil 
,it Nhla,ka 't I' 

NMde 11Itt11.t0l.11~ 11 111tCI! 'InD.1 I'),aluAtiIIn I';MIC Of IN]TS(RMII, relb 
i, t lo N uliark . t h ilIL.ii t NI. II..I'l, slt 
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Summary 

A workaible preamlhesis stress screening prograim baised 
on yield c(omlponent analyses to help identify the time of 
stress dalalgcs w;s developed. Knowing the times of dam-
age are required (I) ill order to tine tule the application of' 
stress and (2) to permit sensible stress meth:anismi research, 
Growth related responses dclcriniiting seed numher and 
seed size are more sensitive to stresses th: is phtlosltle-
sis (PS) or slomattal activity. 'resting tile screening method-
)lhgy involved a populaintn type apprroach because stress 
resistance iscomplex - it involves either compllex proccsses 
or :alarge number ot simple precsses illterctililig silltalll-
neously it)prodtce complex COn1SeLu",ICCeS. In either event 
high numbers of recombinationis. cich can be achieved 
cheaply through genetic sterilily (:ad otlher ways as well if 
resources are available) are required. OnIe stress resislart 
popIltiOll which is primatrily good ulit y light colored 
seed from tan plants is being released. The pipulation is 
curretilly being used in six conltries and will snAil be 
available to private breeders. 

Current stress research is celtered oil preall lhesis stress 
mcchaisms il(metabtic eficiency, lical shock protlein de
vcloplcenl. etc.) ail post anthesis stress research as it relates 
to improving seet size. Improving seed size capacity is 
probably at 1a1le preaithtttesis stress cc sm:itg taIclor.npl its 
Motlst seedl siize capa: city also ItIls sorghltun yield pItcn-
tiallow compared to mliae under good c(ndiliti(Iis. 

Legume stress screening imethodology is beitg devcl-
oped to improve N tixatioi ii sorghum and1l millet based 
cropping systems. 

Introduction 

Water and temperatture stresses are the two foremost 
abiolic stresses limiting sorghum and millet production. 
Water stress isalmost always limiting in both the SAT and 
the LS Great Plains. Furlhermore. waler stress is almost 
always accomnpanied by high lelilperattire stress. Minimiz
ing the daimiges caused by these stresses can be accom
plished by (I) screening for stress resisiances to improve 
genotypes and (2)developing cultural practices which mini
mize the stresses. 

Recognilion of these realities by the INTSORMIL pro
grant development group assembled by USAID at the Uni
versity of Missouri in 1978 led to time tollowing Missouri 
program objectives (direct qotlles) to be addressed at the 
University f'Nebrask a withinl grilt finail:tl cotstrainls. 

Selecting for Drought Resisltance in GS - Nebraska: 
Objectives: I) deline physiological characteristics most 
affecled by drotight stress. 2) idenlifytiolerance aind avoid
atnce mechanisms, 3) develop and aplly practical technitques 
Io screening and selecting ill U.S. and LDC's. 

Temperature Stress ill GS/PM - Nebraska: Objectives: 
1)detentine yield resxmse 1( temllrttures at critical de
vetlpmett stlages, 2) determile r:inge iil different genoltype 
responses. 3) determine mech:isms responsible Itr favor
able responses. 4) develop breeder screeining technliques. 

GS Gaiil Fill Period - Nebraska: Objectives: I) deter
mline varia ility Imlengtlh of1gr:tin fill. 2) dev'lop new liles 
wilh exlendcd grain lilt period, 3) test iew tybrids with this 
chtaraclerislic. 
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Adaptation and Yield Stability - Nebraska: Objectives: 
1) study adaptation and yield stability under wide rmge of 
conditions of lines and hybrids, 2) determine trail assiocia-
lion with stability and adaptability, 3) develop Xip)pulations 
for genetic source pool with these characteristics, 

Research addressing these issues is necessarily Ixtli (I) 
basic in nature to expose and evaluate stress resisltance 
mechanisms and (2)applied innattre to achievye the devcl-
opmen ofstress screening techniqties and practic:l applica-
lion of lhem. The la.tter objective has required the integration 
of physiology and breeding research, particularly in the 
development of practical field stress screening techilqes 
and cxtended grain fill perioxl research. This part of the 
research was a Imiinted effort, as specified in the Missouri 
USAID contract objective alhwe, to apply physiological 
research to the developmeit of practical field screening 
techniques. An effective preatihesis field stress screening 
techniqie has. in fact, been devised a ti a stress resisl:at tal 
plant polpulation for midseason pireathiesis stress has becn 
developediUsing this Iield screening lechnique. This p)ilLi
lation has been or is beinL used in Niger. Sene-al. Sudan, 
Egypt. Niexico and thet S by pulhicLbreeders and will he 
released :a sin to commcrcial co mpfanies. AoI AN)6 ndii 
RN9 I have been released. The f ietate parent A0)6 is being 
used commercially by at least one company ini Mexico. Also 
its hytbrids have perormed I in Senegal and :ire beingwell 
evaluated in Egypt. Derivatives of A0)6 x U.S. grain 3 lines 
are often found at the top (f stress tests in the U.S. RNgl is 
not being used conimercialy in the U.S. to our knowledge
 
since [ihe hylbrids tend to be about six inches too tall. RN) 1I 

is b.ing used in commerciaf bICrceding programs because of 

its stress resistance anid relatively high yield. 


An ii proved millel/cowpea intercrtpping system in Ni-
ger demonstrated 2() to 6( )iigI.icr c tw,.pea yiclIs and 2( tlo 
40(% higher millct total dry mallter yield (see nex! section). 
The level of utiliatimu is unkiown. 

The grealest conlributit from this project has been 
students trained and either returned home tr will soon. They 
include students from Nigeria (I), Itdia (3). Sudan (I), 
Zambia ( I ), Zimibabwe (2). Hotswana ( I ), Egypt (2). Nex-
ico (4) and the U.S. (4). plus serving on conmmittecs and 
helping with the research of'imn:y others. Strghun devel-
opmental descriptions and assiiated growth stage termi
nology havc been used in the training oi most studenits who 
passed through ICRISAT over the L:ist 15 years. Research 
knowledge gained has been used heavily the last 5 years as 
a cooperating scientist over the past 5 years in the It-
dia,/USDA OICD research program utilizing PL4X(t funds. 
Two substantial programs on improving genitypes to solpr-
sede M35-I are involved where our stress screening appears 
very useful. There are also tIwo culur: lpractices inlercrop-
ping/relay cropping prijects atitd in1e very basic legume 
improvement prograii at tie hioc.heinical level. 

Objectives, Production anid Utilization Constraints 

The importance of drought, temperature and general ad 
aptalion constraints are outlined in the "Introduction" ii 
terms of how they relate stress screening and stress mecha 
nism research to genetic improvement. Over half of th 
effort in Ihis project has been directed to stress scrcenin 
and mechanism research. The remainder hats been directei 
to cultural improvement of production under the same wate 
and temperatiure constraii is. Thiree areas emphasized ar 
improving pearl milletlcovwpea intercropping systems, de 
veloping legume stress resistance screening methodolog, 
and developiIig seedling emergence screening methods 
Emhasis on enhancing leguime prod uction in sorghun 
based cropping systems is critical because improving sor 
gII iiI or pearl millet yields depends on improving legum 
pro luction where N fertilizer is t(oi expensive for fhimer. 
to buy. 

ohjectives 

1. Develop preantliesis stress screening methodology 

2. Condctic limited stress mechanism resemch iii con 
junclion with stress screening. 

3. Ilprove pearl millet/cow pea inlercropping in Niger 

4. Legume stress screening 

5. Expanid grain fill duratin and grain metabolism re. 
search 1toincrease seed size because (a) in LDC's there is 
consumer large seed preference fur human consumption ald 
U.S. feeders have a large seed preference to decrease feed 
preparation costs and increase st arch availability which arc 
itilization constraiiIs, (Ib)there are seed size implications 
as a ptost anthesis stress resistaice iiechaisin to compei
sale for preaithesis seed iiuner stress losses and. (c) large 
seed size capacity coul be a mechanisin Io increase yields
in favorable comlitions more in line with maize yield polen
tials. 

6. Develop seedling emergence screening methodology. 

Research Apiroach and Project Out put 

Obje'tivts I and 2 

, 	 Develop preailihesis stress screening aiid evaluate 
stress mechanisms 

Stress screening is only marginally success filmore often 
lhan mt because (I) petple generally do not acknowledge 
lie comlpexily of' the problem ad end i1 ) viewiig it 1t00 

narrowly and (2) even witi a perfect approach it is difficult 
because water stress magnifies ficii] so il variabilily prob
lems making CV's high. I lowevcr, some simple but very 
basic IsSuitl)ioIIs which uiiderlie our approach help make 
stress screening and stress mechanism research more under
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standable and useful. First grain production (work) is a 
function of metaoxlie productivity (how effectively til 
plant is working) and how long it works (effective rate x 
time). Metabolic considerations dictating effective metabo-
lic productivity are photosynthetic assimilate supply, how 
tigh tly respiritory energy expend ituire is coup led ti essent iaI 
synthetic activities (starch, iprotein, etc. syntheses) andithe 
ratc of netabolisn . The time factor witin the *ctiye rate 
x time" concept is simply Itow long the platnt is working 
during different developmental stages. 

An analysis of effective production rate x time is of 
limited vaie unless it is tied meaningfully to eco noinic 
proxluct - grain illnthis Cae. Ti11:11 is accoi p1 ished by analy z-
ing yield in terms of yield coinpoS nelts - that is its seed 
number (seed m-2 ) and seed size (gy100 ) ctnlponents. A 
yield compotnent analyses tells one when the yield lililititlg 
period(s) was and iarrows tie period(s) over which stress 
mechn:ism research shotild he clitiictled. SitiI Pe btil tfultC-

inls l e ternl iithtvy was byv [sn 

and Sullivan for this purpose. The vegetative stage prior to 
inflorescence initiation is GS Iwhen stand est:iblishltent is 
deternied, inflorescence initiatiotn ltt antlicsis isGS, whenh 
seed nuiber potential is set: atntiesis itoblack liver (physi-
ological imaturity) is GS, when seed size is sc't (\within 

geCletic litlits). Obviously yield rc'dUcliois clused by loss 
ol seed ntuntber need to be evailuatd priitarily ill terls of 
GS-, evetnts while seed size yield redtuclions will ,elate tiore 
to GS 3 events. GS evenlt limiitalions relale oit I tit ade-
qualc germitination, seedling cergence aind seedling vigor
to insure stalnds stifl cieit for fivo rab le (IS, 1ld Si. xCr-

forItl ilces. 

Lee et il. (U.S.) alid Dhopte (India) did I dltailed time 
analysis of fioret develmient over tili entire G.S lieri(d of 

about 30 days. Microsporogenesis, tlegasp(rotgeliesis atid 
fertilization eveIts were cittphisized. EAistin deterniiiei l a 
GS, is adevelhtptnttal sitge whcre sorghulin is very sensi-
tive to tllperatures less thain 5 C cither side of olftintiul. 
Ogunlcla (Nigeria) regulilted nighlt caniopy teiperattre int 
the field at 5 C( above :aibilatll noteld a281,X:grailn yield:111d 

reductionl at 15 to 21 days after panictle intitiation which is 
durintg nictrospttrogettesis :ttid Carly IllgaSptMrtgelcsi;is. 
Aitmbietlt plus 5 C froi 7 tIo 14 dtais and 22 to )29days caused 
yield redtctilns ol aboul 2(%. DlI ple useild growth 'liiaitt-
ber aitd teinperiture contlrolled greettliotuii's lit dletetilie 
aniat(mnic ally tlie n'ature If fiorc't dititge respotnsible for 
seed nuiber retictionts. Siress indtucec.d inicrospo(irogetlesis 
damage ceitered ill tile tapeti which nurtires de.velopinig 
mi crospores. Stress induced dtitage disrupt.ted ntilrient ab-
sorption by the titegas1pte also. The ovule becatmtie nolivi-
able concollitatll with or by virti of dcgeil'.atiltn of tile 
nucellus. 

Tapeltal datlmage is .ssoci ated with excess calhise prodtuc
tion. Callose synthetase is considred to be a heal shock 
proteinl. Therefore, research ott production of heat shock 
proleins (IISP). as a potenlial stress resistanlce ntechtanisi, 
Itas been initiated il cooperation with Dr. James Partridge. 
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Dr. P. Vcrna (India) found that a stress resistant hybrid 
produced avariety of [ISP's in the panicle at 35 C.A normal 
hybrid produced fewer I ISP's and generally only after ihe 
temperature reached 40 C, by which time stress damage had 
alread y occurred (1992 INTSORMI L Annual Report). I-ISP 
70. one of Iie proteins produced il this case, is felt to have 
a stress proteclive function which fits generally with field 
observations of the normalanaid stress tolerant Iiybrids. The 
protective function theoretically relates to maintenance of 
proper protein fold in g but tle fuctiois of I-ISP's ire not 
well understood. Nonetheless, it still may be pXssible to use 
lISP formation is a stress screening tool in the near future. 
This stress resistance mechiaism research is continuing 
through 1994. 

A second stress resistance mechanism effort relates to 
analyses of productioni (metabolic) efficiency differences 
bet wect stress resistant and stress susceptible gLuotyYeS. 
On e study showed that a stress resistatn hybrid conlsumed 
only hall Itie 0) required to proiuce a granit of root dry 

imtter as did a stress susceptible hybrid making tite stress 
resistant hybrid twice as efficient inutilization of respiratory 
eliergy. Since rolt growth is very rapid during nlicrosporo
genesis and ilegasporogenesis, there appears to be a floral
cvelopmeit (seed )vegelaltiye Cx patitsion ii1nt1!tIberi

lion for available pholoassitnilales when seed niunmtber po
teitiail (aMid yield poteitial) is beittg sel. The main difference, 
il facl. Il'twetn the stress resislint atild stress susceptible 
hybrids is tiat tile latler has a more stable seeds i-2 under 
stress tIthin the stres s susceptible hybrid. No diffcrences in 
ph(1l(1sylitletic capacities between ile two hybrids have 

been noted ill Ite fiel. 

A third stress resislatta nlelinisil study has dealt with 
teasuring diffcretnces between canopy and air teiperatuires 
(DT). A tiegative DT indicates tile catopy is cooler thal tihe 
ir by virtue of Irailspiraliontial cooling. Roots are obviously 

explring lite soil to extract waler, stomnatltaa are relative opel 
and the plail is piolosytlhtesiziing. Stress resistance in geno
types of this type itsuilly is dile pril1arily to stress avoidatnce 
tiechtanisnts (roolt exflfltritin, etc.). Siince s(trghii getter

:illy is tore of a stress avoider rather thain toleratior, there 
usuill' is a negative correliationt beween catitpy DT and 
yield which catt be useftul in stress screelling. Itn addition, 
DiT lielps sC'itie drotilgthl avOiliilg vs droughtitolerating 
sorghtiis. Ifstoitales close or rtts fail to extract soil water 
to file poinl i ere caotpfty Ieitperiiurc exceeids air telpera
ture appreciably, the iaint will rely mtore ili stress tolerating 
mechiatnisis tI prto.duce tr survive. Ilentifying getnotypes 
with tioleratiitg versus avoiding iiecainistis should be use
ful to pIanitt breeders when itargetiig ioderate stress envi
ronmnllts versus severe stress environi enilts. Ciotrastitg 
genotypes will also be useful ini stress t.cchaulisit studies. 
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Table 1. Grain and total dry weights (kg ha' ) of in illet in response to different amounts of crop residue left on th 
surface as a mulch (Quallamr, Niger, 1988). 

Residue % increase in % increase in 
aplied Grain grain %v. over Total Iolal dry wt." "

0 
1 

I ala weight 

191 
775 

2 1065 
3 

LSD.0 5 

1231 

239 

Objective 3 

a Improve pearl millet/cowpea intercropping in Niger 

Major problems in Niger are drought, low fertility aind 
stand establishment. A residue imaiigenient experiment 
(Venna, Eastin) demonstrated tie utility of residues. Table 
I shows respective increases in total dry imiter yields for I 
and 2tons of millet stover of 253 ind 347% wit h respective 
grain yield increases of 306 and 458%. This higltighits the 
importance of residues in controllinig wild erosion to permit 
good stand establishment and sulbsequnen t nutricnt rclease. 
Assuming the critical value of'residues, pairillel experiments 
were rm to optimize soil iiutirient st at us in illet/cowpea 
intercroppilig systems. The emphasis was o(i improving 
cowpea growth (to enhance N fixation) without decreasing 
or even increasing millet yields. Several treaitmnits corn-
pared to the traditional i tercropping system proved supe-
rior. The traditional systen consisted ol'pl:uli g millet first 
and cowpeas al uLt2-3 weeks later which were quickly 
shaded by the millet. The most in teresting, most practic i 
and most appealing dcviation from lie traditional to fairmers 
was to plint millet and cowpea SiIn lli coLISly in Cliidis-
taut rows (two millet to one cowpea row). The higher light 
level for cowpea increased total cowpea (fry niitler 53% atnd 
gave a42% higher millet yield of 2514 kg/ia (the increase 
was 741 kg/ha - 742 kg was reqLuired for s tistical signifi-
cance). Witer use efficiency was higher in the new system 
compared to the traditional system. Te system was being 
tried inon-farm tests and ap)peired p~opular with farmers but 
program chinges in Niger have not permittd us Io see aiy 
recent results. 

It is obvious in iminy developing cotulries tha nutrient 
deficiencies are almost as limiling as water deficiencies. Ii 
developing countries where fertilizer costs are prohibitive, 
it is clear thia if you want to increase Ihe yields oif millet or 
sorglium, the best way to do it is by increasin the yields of 
Ihe intercropping or roi,ili',! cropping leguns ii tle sys-
tem. This is the reason Mr. G. I. Gaildoul is being trained 
for stress screening leguic crops. It is also clear tail gre ter 
use of legumes as fertilizer N substilutes is a more environ-
mentally friendly practice in the U.S. 

10 1 h dry wi. over 01 ha 
" 

743 
306 2621 153 

458 3321 347 
545 3581 382
 

632 

Objective 4 

9 Legume stress screening 

Given the importance of legumes in sorghum/mille 
based cropping systenis, as noted in the previous paragraph 
Mr. G. 1. Gandoul has been trained tor the benefit of Sudar 
,nd Eastern Africa in stress screening for legumes first ir 
ret ation to N fix ation as measured indirectly by growlhi an 
second in reliati n to onit oring physiological proccsse, 
critical to N lixation, growthind elficient water use. liiiial 
studies were with inormal and dense pubescence soybean11 
isolines since plubescence reportedly lioderates leaf tem
perat ure and tr-anspiration. Therctore, photosynthesis, tni
spiration and respiration were monitored under favorable 
aiid stress conditiois aind rex)rtctl in the INTSORMIL 1989 
Annual Relxrt (p.74). Results of pod formation are typical. 
The two isolines showed significant differences for four 
attributes. The dense pubescent isoline (CD) exhibited 
greater photosynilictic rties aiid IWUE while maintaining 
lower leaf temnperalurcs ;id trmispirtion rales under stress. 
Averaged over water levels the CD isolinc fixed signifi
ca illy more CO2 aiid used w iter more efficiently Ihm the 
nonual pubescent (CN) isoline under water limiting condi
tions, however, Ihere were no significant differences under 
wetter conditions. Compairison between isoliucs at different 
moisture levels over 24 hour periods showed significant 
differences between isolines at each waler level. The trend 
is always for higher PS and R rates under the higher water 
level. Under the lower moisture, CD exceeded CN for PS 
and R.Since N I'ixailion is a high energy requiring process, 
nonilioring PS is a reisonable way to determine likely 
energy availability for N fixation. 

Since piolosyi Illelic/lrau sliiratioin elepipment is not al
ways available ill dcvelopilng coulitries, other niieris of 
testing for leguie differences uider limitl waler are 
needed. While photosynthesis is a classical measuremenl to 
make a Miuch sinpler aiLd eve iore sensitive icsureiet 
in cell growtlh which cain be reasonaIbly estimated Ihrough 
the eXpmsion of ; leaf ior extension of a stem for stress 
screening puipises. A experiment was conducted where 
CN and CD isolines were all placed in a 100 1contiuner so 
roots innningled to assure iin identi cal water stupply. Two 
w,iter levels were used - fully irrigated and no waler to 
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Table 2. Mean leaf extension rate (LER mm day l ) and total leaf water potential (M Pa) of dense (CD) normal (CN) 
pubescence Clark, and dense (111)) and normal (IIN) pubescence Ilorosoy soybean isolines measured at 
three different clavs unler wet and (lrv conditions. 

WE'T 

Isolinle II-R 
)ay 2 

NMl'a 
_)av 

ILIR 
3 

Ml'a -I..I' R 
)ay 4 

NMPa 

CD 9.00a, -0.5,Wa -0.59a 3.75a - I.13a 
CN 5.25t) -0.66a 50b -0.04a 2.50b - 1.31 b 

1lLD 10.25a -0.56a 4.00c -0.53a 4.75c -1.07c 
tIN 6.251 -0.64a 3.50c -0.63a 6.(X)d -1.23d 

I.SI) (0.05) 2.79 -0.21 1.78 -0.17 1.27 
DRY 

CD 8.25a -1.16a 5.55a - 1.89a 5.25a -1.81a 
CN 4.25h -1. 7a 4.751 -1.92a 6.00b -1.87a 

lit) 9.75a -1.00a 6.75a -1.57a SX a -1.68a 

IIN 6.50t) -I.161 6.75a -1.62a 5.00a -1.73a 

I.S) (0.05) 3.76 -0.14 0.73 -0.39 0.78 -0.21 
le within a colmnNia , with same lttler are not significamtly differnt. 

measure the comparativc water potentials and leaf expaln- generally prefer medium to large seed. Also livestock feed
sion extension (Table 2). The wet treatment serves as a ers object to small seeds because they fracture less readily 
standard and denionstrites that LER of the normal pubes- in roller mills, consequenily may yield less readily available 
cent (CN - IIN) lines are slower than tile lCnse pIhbesce nt slarch and reqiire more energy to roll coipared to corn. 
(CD and ID) isolines on day 2. After an additionl day of Therefore. increasing seed size is of interest fromn i cco
drying the differences narrows but the CD LER is still faster nomic point of view. Large seed size capacity is also of 
than lie CN. There is no differen ce bet wecii the IID and [IN. inlerest as a piotential oXst anthesis stress resistance mecha-
A reversal occurs by day 3 because the CD leaves are fully 11ism. 
expanded. Overall leaf extension trends between nornala and 
dense pubescent isolines are the same as PS, R and Iranspi- Two seed size probllms bear altention. First, seed size 
ration trends. Observing comparative growtli trends often does not correlate positively with grain yield as does 
amiongst various genotypes within a species or amongst seed number. Second, seed numlicr and seed size are nega
species likely will give a useful in1dication of comparative lively correlated. When seed size is moved up seed nuiber 
stress resistances. Comparisons aiiiongst sp'cies will be generally decreases as does yield. These generalities have 
more difficult but still may he useful if d 'veltpmien tal stage discouraged people front working as extensively oni increas
differences are taken into account. Even whei eqli pm eiiNt ing seed size as on seed number. Ilowever discouraging this 
for PS, R, etc. is available, growth analyses done first will nmay be. as poilied out above there are housewife prefer
help narrow the nu nlhcrs of geinOlypes oini which to imiake ences aind other economlic pricessin g reasons to iiicrease 
detailed i i,ological (Ciechlnistic) measurements. Mr. seed size plus pttential stress . istauice reasons for large 
Gandoul .: cimplcle report %ill i : filed in 1995. seed size capacity since seed size is the only yield comlIp

sation avenue availalah Icto a crop if preanlthesis stress has 
Objective 5 reduced seed number. Can seed size be increased wilhoul 

sufferiing yield losses in general? A brief consideration of 
Expand grain fill duration anid grain metabolisn how developmentl pace aiid tiies influence [lie seed 

research to increase seed size and yield number and seed size components of yield is in order. 
Observalions from controlled environment studies follow. 

Yield in c ,. cal grains is a function of seed num11ber aid 
seed size. The seed size component of yield generally has a Seeds 1-2 iS generally inCreased (exceptions exist) as 
statistically significant positive correlation with gr-aill yield, length of GS, (itillorescence iniitiationi to alihesis) is in-
Past stress selection for a relatively high and stable seeds creased. Length (I ;S, is ctitrtilld moistly by eiperattire 
11 2 hlS allowed the developmentl of a stress resislant sor- ill leniperatle zole so)rghums while hoth tenlperature and 
ghum population from which Ihoth stress resistant and high pholperiod responses are factors iui many tropically 
yield potential hybrids have becn dcveloltld. The relatively adapted sorghuts. Tcmperattre controls m1ietah lic pace 
high seed nunly r in the hyhrids has resulted iii sinaill seed which relates to developneiId pace. Fast developmental 
size (2.3 to 2.5 g/Il()) as a rule. Housewives in DC's pace reduces GS-, length, reduces seed numiber and grain 
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yield. Slower developmenlal paces lengthen GS, and gen-
erally increase seed numbers and grain yields. Floral devel-
opment is more adversely affected by a fast developmental 
pace than is simultaneous vegetative development. For ex-
ample, 5 C above, a near optimal night temperature l)r
several sorghums caused a 10-15% GS-, reduction and re-
sullcd in seed number and yield reductions on the order of 
25% with only a modest effect on vegetative production, 

A similar higher temperature - rapid developmental pace 
response holds during GS3 grain fill. A 5 C aboive near 
optimal night temperature reduces grain fill length 20% and 
more. The yield reduction picture is less consistent but is 
substantial. Clearly. ,',velopmenlal pace and metabolic pace 
are key factors in dcternining adaptation to a range of 
environments and the fitness of adapllion to any particular
environment. This being the case, attention needs to be 
directed toward developing a quick means of classifying
germplasm in terms of metabolic pace as it relates primarily 
to developmental pace and also prod.luct;o el'l y.Pro-
duction efliciency (partly met abolic efficiency) will n) be 
discussed generally here hut needs to be recognized as a 
yield bearing factor alhng with dcvelopmenlal pace and 
developmental period length ffects on grain yield and its
seed number and seed size components. 

Respiration seems to be the best general indicator of
metabolic pace in a plant or plant part. This appears to be 
logical since respiration is coupled to and drives most es-
sential plant synthetic activities except pliotosynihesis. Res-
piration is the means through which energy istransferred to 
drive essential syntheses. Threfrre. varialion in the pace of 
respiration should reflect variatiro ingeneral nielabolic 
pace except under ornerextreme envirircelal conditions 
where uncoupling belwee iirespirat ionnad various essential 
syntheses occurs. 

Most of ourcurrent effort relales to the influence ofgrai

fill length and metaxlic pace on seed size and yield. While 

most of our selections for rnidseaso stress resistance have 

high seed numbers aid small seeds, a few notable medium 

seed size selections were found (17473 and N9 1.)Yield test 

data of 17473 and N91 hybrids froim
Iwo different females 
(Wheatland and TX 3(.42) caused us to begin evaluating (lie
relationship between lengrti f'grain fill. seed size and grain 
yield. The Wheatlad hybrids bhmed 5.3 d:rys later and 
yielded 14% more than the Tx 3042 hybrids even though
they had a 19% lower seeds o -2 . ThIe yield c0rm1pensatiiiri 
for a lower seed number carie from a 26%'; higher seed 
weight ii the Wheatland hybrids which was accounted for 
by a 10 day (33%) longer GS 3 . These dala suggest a more
thorough evaluation of the influence of grain till length
(metabolic and developmental pace) On seed size and grain
yield is ii order. Taking grain fill lengths is a tedious, time 
consuming process. By contrast ielabolic pace (and per-
haps developmnal pace or grain fill length) esiiirales caUl 
be made fairly rapidly through respiration raie mieasure
ments on developing panicles. Results from one 1993 popu
lation sampling are given inFigure 1. Respiration 

measurernents are on plants which bloomed within 3 day
of each other. The metabolic pace range in the stress toleran 
population (Fig. 1)at 26 C is about 22 to 62 pinol CO-, kj 
dry weight s-Ior a 3 fold reslxmse range. These measure 
ments illustrate that at any given bloom date within a popu
lation there isconsiderable metabolic pace variability durin 
grain fill. In other words, GS, and GS 3 metabolic paces an(
somewhat independent. Therefore, we should be able tc 
select earlier bloom date plants with the hope of exlendingrain fill length. We are now evaluating to see whether o 
not tie variability in metalolic pace during grain fill can b 
used to select for longer grain filllength and larger secd sizc 
(greater sink capacity) in grain sorghum. Judging fron 
comparative sorghum/corn yield testing. this may be acrili
cal point to be addressed. Our results show that while con1 
and sorghum require similar season lengths, corn yield is 
about 30% more than sorghum and fills grain aboutl 35% 
longer. Research onl relating length of grain fill to seed size 
and yield isbeing continued by Ms. Rachel Ngulube Msiska 
iron Zamlb ia. It is a complex problem which will require 
considerahI ltnclto address. 

Objective 6 

• Developing seedling emergence screening 
methodology 

Mr. Errnson Nyakatawa completed his M.S. thesis (1993)
tilled "Effect of Ternimrature and Soil Moisture Stress on 
Seedling Emergence Force of Selected Grain Sorghum (Sor
ghlum hicolor (L.) Moench) Genotypes Under Simulated 
Soil Crust Strengths". Co-advisors were Jerry Eslin and 
Timothy Schilling. The emergence force of seedlings was
 
measured by placing different vcights on a piston which
 
was moved verlically by developirg seedlings. Maximum
 
seedling force was generated at a 37/28 C day/night tern
perature combination. Soil moisture stress was inversely
related to energence force developed by seedlings which
 
decreased linearly from 0 to -0.30 MPa. GCenotypic spread
 
was greatest in tie soil water potential range of 0 to -2.0
 
MPa. Selected African sorghums adapled to soil crusting

problem area generaled more emergence force than TX 430
 
and PTX 3197. The technique holds promise ofbeing agood

laboratory screening t(ol and merils trial by plant breeders. 
A detailed repoirt will be given intie INTSORMIL 1994 
repol. 

Networking Activities 

Research InrvestigatorExchanges 

losted 10 short tenn Egyptian scientists, one three
month trainee, one two-year trainee. Visited Egypt twice on 
cooperative projLcts. Hosted a number of scientists from 
otlher countries also. 
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Nebraska Stress Population 
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Figure 1. Respiration rates from panicles (18 days after anthesis) which bloomed within a two to three day period 
in a Nebraska stress population. 

Germplasm and Research Inf rnationExchange 

Sent over 1000 lines to Egypt. Collected 180 seed size 
lines from the GA germplasm bank. 

No new line releases. 

Cultural practice research impact in Niger unknown due 
to political changes. 

Publications and Presentations 

Nyakatawa, Enison Zuva. 1993. Effect of tlem'peraturr and soil moisture 
stress on seedling emergence force of sele_'td grain sorghum (Sorghun 
bicolor (L) Moench) genotypes under s. ulaied soil cruststrengths. 
M.S.Dissertation, University of Nebraska, Lincoln, NE. pp. 1-72. 

Gandoul. 	G. I. and J.D. Eastin. 1993. "lle effect of leaf pubesence on 
soybean canopy photosyniliesis and respiration. Agronomy Abst. p. 
243. ASA-CSSA-SSS A Annual Mectings. November 7-12, Cincinnati, 
OH. 

Kubik, K.KJ.D. Eastin, and M.D.Clegg. 1993. Sulrsweet (Shnken-2) 
sweet corn: strategies for improved stand establishment. Agronomy 
Abst. ASA-CSSA-SSSA Annual Meetings, November 7-12, Cincin
nati, OI. 

96 



Sustainable Production SysVt'ms 

Mechanisms of Environmental Stress Resistance in Sorghum
and Pearl Millet Relative to Sustainable Production Systems 

Project UNL-123 
C.Y. : allivan 

University of Nebraska 

Principal Investigator 

Dr. C.Y. Sullivan, Ptofessor of Agronomy and Plant Physioloist, University of Nebraska and USDA/ARS, 
Lincoln, NE 

Collabrating Scientists 

Dr. Moussa Traore, Director of Cabinet, Ministry of Rural Development. Bamako '.,ali
Dr. Oumar Niang,:,Ao. Director General, Institute of Rural Economy (IER), Bamako, Mali 
Dr. Samnba 'i'. -ore, Director, IER, Agricultural Research Stalion, Cinzana, Mali
 
Dr. Aboubacar Toure,, IER. INTSORMIL Mali Coordinalor. Bamako, Mali
 
Dr. Jerry Miaranville, Agronomy Department, University of NerLiska, Lincoln
 
Mr.Sidi Bekaye Coulibaly, IER, Hllat Physiology/Agronomy. Agricultural. Research Station, Cinzmna, Mali
Mr. Siriba Dione. IER, Seed TeclnIology/l)hysiology/gronomy, Agricullural Research Station, Sotuba, Mali
Mr. Mamadou N'Diaye. Agronomy/Physiology, IER, Agricultural Research Station, Cinzana, Mali 

Summary 

This project ia,been active since tihe inception of INT-
SORMIL. 11has been primarily concerned with the physi-
ology of drought and high lemperat ire stress which 
constitutes a threat to crop production in most of the INT-
SORMIL collaborative caintries an(d in many areas of the 
United States. A c(illaborative project was initiated with tihe 
Institute of Rural Economy (IER), Nali in 1981 aniid contin-
ued until tie retirement of tIhe .l. in :993. 

The following were some ut tic highlihlits that (xccurred 
during this project: 

It was shown that genol,)yes could be selected for toler-
ance of thie ph otosynthe ic rchrani~n .g stress. In thtis 
regard, heat tolerance of pearl millet was found to be higher 
than Ihat of tie sorghums. Phan ts evaiu,itci in the field, 
greenhouses, and growth chambers, vave similar results, 
The line-source irrigation system was fiist used on this 
project to select for drought resistanc' in sorghumns. Field 
and hydropon ic studies of root systeirr revealed significant 
differences anrong genotypes for root weight, depth of 
growth, and water use efficiency. A method was developed 
to select for deep rooting sorghums. The inv ilveien of 
abscisic acid (ABA) in stress resislance was studied. Foliar 
spraying of sorghums with ABA increased yields of sonic 
genotypes under drought Stress, mainly due to increased 
seed numbers, while decreasing or having no effect on the
yield of well watered plams. Seeds trealed with ABA had 
increased germination, longer root growth, and hc::er seed-
ling tolerance to drought stress. TIre ABA treatment was 
more effeceive on stress susceptible genotypes. The accu-
mulation of solutes. primarily sugars, in sorghum ells, or 
osmotic adjustment, during drought stiess was found to 

contribute sitificandy to drought resistance, but differed 
among genotypes. Proline accumulation during stress was 
also ,hown to contribute to stress resistance, again with 
differences in response among genotypes. Those sorghums
accumulating high amounts of proline had significantly 
greater ieat and desiccatitn tolerance than those that accu
mulated less proline. Plants grown from seed produced in a 
stressful area in Mali had more seedling drought resistance 
than plants grown from seed of tle same genotypes pro
duced in a less stressful area. Those with greater stress 
resistance had higher concentrations of conjugaled-ABA in 
gcrminating seed. Local Malian sorghums acclimated to
environmental stress to a greater degree thain introduced 
etgenlypes. The evaluation of adapta tion to stress in Mali 

showed that the local Malian sorghums were superior in a 
combination of several physiological characteristics that 
were identified as contribuLting to droughl and high tempera
!ure resistance, and that these characteristics can be sehlc.d 
in a breeding program. Sorghum pollen germinated in 
closed vials without added media, and viability was maini
tained for several hours when it was kept at high relative 
humidity and not allowed to desiccate. Progress wms also 
made in tire germination of pollen inliquid media, and oflen 
occurred wilhin a few seconds. 

Introduction 

Environmental stress is a continued threat to crop pro
duction in imany cotntrics of tire world as well as parls of 
th,-
United Slates. Localized droughts and nigh temperature 
extremes nmy be devastaling to crop production unless 
irrigation water is applied, and that is often not possible. 
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Sorghum and millet are recognized as crops that produce 
well under conditions of stress, although it is also recog-
nized that improvements in their performance is possible 
through selection, breeding, and managemcnt. This project 
has been aimed at underslanding the basic physiology and 
biochemistry of sorghumi and millet stress resistance, and 
eventually incorporating the identified stress resistance fac
tors into more stable, resistant genotypes in cooperation 
with the plant breeders, geneticists, pathologists, entomolo
gists, and agronomists. A better understanding of the re-
sponses to stress is :dso helpful in making management and 
production decisions that improve the perlonnance of these 
crops. 

Objectives, Production and Utilization Constraints 

Objectives 

Define plant physiological and biochemical mechanisms 
involved in drought and high temperature stress resistance 
and identify those which may be selected or managed for 
improved 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 

Environmental stress is a primary constraint, particularly 
drought and high temperatures. Germination, seedling 
emergence, stand establishment and drought, often accom
panied by high temperatures, are major problems in Mali. 
This project is aimed at investigating some of the phiysi-
ological mechanisms associated with performance under 
stressful conditions. 

Research Approach and Project Output 

Research Methods 

Proline Accumulation and Stress Tolerance 

Proline accumulates in plant tissues when they are ex-
posed to drought and temperature stresses. These studies 
were acontinuation of previous research. Plants were grown 
in growth chambers, g, -nhouse, and field and sampled at 
the desired stage of growlh. 

Heat and desiccation tolerance tests were perfnnied oin 
leaf disks by the conductivity method as previously de-
scribed. 

Pollen Vi:,h:lityand Germination. 

Pollen was collected from plants when near 50% bloom 
early in tie morning when the ambient relative humidity 
(RH) was 80-85%. For desiccation studies, pollen was ex

posed to an ambient RI of 50-55% and sampled peri
odically, then tested for viability. Viability was determined 
by the tetrazolium chloride test. by ability to germinate, or 
seed-set on male sterile plants. Pollen was rehydrated after 
desiccation by placing it in an atmosphere of 97% RH for 
24 hours. 

Abscisic Acid 

Abscisic acid (ABA) was prepared in dilute aqueous 
solutions as previously described. 

Field Rescarch in Mali 

Field research continued in Mali on responses of sor
ghum and millet to different drought and high temperature 
stress levels developed by plantings at different dates and 
locatijii,, iiiC nzatia, Beira and Soluba. Plantings were 
made on different datLs and comparisons in response made 
at different stress levels, taking into account the flowering 
date at a givcn time and level of stress. A bird-net system 
was constructed at Cinzana to protect plants intihe off-sea
son when the bird problem is at a maximum. Stress screen
ing in the seedling stage also continuel at Cinzana by use 
of the charcoal pits where high temperature and drought 
stress were induce,! ,Iii.; stage of growth. The response of 
sorghumis to fertilizer levels relative to water use and yield 
was studied at lcma. 

Research Findings 

Proline Accumulation and Stress Tolerance 

Proline accumulation in sorghum leaves was previously 
shown to differ significantly anong genotypes when they 
were drought stressed under field conditions. In further 
research in which root media water potentials were control
led by polyethylene glycol-8[X)O, it was foun'd that there 
were significant differences between genotypes inquanti
ties of proline accumulating in rx)ts, stens and leaves, It 
was further demonstrated that those sorghlums accumulating 
high amounts of proline had significantly greater heat and 
desiccation tolerance than those that accumulated less 
proline. Ilowever, when plants were grown in high Icmpera
tures, the proline levels decreased, while cellular membrane 
stability to high temperatures increased. Landraces obtained 
from Mali had high heat and desiccation tolerance, and when 
water stress was relieved, they resumed growth more rapidly 
than U.S. sorghums, indicaling less metabolic injury oc
curred during the stress. 

Inpollen, proline concentrations were found to increase 
when plants were exposed to low temperatures (20/10C, 
day/night) and increased dramatically when plants were 
drought stressed. Seed-set positively correlated with Ixllcn 
proline concentrations, suggesting that proline contributed 
to maintenance of pollen viability. 
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Itwas concluded that the accumulation of the amino acid 
proline when plants are exposed to stress is a protective 
mechanism, since membrane stability and pollen viability 
were improved in genotypes that accumulated the greatest 
quantities of proline. Screening for plants that accumulate 
more proline when stressed, at the same leaf water potential, 
would be desirable. 

Pollen Viability and Germinalion 

Considerable progress was made in defining the condi-
tions needed for the geniination of sorghum pollen. Pollen 
collected in an atnosphere of high RH usually germinated 
within 5 to 10 minutes without added media when kept in a 
closed vial at high relative humidity (RH 85%). In order to 
remain viable, the x)llien could not be allowed to desiccate 
appreciably. It was found that sorghun pollen viability was 
completely lost in alxut 15 minutes exposure to a desiccat-
ing atmosphere. Pollenceven in the sorghtun head lost its 
viability before being shed later in the morning when the 
anbient humidity decreased and temexratures increased. It 
was questioned whether desiccated pollen would regaiii
viability if rehydrated. Using plant growth chambers it was 
confirmed that pollen lost all viability in 15 to 30 minutes 
of exposure to a RH of 50 to 5514. Rehydration of the lxillen 
at 95 to 97% RH did not restore its ability to germiiiate. By 
keeping the pomllen hydrated, it was possible to quickly 
transfer it to a germination media and microscopically ob-
serve the gerniination process, which occurred in less than 
one minute and often wilhin a few seconds. Pollen that 
germinated in liquid ruedia always gave a xsitive reaclion 
in tire tetrazolium tests. 

Prior to this study it was difficult to consistently gernii-
nate sorghum pollen in vitro, and this is necessary when 
studying maintenance of pollen viability. Numerous niedia 
were prepared containing different additives in an effort to 
accomplish consistent sorghum pollen germination. A basic 
media containing high molecular weight po)lyethylene gly-
col (PEG) was found to be the most successflul (see publi-
cation, L-nsac, et al.). 

These results will be very useftl indeveloping conditions 
for storage ofsorghum ixillen. Sorghum pollen has not been 
successfully stored for long periods of tiie, bultit would be 
useful incrossing sorghums with different bloom dates. 

Abseisic Acid 

In previous research it was found that seed pretreated 
with dilute ABA solutions had increased drought resistance. 
To further investigate sorghun responses to ABA. soie 
experiments were conducted in cooperation with a senior 
visiting scientist, inthe UNL Agronomy Deparlment. Dr. 
Abraham Blum, Ministry of Agriculture, Israel. Sorghum 
genotypes were grown hydroponically, with ABA added to 
the nutrient solution for uptake by the roots. Plants were 
drought stressed with PEG-80W. The stress alone reduced 
the relative growth rate (RGR) by 27% to 58%, with or 

without ABA, except in one genotype, SC326-6, when ABA 
was added the RGR was not reduced by stress,as compared 
to the controls. 

The results continue to indicate that ABA has a major 
role in regulating stress resistance of sonic sorghums, since 
its accumulation may contribute to increased desiccation 
tolerance, seed geniiination, roXt growth, and even grain 
yields (due to increased seed numbers). Screening for plants 
with higher levels of endogenous ABA before stress occurs 
may be a method of selecting for potential drought resis
lance. 

Research Results in Mali 

The results of tie Mali Agrophysiology Research have 
been reported inthe proceedings of the Comite Du Pro
gramme Cultures Cerealieres Et Legumineuses, Bamako, 
1993. 

Networking Activities 

ResearchInvestigatorExchanges 

After retirement of the P.I. of this project from the Uni
versity of Nebraska, an invitation was extended by the 
Director General of IER, Mali, toparticipate inthe celebra
tion of the 10 year anniversary of tihe Cinzana Research 
Station in Mali inSeptember, 1993. The invitation was 
accepted. At Cinzana the P.I. was presenited a gold lapel pin 
by the Ministry of Rural Development inrecognition of 
contributions tiolie development of lie Cinzana Station. 
This presentation was very much appreciated. During that 
visit there was opportunity for discussions and exchange of 
ideas with many Malian officials, collabora.rtors, Ciba-Geigy 
and USAID represenlatives, and other participants. Field 
plots and demonstrations, laboratories, and facilities were 
toured, including lie new plant physiology laboratory. Pri
vale discussions were held with scientists concerning pro
ject activities and future plans. 

Dr. Jerry Maranville, who is well acquainted with this 
project and who has an active project with Mali, has agreed 
to continue working with the personnel :Lssociated with this 
project. 

Dr. Aboubacar Toure, Mali Host Country Coordinator, 
visited the University of Nebraska inFebruary, 1993. Dis
cussions were held on ideas for collaborative research, 
training, equipment needs, and future research. 

Germplasm and Research IntforiationExchangie 

Discussions were held with the collaborators on project 
research, results, and activities, and assistance given inthe 
purchase of several major pieces of research equipment and 
supplies. 
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Assistance Given 

Several pieces of equipment and supplies were purchased 
for the physiology/agronomy project in Mali. Assistance 
was also given in the operation, repair, maintenance and 
recalibration of the equipment. 

Publications and Presentations 

Publications 

Barker. 1). J., C. Y. Sullivan, and I.. E. Moser. 1993. Water deficit effects 
on osmotic potential, cell wall elasticity, and proline in five forage 
grasses. Agron. J. 85:270-275. 

lansac, A. R..C. Y. Sullivan, K. W. lee. and B.F. Johnson. 1994. Viability 
and gemination of the pollen of sorghum ISorghum bicolor (1..) 
Moenchl. Annals of Botany (accepted and in press). 

Zaifnejad, MojIaha. 1993. Growth relations of water deficit and aluminum 
toxicity in sorghum. 1h.t). 'Ithesis, Agronomy lepartment, University 
of Nebraska, Lincoln. 
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W. D. Stegmeier
 

Kansas State University
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Mr. W.D. Stegmeier, Millet Breeder, Fort Hays Branch Experiment Station, Kansas State University, 
1232 240th Avenue, Hays. KS 67601 

Dr. T. Harvey, Entomologist, Fort Hays Branch Experiment Station, Kansas State University, 
1232 240th Avenue, 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. Anand Kumar, Principal Millet Breeder, ICRISAT, West Africa Sahelian Center, BP 12404, Niamey, Niger
Mr. Karim Traore, Millet Breeder, SRCVO, IER. Cintana Experiment Station, Cinzana, Mali 
Dr. R.L. Vanderlip, Agronomist, Department of Agronomy. Kansas State University, Manhattan, KS 66506
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68583-0910 
Drs. W.W. Ha.na and G.W. Burton, Pearl Millet Geneticists, USDA/ARS, Coastal Plain Experiment Station, 

P.O. Box 748, Tiflon. GA 

Summary 

The primary objective of this project is to develop pearl
millet materials po5ssessing agronomic. yield, and quality 
characteristics thal address production lOsltlacoionl- illis 

to I th LDC' and lie U.S. Ccntral Great Plains. 


A total of 48 Malian millct cultivars and synthetics have 
been imported since 1991 and crosses to elite KSU-101 
breeding materials have produced 279 hybrids. Eff'orts to 
transfer KSU germplasm as F4 and F5 iblred lines failed in 
1991 because of severe damage by downy mildew disease, 
but when transferred in crosses to Malian cultivars a.s
F1 
hybrids alnd F, families survival and pl:lt developmelt was 
good. Differences in drought stress tolerancie among SI 
selection., of our Mali:n culivars could iolIbe determined 
in 1992 because of above normal rainftall, whereas goodJ 
diffcrcntials were obtained in 1991 with season long drought 
stress. Very low recovery rates of phenotypically desirable 
long-headed segregates are obtained from cro~sses of KSU 
and Malian cultivars. The Malian cultivar, GR-P I,has pro-
duced a large number of long-headed segregates and with 
genetic manipulation, it is expected to contribute to ill-
proved recovery ef long-headed progenies from crosses 
involving other Malian cultivars. 

Nearly all accessions entering the progt,mi are rIlil Iy
screened to detemuine levels of tolerance t Ifile phytLt(oxins 
produced by the greenbug aphid, an insect that severely 
damages susceptible sorglium. Over a 12-year period ap-
proximalely 75 percent of the accessions had moderate to 

high levels of resistance. Preliminary inheritance data indi
ca tes resistance is comditioned by a single dominant gene. 

Inbred line development continued with selection within 
35(X) F3 to advanced genertion materials. Improved stand 
eslablishment hls been obtained by selecting rapidly emerg
ing seedlings from planting depils of I(X) mm in tie green
house and 75 to 80 min depths in the field. Selections 
surviving this type of screening emerge 0.5 to 2days earlier 
than unselected lines when planted at normal depths and 
produce larger plaints at 10 days after emergence. 

Several superior seed parets have been obtained from
 
the male-slerilizalionIbackcross program whose FIhybrids
 
appear to have similar grain yield potentials when compared 
to sorghum hybrids 1'SillIi lar Mi:ority. Excessive plant
height and susceptibility to lodging are problemns that must 
be corrected to gain acceptaice i mllechanized farming 
regions. AlIlhough few B-lines selected from crosses involv
ing laIldrace cullivars survive screening for adaptation amnd 
prodloctivity they are valiable as sources of genetic diversity 
incrosses to elite KSU lines. 

Good rates of progress have been illade reducing lodging
caused by ixor ro /lsoilatlltclIl,ei nodal abscissin lay
ers, and charcoal stalk-rot. lProgress is Iing nale but at a 
slow.cr rate ii reducing lldging caused by parenchyma 
shrinkage a.nl(delachment frol the rind t ie cnuln. 
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Population improvemen using niiass-selection aiud Si 
progeny perfornaimce recurrent selection nelhods have been 
used onl seven to nine populations each year. These selection 
programs have resulted in improvements in tolerance to 
droughl ard low soil fertility. increased stand establishment 
capability, and excellent bird resistance in bristled pipula-
tions. 

Collaborative research with Dr. Glenn Burton has pro
vided evidence that yield potential of a dwarf, low-yield
landrace-type population can be improved using recurrent 
restricted phenotypic selection. This method of poplulailion 
improvement should be applicable to adaptetd aiitlrace cul-
tivars in LDC's and could provide one cycle ofimprtvement 
per year. 

Introduction 

The landrace varieties of pearl millet that were developed 
by farners throughout lie dry tropics typically alre nantowlV 
adapted to their region of origin. 'They have been selected 
for low input, subsistence farniing oinsoils tow in fertility 
and, while consistent in their ability to produce at least a 
small crop under adverse conditions, Iheliy usall:l have low 
harvest indices (111).Fret ently these variclies have re-
duceti levels of tolcraiicc or resist:iice Itoie or imore of 
several serious inisect atnd tisease pests, atnd to Strig a par-
sitism. Grain yiels aire o(leii reduced by pr)d iuclion i trtls 
such as por staitd establishment, drought stress, hldging,
and bird depredalion. Several ofil tiese tactirs are c)i s traiils 

encountered in ilie develhmeiit of pearl inillcl as a inechoa-

nized grain crtop ftr the U.S. Grcat 
 lains area. Ch araclers 

incorporited into KSU-101 
 millets that result illilmprovetd 

ranges of ataptability, Il1, stand estaliislimii , droughl 

stress toleranice, iid Itdgdging resistmicc have been success-

fully exploited in Ildia ilirotlch collaora 
oiniwi:i ICR I-

SAT personnel but have beeiin dificul ito place illi)
Africn 

millets. Downy mildew (DtMI) 
 disease susceptibility of

KSU- 101 malterials has bcei the main obsitacle iii 
 the tranis-

fer of U.S. gerniplasmito Africa. Whereas KSU- 101 hiaie
rials possessed sufficient residutal DM resistance to allow 

reselection for increased resist ace 
 tder hidian disease 
conditions, these levels of resislaice are insufficientutnder 
the virulent DM pressure inlWest A-rica. Allempis to Irals-
fer these clharacters as ad Vali eCtd aiibhrCd lilies hi1v fitiCl but 
it now appears that crossing Mali varicties to KSU-101 
breeding lines aind returni g the F, antd F progelies to Mldi 
foIllowed by selection ir the desired trFits slonltd be sic-
cessful. 

Objectives, Production and Utilization Constraints 

Objectives 

To develop widely adapted, early-iat uri ng pearl millet 
populations, lines, gerniplasins, and hybrids with: a) imi-
proved drought tolerance, seed size and density, seedling 
stand establishment characlerislics, lodging resistance, and 

nt and Conselrvalwln 

grain yields: b) insect, dise:se, bird, and Siriga flsistnce 
and c) acceplale flood qualily characteristics. 

To select and evaluate materials developed in this pro
grain under a wide range of environments in developinj 
cnuntries. 

ConIstratls
 

Numerous constraints to successful pearl millet produc.
tion exist throughout the dry tropics. Each constraint varie 
in importaiceaint/or severity in the different ecogeogralphic 
zones addressed by INTSORMIL and in the ease and degree 
of success by which plant breeding efforts influence it,
Drought and ieat stress are tlie primary constraints in inuch 
of the dry tropics since millet is grown inareas receiving
limited amounts and erratic patlerns of precipitation. 
Drought and heait stress are involved with Ix)or seedling
establishment wheii associaited with faclors such as reduced
 
specd and vigor of germination and secdling elnigalion,
 
shallow plantin g deplis, cllevated soil 1cm perat Lires, and
 
rapid surface soil tiryilig that inlernits geniiination. Seed
 
and scedling char:icteristics are also involved in the capabil
ily of a scetliiig iopenctriae and emerge through crusted
 
soils. The need fradequalte levels of'resistance or loleraince 
to sever, inscis aiitltdiscases such as d(owny nildew, sillut, 
ant nis t. ainid diseases alteciiiig statk anid graill qiality is a 
couiung conistraint, ais many of Ihese organisms readily 
iititlate to forms that overt me plam resislace. Bird depre
tat1itn is Iconin1101 occurrence 111d the iuicidelice of Slriga
 
is b.ciominig more severe as fields reiain iii 
 cultivation for
 
Itonger periodls of time betweeii periods oif fallow. St verIl
 
constrmiits and probleims are associated with the use of the
 
crt),i raiigi g froiii sl~dk hcliaracteristics iieeded for coiislruc
lini aid ftorage to the appare ii itood qua lilyof tle grain ill
 
regard to nutrii6oial value, case of processitg.,atidcoiisurner
 
acceptlailily.
 

Research Approach and Project Output 

Re'earchMcfl, s 

Slataidard breCtlig procedures for open-pollinatled crops
 
are used. The pedigree breeding niethod is used for early
 

maleriaIs cii tng 

the advacc ent of' elite fines, 


devye lopin of lea rly aIll the pirog rl, 
aud lines extracled froni 

poptulations nidergoiig rctiruei seletlioi. Ms selction, 
gridded iiiass selectiii. SI pngeny perf miaice test ing,
and rccurrent restricted plncotypic seleclion (,RPS) iiieth
otis are used iilpOptlatioii iltiproveincuut. Scrccniii and 
Cvaln:ation is ciniducled at several U.S. aiitd LDC locatioiis. 

New sources of' brectlig niacrials anld matcrials for 
collaboraliye work are obtained cacti year as l:itraces. 
improved cult ivars, F, hybitls, iiitrcd hiles. aid geriuplasii 
sources of( dsirCti geiictit ira its. As itiesc nti:i ias pass
Ihrough the tletaramiie greenhouse, seed is obtained from 
raidom-mated plalas (withinilhe line), self-polliiated 

plants of each line, and Ironm crosses involviig elite Kansas 
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materials isseed parents. All new accessions are routinely by ilicreaises illyield potential, agronomic fitness, and adapt
exposed to the greenbug aphid. Schi:al/ii, ,raminum (Ron- ability to a wider range of environments, is enhanced with 
dani). in seedling screening trials to delermine resis- new accessions that have received breeding inputs inthe 
tance/susceptibility reactions to damage caused by tile cooperating program. 
aphid. 

As part of tie collaborative work with Malian millet 
breeders, a study will determine if itis feasible to select 
within groups of Si lines of Malian introductions for root 
systems capable of penetrating the B horizon (f the silty clay 
lomm soils found in western Kansls. These soils are charac-
terized by a firm, hard, silly clay B h(rizon Illatconlaills an 
average clay content of 45 to 52% in tle B-t horizon. Nlwany 
of the accessions entering tie progralm appear to have vary-
ing degrees of reduced drought tolerance when pllanted on 
these soils, apparently because of difficulty esti blishing root 
systems that will penet re tie B horizon, explore life soil 
profile, and extract stored soil moisture deep inthe profile. 
Selection for improved plant:soil relationshilps or tie ability 
to penetrate these subsoils is possible withill ny of the 
accessions when planted on th ese soils. This rela tionship, ;as 
a fomn ill" drought tolerance, apIpears to be effeclive on 
several other soil tYpes. Differences between lines appear as 
varialitls in lotal Iionlass prtluclinilld date of tifiset of 
leaf rolling under stres. conditions. A p~rim:try cticem 
regarding seliction for drought tolerance illthe absence tlf 
downy miildew disease pressure is that reduced levels Of 
resistance to downy mildew .cur if selection cxtends be-
yoid tie S, or F, generalions. Sclectioii for this type tf 

drught tolerance will Ibelimited to tesling S, liles inl 
Kansas and relurniig remnant seeds tf superior S I lilies to 
Mali ftr evaluation and rectmbilnatitn under Nlalii crow-
ing conditions. Superior S lliues are backrossed to the best 
hybrids and progenies obtained frtom crtosses miiade during 
(lie quarantIiline growtiul amd irecrossed to additilion:l breed-
ing lilies to generate segregating malerials ftr selection in 
Mali. 

Seed and seedling characteristics affecting staind estab-
lishimcl are studied anid evaluiated undcr labtinitory. green-
house, and field ctiditiiis. M:terials selectled for Ioic 
niesocotyl an11dScclliiig leinglis are pltiled 10(111111 deep ill 
greenhouse soil beds ti obtaiii iiitial genuiiiatitin :1iidcnicr-

genCe indices, seedliig vigor sctues. aid pliit weiglls. 
Field tests are Cotllcled til raised beds lo liilliliz tilllp-
ing-off dis ese prtbleiiis associated with wllter-loged soils 
,i1nd ipliced ifistanilliig rain water. Seeds Of liatrCl-i;ls hIcld 
screening tests are planled at delitlis of 75 or 1(00} millniti 
idelify lilies po.ssessing superior eliergelice charac-
terislics. 

Re.scalch Results
 

Enipiasis is being placed oil devcloping a popilailin of' 
breeding materials, elite iibred lilies,idl geciulic:illy broiad 
based populinlis useful to collaborilors illLIC's and in 
U.S. agricullure. This is a coutiiuing activity ",fith iilitrled 
accessills entering the prograin each year tti increase die 
geie licdiversity withiii telie iProgress,as incaisuredprtgram, 


Accessions 

A total ot"49 Malian millet cultivars and synthetics have 
been imported since 1991 and crosses to elite KSU-10I 
breeding materials have produced 279 hybrids. Pholoperixl 
sensitivity iscommon iii tileMalian materials and only afew
 
lilnes such ias tile
Sounmn/Sanio and Soun:aTogo materials 
ower sufficientIy early to allow crossing under field con

ditions inKansis. Tie early maturity of the Kansas parental 
materials is(t)m inant ii alxut8(0 percent of the hybrids and 
segregation for a wide range fimaturities occurs in tie F, 
geinerat itm. Pholoperiod sensitive hybrids are grown intihe 
greenhouse to produce F, seeds, however, recovery ofearly 
natluring segregales wilhi these materials requires tie 
growing of'large F, famuiilies. )rought stress evaluations of 
S Iselections from four NIi ian cullivars could not be deter
mined lhis year. Albove irnal rainfall thrughoLt tile grow
ing season provided good growing ctildilions. Differences 
illbioniass prtdUCliOewere evident and superior S, lilesiti 
will be used inifuture crossing elforts. 

Ilie characteristic liug-hieaded phenotype of' West Afri
can pearl millets appears to be regulated by several recessive 
genes. MNaxiniui exprcssionl f this plhenolype occurs in 
mediuiil- and tne-natturiy h ackgrunds. With ihe 
exception tf one cross all hybridization efforts between 
shotl-heaeLd (Togt-type) aiid long-headed millels result ill 
shorl-hcaded hybrids iid very low recovery rates of long
headed pirigenics ill segregating genertitions. It is usually 
more Cxl'dient to backcrs,S Sulperiur segregates to tile 
ltng-headed larental hiue ti obtain plhenltypically desirable 
Iiig-hieaded progeni.s.
 

The cross Serere 3Ad, (78-7088) X GR-PI produced a 
till. lo 1-heided (6()-80 cm) FI hybrid wilh head charac
terislics similir tot(lse of_;R-'lI. The GR-111 head is 60 to 
75 cii Icung with abase di:imeter ol45 to 55 1111)laid tapered 
to a tip 25 inuiwkide. Iheads ill7S-70S8 are also taperetl illd 
22 Ito 28 ci illleiigth. This criss has prlduced severil 
desirable F, and F.segrega es prtlduciiig three tt five syl
chronousl llocrilig tillers per plait, head leigtlhs of 34 to 
75 cl. .n1d ragilig illheight from dwarf to tall. Crosses to 
a variely Olfiilerials are beinug miide to determine if ihe 
GR-I hCad lcMi1gh chiirclerisics cililbe utiliZed ltimprove 
rectivery rales Of llion-heieLcd segregales from crosses in
voilviii tliher laliain cullivars. 

(iren huLe Aphid 

Although the greclibug aphid has beeti folud til sirghiiti 
illAIliCa. it iLver becauie airobleli a;sillhe United S ates. 
Susceptibility tl peal iiillet to the phyliltixins prtdiced by 
tihe aplid has beeii (leliiliStrated ingreeihuise seedling 
screeiiiig trials but itihasnever been tbserved under field
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conditions. Plantings of greenbug susceptible and tolerant 
millets within fields of heavily inftested snrgiuin remain 
nearly free of aphids with counts of none to three aphids per 
millet plai. Adjacent sorgium plants often IhIad Colhnies of 
severl hundred aphids per plant. IHowever, when inillets 
are exposed to the greenbug inthe greenhonse boIh resistant 
and susceptible materials are readily colonized and suscep
tibleimillets are killed as rapidly as susceptible s rghtLi iS. 
Millet lines resist.1,it to the aphid appear to have tolerance 
levels higher tihan tI ose o1fgreei hog resistant sorthgItns. 

Nearly all new accessionsLi illetlli entering the program 
are routinely screened for seedling tolerance ti the aphid. 
Over a 12 year period alx)Li 7()percent of the accessions 
were tested to tlie E-biolype and iheremainder to the I-hii-
type. A compairison of a uniorin set of' ( iillnets exposed 
to the E and I biotypes indicaled no apparent differences 
existed in the reactions oif these lines to the two biotypes. 

Whereas plaint heighls of 90 to 150 cm ire desired fo 
mechanized agriculture, the taller plant heights wouldI 
acceptIable for Malian intercropping situations. For this pur 
pose, several elite, taIl (15)-175 ciii) d2 dwarfs are crosse( 
to accessions from Mali 1o generate Segregating material: 
for selection in Mali. 

IiiepOied staid Cs talstisIie nlcharacteristics have bee 
obtained by seleling fOr increised inesocolyl length b) 
plaiiting to deptlis of" 1(X)i n ii the greenhouse and 75-8( 
inon depths iii the field and ideiltif'ying early emergini 
seedlings Wi ii pid rates of niesLxotyl elongation. Whet 
placed at nonnal pluiting dcpt lis seedlings of liies haviii 
long and rapidly eloiigaliig inesocotyls emerge 0.5 to 2 day, 

f'Lster tIaii unsclected liies. Limited data indicates lines wilti 
iiiproved einergence capability produce larger plants wilhi 
increased dry matter coitents at 10 days after emergence, 
Several superior lines have been selected that emerge from

Preliin inary inheritance dala frio i crosses ioi resistant alnld 75 to 80 1in plantiliig deItlis to finiial stands that eqial their 
susceptible miillcs indicate resist ciiceis conditioied by i St aiidS alt:illCd when l tilited35 ilin deep although oiner
single dolni naiil gelie. gence Ironi tlie deelier l:ntinig deptlis requires aniladdiliollnal 

Approxii:itely 751,; of ,lie a:ccessills Iesled have iiod
erale to high levels ofresistalice tLothe greeilli, with iiio.st 

of thie injircd lines produciiig :;uficienLlilibers oil toleraiil 

plants for efTeclive selectioi. Table I suniiaries the re-

sponses of' tlie latest groups o accessions received to diii1-
age caused by the greeibug. 

Pedigree Breedin 

hibred line developipent continued with selection within 
hot iF 1, aand advaiced geiieration liies derived frii 
both the pedigree breeding aidi litation iiprovemeii
prograiis. Rainifall tlhroughut the growiig season was 
above norm al I'olhliwing a three to ILir year periokl of 
moderate droughl coiiditioiiS. Several genelic height iniodi-
fiers influence tihe expressionli of plill height witlhinilhe 
range of plait heights co iisidered to be coitrolled by the d, 
height geiie. In ifry years plat licightis of tliese materials 
range from 70 to 12( cIiii aid iniyears of average or above 
nonnal rainifall, particularly if' coindiitins are opltimil whell 
cullis are elonigatiiig, the d1,heighl range exteids froin 9(0 
to 175 ci. Selectioii 'or iiproved grain yield pitleiitial iin 
droughly environmiients resulls illretaiiiiig ai1increased 
proportion of'segregates fromtli upper end oIthe d, heighl i 
range. The liiger iiiten1ioLdes o1 these pliits. icreiase the 
distance between leaves which apparenily improves light 
interception and hlosyntlhclic activity o Ihe plait callpy. 

O 10 tIWi dyI iCriild of time. 

Nalt.slerilizalioii by backcrossing in the At and A4 
systeisi was coiiitiiued within 26(0 A/B pairs. Anothergroiip 
of' 137 A-Ihues, iiicluLdiing several A4 lines, were tested in 
livbrid comiioiiuat ins w il two tester R-lines.Thlieinailain
ers oil A i lies wilh combining ability in hybrid cointood 

liinalinins are being backcrossed into tlieA4 male sterility
systeinialoiig with several superior R1 lines. At this time, 
with (llly'liiliiledIesting, we have 1not ideitified any restorer 
liies for the A4 systeil witlhin this program but more than 
200( liies have been croissel io A., lines for evaluation. 
Several ICRISAT aild UNL-I 118 R 4 liiies have beei oh
taiiiet and are bciiig crossed to elite R lines. Nearly all of 
the lies presently illthe sterilization progran are derived 
froti crosses inivolving advancedil KSU aiid IC'RISAT iate
rials ihat have received previous breeding atlenlion. Few 
B-liieS sClecled l'roii iinitial crosses iivolviig landrace and 
villae varietaliialerials ire sulTicienily adaptive aind pro
duilive to survive screeniing bil their valie Issources of 
diversily increases lollowiig additional crossing and back
crossiig to elite KSU lines. 

Flie data presenled iniTable 2 are inlicative of the pro
g Se; plr1bleiiis exist ihideveloping lealinile aiid that 
iillet as a grain crop flor the central Greal Plains. The 

developmeit ofiiillet hybrids with inaturily characteristics 
hal approxiiiiate matuitilies of adapled sorghum hybrids ias 

Table 1. Plant resistance/suscet i)li)ilitlyreactions ti lie I-hiimype greenbug (if pearl millet accessions received riii
Mali lnd ICR ISA Cet e 

Source L!j.i't" 

N 
Mali , 
ICRISAT 1,15 

Patancher!ItidiaL 1992. 
Till~~~i! 


Rca'j,Inil 

N 
5 

40 


At i et',%.inrv.'tlioni 

t i i t'ei;i, Su .c'ilile 

N N 
13 5 
43 62 
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Table 2. Agronomic and yield responses of advamced AI lines in hybrid con binations compared to a sorghum hybrid, 
averages or seven tests, Kansas and Nebraska, 1992. 

Grain lIant Lodged 

llybrid
2 

90-0240A/89-0083 

yield 
(.kgha'1) 

5530 

)ays to 
50," bloom 

67 

height 
c1 
167 

culsits 
7 

41 
90-0328A/89-0083 461) 63 148 46 
81-1163A/89-0083 4210 58 135 42 
Sorghum 5011 67 122 14 

L.octios: Mead,NE; GanImnCity, St. John, and Ilays J4 tesLs), KS.Pedigree: 8'i-0i83:T21Ql).1. / 3*Screre 3A (Il-2il')i / 2 / 11282',lixllomu (48I-R8(0) 
90-024011: T23D 1 ll /2 
90-03281B: T23l):lIg /2 

* Il185M42i7i-2(w,8Bl / 2/8111 
* P 185(,12(7.2((isl i)/2/J 1623 / 1ix Ilomu 

81-116311: TZ1) 2 lit / 2 'I'll 85(42 
Sorghum hybrids: Funk 550 or I)cKalh l)K3QY 

resulted in similar grain yield polentials. However, breeding ronment. The post-flowering drought stress necessary for 
and selection is needed to reduce p)la1nt heights of thesC charcoal rot development is present in varying degrees in
hybrids to 150 cm or less and to improve resistance to nearly all growing seaSons. This provides ainopportunity to 
lodging before pearl millet hybrids can be considered as select for reduced incidence and severity of charcoal rot and 
adapted to mechanized tarlining conditions, improved hxlging resistaice inl nearly every gcneratilln in 

fle (ICvelohIpinnt of lines and ipopuIlati(:Is.
Inbred lines BKM 81-1163 and BKM 79-2068 were 

receiving their toirth backcross intl( the A, cytoplasmic- Lodging resulting from pare nchyma tissue shrinkage and 
genic male-sterility syslm at the time the KSU- 101 project detachment from the culn rind whein millet is stressed 
Was slartcd. Exchanges of improved germplasm milerials during the late sced fill period conlinues to be a severe 
with ICRISAT have been coltinuous since 1979. Crosses problem. Apparently, this type of lxging does nlt occur in 
made in 1982 and 1985 resulted inithe develpment of [tie dry tropics. however, itlccurs in culnis ofevery tropical
R-line 89-0083 aId A-ines 90-024(0 and 90-0328. Inbred accession that llowers suficiently early to produce ni:tuire 
lines derived from crosses iivolvingi 1985 to 1988 introduc- sced at this latitude. It is closely associ:ted with improved
tions are presently producing experimental hybrils with seed set illid presence ofa sourcegrain yield inlicating tile 
improved pilanaid agronomic charactcristics and wilh yield sink relaltionship. Materials with seed sets of 10 to 30 percent
potentials equal to yields reported in Tible 2. se ldom 1idge but lodging pe rcentaiges rapidly increase as 

secd set levels of 80 to 100 percent are oblainedad as grain
Lodgine yield levels increase. 

Lodging of culms and plalts of millet is a production Crosses involving II2789, an carly-maturing, club
problem Xcurring inboth LDC ailldimechanized farminig headed fine from Man ritiiai (via tile ICRISAT germplasm
syslems. Iarvest (if the crop inIilie dry tropics is oielin repLositLry) have iroiduced early-mlaturing progenics in 
perforiied when tie grain is iphysioILg ica ly malure but sues reiain inllwhich parenchymat tis lactand allached to the 
prior to tiledrying of foliage and stalks, whwreas wili rind of I culm. SuLperior pr(ienics have been crossed and 
mechanized harvest, the crop must remain st:liding illthe backcrossed to elite Inainlainer and ferlity restorer fines. 
field until ihe cnlire field is ripe and tie grain Iias dried Lodging resistance in F2 and F3 progenies appears to be 
sufficiently to thresh and separale cleanly from ipant debris. colrolled by a recessive tactLor but gox id dat:a sets have noLt 
Lodging of millet can be caused ir ineluenced by severi I beeilbliied.Soiiie oft le hybrid cobinat iLns of suscep
factors: diseasesand insects, root lodging ii clay or hardpall tilc X resislant ines have interiiidia t levels of lodging
soils, reduced secondary and brace rooit deveClopmi, nldal indicaling tle lcto IrCLid ilillig lodging resistance may act 
abscission layers, and shlriveliing anld disinlegration of pa- as a partial dominant ill somC genetic backgronds.
renchyma tissues ii tlie stalk peduncle and internodes when 
the plant is drought stressed as it apipraches physiological Poplltion Ii1proveln I 
maturity. 

Recurrent seleclion using nuss-selection iLs been used
Root lodging is observed only iii tall landracc accessions oilsix to eight pipukIatiLis each year and [lie S, progeny 

whose r(()t systems spread h(orizonlially mid penetrate prCformaLnc vaince Lilieo(r I iwomelthLds is used to adI popu
poorly ilito hadMn and the B horizon tf the soil. These lations each year. Three normal height poplhatlions are aIl
plants are easily uprooted it wi lid storms. Break age vauiced usingl ass-sclectiill. Two of these IlLoll is,I severe 
at a node of lie culii appears to be inicrilcd as a siiple I IMP559alid II ilWCC. ire b: ,;ed Li di ffereit geniplasm 
recessive and can be elilinated by seleclion i early segre- andsources and are being improved for drought tolerancc 
gating generations. Crown lodging associaled wilh stalk yielding ability uIIIder Iow soil ferlilily conditiolis. IMPBR,
diseases such as charcoal rot occurs frequently in this cnvi- a bristled, bird-resistallt populati li has a noriial height 
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phcnotypc but also possesses d1 and d, dw~ufirg genes.
P1185642 is a medium-tall, early-maturing, 1..rge-s:eeded, 
Togo-type landrace from Ghana that has been mass-selectcd 
for increased seed size and I(xlging resistance. 

Dwarf (d,) subpopulations have been extracted from 
both HMPBR and P1185042 using glyphosale (Roundup) 
applied with a wick applicator to destroy normal height
plants prior to anthesis. Phenotypically the dwarf subpopu-
lations with plant heights of0.9 to 1.2 m appear to be nearly 
identical to the original x)plulalions (plant heights of 2.0 to 
3.1 m) except for the differences in height. Severe bird 
depredation on non-bristled isolaled populations and cross-
ing blocks caused seed losses of 40 to 90 percent in both 
1991 and 1992. Birds were occasionally seen in the bristled 
HMPBR isolations but no apparent daniage was seen. 

The development of dwarf population LMSE for ira-
proved characteristics aflc ring stamd establishment con till-
ues to show promise. Four cycles of'sclection pressure using
75 to 85 mill planting depths has significantly reduced the 
incidence of short mesocotyl genolypes and long icstx'(otyl 
seedlings unable to emerge thrinigh tlie soil (verburden. 
Selective thinning of the stanid following emergence has 
been effective in increasing tie proportion of vigorous seed-
lings showing rapid plant dcveloprocll an(1d leaf exlepasioii. 
Selective thinning has also reduced tile frct]nelrcy arid/or 
sighting of seedlings in which rresocolyl and coleoptile 
elongation ceases bcfore the lip of the coleoptile emerges
from the soil forcing tle first leaf to irrerge tIhrough the 
upper 3 to 10 miii ofsoil cover. This type of seclilig could 
result if, a) MIxiuiinrIi chgtlion of mcsocoyl and colcop-
tile structures had occurred restilting ill a short seedling or,
b) premature clongation and expansion of tile first leaf 
occurs rupturing the side tflhccolcoptile before emergerce 
and releasing tile first leaf' throgi thie silh f the coifoptile 
instead of the tip. The improved starid CstablishirCrit capa
bility of LMSE vas ioted in 19)2. Comparative dala were 
not obtained in 1993 because of heavy rains during the 
period of emergence and thre presence tif daimrpcning off 
diseases. This method of mass selection is row being all-
plied to populations I IMIBR d, arid P1185642 d-, by plant-
ing alternating four row bIlo'ks wilhir their isolafitis at 75 
to 85 nirm. Seeding rates were increased 1(-20 percent in the 
deep planted blocks arid resulting stands were comnparable 
to stands of normal-deprlr planred blocks. 

Collaborative work was started with Dr. Glenn Burlon 
Tifton, Georgia to determine if the RRPS procedure could 
be adapted to improve grain yield potential of a narrow 
genetic-based millet population with a low to moderatc 
grain yield potential. Dr. Burton's use of RRPS to incies. 
forage yields of Pensacola bahiagrass resulted in tile same 
rate of progress being obtained with both narrow and wide 
genetically based populations and the gain per cycle was 
four times more efficient than standard mass-selection. The 
largest seeds (seeds held on a 3.2 mm round hole scrmen) of 
P11185642 d-, were used as a base population to establish tie 
initial polycross of 208 plants in the Tifton winter green
house. Restricted half-sib progenies were generated by pol
limating each plant with bulked pollen collected from all 
flowering plants in the population. The 80 progenies with 
the highest per plant grain yields and tie base population 
were planted in a 9 X 9 lattice progeny performance test at 
FHES. Phenotypic variability for grain yield (59 to 132 
percent of theictest rrean) V:s greater than expected consid
cring lie narrow bse of tile populalion. A 20 percent
selection faclor (Table 3) gave a 14.87 percent selection 
differential for the 16 entries selected for the cycle 2 poly
cross. The KTPC study is similar to tile NTPC Study of 
UNL- I I 8as bolli populitins have narrow gnetic bases but 
differ in grain yield polclials. If' lie RRPS method can 
effectively increase grair yield lX)tentials of these IXipula
tions it could be ill appropriate method to improve well 
adaptcd LDC landrace cultivars. 

Networking 

Resiearc/i InvestigatorExchanges 

Sept. 24-25, 1992. Traveled to Lincoln and Mead, Ne
braska to view UNL- 118 program ard evaluate KSU-101 
malerials. 

Sept. 28-29, 1992. Prof. D. J. Andrews and Dr. J. Ra
jewsky, Millcl Breeders, University of Nebraska. 

Sept. 28-Oct. 1, 1992, Dr. K. N. Rai, Senior Scientist, 
ICRISAT Center. Palancheru, India. 

May 24-25, 1993. Travel to Manhattan to meet with Dr. 
B. Gebrekidar and INTSORMIL scientists to discuss ele
ments of the INTSORMIL 10-year strategic plan. 

Table 3. Selection differentials for grain yield and lodging of progenies selected for recombination fronm the first 
cycle ofprogeny perfornmance testing within tire Kansas l'ifton Polycross Composite (KTPC). 1 

KrTPC kg 
H'ol vield 

SlI, Scorv2 
Lodg~ed ctulms 

SIN(T, 
Mecan of 16 selected progenies 2.488 1-1.87 2.86 -5.61 
Test mean. 80 proerties 2.160 3.03 + 

I Expch'me ntal dt.m-ign: 
()  

I:lamc¢ 5 ft. lit1LM10j 

2 r odging score: (0-9. 1 = i10%;9 = 90iI1 i loidged 
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Germplasin Exchange 

Accessions acquired 

Nineteen inbred A, B, and R lines and a B-composite 
were received from ICRISAT Center, Patancheru, India and 
grown in quarantine. A second group of 145 items was 
received from ICRISAT too late for quarantine growout in 
1993 but will be prxcssed in the 1993-94 greenhouse. Six 
A-B pairs, 14 inbred restorer lines, and 29 SI selections 
from NCD2 (Nigerian Composite Dwarf Population) were 
received from UNL- 118. Fifteen geriuplasm accessions anod 
15 F, hybrids involving Kansas lines and introduced acces-
sions were provided to acommercial seed company. 

Fifty-two Ft hybrids and 48 F, families derived from 
crosses of elite Kansas lines and Mali accessions were sent 
to Mali IER collaborators. A group of 200 of the elite 
R-lines, A-B pairs, and early generation materials selected 
by Dr. K. N. Rai during his visit were sent to ICRISAT 
Center. India with tle remaiinig materials to be sent at a 
later dale. Twelve F, and F, families were sent to IN-
RAN/Niger and six items were sent to the Egyptian National 
Research Center. Domestically, 96 items were provided to 
UNL- 118, 16 to UNL- 116, and numerous seed requests ld 
grain samples were provided 1to)blic aiid private workers 
for agronomic studies, instructional uses. a II fooI Studies 
in quantities ranging from a few seLs to lots 0f sCVCr I 
hundred kg. 

Dr. S.C. Gupta, Principal Millet Breeder, SADCC/ICRI-
SAT Southern Africa Regional Sorghum/Millet Research 
Program. P.O. 776 Bulawayo, Zimbabwe. 

Dr. J.D. Axtell, Sorghum Geneticist, Department of 
Agronomy, Purdue University, West Lafayette, IN 47907. 

Dr. W.L. Rooney, Cereal Chemist, Department of Soil 
and Crop Sciences, Texas A&M University, College Sta-
lion, TX 77843. 

Mr. Shankar Podduturi, Pearl Millet Breeder, Pioneer 
1-i-Bred International, Inc. Box 1516, Plainview, TX. 

Dr. J. Maranville, Sorghutni/Millel Physiologist, Depart-
ment of Agronomy, University of Nebraska. Lincoln, NE. 

Dr. P. Bramel-Cox, Sorghunm Breeder, Kansas State Uni-
versify, Manhattan, KS 66506. 

Dr. L. Claflin, Plant Palhtologist, Depaiineit of Plaiit 
Pathology, KansLs State Universily, Manhattan, KS 66506. 

Dr. D. Seifers, Plant Pathologist. Fort I lays Experinent 
Station, Kansas State Universily, I lays, KS 67601. 

Dr. C. Klopfenstein, Cereal Chemist, Department of 
Grain Science antI Industry, Kansas Staie University, Kan
sas State University, Manhall:u, KS 66506. 

Dr. J. D. Eastin, Sorghum/Millet Physiologist, Depart
ment of Agronomy, University of Nebraska, Lincoln, NE. 

Impacts 

Three KSU- 101 cyloplkismic-genic male-sterile inbred 
lines and their mainlainer lines have been used extemsively 
for several years in the ICRISAT breeding program in India 
and have been released to public and private breeding pro
grams in India for utilization in the production of hybrids. 
The Chaudary Charan Singh Haryana Agricultural Univer
sily (IAU) at Hisar recently announced the release of hy
brid, 111-11368, using AKM 79-2221 (842A) as tie female 
parent. This hybrid has the s:une piollinator parent, 1-177/833
2, ishybrid 11B11367. released ill 1992, ill which the female 
parent is AKNI 79-2068 (843A). Although AKM 2221 has 
been widely used for hybrid seed production by private seed 
companies in India, 1-1IB68 is the first publicly-bred hybrid 
to be released using this female line. lybrids of AKM 2221 
mature two to six days later than hybrids of AKM 2068 (00 
to 65 days). When compared to tie 74 to 80 day maturity 
requirements of older hybrids II ItB50 and IHB60 the re
duccd growth duration of [IIB67 and 1HIB68 permits a 
wider range ofiplaming datles giving increased flexibility for 
Ilse ill as aSClUCntiall multiple cropping systems and acts 
drought escapeiechanism iinyears when tle monsoon 
widtlrdnws early. The high per day productivity potential of 
11111367 and 1-IIB68 I)roduces grain yields that average 
within 95 to 99 percent of yields produced by 1-1111350 and 
Ill 1360. The HAU hats also released an improved male-ster
ile line and its maintainer derived from a cross involving 
BKM 2008 for hybrid seed production inthe state of Iau-y
ana. 

IHlybrids using AKM 2068as lhefenmale parentare widely 
grown throughoutl tIe low rainfall areas of Northwest India. 
Although the downy mildew resistance of AKM 2068 haLs 
broken down, its hybrids can be grown because disease 
pressure is reduced iII these drier areas. AKM 2068 hybrids 
are polpular because of their early maturity, large seed size, 
lodging resistance, andtdrought tolerance. Following the 
recent testing in time All India Coordinated Millet Improve
ment Program trials of two hybrids submitted by ICRISAT 
having AKM 1163 as the female parent it's possible time area 
in India plantcd to hybrids with KS U- 101 female parentage 
may increase in higher rainfall areas. Both AKM 1163 and 
AKM 2221 have acceptable levels of downy mildew resis
tance and good combinin g ability in hybrid combinations. 
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Breeding Sorghum for Tolerance to Infertile Acid Soils 

Project NISU-104
 
Lynn M. Gourley
 

Mississippi State University
 

Principal Investigators 

Drs. Lynn M. Gourley, Susana A. Goggi and Brian S. Baldwin, Department of Agronomy, Mississippi State 
University, Mississippi State, MS 39762 

Collaborating Scientists 

Dr. Manuel Rosero, Director of Cereal Crops, ICA, Apartado Aereo 6712, Cali, Colombia (Host Country 
Coordinalor) 

Mr. Luis de Angulo, Vice President Community AfTfirs, Arauca Project, Occidental de Colombia, Inc., 
Apartado Aereo 092 t71, Bogota, Colombia 

Dr. Fabio Polania, Technical Director, FENALCE, Apartado Aerco 8694, Bogota, Colombia 
Dr. Tunde Obilana, Sorgitm Breeder,SADC/ICRISAT, Southern Africa Rcgional Sorghum/Millet Research 

Program, P.O. Box 776, Bulawayo, Zimlbabwe 
Mr. J.K. Rutto, Deputy Director, Crops. Soil and Water, KARl: and Dr. A.M. Mailu, Associate Director of 

Crops, KARl, P.O. Box 57811. Nairobi, Kenya 
Mr. B.M. Kanycnji. Sorghum Breeder, Katumani National Dryland Farming Research Center, P.O. Box 340, 

Machakos. Kenya (Nalional Sorghum and Millet C rdinator) 
Mr. C. Mburu. Sorghum Breeder, and Mr. C.O.A. Oduori, Millet Breeder, Kakamega Regional Research 

Center, P.O. Box 169, Kakaruega. Kenya 
Dr. Sam Z. Mukuru, Sorghurn Breeder, SAFGRAD/ICRISAT, P.O. Box 30786, Nairobi, Kenya 
Dr. Guillermo Munoz, Plant Breeder, MS U- I I Pl. International Prograns and Department of Agronomy. 

Mississippi Slate University, CIAT, Apartado Aereo 6713, Cali, Colombia 
Dr. Henry Pitre, En tonrologist, MSLJ-105 t Departmnent of Enlorology, Nississippi State University, 

Mississippi State, MS 
Dr. Jerry Marinville, Plant Nutritionist, UNL- 114 Pt: and Mr. David Andrews, Sorghum and Pearl Millet 

Breeder, UNL- 118 Pt, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr. John Axtell, Sorghum Breeder. PRF-103 P1: and Dr. Gebisa Ejeta, Sorghum Breeder, PRF-107 Pt, 

Department of Agronomy, Purdue University, West Laf,yctte, IN 
Mr. Bill Stegneier, Peaul Millet Breeder, KS U-101 PI, Kansas State University, Ft. Hays Experiment Station, 

Hays, KS 
Dr. Darrell Rosenow, Sorghum Breeder, TAM- 122 Pland Gary Peterson, Sorghum Breeder, TAM- 123 Pl, 

Texas A & M University Agriculture and Research Center, Route 3, Lubbock, TX 
Dr. Fred Miller, Sorghum Breeder, TAM- 121 P1, Department of Soil and Crop Sciences, Texas A & M 

University, College Station, TX 

Summary 

Much progress has been made in the nearly 15 years of which suggests the piossibility of different tolerance mecha
conducting acid soil research in Colombia. but many aspects nisms and plant utilization efficiencies. 
of plant-soil interactions remain unclear. It is now known 
that genetic variab ility foir tolerince to the tropical acid soil Acid soil tolerant sorghun varieties and hybrids devel
complex exists in tire genus Sorrghum. Tolerant varieties oped in this project are being evaluald on acid soils or other 
have been released and are producing economic grain yields low-input environme ,ils in Colombia. Brazil, other Latin 
for resource-poor farmers inmarginal production a'eas us- American countries. Kenya,Niger, Zambia, and other Afri
ing low-input technology. Infirrmation has beci obtained can counn i ..M, of this germ plasin will also tolerate low 
concerning gene action ard inhieriitace of tolerance to At, fertility levels in neutral plI or slightly acid tropical soils. 
Mn, and acid soils ingeneral. The primnary root will pene- Stress screening for tropical acid soil tolerance appears to 
irate deep into acid soils where ad ver1ilious roots will not impart Itolerice aind stability to sorghui growing in low
grow, killing tie susceptib'c sorglrumn genotyx . Genetic input errvironmenls. Insubsistence agriculture, stable per
variabilily has been found for differential mireral uptake torriance under low-input production practices is more 

important Ihan high yields. 
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Inbred lines which produce high yielding hybrids, toler-
ant to the Al-toxic, infertile soils of the tropics, will be the 
next generation of releases from the collaborative research 
of this INTSORMIL Project and national sorghum breeding 
programs. Since tolerance to the acid soil complex appears 
to be dominant in sorghum, either tolerant pollinator or seed 
parent lines can be used to produce commercial cytoplas-
mic-genic hybrids in tropic or temperate zones. 

Introduction 

This project was one of the original INTSORMIL pro-
jecrs and has continued to conduct research concerned with 
breeding stress tolerant sorghum varieties and hybrids to 
overcome the constraints of tile acid soil complex. In the 
1970's, rexrts started appearing in the literature about the 
vast areas of infertile soils of the tropics, usually those which 
were very acid and contained levels of aluminum and man-
ganese too high for crop production using available culti
vars. A real fear of the world's Iiopulalion increasing faster 
than food production stimulated funding for research into 
uses of the under-utilized agricultural lands of the tropics. 

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

In 1982, the MSU- 104 P1 was assigned for a two-year 
period to the International Center for Tropical Agriculture 
(CIAT), Cali, Colombia, to initiate a program for breeding 
and screening sorghum genuplasm for tolerance to the acid 
soil complex of the humid tropics (Project MS U-I 11). This 
ongoing project was an allempl to provide the INTSORMIL 
Colombia Prime Site with sorghum germnplasm which 
would produce a reasonlable grain yield on soils of p-I 4.5 
or below, with an Al-saturation level of 60% or more, and 
significantly reduce the large capilal oullay for Iiiie and 
fertilizer required with the current cereal produclion lech-
nology. This low-inputl research was conducted in collabo-
ration with tie National Progina of Coloibia, ICA, and 
other National Programs in Latin America. In 1990, time 
MSU- 104 P1 was assigned to Kenya through an INTSOR-
MIL buy-in to transfer this new technology to tie resource-
poor farmers in acid soil areas of Africa. 

Objectives, Production and Utilization Constra;nts 

Ohjectives 

Tile objectives of this project were originally interdisci
phnary in nature because the project included staff from the 
departments of Agronomy, Plant Pathology and Entomol
ogy. In 1982. it was reorganized into discipline projects. 
Entomology objectives will be cover under MSU- 105 ofthis 
report. The Plant Pathology projecLt. MSU- 106, was discon
tinued in 1985 and its' grain mold and weathering objectives 
were incorporated into other projects. The objectives of 
MSU- I04 were and continue to be as follows: 

Screen and evaluate sorghum and pearl millet, in the 
laboratory and field, for sources of tolerance to infertile 
soils, low soil phosphorus (P) content and availability, and 
aluminum (AI) and manganese (Mn) toxicities. 

Enhancement of elite U.S. and LDC sorghum gerniplasm 
with sources of tolerance to infertile soils, and Al and Mn 
toxicities. 

Train selected U.S. and LDC personnel. 

Constraints 

In tropical countries throughout the world, sorghum and 
pearl millet are generally planted on infertile, marginally 
productive lands. Large areas of highly weathered, leached 
soils mae most of these countries the least productive 
agriculturall' Intile developing world. Predominantly these 
soils are very acid, deficient in most macro and micro 
mineral elements 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 breeding, three major 
production limiting constraints of tropical soils; low-input 
production on infertile soils, phytoloxic levels of Al and Mn, 
and low P av:tilability. In addition to yield, every breeding 
projec, must itrive to maintain disease resi:;tanrce :ud giain 
q l lity as a goal. 

Research Approach and Project Output 

Success in a crop improvement progr-mn depends upon 
modification of production constraints through improved 
cultural practices and/or exploitation ofthe genetic diversity 
by enhancement of the crop in this panliculI" environment. 
Sorghum has a large reservoir of genetic diversity and is 
well adapted to semi-arid and other ia'aiginal agricultural 
production areas of the world: however, it is not known for 
its acid soil tolerance. 

When developing a sorghum breeding program in a new 
research area, several tlUcslions need to be answered. What 
are the primary constraints? Is there genetic variability for 
tolerance to tie constraints? What is the degree and nature 
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of the inheritance of ,he tolerance? What evaluation meth-
ods are available alid have they I .,en field validaled? Is an 
expensive ."reew,.ing progratm warranted or con cultural 
measures overcome the cons'raints? When my students and 
I examined the:,e questions in t0 1970's, we concluded that 
little was known about the genc'i, variability of sorghum 
tolerance to ae,! ": ils. Soil scientisis were also determining
Ihe natur, and quantity ofacid soils in the tropics at this lin e. 

Acid soil stress results from a negative interaction be-
tween sorghum genotypes :.,, their environment and not all 
acid soils are created equal i or i.e they uniform. The acid 
soils of Colonbia, Brazil, Zambia, Niger and Kenya all have 
their own pectilia'it:,, s.Constrainits also change due to r, in-
fall, temperature, cation exchange capacity (CEC), natural 
content of essential elements, level of toxic ions, phosphorus
fixation capacity and aniou nt ald qtnalily of'organic matter. 
Acid soils in Colombia have a e'ry high Al saturation while 
those iii Zambia taove moderate At saitiration plus very high
Mn content. Both areas, howcver, nornnally receive ado-
quate rainfall during tile growing sea in. The acid soils in 
Brazil and Kenya can be drought prmie diring the growing 
':-lson. The acid soils of Niger have aCEC of 1.0 or less, 
medium n content, 10'' fertility alt] are very droughl 
prone. 

Because of a lack of confilcicC in the so-called "Luick 
tests" for AlIolranmce, a field screening techniLIuC was
developed at Quilichao, Coiombi a.The uIltisil soil had an 
Al-saturation level "ofaxout 80(%, a pill of 4.5, and an 
effective CEC of about 5. Five hundred kilograms of 
dolomitic limestone were added to provide fertilizer quari-

lilies Of calcinuii ald magnesium, and to reduce tie Al-satL-

ration level to about 65%. Broadcast applicati rs of' N-1P-K, 

zinc and boron were added according I soil test to insure 

that these elements were not limitinig. Ilie procedure was 

designed to measure Al tolerance and, irisolar as possible, 

not the elfect of P1or tie Al-P interact iom.The objective was 

to establish an Al-toxicity level which was high enough to
 
kill sensitive gerotypes, bit rU0itoo high to preventlolerant 

genotypes from prod ucing a reasonable yiel of grain. A 

sirmpie visual rating scale was used to evalnate the exotic 

sorghum genotypes from the worhld collection. The world 

collecion was systematically sampled ir accessions origi-

nally from acid soilI areas iii Africa. 


After screening nearly 6,0(X) sorghum genotypes, we 
found that abxut 8t%would tolerate 65% Al saturation and 
a few of these varieties would produce more than two tols 
of grain per hectare. Most of these highly tolerant gerotypes 
were identified in the world collection as originating inacid 
soils areas iii Nigeria, Uganda, an! Kenva and were classi-
fied as Caudaturns (Table I).The Guine race ard the hybrid 
Guinea-bicolor lines had a higher percenltage it acid soil 
tolerant sorghum entries tIian those of olier races and iy-
brids evaluated. Several of liese liies app,.ar to xe frori Dr. 
Hugh Doggelt's breeding program at tile Serere Research 
Station iii Uganda. 

Some early observations at Quilichao, Colombia indi
cated that most sorghum genotypes would tolerate 40% Al 
saturation and visual separation of tolcrance and suscepti
bility was impossible with this level of stress. At about 65% 
Al saturation, susceptible genotypes, such as Tx415 and 
Tx43() would produce g(x)d stands and grow for aixiu three 
veeks and then every plant in the row would die. The soil 
at Quilichao was unif'On enough that susceptible and toler
ant genotypes planted in adjacent rows at regular spacings 
across the test field would at maturity be tolerant rows and 
blank rows. The fact that susceptible genotypes would pro
duce perfectly good plant stands in 65% Al saturation plots 
casts suspicion on seedling primary root length as ascreen
ing technique. It also indicated to us thal the seed was in 
some way protecting tie primary root from the toxic effects 
of Al: however, the adventitious root system failed to pene
traite lie soil and the susceptible genotypes died.Another 
early observation was that all of the higher yielding, Al-tol
erant Ca udat iIJs were quite pholoperiod sensitive. They 
were tall and late in Brazil and Zambia. In Niger. they
produced tall, lale maturity plants and when tie rains had 
finished the plants (lied without producing any grain. We 
also found that many of tIhe Al-lolerant genotypes produced 
large root systems which assisted thbem in obtaining ade
quate mineral nutrition in low-input environments and that 
tlicv were also more drought tolerant than Al-susceptible 
genotypes. 

Several variety aid hybrid yield trials in Colombia have 
compared growili and yield traits at varied Al-satura tion 
levels. Some very Al-tolerant hybrids were observed that 
prodluced little grain. Usually, however, hybrids yielded 
more grain than either parent. Tlerance to Al toxicity of 
seedling traits aid grain yield are not necessarily the same. 
Shared experiences with sorghuii breeders in Brazil coi
firmed that Al tolerance appearcd to be dominanl and that 
tolerance was colitioned by only a few genes. Hletcrosis 
for tolerance t(i these infertile soils was also observed. 

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

The ICA-INTSORMIL collaborative research has re
suited iii tie release of two Al-tolerant varieties. Sorghica
Real 60 and Sorghica Real 40 have consistently produced
high grain y,'Ids on acid soils in both cro)pping seasons 
during tlie year (Table 2). Both cultivars have good yield
stability iii acid and fertile soils, are photoperiod sensitive 
CandatliMs, .alld lxiith probbdily come from Dr. IHugh Dog
gc,,'s program i Uganda. It isinteresting tihat no effrt was 
made to evaluate tihis material or acid soils during tIre 
developiental stages. hfiertile soils were ,common at the 
multiple test sites in Uganda and recently some of these sites 
have been shown to have p-I values in the four to five 
range. 
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Table 1. Lines from the world collection of sorghum and country of origin with the highest level of acid soil tolerance 

Line 

in screening trials in Colombia. 
Country Line Country Line Country 

IS2728 Uganda IS 7373 Nigeria IS 8888 Uganda 

IS2738 Uganda IS 7383 Nigeria IS8899 Uganda 

IS2742 Uganda IS 7399 Nigeria IS8912 Uganda 

IS2765 Uganda IS 7402 Nigeria IS8)24 Kenya 

IS2788 Kenya IS 7411 Nigeria IS8931 Kenya 

IS2965 Ethiopia IS 7413 Nigeria IS 8933 Kenya 

IS3025 Ethiopia IS 7416 Nigeria IS 8937 Kenya 

IS3032 Ethiopia IS 7440 Nigeria is8959 Kenya 

15 3071 Sudan IS7469 Nigeria IS 8965 Kenya 

IS3163 South Africa IS7547 Nigeria IS 8981 Kenya 

IS 3170 South Africa IS 7554 Nigeria IS 8996 Kenya 

IS3413 - S 7556 Nigeria IS 9000 Kenya 

IS3417 - S7566 Nigeria IS9109 Kenya 

IS 3522 Sudan IS 750ts Nigeria IS 9178 Tanzania 

IS 3710 Ethiopia IS 7586 Nigeria IS 9187 Somalia 

IS 3759 Ethiopia IS7590 Nigeria IS 9221 Uganda 

IS 6730 Burkina Faso IS 7596 Nigeria IS 9227 Sudan 

IS6762 Burkina Faso IS 7623 Nigeria IS 9269 Uganda 

IS 6792 Burkina Faso IS7627 Nigeria IS 9785 Sudan 

IS6822 Burkina Faso IS7630 Nigeria IS9828 Sudan 

IS 6902 Sudan IS7651 Nigeria IS 9918 Sudan 

IS6944 Sudan IS 7659 Nigeria IS 9919 Sudan 

IS 7096 Cent. Afr.Rep. IS 76t9 Nigena IS 9935 Sudan 

IS 7100 Cent. Afr.Rep. IS 7676 Nigeria IS 10336 Nigeria 

IS 7103 Cent. Afr.Rep. IS 7688 Nigeria IS 11296 Ethiopia 

IS 7110 Cent. Aft. Rep. IS 7707 Nigeria IS 11303 -

IS 7132 Uganda IS 7721 Nigeria IS 11306 Ethiopia 

IS 7140 Uganda IS 77;5 Nigeria IS 11323 Ethiopia 

IS7151 Kenya IS '1193 Nigeria IS 11366 -

IS7168 Chad IS 78Y) Nigeria IS 11377 Ethiopia 

IS7180 Malawi IS 7827 Nigeria IS 11380 Ethiopia 

IS7181 Gambia IS 7829 Nigeria IS 11382 Ethiopia 

IS7192 Nigeria IS 7864 Nigeria IS 11385 Ethiopia 

IS7211 Nigeria IS7890 Nigeria IS 11396 Ethiopia 

IS7243 Nigeria IS8577 Kenya IS 12103 Ethiopia 

IS7252 Nigeria IS8583 Gambia IS 12132 Ethiopia 

IS7267 Nigeria IS 8603 Uganda IS 12152 Ethiopia 

IS7268 Nigeria IS8619 Uganda IS 12154 Ethiopia 

IS7274 Nigeria IS 8628 Uganda IS 12303 Zimbabwe 

IS7290 Nigeria IS 8650 Uganda IS 16319 Cameroon 

IS 7291 Nigeria IS 8858 Kenya IS 16503 Cameroon 

IS 7292 Nigeria IS 8860 Kenya IS 16519 Cameroon 

IS 7308 Nigeria IS 8865 Kenya IS 16597 Cameroon 

IS 7318 Nigeria IS 8875 Uganda IS 16622 Cameroon 

IS 7321 Nigeria IS 8878 Uganda IS 16627 Cameroon 

IS 7361 Nigeria IS 8881 Uganda 

112 



GernplasmEnhancement and Conservation 

Table 2. Plant height and yield of ten sorghum genotypes planted in acid soils with aluminum saturation levels 
between 40 and 60%. Average data for 12 sites in the l)epartment of Meta, Colombia. 

Yield (ft ha-1 ) 
Plant height Semester Semester
 

Genolype (cm) 
 A 1 Mean
 
Sorghica Real 69 182 3224 2994 3109
 
Sorghica Real 40 162 3283 2793 3038
 
IS 3071 190 2839 2421 2630
 
PPQ-2 167 2984 2315 2649
 
IS 3522 183 
 2538 2143 2340
 
IS 8577 187 3312 2795 
 3053
 
IS6944 189 260,) 2283 2446
 
5DX61/1/910 178 2428 2123 2275
 
ICA Nataima 96 534 894 714
 
Icaima 151 712 2174 1443 

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

Table 3. Plant height, number of days to anthesis, and grain yield for ten sorghum lines evaluated on acid soil at Sete 
Lagoas, Brazil. 

Plant heighl l3lloi1 Grain yieldGenolype (cm) (days) (T hal )
 
CMSXS 208 182.7 a 
 93.4 a 4.63 a
 
MS 109 159.4 b 80.0 cdf 
 3.82 ab
 
CMSXS 201 151.7 be 84.9 be 
 3.37 be
 
MS 188-I 161.0 be 
 77.9 ef 3.12 be
 
CMSXS 189 179.7 a 96.8 a 
 2.92 bed
 
MS 076 135.7 ed 80.2 edf 2.81 cd
 
MS 177 148.7 bc 79.2 def 2.61 ode
 
MS 216 161.7 bode 80.9 bede 2.57 cde 
BR 00711 93.3 f 78.9 def 0.62 g 
TX 623B 105.8 ef 88.6 b 0.33 g
 

Mean 147.97 84.08 2.68
 
Pedigrees of the MSU lines art: NIS 076 =N1904t"IS004)..l-3-I; NIS 10Q=iTX430"1S307l-44-1-3; MS 177- (IS12666C'IS7254C).17l-l--ll; MS 188-1 = 
(1SI26(66C*715113)-68-1-1-1-1-1; and MS 216 = (I'X4301S3071 -11011-3. 

Collaborators working with EMBRAPA at Sete Lagoas, 
Brazil have evaluated 279 lines developed by this project 
from segregating populations in which only one parcnt was 
acid soil tolerant. After preliminary evaluations, five of the 
best yielding MSU-104 genotypes were tested further and 
compared with three local Al-tolerant and two Al-suscepti
ble lines. The Cerrado soil had a pH of 4.6 and an AI-satu-
ration level of 48 and 55% at 0-20 and 20-40 cm soil depth, 
respectively. The MSU-104 genotypes malured earlier and 
were shorter than the Al-tolerant material currently avail
able for the Cerrado environment (Table 3). Higher grain
yields than those usually obtained in Colombian trials were 
probably due to the lower level of Al saluration and higher 
inputs of fertilizer. 

Combining ability studies in Colombia, Niger, and 
Kenya li-,e compared growth and yield traits of Colombian 
bred inbreds at varied Al-saturation levels in field trials. 
These studies showed that Al tolerance was conditioned by 
both additive and non-additive gene action. Hybrids have 
many advantages over inbred varieties in the infertile-soil 
environment: hybrid seedlings exhibit more vigor during 
emergence and early plant growth; hybrids are almost al-
ways more stress tolerant and usually yield more grain than 

the most tolerant parcnt, and hybrids generally produce 
more extensive r(xt systems and exploit available soil nu
trients and water better than varieties. The value of using the 
holistic plant breeding approach and mcasuring the final 
prxluct, grain. was evident. 

Networking Activities 

Workslhops 

Dr. Susana Goggi attended and participated in the 13th 
Seed Improvement Course. Seed Technology Labx)ratory, 
Mississippi State University, June I-July 11, 1992. 

Dr. Susana Goggi instructed in the 361h Seed Improve
ment Course (T.C. 130-3). Seed Technology Laboratory, 
Mississippi State University. June I-July 11, 1992. 

The MSU-104 PI attended and participated in the First 
International Crop Science Congress, Aies, Iowa, July 
14-22. 1992. 

TIhe MSU-104 PI altendcd and authored or coauthored 
two papers at the 8th EARSAM Regional Workshop on 
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Sorghum and Millet Improvement. Wad Medani. Sudan, 
October 30-November 5, 1992. 

Dr. Susana Goggi attendcd and participated in a Tetra-
zolium Testing Workshop. El Malacate, Prov. de Buenos 
Aires, Argentina, December 22-23, 1992. 

The MSU-104 PI and Drs. Susana Goggi and Brian 
Baldwin attended and participated in the 18th Biennial 
Grain Sorghum Research and Utilization Conference, Lub-
bock, Texas, February 28-March 2, 1993. 

Dr. Susana Goggi instructed in the 371h Seed Improve-
ment Course (T.C. 130-3). Seed Technology Laboratory, 
Mississippi State University, May 31-July 31, 1993. 

The MSU-104 PI attended and participated in the First 
Crop Science Conference for Eastern and Southern Africa. 
Kampala, Uganda, June 14-18, 1993. 

Research Investigator Exchanges 

The MSU- 104 PI along with MIAC, University of Mis
souri, and KARl staff were involved in the development of 
the 10-year Strategic Plan for KARl cereal crops for much 
of Year 14. 

Dr. Lynn Reinschmidt, Mississippi State University Ag
ricultural Econonist, was escorted through visits with 
USAID, KARl, and MIAC administrators concerning Ken
yan fixd production and agribusiness. Septeler 18-22. 
1992. 

Dr. Susana Goggi visited with EMBRAPA scientists at 
Sete Lagoas, Brazil to discuss acid soil research, field and 
laboratory germplasm evaluation techniques, and in vitro 

selection research in the Sorghum and mnaize programs. 
October 1992. 

Dr. Brhane Gebrekidan was assisted by the MSU- 104 P1 

in his INTSORMIL 10-year Strategic Plan visit to Kenya. 
Most of the KARl sorghun/millet program staff had a 
chance to visit with Brhane. -ie was also briefed by KARl 
and USAID administrators. November 18-25, 1992. 

Dr. Darrell Rosenow consulted with MIAC to review 
sorghum drought tolerant rating procedures and available 
germplasm. Together with tie MSU- 104 PI, several KARl 
Centers and Sub-Centers were visited it thie dryland areas 
of Eastern Kenya. February 6-18, 1993. 

The MSU- 104 P1 was a subs ittile for the breeding repre-
sentative on the TC Cotnmittee during a neeting at Lub-
bock, Texas. March 3-5, 1993. 

In January-February 1993, tIle MS U- 104 PI traveled to 
the U.S. where he attended several meetings with Missis-
sippi State University International Programs ald Depart-
ment of Agronomy staff. Some time was also spent visiting 

with Kenyan graduate students at Mississippi State and by 
telephone with others at other universities. 

Dr. Susana Goggi consulted with DeKalb Plant Genetics 
on the analysis of possible causes for seed quality problems 
of specific samples of sorghum seed. A written report and 
recommendhations were presented. April 1993. 

Drs. Susana Goggi and Brian Baldwin participated in Dr. 
Brhane Gebrekidan's 10-year Strategic Plan site visit to 
Mississippi State University. May 6-8, 1993. 

Dr. Gocffry Ilcinrich consulted with MIAC concerning 
research in systems agronomy. The MSU-104 PI escorted 
Dr. Heinrich in visits to KARl Centers and in meetings with 
KARl and USAID administrators. May 8-12, 1993. 

The MSU-104 P1 visited several Ugandan research Celn
ters with several ICRISAT and KARl colleagues. June 
19-23, 1993. 

Gernlasmand Research Informationt Exchange 

Hybrid sorghum seed from crosses made in this project 
and MSU-I 11 were imported into Kenya and Brazil for 
evaluation at several locations. The hybrid entries were 
selected to be useful across several ecological zones. 

Publications and Presentations 

Publications 

Adainou. 'A.. L. NJ.(;ourley. C. E. Watson. S. 1). Mclean. and A. S. Goggi. 

1992. Evaluation of combining ability of acid soil tolerant sorghum 
gernplassm in Niger. p. 8. Il Agron. Ahs. November 1-6. 1992. 
Minneapolis. MN. 

Goggi, A. S., J. C. I)elouche, and L.NI. Gourley. 1992. Moqhological 
aspect of weatiering and immaturity insorghum [Sorghm bicohrr (1..) 
IMoenchl associated with seed specific gravity. 1n Symposium Abs. 
23rd ISTA ('ongress Symposium, November 2-4, 1992. Buenos Aires, 
Argentina. 

Goggi. A. S., J. C. l)elouche. and L %I..ourley. 1993. Sorghum lSorghiunm 
lInolor (..) Moench]i seed intenial morphology related to seed specific 
gravity, weathering, and inimaturity. Joumal of Seed Technology (in 

press). 
,ourley, I. NI. 1992. Sorghtmn/mnillet breeding research programul. p. 19-25. 

In Kenya National Agricultural Research Project Fourth Annual Report 
of Activities and Progress. NIIAC. Nairobi, Kenya. 

Gourley, L.NI. and A. S. Goggi. 1992. Breeding sorghum for tolerance to 

infertile acid soils. p. 114-120. I J. M. Yohe and T. T. Schilling (Eds.) 
IN'SORNII. Annual Reprt 1991 - Fighting Ilunger with Research 
ATeai Elflort. 'lie Univesity of Nebraska, Lincoln, NE. 

Gourley. I. M. and U. Munoz. 1992. Sustainable production of sorghum 

and licarl millet inl fragile, tropical acid soils, p. 63-71. In J. M. Yothe 
and'I. T. Schilling (lids.) IN-ISORNII. Annual Reiorl 7)1 - Fighting 

lunger with Research... A TeamiEffort. The University of Nebraska, 

lincoln, NE. 

Montgomery, E.. I. M.(ourlcy. C.I. Watson. and A. S.Goggi. 1992. 
1leritalility estimates of Ioleramce to a)lllnin tlnlIXiC soils ill Sorghurin. 
p. 107. InlAgron. AIs. November I-6, 1992. Nlinneatxrl is,NIN. 

M'Ragwa, I.awrence I:r;ucis Riungu. 1993. l)ivergent selection for seed
linrg root length and coleoptile length imIpearl millet 1'ennisetumi 
.lnc,'m I .. ) R. I)r.] and effects on seedling emergence, seedlirg vigor. 
and agronomic traits. ih.). dissertation. Mississilppi State University. 
Mississippi State, MS. 

'lake, Vincenrt Makurilbi. 1993. Inleritance of tolerance to soil acidity and
effects on ag rrrn ic chrar-.cteri srics arid leaf rincrerl eleriierrt cnirer
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Iralions in sorghum ISorghum bicolr (1.) Moench I. h. dissertation, 
Mississippi State University, Mississippi State, MS. 

Zake, V. M., C. E. Watson, Jr., and I.. M. Gourley. 1992. Ierfornance of 
grain sorghum hybrids on infertile, acid soils in Kenya. p. 120. In Agron. 
Abs. November 1-6, 1992. Minneapolis. MN. 

Presentations 

Adamou, M., L. M. Gourley, C. E. Watson, S. 1). Mclean, and A. S.(joggi. 
1992. Evaluation of combining ability of acid soil tolerant sorghum 
genplasm in Niger. ASA Meetings. November 1-6, 1992. Nlituseapo
is, NIN. 

Goggi, A. S., J. C. I)elouche. and I. . Gourley. 1992. Morphological 
aspects ofweathering and immaturity in sorghll JSor/urm bit-olor(L.) 
Moenchl associated with seed specific gravity. 23rd ISTA Congress 
Synposium, November 2-4, 1992. IBuenos Aires. Argentina. 

Gourley, L N. 1992. Breeding sorghumns for infertile, acid soils. Presented 
at the 8th EARSAM Regional Wokshop onrSorghlrn and Millet 
Improvement. October 30-November 5, 1992. Wad Medairi, Sudan. 

Montgomery, E., L. M. Gourley. C. IE. Wal ,n, anid A. S. C;oggi. 1992. 
Ilerilabilily estimates of tolerance to alurnlisull toxic soils in sorghutm. 
ASA Meetings. November I-6, 199.2. Miinealolis. IN. 

Saadan, II. M.. L. Gourley, and C. Watson. I992. Inhlertance ofimgaitese 
tolerance in sorghur. Presented at the 8th I'ARSAM Regional Work
shop on Sorghum and Ntillet Improvement, October 30-Novertlbcr 5, 
1992. Wad .Medani,Sudan. 

Zake, V. M., C. E. Watson. Jr., and L. M Gourley. 1992. I'erformrance of 
grain sorghum hybrids on infertile, acid soils in Kenya. ASA Meetings. 
November 1.6, 1992. Nlinneapolis. kIN. 
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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 countries. A 
great deal of progress has been made in two areas. 

We now understand many of the factors necessary for 
improving the nutritional value of sorghum Ihrough 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 
imporlant. This knowledge will help us modify and improve 
the traditional processing methods and develop improved 
processing methods for utilization in other countries in the 
world where sorghum is used as a feed or food grain. 

The International Division of the U.S. Census Bureau, in 
unique agreement with many other agencies, projects that 
the population of the world will double within the next 40-50 
years (Jamison, E. 1989. World Population Profile. Bureau 
of ftie 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 5 decades as they have 
leunired how to produce during tie past 2,000 years. There 
is virtually no alternative scenario Iothis view short of a 
major human calamity. This fact poses ainunprecedented 
challenge to plant and aintal scientists around tie world. 
Fortunately, at the same time new anCd powerful research 
t(x)ls are available from tie explosion of knowledge infhe 
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 civilized society. 
Some of this increase will occur on productive land with 
adequate rainfall, but many of these lands are already 
stretched to capacity. Much ofthe increase will have to come 
from marginal agricultural lands with relatively poor soils 
and chancy rainfahll, which are subject to frequent periods of 
drought. The goal of the INTSORMIL and McKnight Re
search Projects is to utilize the best basic information from 
recent advances in plant biology to understand the mecha
nisms of drought resistance in crop plants, and ICapply this 
knowledge to tie improvement of crop and livestock yields 
in the U.S. and throughout the world. The model crop used 
for these studies is sorghtum, which has developed mecha
nisms which have allowed it to evolve in semiarid regions 
of the world ovr tie centuries. Sorghum is generally grown 
in those parts of the world where it is too dry to grow corn 
orotlhercereals. Even though tie drought resistance of grain 
sorghun has een known for centuries, relatively little efforl 
has been expended in the study of mechatisms of drought 
resistance insorgium at the genetic, physiological and 
molecular levels. The mission of our interdisciplinary pro
grain is to combine the resources of lie International Sor
ghui Itprovement Program at Purdue University with the 
expertise of scientists inStress Physiology and Plant Mo
lecular Biology ina concerted effort toward an under
standing of tie mechanisms of drought resistance in 
sorghum an(l to utilize this information for the improvement 
of sorghun and other crop species such as maize. An under
standing of these mechalisms will provide etiter opportu
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nities for more efficient screening activities in cereal breed-
ing programs. This research program will serve as an excep-
tional training ground for graduate students who will 
assume leadership roles in U.S. and international agricul-
tural research into the twenty-first century. 

Drought Tolerant Hybrid Sorghum for Niger. Trials are 
underway at several locations of a new droughl tolerant 
sorghum hybrid which Ias proven to be highly productive 
and well adapted in Niger. The hybrid designated NAD-I 
was developed by lssoufou Kapran (Niger Sorghum 
Brecder/McKnighl Ph.D. Graduate Student) in collabora-
tion with INTSORMIL scientists. Results from Experiment 
Station trials at several locations in Niger have been very 
encouraging. Mr. Kapran returned to Niger in June 1993 to 
organize and facilitate distribution of seed for on-farm trials 
throughout the country and to coordinate plantings ofhybrid 
seed production plots. The grain quality is acceptable for 
local food preparations and the yields reported from dem-
onstration plots in 1992 were approximately twice the yields 
of local varieties. Farmer intcrest has been very high since 
this is the first sorghum hybrid that has actually reached 
farmer fields and the head size and grain yield have been 
impressive to them. Last year's trials at over 1(X) farmner 
locations was a critical test of lie performance ofthis Iybrid 
It is important now to develop a seed industry (either private 
or para-slatal) in Niger that is adequate to produce and 
distribute hybrid sorghum seed. Our experience vith a sin-
lar situation in Sudan suggests ialt a workshop would be 
helpful in Niger which brings in experienced seedsnen from 
both tei U.S. and from developing countries to meet and 
discuss with scientists and government policy makers in 
Niger of the necessity of developing a seed industry in 
Niger. Indigenous seed industries for hybrid sorghum seed 
prxluction have been successful in India ahrd more recently 
in Sudn. We propose that a workshop be held in approxi-
mately 18 months to 2 years inNiamey, Niger toaccomplish 
this purpose and we will be soliciting financial support to 
organize and conduct this workshop. 

Introduction and Constraints Addressed 

Nutritional value of sorghum has long been known to be 
different from other cereals. This includes the tannin prob-
iem, the protein quality problem, the protein digestibility 
problem, and the local processing methods involved in 
eliminating these lroblems in the diets ofsorghum 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 sorghums traditionally grown at 
high elevations in Eastern Africa are very satisfactory 
sources of digestible nutrients if the grain is processed 
adequately by traditional means. Protein quality improve-
mernt will be a major breeding objective during the next five 
years. We have identified good sources of modified quality 
protein sorghums which are comparable in yield potential 
and grain quality to quality protein maize 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
lial has been demonstrated by Emmanuel Monyo and the 
modified vitreous endosperm characteristics have been re
cently documented. A major unresolved problen is the 
environmental stability of these modified cndosperm sor
ghums. A recent breakthrough on QPM in maize by Brian 
Larkins and Mr. Mauricio Lopez has shown a strong rula
tionship between the gamma-zein fraction and modified 
vitreous endosper characteristics. An Elisa teclique is 
being developed which will make selection for vitreous 
endospcrm opaque-2 much more reliable and faster. The 
samie technique will be adapted to sorghum P-721 modified 
lines in improvement programs. Trials will be conducted at 
several locations during 1992 to confin tie stability of the 
vitreous endospermn trait in these QPS lines across temperate 
and tropical environments. It is interesting to note that the 
digestibility of P-721 high iysine sorghum is about 10% 
greater than that of most normal sorghum varieties which 
should be an additional benefit if it can be confirmed in the 
QFPS lines. The digestibility problem can also be approached 
at this time by a better understanding of tradilional process
ing technologies. We believe the identification of a low 
fraction Ill (cross-linked kafirin fraction) sorghum variel,, 
intlie World Collection has the xtential to provide a genetic 
and breeding solution to the digestibility problem in sor
ghum which would be a significant achievement in utiliza
tion of sorghum Lsa food grain and also as a feed grain. 

A major priority will be the development of a ,itreous 
endosperm high lysine sorghum variety using germpnlasl 
developed from crosses with P-721 opaque. This will be a 
combined effort with Drs. Bruce Hainaker. Gebisa Ejeta, 
and Larry Butler. The modified endosperm high lysine 
sorghum parental materials will be tested in Niger. Sudan, 
and West Lafayette to verify environnental stability of the 
vitreous endosperm and the lysine content. An extensive 
second cycle breeding program will Ie initiated to further 
improve the protein quality, vitreous endosperm. and pro
tein digestibility of the new lines. 

Another major focus will be to continue to ascertain the 
nutritional value of thin fermented porridges is used in 
Eastern and 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 known that local varieties have a high diastatic 
power which is essential for fermentation with either yeast 
or lactobacillous. Many improved sorghum varieties lack 
this characteristic and this factor may be responsible for 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. Mukuru has completed 
his study at Purdue on the digestibility of thin fernented 
sorghum porridges in Uganda and has found that there is no 
effect of the tannins on digestibility after tle traditional 
wood ash and fcrmentalion treatments. Another focus of 
activity will be to pursue tle development of cold tolcrant 
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sorghum lines with markedly improved seedling vigor for 
higher elevations in Eastern Africa and temperate zones. 
The sources of cold tolerance from Northern China continue 
to be excellent for early spring seedling vigor. Finally, we 
have identified a sorghum line in the World Collection (IS 
2319) which has asignificant ly reduced cross-linked kafirin 
fraction and shows very good digestibility results ill Init 

feeding trials, whetlher cooked or uncooked. Since we be-
lieve this cross-linked kafiri n is responsible for inany of the 
digestibility problems insorgi tiii we are giving this activity 
a very high priority. Studies include inheritance of (lie low 
fraction IIItrail and incorpo rai tion with this genetic charac-
letisiit o Ibrolidlya:tdpld rghmi,.in impnm o, 


Drought Rcsearch 

A major drought occurred across a section of the corn 
belt. including West Liffayelte, Indiana. iil1991. While 
these droughts were lnot as extensive as in 1988, it was 
devai.slating to those corn growers who had the iiisfortune 
to farm within the affected regions. The drought iii Easleni 
and Southern Africa in 1992 was the woist in livingte em-
or'. Drought continues to be the major source of crol loss 
throughout the world.Tie relatively Superior perlnnance 
of grain sorghim under these stress coiditiins retel ates our 
hypotheses that sorghum con ta ins some import:iit getles for 
drought resistance. It therefore seenis 1 iical to Lise sorghum 
ais Ith a i oxlel system and also as a sturce of geies for 
stress toierance. We are now ii inera whIt we caii think 
realistically alx)ut idelitifyilg. iSoilatilig, and tri.nsfc'rring 
genes between crop species. It is our opinion that the best 
place to seek and identify genes for drtIgl resista nce iin 
cereal crops issorglium. We believe th:t we have a inique 
oppx)rtunity to improve Ihe drought resistalce of maize and 
other crop species by conducting tle kind of research being 
supported by the McKnight Foundatin witi INTSORMIL 
itPurdue University. The implicatiols for tle State of' 
Indiana and the conbelt. as well as for droilughti prone 
regions inidevelLping cOiitriLr's. iresignibicaiit. Our objec

live, simply put, is to use the best an1d oiiist Iicch1lLIuITC lit Li-

gies from the biilogical aid agric uliutral scicnces ti solve 
one of tlie world's liost iniportalit aiid heretflore inost 
intrac table problems, drougtl resistaice. 

The inission of oir interdiscipliiinary prograiin is to coii-
bine lie resources of the hIternatitioal Sorgium hprove
ment Program at Purdue University with the expertise of 
scientists in Stress Physiology and Plant Molecular Biology 
iin
a concerted effort toward aLil iderstilding of the nieclia-
nisins of droighl rcsistalnce illsorghuL and ItotLilize this 
infornmation for tie iiiprovecnt ofsorgli uiii aiid other crop 
species such as maize. Aluunderstaniding of these iiecha-
iisins will provide betier oppratin ilies for imire eflcici i 
sreening activities iin re-cereal breeding prograimis. This 
search program will serve as iniexceptional traiining ground 
for graduate st udents who will issuiiie leadership roles in 
U.S. and inieniationial agric turil research into tiletweilly-
first century. 

During tie past three years we have initiated a unique 
graduale training and research program which is designed 
to foster interdisciplinary research in basic plant sciences 
focused on a problem of extreme imporlance to both U.S. 
and third-world agriculture: drought resistance. We have 
recruited I I outstainding graduate students. These students 
have ailready earned areputlal ion (both on and off the Purdue 
cai ipLIS) for their interdiscipliniary teal. their group activi
ties, their hi gt quality research, exceptional grades inilid 
ongoing course woirk. The philosophy that research can 
transcend disc illliie boundalries, and must transcend these 
bo1undlries if we are to solve difficult and complex agricul

rd imlplemented
uin~lsl,:ris pr,o1iv'ms. '- ,,., :-q,idly ant-l~c 

by our student group. 1Te faculty, Department I leads and 
Deans view tlis as a major accimplishment of our training 
program. Inlernatinialimzlion of research through interdis
ciplin:iry activities has recently been identified as a priority 
at Purdue University. 'he INTSORMIL/McKnight pro
grain at Purdue serves as a nodel of what can be accom
plished in this area. A NEW 6-YEAR McKNIGHT 
PROGRAMNI MODELED AFI'ER TIlE PURDUE PRO-
GRAM IIAS BEEN FUNDEI) BEGINNING IN 1994 FOR 
A TOTAL OF 12 MILLION DOLLARS. 

(bje'tilves 

Idcntify, developand eva luiate sorgIium lines or inutants 
with improved nltrilinal qlallit y aiid superior foxl grain 
quality using both chemical and biological niethods. 

Develop a;gronomically elite sorgliu lines for Niger, 
Sudan, and Ethiopia with good adatabhtility. good grain 
quality, good drought and striga tolerance, and improved 
yield potential. 

Use hew Loolsfrom molecular biology, genetics and plant 
physiology t) study lte mechanisms of drought tolerance in 
sorghuin. 

Investigate file potential for developing varieties of sor
gliim with high nutritionial value and good fxd properties 
for liotcniiil use as nultritional foods for young children, 
pregnianl women aiiid nursing mothers, 

Traini LDC personnel illplaiint breeding and genetics. 

Research Approach and Project Output 

R'sarch Methods 

Muchilof the breediig activities will be conducted iin 
Niger, Sudaii, and also with the ICRISAT Southern Africa 
anLd Eist Africa regioniil centers. Collaboration with Sudan 
and Niger will continue oniSiriga tolerince ind drought 
toleraince. Considerable line and cffort will be spenlt work
ing with Sudaiese aniid Nigeriei scienltists oii grain lquality 
using pedigree breeding as well as popultition aid hybrid 
developmein. A iajor effort will be niade to develop A&B 
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lines with good graih qualily, Srig, tolerance. drought
tolerance which are adapted to Sudal and Niger. 

Breeding for good grain quality and high digestibility in 
elite sorg11um cultivars which also have African adaplalhil-
ity, good yield and other needed agrtioniic traits will be 
continued. Characteristics such as kernel hardness have now 
been identified which will ficiliitate breeding for grain qtial 
ity. This prograin also will be carried out jointly with Niger
and Sudan. Much of tlhe breeding work will be done iii Niger
with backup using laboralory facililies at Purdue. Screening
and trials will be conducted at 3 locatioins iii Niger as well 
as illSudan. 

Our approach to irvesligaiing the genetic deterniinarits 
of tilecxceplional droughlt resislalnce of ceiiain sorghum
cultivars (1P898012 and P954035) will firstly entail con-
structing hybrids between exceptionally resistant and sus-
ceptible (e.g.. P721-N) lines and evaluating F2, F3 and 
subsequlnt advanced proge ny and tiei r hackcrsses to tire
original parents. using traditionmal p1lt breedinig illeltids. 
Secondly, we propose to generate iny susceplihle rever-
tam lines by nllUtage lisis 0fdtnUghlt resistant P89811 2 and 
P954035 sorgium. Seed of tIhese pure line varieties were 
mulagenized at Purdue in the summerof 1988 and N Iplants 
were self-pollinated to provide N12 seed to screenr for 
drought sensitive revertarts iilMexico under water stress
conditions. Stress sensitiye revertanis will aliso be ibtained 
by using a controlling element system ill sorgAun for 
trn.lxlsOli ilutageiesis alld tailg. The **caiidy stripe"
sorgium phenotype is analogous to tile variegated peric:irp
controlliig leeneit ss iii ill inaize. Canrdy .stripesorghui
is now being backcrossed to drought resistam sorghum lines 
to produce a pure line drought resislant sorghuni variety
which containis thie m1utable ge ie systel. When this is 
available, it should be possible to select for genetic events 
involving transposition ofie conlrolling elemniiet away
from tlie penicarp clcriemet by sclecii ig seed Iron fully red 
sectors on Ire sorghum pan iclc. l~ullIs grown Ifron seed 

having red sectors will then he self'crossed arid their progeny

screened foran alteratim ii drought resislace. Any drought

resistant gene identified cal Iihen c irlred usiig as a probe

the candy stripe controlling element we are culrrelly iden-

tifying. A genetic map of sorgIiui is being gererated (cur-

rently 100 markers) using restriclion fragmert lenigtli
polymorphisms (RFLP), and this will be emiployed it)define 
specific chromosomal regioiis containing drought resistance 
genes and genes determining a range of norplhological,
physiological arid hiochemical cliaracterislics of putative
adaptive significance iilterms of sorgi uii stress resistance. 

Training M.S. and Ph.D. LDC sludents will colinue as 
in tilepast. 

Research Findings 

gencic detenunliian is of the cxccptionral droughlt resislance 
of cerlain sorghum cultivars has been mullidisciplinary, 
internat iona in scope, and multi-faceted. First, we con
structed hybrids between excepltionally resistant and sus
ceptible lines and evaluated F-,F3and subsequent advanced 
progeiy and their backcrosses to the original parents, using
Irditioal plat breeding methods. A large number of F6recombinant inbred fanilies have been derived from one 
such cross. liese families exhibit an exceptional range of 
genotypic variation for pre- and pxist-flowering drought 
stress resistance, as revealed in recent field evalualions of 
this geriplasni during the drought of' 1991 in Indima. 

Second. we developed a sorghum RFLP genetic map and 
we are now uniquely pxised to begin to screen the alxve 
recombinaunt inbred f:in ilies for R FLPs viici are assOCiated 
with specific drought resistance/susceptibility traits. A rna
jor thrust of tic proposed research has been to extcnsively
characterize tire recombinant inbred ftailiesabove for mor
pho)gical, physiohigical and biochemical traits, and to inap
Ilie iimajor genes resXisihle for drought resistance to spe
cific chromosome regiols. Ille concomitant developn ent 
of sorgium cDNA libraries of constilulive and drought-in
ducible genes will likely further enhance the sorghiun ge
rlctic llap, and will assist ill defilling specific genes which 
are responrsi,,e to water deficits. 

Third. wc generated iiiaiy susceptilie revrant fines by
chemical mulagenesis of drought resislant P898012 and
 
P954035 sorglium. Seed of these pure line varieties was 
r1utagenized at Purdue in 1988 and MI pIants were self-pol
inaled to provide M, seed. Tliese M2 populations were 

screened for drought sensitive revertants iii Mexico under 
water stress condilions. Inorder to provide a focal point for 
interdisciplinary activities in genetics, p1hysiology and bio
chemistry, we have identified 38 independently (xcurring

illutan ts ii the epicuticul ar wax genetic system i sorghum.

Tihe latler mulnt lines 
are now pro viding aii exceptionial
 
source ofgne tic inalerial fotr our h111tiltid
iscipl iiary group to
investigate tIre bioclemistry, arid genetics of epicuticular 
wax synthesis and deposition, and to charactcrize the con
trihution of tle waxy "bloom"itrait 
not only to drought
resistaice, hilt also resistlance to fung: iathl!gera;. Bin
chemical analyses of sorglium sheath 
waxes indicate that
 
wax loads range fromii as high as 7.4 njig1111
2 ill wild types
to as low as 0.3 mg/din 2 in cerain bloomless mulants. Wild 
type shelith waxes are predominatly (>90%) comprised of
free carboxylic acids of' carbon clain length C,,8 and C30. 
Three blo mless inutants (hii-18, bin-8 and bi-15) result
ing Ifron cheiical muItlage esis, as well as one bloom less 
mulant identified iii the caridystrip pipuliltion (a putativetrirspxison induced bloomless mulant).exhibit a60 to 70% 
reduction iii total wax load and accilon ii hite free carboxylic 
acids of inuch shorter chain length (predoniiiantly C2,C224
C26 aiid C2,). These blooniles.s mulnlts appear to prema
turely termiiale fratlyacid chain elongation. Illcontrasl, oneThe principal researci accoiii plisliiiieiits made during tile sparseblooni ilant (b1n-28)INTSORMIL/McKiight Foundation funding period for this 

accuinulates substanltially
higher amounts of carboixylic acids of chain length C32 andprogram are as follows. Our approach to investigating tile C34 than tire wild type. A tandem iiass spectrometry methld 
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for determining the composition of epicuticular wax esters 
las been developed, and has been used to show that wild 
type wax esters range in total carbon number from C28 to 
C48; these esters are comprised of carlxrxylic acids oflchain 
length ranging from C14 to C2 4, condensed with alcohols of 
chain length C14 to C2 8. Future studies will involve contin-
ued characterization of the ester, alkane, ailhyde, alcohol 
and acid fractions of the various lloon i less and sparsebloo l 
mutants. 

Fourth. we have characterized a controlling element sys-
tem in sorghum with tie view to exploiting this system for 
tranlspoSOn mutagenesis and tagging. The 'candy stripe" 
sorghum variety issimilar phenotypically to the variegated 
pericarp controlling element system in maize. The Y gene 
has been identified is tie mutable locus in sorghum. The 
candy stripe sorghum variety has 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 is possible to 
select for genetic events involvinig transpositio n of tie con-
trolling element away from tihe perica 1 elCmCt by select-
ing seed from fully red sectors oil tie sorghum panicle. A 
total of,1OO,(O independently occurring excision evelitsare 
being collected. Plants grown ifrom seed having red sectors 
will then be sell crossed and their progeny screened for 
drought susceptibility. In prineiple. any tlroughl resistaint 
gene so identified can then be cloned using tie cai idy stric 
controlling elemi ell probe which we plan to clone from 
sorghum. A promising lead came recently lrom iour discov-
ery that one of tihe epicuticular wax genles ill sorghitni is 
linked with waxy edosperms, so we may he able to 
tranl5sl(Ion lag tie waxy endIsperiM gCeC first :1itt thIei later 
tag the epicuticular wax gene more rc;dil' because 0i' the 
mechanics of transposition based oil observations ii Other 
species. Utilizing the genetic map of sorghum oenerled 
using RFLPs, it will be possiIl e to define specific chrtomo-
sorn.lI regions containing drought resistaice genes. 

Fifth, we have sought genetic variability for a specific 
biochemical Irail which may play ail ilportait role in os-
moregulation; the accumulalion of glycinebetaii e. Six gly
cinebelaiie-deficieit sorghum genotypes have bcei 
identified by screeninig of tIie sorglum world geriiPllasm. 
Genetic analyses Lf' Fi anod hackcross progeny from crosses 
between glyciulebetaiie-deficieii ainid glyci i)clheaile-cti
tailing sorghum lines have coniinied that glycinebetaii e-
deficiency is coiditioned tI be a recessive allele (Ila single 
locus. Tracer studies indicate that glycinceletaine-deficient 
cultivars are capable of oxidizing 2113-helaine aldehyde to 
21 3 -glycimllbetaine atlthe same rate as glyciibleetaine-cOl-
tainilg cultivars, suggesting that the milalxlic lesion isat a 
step proximal to betaine aldehyde dclydrogenase in the 
glycinebetaine biosynihetic pathway. A sensitive new 
method for determining choline aiid glycinrcblaine (by sta
ble isotope dilutoion plasna desorption mass spectrot Ctry) 
has been develolped, and is being applied to It ese i vesliga
lions. Future studies will focus on RFLY mappiing this locus, 
testing whctlherglycimcbetaine-deficicicy isassociaiel with 

an impaired capacity to oxidize choline to belaine aldehyde, 
and developing near isogenic glycinebetaine-containing and 
-deficient sorghum lines to determine if this trait affects 
drought resistance. 

Sixth, we have develoxed a sorghum tissue culture, re
generation and trans formation system with the view to 
exploiting many recent advances in tihe field of plant 
biotechnology towards sorghum improvement. A number of 
genes of putative importance in plant toleramce of abiotic 
and biotic stresses are currently being cloned from other 
plant sources in anticipation that it may sooni be possible to 
routinely transfonn sorghuin with such genes and their 
anilsense equivalents. Specific genes of interest include 
genes encoding enzymes of proline biosynthesis, genes 
encoding -t+-translocating ATPases, genes encoding pro
teins involved in cell membrane-cell wall adhesion, and 
genes encoding pathogenesis related proteins. 

Srghum TrasfonI'nation: The INTSORMIL/McKnight 
research group at Purdue in collaboration with Pioneer 
Itlybrid Seed Conpmy is the first to report the stable and 
heritable transfOrmatioi of sorghum. This is a significant 
acconmplismeit which will allow new opportLnities for 
sorghum improvmenlt il tile future. Tramsgenic sorglum 
plats Ihave been obtained after microprojeclile bombard
i1ent of imliat.ire enibryos. SoIthern and polymerase chain 
reaction analyses indicated the presence of both the select
ablo markergene braid tle rejxortergene idb in To plants. 
Plhosphnoilliricii aceyttraisferase activity (enzyme en
code(d by the bar gele) was detected in extracts of the To 
plants and these plalnts were resistant to local application of 
the herbicide Igiile/Basla. Data from T, seedlings of one To 
plant established a 3:1 segregation ratio for herbicide resis
taice. indicating that tile sclcc table marker gene is tranmik
ted to progeny amid is flictioning as a dominant allele. The 
variety trainsformed is the drotughl resistant cultivar P
898012 which is well adapted tt lie African Saliel. This 
achievement will allow us to introduce new and useful genes 
into this important African sorghum variety, and could be 
tlie dtawi of a new era I'or sorghum research. 

Networking Activities 

W'orkshops 

Organizer and participaut of "Tile Thlird Annual Purdue 
Uiniversity McKnight Program Retreat." Presentation enti
tied "The McKnighlt Foundation Interdisciplinary Research 
Project oin Mechamisms of Drought Resistance." Turkey 
Rui State Park, IN. April 10-11, 1992. 

Organized External Evaluatiion Review ofthe Niger INT-
SORMIL Couitry Program. Octlober 1993. 

I'scarchIi'stigat"orE.vhtoia,(cs 

INRAN Staff, ICRISAT Staff and INTSORMIL Staffare 
regularly involved ii exchange visits at Purdue, as well as 
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Pioneer and DeKalb seed company scientists. A partial list 
follows. 

Dr. Osman Ibraluin, ARC/Gezira Research Statlion, Wald 

Medani, Sudan 

Dr. D.S. Murty, Plant Breeder. ICRISAT, Andhra 
Pradesh 502 324, India 

Dr. Lee House, SADC/ICRISAT Sorghum & Millet 
Prog, Bulawayo, Zinbabwe 

Dr. Vat-Ian Guiragossian, Sorghum Breeder. ICRISAT. 
Nairobi. Kenya 

Dr. Darrell Rosenow, Texas A&M University Agric. & 
Res. Ctr., Lubbock, TX 79401 

Dr. Lloyd Rooney, Soil & Crop Sci, Texas A&M Univ.College SIn.TX 77843 

Dr. Bruce Maunder, DeKalb-Pfizer Genelics, R1 2,Lub
bock, TX 79415 

Dr. Kay Porter, Pioneer Seed Co., P.O. Box 1506, Plain

view, TX 79072 

Dr. Gene Dalton, Pioneer Seed Co. Jolston, Iowa 

Gernplasm and Research Information Exchange 

Exlensive germplalsnt is been provided to INRAN/Ni
ger, ARC inSudan. ICRISAT/SADC Zimbabwe, plus nu
merous seed lots in response Iospecific requests by both
 
private and public sector institutions.
 

Publications and Presentations 

Publications 

Casas. A.M., A.K. Kononowicz, l.1. Zer, ).T.Tomes,J.1). Axtell, ..(. 
Butler, R.A. Ire san and I'.M. I lasegawa. 1993. Transgenic sorghum 
plants via microprojectile bttlbartlmtelt. Proc. Nail.Acad. Sci. USA 
90:11212-11216. 

Axtell. J.I)., 1. Peters, and U. Zelhr. 1993. Memtanisins of drought resis. 
lance insorghum. ASTA/1992-471h Atnual ('or & Sorghum Research 
Conference Proc. Amer. Seed Trade Assoc. pp. 157-163. 

Mern,, E.T., J.). Axcll, C;.Ejeta, and II.R. I l;un:e r. 1993. )evelopment
 
and recent impad of quality proltein mtaize tid sorglhmi. Proc. of the
 
ICC Intenmational Syntpisiutt
onl Cereal Scicme & Techltnl'gy: htti
pact onta changing Africa. 10-14 May 1993. I'retoria, Soulh Africa. 

Axtell, J.D.. U. Iarwale-Ze/hr, 1P.'elels. llterdiscilhrhlmyand 1993. 
McKnighl Research Projem for Sorghuln ltttprovmetttel. Internaliolal 
Crop Science 1.Chaeptr 68, pp. 525-527. 

Zanta, C.A., X. Yantg, J.I). Axtell and J.I.. Iteltetien. 1993. hliec:.ti
dystripe locus, y-cs, determines tltballe plgttettdtion of tihe sorghum 
leaf, flower,and pericar. J. I leredily (litPress). 

Premachandra, G.S., D.T. Ilahn, J.l).Axtell. ald R.J. Joly, 1993. I.eaf 
water relations, gas excl;ite ant waiter-te efficiency in ollrloot1
less and sparse.blitom mutants of Sorghutm bicolr I.. C'atadiun J.of 
l'lnt Sci. In Press), 

Stromherger, J.A., I.M. )weikal, J.l).Axell, D)M. Ilulr,mid C.Y. Tsai. 
I 33. Genotype variation amomg mai'e (ea mays I..)ihred lines for 
antnonium assitmilation chatacteristics. A.F.S. J. No. 14(00r5. Crop. Sci. 
(submitted) 

Published abstracts 

Ilarwale-Zehr. U. and J.D. Axlell. 1993. Genetic analysis of mutable 
phenotype associated with candy stripe sorghum. Agron. Abstr. p.Amer. Soc. of Agron., Cincinnati. OIl. 

I'eters, P'.J. and J.D.Axlell. 1993. Characlerization and drought reaction of 
epicut icular wax mut:wls inSorghum hicolor. Agron. Abstr. p. Amer. 
Soc. of Agron., Cincinnitati, OI. 

Invited Research Lectures-P'resentations at Scientific 

Aeetings 

First Iltenmational Crop Science Congress (Ic'SC). 'residing Chair for 

Session on "Strategies for Imnproving Crop Quality: 'Te Next Chal
lenge". July 15. 1992. Iowa State University, Ames, Iowa. 

IFirst Intermational Crop Science Congress (ICSC). Paper presented "[heINTSOR MIl./McKtight Collalor-ative Research Model for Integrating 
Iiotechnology with Sorghum Improvement- by J.Axtell and 11.iar

wale Zehr.July 20, 1992. Iowa State University, Ames, Iowa. 
47th Corn & Sorghum Industry Research Conference. American Seed 

Trade Meetings. I'resentation on "Mechanisms of Drought Resistvmce 
it Sorghum." 12/8-1I/J)2. 

'resentation to Dean's ('luband Dean's Advisory Council. "McKnight
Research I'togran): Collal rative Research Which Ienefits Crop hutprovement in Indiana as well as lird World Countries." Nov. 22, 

1992. 
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Development and Enhancement of Sorghum
 
GermplasmN with Sustained Tolerance to
 

Drought, Striga, and Grain Mold
 

Project PRF-107 and PRF-107B
 
Gebisa Ejeta
 

Purdue University
 

Principal Investigator 

Dr. Gebisa Ejeta. Department of Agronomy, Purdue University, West Lafayette, IN47907-1150 

Collaborating Scientists 

Dr. Osman Ibrahim. El Obeid, Sorghum Breeder, ARC. Sudtn
 
Dr. Abdeljabar T. Babiker, Striga Specialist, ARC, Sudan
 
Dr. Mohamed El Hilu Omer, Sorghum Pathologist, ARC, Sudan
 
Dr. Omnar Fadil, NSA, Sudan
 
Mr. Issoufou Kapan, Sorghum Breeder, INRAN, Niamey, Niger
 
Dr. Ouendeba Botorou, Millet Breeder, INRAN, Niamey, Niger
 
Dr. Aboubacar Thure, Sorghum Breeder. IER, Bamako, Mali
 
Dr. D. Dembele, Striga Specialist, IER, Bamako, Mail
 
Dr. Sam Mukuru, Sorghum Breeder, ICRISAT, Kenya
 
Dr. John Axtell, Agronomy Department, Purdue Universily, West Lafayette, IN
 
Dr. Luy Butler. Biochemistry Deputment. Purdue University, West Lafayette, IN
 
Dr. Bruce -lamaker, Food Science Department, Purdue University, West Lafayette. IN
 
Dr. Darrell Rosenow, Texas A&M Univ. Agricultural Research Cenlcr, Route 3.Lubbock, TX
 
Dr. Jerry Eastin, Deparlmcnt f Agronomy, University of Nebraska, Lincoln, NE
 
Mr. David Andrews, Department of Agronomy, University of Nebrska, Lincoln, NE
 
Dr. Bruce Maunder. DeKalb Plant Genetics, Route 2, Box 56, Lubbock, TX
 
Dr. Kay Porter, Pioneer IliBred International. Plainview, TX
 

Summary 

Genetic resistance of major biotic and abiolic stresses of have been developed and distributed widely to collaborators 
sorghum and millets, namely, drought, Striga and diseases in Africa where some have actually been released and used 
have been addressed in this project. The thrust of this project by farmers. 
(PRF-107) has been in the identification, characterization 
and elucidation of genetic mechanisms ofresistance to these Introduction 
stresses and, whenever feasible, incorporation, through con
ventional plant breeding methodologies, of key traits into This project started in 1984 with the objective of
adapted Iigh yielding gelotypes. Research ef'rts ii PRF- strengthen ing the international linkages and relevance of 

107 have been Itotally collaborative ill withill aind outside sorghuln and smsillet research ;at Purdue University and at 
Purdue Universily. The strongest and most productive col- other INTSORMIL inslitutions. To achieve this objective 
laboration hLs been with Dr. Larry Butler (PRF-104B). the PI forged interdisciplinary and inter-institutional part-
Significai t progress ws particularly made in the area of nerships among LDC all d U.S. scientists towards the goal 
genetic resistance to Siriga as a result of our collalboralivc of collaborative sorgium and millet research addressing key 
efforts. A un iqeti approach to addressing the Sirija p'roblem production and utiization constrains. Specific research 
a.s aseries ofinteracions betwei licl host and parasite wit Ihru sts of tliis project have been inl the areas of Striga 
potential for intervenlion was developed. This approach led resistance, droughl resistaiice, disease/pest resistance, and 
to idenlification of key coimpounds, developmnl ofil nutriti al talily ol'sorghuiis atJ millets. In addition, this 
effective assay, establishment of inoe of inlicrilnmcC, trails- project also emphasized germplasm 'levelopmeit and en
fer ofa resistance gene to prtluctive cultivars and eventual Ilancement as well as conservation and evaluation of 
mapping of tle gene oil a molccul ar soIrghui getome inap. geripl asm diversity. Bcymd research and germplasm de-
Modest progress has also been made in the iuea of drtughl lieita signiicant portion ohftle Pl's efforts have goneylOph 
adll(grain mold resistance. Ii) all areas, superior geriiplasiml ino(Iraining, networking, and into inslitulional develop
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ment efforts of research systems and seed production and 
distribution programs of collaborating national agricultural
research services (NARS). The foiiowing is an itemizcd list 
of the major contributions made by PRF- 107 and PRF- 107B 
in collaboration with others. 

Objectives 

Research 

To study the inheritance of traits associated with resis
tice to drought, Siriga, pests, and diseases of sorghum
and/or millets. 

To elucidate mechanisms of resistance to Siriga, drought
and dise'ses of sorghum amd/or millets. 

To evaluate and adapt new biotechnological (techniques
and) approaches in addressing sorgh]iumin and Millet con 
straints for which conventional approalches have not been 
successful. 

Germphism Development, Conseration,andl Diersity 

To develop sorghum varicties and hybrids with improved
yield potential and broader environ re ial adaptation. 

To develop and enhance sorghui gcrm plasm with in-
creased levels of resistance to drouiihit, Striqa, diseasesard 
improved quality chartcleristics. 

unique sorghui 
age and facililate freecxchaige otfgerirplasi betweeni U.S. 
and LDC scientists and instituions. 

To a issemble germplasii and to encour-

To assess applicability of various statistical and DNA 
fingerprinting technologies for evaluatiig gcnoiic similar-
ity or for discerning genetic diversity of sorghum and millet 
gernplasni pools. 

Training, Networking, and ln.iitiolanaiDevelopment 

To provide graduate and non-graduate educalion of U.S. 
and LDC scientists inthe area of plant breeding amd genet-
ics. 

To develop liaison and facilitate effective collaboration 
between LDC and U.S. sorghuni and millet scicniitists. 

fo encourage and facilitate positive inslitutional changes
in research, extension and seed programs of collaborating 
countries involved iii sorghun ard millet research and Ie-
velopment. 

Program Approaches 

The research efforts of PRF- 107 and PRF- 10711 are en-
lirely interdisciplinary. Much of the on-campus research at 
Purdue is inclose collaboration with Dr. Larry Butler (PRF-

104B). Our programs are fully integrated particularly in tile 
areas of pest, disease, and Striga resistance, where a con
cened effort is underway in elucidating tie biochemical anld 
genetic mechanism of resistance to these constraints. Field 
and laboratory evaluations of sorghum and millet 
germplasm are coordinaled, the results from one often corn
plimenting the olher. In addition, thcre have been collabo
rative research efforts with colleagues in Africa primarily
with Dr. A.G.T. Babiker in Sudan where an integrated 
approach to Striga con trol has been under investigation. 

Our germplasm development and enhanrciient program
utilizes the wealth of sorghum and milict gernplasm we 
have accumulated in the program. Intercrosses are made in 
specific combinations and populations generatf,. via con
ventional hybridizaition Icchniques, through mulagenesis, or 
through tissue culture in vitro. Conven tional progenies de
rived from these populations are evalutcd boIth in the labo
ratoryand in the field at West Lafayelle, lIndiana foran array 
of traiis, incltding higIi yield potential, grain tlUality,as well 
as ccutain chemical consliltienIs that we have foind to 
correlate well wilh field resistance to Siriga or panicle and
leaf diseases. We also evaluate our gcrnlplasm for tropical 
adaptation and disease resistamce during the off-season at 
the USDA Tropical Agricultural Research Center at Isa
bclIa, Puerto Rico. Selected progenies from relevanit popu
lations are then sampled for evaluation of specific
adaptation anrd usCltness to collaborative progians inSu
dan, Niger. and inmore recciitly Mali. Evaluation of ihe 
drnghl tolerance of our breeding maleraIs have been con
ducted at Lubbock, Texas iii collaboration with Dr. ,i'2;ell

Rose ow and in a winter nursery at I'ueio Vallarla, '.txico.
 
Assistarce in field evaltnalio 01' iurseries has also been
 
provided by inrdustr-y cOIIe:gLCs particli larIly at Pioneer Ili -

Bred and DeKalb Plamt Gcrietics.
 

The training, networking and instititional development 
efforts of PRF- 107 have been provided through graLduate
 
education, organiz:tioi ofspecial workshops and symposia
 
as well as direct and closer interaction with research scien
lists ard program lcaders of NARS and associated pro
grains. Much of the elort in tIhis area has been primarily in
 
Sudan and Niger, wilh limiled activity inMali and some in
 
Sonuthern Africa through SADC/ICRISAT.
 

Research AIpproach and Project Output 

Striga Resistance 

Perhaps tie most significant contribution that had come 
out of our Siriga research program at Purdue University is 
tire Liiq ue app1rOIachI thiawe developed indissecting tie 
complex trail of Sriga resistirce into components based oil 
simpler genetic melcls. This isbased on tire knowledge tIal 
gaining abetter uidersardiig ofiechanisms of host plant 
resislaice .svilal to cnp breedinig efforts and thal previous 
effots ',fiheld screening foirStrigaresistaice has bcen slow 
a;; difficult, with only m(dest success. Successful Striga 
parasitism is dlependeit upon a series of chemical signals 
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prxluced by its host. Interruption of onje or more of these 
signals should result in failure to establish parasitism. We 
therefore made the characterization of specific mechanisms 
of resistance the focal point of our effort to develop Striga 
resistant crop genotypes. The overall plan is to identify crop 
genotypes which fail to interact normally at each stage of 
the parasites interaction with its host. 

The most completely characterized mechanism of resis-
tance toStriga isunusually low production ol'host plaw root 
exudate conxunds required for gcrinination. We fully 
exploited low production of germination slimuilnts inse-
lecling for Strig'a resistance in sorghum. Dr. Butler's stu-
dents identified and characit ized several host root 
proxluced chemical signals of two different types (the oily 
quinine, sorgolcone, and a wale soluble analog of strigol) 
that trigger Striga seed germil.ation. We developed simple 
methods (agar gel assay and a dilution assay) to screen host 
genotypes (sorghum, millet, maize and cowpeas) for the 
proluclion of water solulble geniination signals. We itlen-
lified sorghum genctypes that are resistant because they 
prxluced limited amounts of the signals. We determined 
that the capacity to produce unusually low amounIs of the 
germination signal is inherited as a single recessive gene. 
Using conventional plant breeding approacies, we incorpo-
rated this resistant conferring trait into improved sorghum 
genotypes combining Striga resistance with high yield and 
enhanced grain quality. These improved sorghums have 
been extensively tested through our internatiotal collabora-
live network for broad adaptalaion and stability oflresistance 
and are currently pending release. We also genell4ted al)plio-
priate populations ol'sorghum and currently cha, Icterizing 
genes for Striga resistance using molecular marker tecii-
nologies (RFLP, RAPD) and also developinrg a saturtled 
genetic map of sorghium '.ofcilitate future genetic studies. 
Basic biochemical work done by Dr. Babiker while on 
sabbatical leave at Purdue Cs tablished 01Ml tihe ultimate 
signal forStriqa seed ;erminaiion is eihylene. II e also fomd 
that various chemical coipound,: hlC111(ling [tie colloI de-
foliant thidiazuron in,,ixiuie with herbicides such as 2-4D 
stimulate ethy ciie production and may be used tioclean up 
infested fields by if,duction of suicidal germination, 

Although the requirement for a signal to initi:i!2 triga 
germination !ira,long been known,the nccd for n additional 
host signal to produce specialized rootlets (hmistoria) for 
alachiment to host roots have only emerged recently. A 
number of compounds have been implicaled to function as 
haustoria initiators in Striigabill tle acCive signals fron host 

roots have not yet been identified. Yohan Weerasuriya, a 
Ph.D. stident from Sri Lanka, is now developing a tilti
tative assay for iroduction of this second host-derived de-
velopmental signal. Preliminary work has identified illaize 
genotypes which produce low arilOllU s of this signal, bIut 
they have hot yet been field tested. We observed that Chie 
signals rcquired for gcrinination and haustoria formation are 
inherited and produced independently by host roots. 

We have recently shown that once Striga is allached to 
its host roots the seedlings may need an additional host-de
rived signal to differentiate into shoots. Using Striga cells 
grown in tissue culture we hope to develop an assay for such 
a signal. In vitro cultivars are also being used to screen 
extracts of host plants for factors which inhibit elongation 
and/or proliferation of Striga cells, possibly preventing ill
vasion of host roots by the parisite. Furthermore. there are 
other additional mechanisms including the probable role of 
chemical regulation of allachment and penetration, a possi
bltivolvement of toxins produced byStriga that are trans
ported to the host plant metabolic machinery, ais well as the 
root growth habit of host plants and premature haustoria 
fonnation as avoiTance mechanisms. Our goal is to pyramid 
as many of the genes contributing to the above listed mecha
nisms of resistance into a single genotype which should 
exhibit a more durable and broad-based resista.ce to Siriga 
than is currently available. 

Our overall sialegy to alleviate the Striga problem has 
been dxumented in our widely distributed and well re
ceived research bulletin entitled "New Approaches to the 
Control ol'Stri4a: Striga Rcsearch at Purdue University." 

Drought Resistance 

Drought tolerance is also a complex trait influenced by 
the interactive effects of many genes. Testing and identifi
cation of diought tolerant crop germplasm has been diffi
cult. Selection must be made under coitrolled conti ion 
where moisture stress is reliably induced inorder to effec
tively discriniihate among genot ypes. Althoougi progress 
has belen made in developing drought tolerant crop geno
typies through conventional breeding and evatuation of 
gernplasm in drought prone environments, the gains have 
been slow. The difficulty of selecling for drought tolerance 
and tIhe nced to precisely impose moisture stress have led to 
idenlification of g,not.' es with perhaps enhanced drought 
toleranice but often with limited yield xtential. 

A more effective approach to breeding for drought toler
ance insorghum has beel (lie that isbased on Ihe observa
tion that drought tlolerance (in sorghum) tends to be 
expressed ina developmentally similar pattern. Experience 
has shown that precise and repeat able phenotypic effects are 
observed depending oil whether tie moisture stress was 
ind,,cod itthe early vegetative growth (seedling) stage, or 
after pamcle inilialion Iult prior to anthesis (pre-flowering), 
and finally from pollination to maturiy during Ile grain 
filling (post-flowering) stage. 

Symptoms of drought stress induction have be,,:identi
fied for each developmental stage. These symplofns can be 
divided into morphological and yield related syml oiis. 
Pre-flowering drought stress in a suscerible line produces 
leaf rolling, unusuat leaf erectnss, delayed floweriig, floret 
abortion, reduced paricle size, re.luccd seed set, and reduced 
plarit height. In contrast. normal panicle development, good 
seed set dod typical leaf molrpho,logy are indicative of a 
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pre-flowering drought tolerance. Under post-flowering 
drought conditions, susceptible lines exhibit preniatire leaf 
and stalk renascence and reduced seed weight. Tolerance to 
moisture stress at this stage is mauif'sted by a stay-green
phenotype and normal grain filling. 

D.T. Rosenow at the Texas A&MNI Experiment Station il 
Lubbock has used this approach effectively to identify 
unique sorghum genotypes with classic phenotypic symp-
toms. We have both shown these expressions can be used in 
screening sorghum genotypes in several locations in Africa. 
The benefit of such an approach in breeding for drought 
tolerance is that germplasm can be properly catalogued on 
the basis of tie types of drought tolerance mechanism it has 
accumulated. Because sorghum is native to sub-Saiaran 
Africa, a region characterized by limited water resources, 
the crop may have evolved with adaptation to the range of 
environmental conditions including extensive genetic vari-
ation for drought resistance. We Iave capitalized on the 
genetic diversity for drought tolerance il this crop to use it 
as a suitable species for stludying tlie genetics, physio logy, 
and biochemistry of drouoghit tolerance, a trait so crucial in 
most field grown crops, 

We have generated a uLique set of sorghumi germiplasii 
through conventional plant breeding technology fo llowing 
intercrossing and selectiou Liider defined nmoisture stress 
conditions. Recomlb inant inbred lines tILS produced have 
been used for characte rizaliOl usin g lec iular DNA hLsed 
markers. Our goal is to create exteisive, high resolItioul 
genetic map of sorghui which should facilitate the idenli-
fication lof quantitative rait loi (QTL) associated with 
specific drought response at specific developmental stage. 
We have already identified several QTLs ass(ciated with 
pre and post-flowering stress tolerance. We found that abil-
ity to yield under pre- and post-Ilowerlng drought are con-
[rolled by many separate genetic loci. Tolerance tn yield loss 
under pre-flowering stress is associated with early maturity. 

Another approach we had takei in our research on 
drought tolerance has been the in vest igat ion of the possible 
role of osiloregulatory compounds in providing prolection 
against moisture stress in sorgium. One of the nost corm-
mor1 osiolytcs known to accumulate in emany grass and 
chenopKl species is glycinebetaine. In chenipoxts the accu-
mulation has been thought to be a metabolic response tIo 
osmotic stress to protect enzymes during beat and dchydra-
tion. A survey of a large collection of landiaccs of sorglulln 
resulted in six genItypes that have lost the capacity to 
accu0111 Lilate glycinCbetaine. Thie;e null muulanls were Ilse(] in 
inlercios,:cs wilh normal sorghum gcnolyps to create ap-
propriate populations for a study oi mode of inhritalice for 
glycinebetaine deficiency. The results siowed that betailC 
deficiency is inheriled as a single recessive gene. We also 
established, in a biochemical feedilig study, that gl) cillebe-
taine deficient cullivars can synthesize glycinebetailie whei 
supplied with labeled betainC aldehyde. The defLicicncy, 
therefore, is not due to a lesion at belaine aldehyde dehydro-
genase. The genetic populations generated for the inheri-

lance study have been advanced to evaluate if ability to 
accumulate glycinebetaine is associated with drought toler
ance in sorghum. Preliminary results using random geno
types with contrasting betaine contelll showed that 
pre-flowering drought toJerance is positively correlated 
with levels of glycinebetaine. 'This will be verified by using 
recombinant inbred and isogenic lines which we generated 
for the pupose of verifying the prcsence orabsence of such 
an association. 

DiseaseResistance 

The major disease investigated in our program has been 
grain mold, aproblem caused by a complex of fungi organ
isin during grain fill and maturation while the crop is still in 
the field. Grain mold is one of the most important diseases 
of sorghum around the world. It is particularly important 
when sorghun is grown in environments where the rains 
cease after the crop matures providing for a suitable condi
ti(u for pathogenldevelopment. Bird resisanlt, high talni 
sorghums wilhstand grain mold daunage beItter than low 
tanin sorghuis. This observation led many to a.suime that 
tannins, high molecular weight phenols, are responsible for 
nlold resistance il grai sorgliim. We screened an( charac
terized a large collectio of sorghum gerniplasm and found 
that other pheolic compounds and proteins are more sig
nificaitly correlated with ilold resistance. Of particular 
inlcrest ha.s been: IIle level of flavan-4-ol in low tannil 
sorgiums. We have not yet establlished whether flavan.-4-ol 
are indicators or are by themselves responsible for reducing 
rold infection. We also fiiid that hardness of grai is asso
ciated with ilold resistance aniong low tannin white .ior
ghuni. Genetic studies have shown tlhat flavan-4-ols and 
related phenols are under simple genetic control and pro
gress from selection call be made if appropriate xpulations
 
are developed. We now have a random mating sorghum
 
population made upIof parents with good level of grain mold
 
resistance. Developmental studies using diverse parental
 
lines have shown that various phenolic compounds accumu
late differentially il different genotypes and that this may 
be associated with timing of initial contact alnd infection by 
non-pathogenic and pathogenic fungi respectively. Re
peated sampling olsorghuni palicles at dilfferelt post-flow
ering stages indicated th1at several fungi (alternaria, 
aspergillus, Fusariuni, curvularia, etc.) can infect the sor
ghui1 kernels. However, lime of infectioI, environmient. 
virulence, and population dynamics of tle various patho
gcns, have a more significant effect oil the level of kernel 
damage oIl sorghum panicles. 

We also studied the role of plant pignient and tannis it 
the reaction of' lan dI(lnon-la sorghum lnes to leaf (It. 
eases. Sorghum plants are kiown to prod uce var;ous pig
nelts. These pigments have been susplcted to have a role 
with resislance to :eaf diseases aIId grain deterioration. We 
developed is'iJgeuic pairs of tal and non-tan (red) sorghul1 
lines to conilare for pheoilic contrast and possible ass ocia
tieu with Ieaf diseases. Leaves, stems, sheaths, glunes, and 
seeds of iiature planlts were assayed for tannins, pigments, 
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and precursors of these pigments. We found that red plants 
accumulate 3-deoxyanthocyanidins, (he major pigments ill 
sorghum, but that these were absent in tie tan plants. Il-
stead, tie tan plants accumulated apigenii,. The near-iso-
genically contrasted genetic stxks, Ihough significantly 
different ill phenol composition, did not show differences ill 
reaction to tie leaf diseases, ;,ithracnose (Coll'totrichum 
gramnicola) and rust (Puccinia purpura).Other surghul 
lines which showed marked differences ill their phenlic 
composition also did not show differences in reaction to 
these pathogens. Our studies showed that among sets of 
sorghum pcrotpnlasm we ev,!,alcd tannins, pigments. and 
pigment prc,_rs;ors are , a' :e..stoi;'hle for 'inthracnose or 

rust resistance. 

Nutritional Quality 

Peal Millet 

Nutritional studies on sorghum both in vitro and in vi'o 
have shown 1!hat sorghum gruels have a significantly lower 
protein digestibility compared with rice. wheat, ald oai ,c 
gruels. We observed that whole grain samples of pearl 
millets possess protein fractins similar to manidad not 
witll sorghum. The cross- liinked kafihin fraction insorghtii, 
found in large quantities, has been implicated in the reduced 
digestihiility following cooking. We noted Ihat pearl millet 
lacked large quanlilies of this endospenn storige and Ihy-
pothesized that as a con sequience pearl millet should have 
higher in vitro digestibility than sorghum. Our studies 
showed that digestibility values for pearl millet varieties 
were higher i:i that of sorg ,lILtiaid comparable to that of 
maize. In contr, s: to sorghul , digestibility vallues of pearl 
millet and maize ,id not decrease si, nitcantly upon cook-
ing. Protein distribution patiens 0if :nt auked pearl itlet 
and the shifts in tie different fraction.s as a result tf cooking 
also resembled that of inai ze and rot sorghiit. Th ii to 
acid profile of pearl millet is more favorable Ittan that of 
normal sorghum nod nornal maize aid iscomparabl to ile 
smnall grains, wheat, It Icy. and rice. Ott the basis of these 
findings, we reported that pe,! millet is a nutritiots and 
well-digested source of calories and proteins for hunians. 
Our data, therefore, provided a theoretical background for 
addressing the digestibility problem ii coarse grains, par-
ticularly sorghum. 

Sortihum 

Il parts of Africa where Iow-l anin sorghums cannot be 
grown beeause ofexcessive hird damage, bird-resistant high 
tannin sorghum:; have to be grown. I igh tannin sorghuslS 
al-,o have resistance to field weathering, but possess some 
anti-nuritional properties for monogastric aniials includ
ing humans. In some African contrics where high tannin 
sorghums have been traditionally cultivated, processing 
technologies that alleviate lie anti-nutLritional iproblems 
have been developed by housewives. The effect of a tradi-
tional Ugandan technology, where Itie grain is Irealed witlh 
wood-ash, followed by soaking in waler overight and 

germination was tested by Dr. Sam Mukuru, ICRISAT 
when he spent a sabbatic.0 year at Purdue. His results 
showed that wood-ash treatment is effective in detoxifying 
high tannin grain and imprnves its nutritional quaiiiv to tile 
level of low-tannin sorghum. This and other studies pre
viously conducted by the sorghum research group at Purdue 
have clearly shown that t dilioal societies have evolved 
techiologies that alleviate nutritional problems associated 
with utilization of grain sorghum. 

G'm'tic Diversity 

Pearl Millet 

African pearl millet landraces, while highly drought tol
erant, are often of low yield potential. This low productivity 
is due ill part to the harsh climate and poor edaphic environ
ment. Farmer," traditionally select within a landrace popula
tion bt with the recurring drought and increased pest 
ioifcstalion there is a concent that varialhility anong lan
draces may have decreased conlinually. Artificial selection 
by inan aIld natural cnvironmental selection have certainly 
led to the estahlishlment of landraces with narrow ecological 
adaptation. Effective utilization of available geinplasn ill 
breedin g programs is enhanced if the variation is properly 
characterized and described. Characterization of widely cul
livated landraccs and knowledge of their heterotic patterns 
and combining abilily would be useful in a breeding pro
gram. 

We evaluated pearl millet landraces that have been culti
vated inLcountries south of tlie Sahtra (Senegal, Niger, 
Nigeria, Uganda. and Sudan) for genetic diversity and het
erosis ill cross coihination. We fotnd that the landraces 
were significantly different for all characters evaluated. 
Landraces frot Niger showed much less vaniation than the 
other African millets. Cluster analyses revealed similarities 
betweci Niger atd Seiegal as well as between Niger and 
Nigeria pearl millet landraces. Flowering time, plant height, 
ste in diaenter, spike length, and grain and spike yield 
seemed to be Ihe major sources of diversity among the 
cultivars. Ietrosis for grain yield ranged 25 to 81%. Hy
brids were significantly more Iolerant to downy mildew than 
their better parent. The large helterotic effects and tlie mag
nitude of the additive effects were helpful in choosing pearl 
millet landraces for intercrossing In the development of 
pearl millet cultivars with inproved grain yield for the 
progran ii INRAN, Niger. These gerniplasni have formed 
tile foundation for tie breeding program currently run by Dr. 
Btorou Ouendcba. 

Sorghum 

Utodraces of cultivated sorghums have been extensively 
collected from many parts of tie world. These collections 
have been stored ill gernplasii banks at a few national arid 
interatital research irograms. Unfortunately many of 
these collections have not been properly characterized so 
that their iliniediate utility has been limited. As the number 

126 



Germnplasm Enhancement and Conservaiion 

of accessions in the total sorghum collection increases, the 
demand for time and resources to properly evaluate, charac
terize, and catalogue these collections continues to ov, r-
whelm the capacity of nany of these prograns. The Worid 
Sorghum Collection is known to have many duplicate sam-
pies. Many of the samples, particularly early IS entries, may 
have been misclassified or may not be true-to-type. Most of 
the collections have not been assessed for diversity or rep-
resenlation, either geographically or botanically. It is the 
responsibility of the Sorghum Research Community to sup-
port efforts towards tie proper evaluation, characterization, 
and cataloging of sorghurn germplasm. 

A cooperative effort between INTSORMIL. ICRISAT. 
USAID, and the ARC/Sudan was undcrtaken recently to 
properly evaluate and characterize tile Sudan sorghum col-
lection. Some 3000 accessions were grown in Wad Mcdani, 
Sudan and characterized for major agrononic and bxtanical 
characleristics. 1he collection was later introduced to the 
U.S. via tile APIHIS Plant Quarantine Grow-out Station at 
St. Croix. A more extensive set ofcharacterizaition data was 
collected whilc the accessions were grown out at St. Croix. 
A smaller Working Collection was also sampled. Studies 
are underway to develop proper statistical description of 
diversity in the collection and to evaluat te sm:1ll Working 
Collection as 3 representative of this extensive sorghium 
collection fron Sudan. 

Germplasm lDevelopnent 

Since 1984 a wealth of sorghum germplasin has been 
developed, evaluated, and accumulated tnder the PRF- 107 
project. Deliberate intcrcrosses are made between selected 
parents and segregating progenies are often evalualed using 
larget envilonnents or assays thal were defined and de-

signed specifically for the goal at hand. Sample specimens 
from these selections are often shared with collaboralors to 
pre-test adaptation and fitness in specific environments. 
Based on the responses of the test samlles a larger set of 
selections are forwarded to co)perators for extensive testing 
and are directly in their breeding progr amns. We have also 
conducted extensive evaluation in life program in a halanced 
selection effort where field perfornance at West Lafayclte,
Indiana (for yield polential) and al Isabella, Puerto Rico (for 
tropical adaplation and disease resislance) is complemented 
by specific laboratory assays such as screening for Siiga 
resistance using tile agar gel lechi)ique. As ,a result, 
germplasn developed in otir progrn range fron segregal-
ing populations, randoin mating poplali ms to parental 
lines, experimental hybrids. and elite cultivars that are fit for 
direct utilizalion. A majo r colmiponient of our breeding pro-
gram has involved a generatin of food-lype (tan plant) 
sorghun seed parents expected to conttribut e parental inale-
rial for commercial hybrids with potential for use both 
overseas and in tie United States. 

Training and Networking 

This project has contributed to the graduate education of 
many students. The P1 h;sL served Lschairman, co-chairman, 
or member of tile graduate committees of over 30 students 
during the last 10 years. Many of these students have been 
from developing countries and have returned to serve their 
home institutions and countries. These students have util
ized resources comnittcd through PRF-107 for conducting 
field and laboratory research for their dissertations. All have 
utilized germplasn material or data generated through the 
range of studies conducted in this project. Continued asso
ciation has been maintained with graduates that now serve 
at the IARCs (primarily ICRISAT) and NARS (in their 
respective oime countries). Gernplasm as well as inforna
tion have been shared with former students. With soniejoint
projects have been developed in a collalorative manner. 
Others have been encouraged to form similar alliances with 
Pis at other INTSORMIL institutions. 

The PI has also interacted with other African sor
ghum/millet research scientists in Sudan, Niger, Mali. So
malia, Kenya, Uganda, Tanzania, Botswana and Zimbabwe 
either directly through exchange of visits or through estab
lished networks in the various eco-regions. Tile 
SAFGRAD/ICRISAT and the SADC/ICRISAT networks 
have complemented collaborative ssocialtions INTSOR-
MIL Pis have forged with LDC scientists and their instilu
tions across tile continent of Africa. These associations and 
mecings have also resulted in inlormal networks anmong
African scientists across ecological zones. Conferences, 
synposia, and workshops organized and supported by PRF
107 and other INTSORMIL projects have contributed to 
many of these developments. Contributions made directly 
to hunan capital development through graduate education, 
conferences, and continual interaction through collalbrative 
research remain to be the key component of technical assis
lance by this (PRF- 107) and other INTSORMIL projects. 
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Dr. Vartan Guiragossian, Sorghum Breeder, Fundacion Tecnologica de Sinaloa, Mexico 
Ing. Rene Clara, Sorghum Breeder, CENTA, El Salvador 
Mr. L. Romero -I.,Sorghum Breeder-Agronomist, UANL, NL, Mexico 
Ing. Agm. Mercedes Alvarez. Sorghum Breeder/Program Leader, IAN. Asuncion, Paraguay. 
lng. W. Giesbecht, Agro.iPrgm. Leader, Servicio Agropecuario, Col. Mennonite, Loma Plata, Paraguay 
Dr. Laura Giorda M, Sorghum Program Leader, INTA, Manlfedi, Argentina 
Dr. Francisco Gomez, Sorghum Breeder and Head, SRN, Zaniorano, I londuras 
Dr. Geraldo de Franca, IPA, Pernambuco, Recife, Brazil 
Ing. Jesus Narro S.. Sorghum Pathologist, CIFAPMEX, Celaya, Mexico 
Dr. P. Morgan, Physiologist, Texas A&M University, College Station, TX 
Dr. R. Frederiksen. Pathologist, TAM-124, Texas A&M University. College Station, TX 
Dr. R. Toler, TAM-124, Texas A&M University, College Station. TX 
Dr. L. W. R(mey, Cereal Chemist, TAM- 126, Texas A&M University College Station, TX 
Dr. R. Waniska, Cereal Chemist. TAM- 126. Texas A&M University College Station, TX 
Dr. D.T. Rosenow, Sorghum Breeder, TAM- 122, Texas A&M University, Lubbock, TX 
Dr. R.R. Duncan, Sorghum Breeder, University of Georgia, Experiment, GA 
Dr. A. Sotomayor-Rios, Geneticist. USDAFARS, Mayaguez, Puerto Rico
 
Dr. J. Dahlberg, Curator, US DA/TARS, Mayaguez, Puerto Rico
 
Dr. G. Peterson, Sorghum Breeder, TAM-123, Texas A&M University, Lubbock, TX
 
Dr. G. Teetes, Entomologist. TAM-125, Texas A&M University, College Station, TX 
Dr. R. Smith, Tissue Culluralist/Physiologist, Texas A&M University, College Station, TX 
Dr. G. Hart, Cylogeneticist, Texas A&M University, College Station, TX 
Dr. J. Mullet. Biotechnologist, Texas A&M University, College Station. TX 
Prof. Shi Yu Xue, Sorghum Breeder, Sorghum Res. Ilst., Liaoning Academy of Agri. Sci., P.R. China 
Mr. Chen Ye, Sorghum Breeder, Sorghum Res. Inst., Liaoning Academy of Agri. Sci., P.R. China 
Mr. D.J. Andrews, Sorghum/Millet Breeder, UNL-1 15, University of Nebraska. Lincoln, NE 

Summary 

The objective of TAM- 121 is to bring together in a One major dominant gene and one major recessive gene 
focused manner all those trails which cause the production were found to control the ability to stay green under drought 
of higher yielding more stable sorghums with acceplable or conditions. A consistent relationship has been shown be
superior fxd quality, and have adequate resistance to biotic tween high nonstructural carlhydrates in the stem and 
and abiotic stresses. Successful crop production systems charcoal rot resistance. Two-gene systems appear to control 
require culti vars with high yield levels per unit area and relative water content, oslotic polcnial, and heat tolerance. 
these cultivars must have a genetic potential which can be B35. a drought resislant cultivar, lacks the ability to move 
expressed over a wide range of environmental conditions, sucrose from the leaves, etc., and results in osmotic adjus

ment. RTx430 moves sucrose effectively to the panicle and 
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relies upon other mechanisms to affect drought resistance. 
The ability of some sorghums to remain fertile under low 
temperatures (100 C) is controlled by two pairs of genes. 
Eight genes have been dcscribed whi i.hiffict the food 
quality of sorghum grain: pericarp color, presence or ab-
sence of a pigmented testa, thickness of pericarp, nature of 
endosperm, and basic plant color. 

More than 14,500 sources of germplasm, inbred lines, 
and enhanced populations have been distributed to collabo-
rators. These materials have been incorporated into national 
breeding programs, selected for release to farmers, and used 
in training programs. In addition, 766 replicated trials have 
been shared with cooperating scientists throughout the 
world since this project began. The TAM-121 project has 
developed and released 68 inbred parental stocks for use 
domestically and internationally since the INTSORMIL 
programu was initiated. More than 10 countries are known to 
have released hybrids using materials developed in this 
project. Paraguay has naniled at least five hybrids and area 
planted to sorghum has increased by more than 15-fold. 

Training of students in the project has lead to 26 Ph.D.'s 
from 16 countries and 22 M.Sc.'s from 12 countries. This is 
probably the greatest contribution of this project. 

Introduction 

Production of sorghum throughout the world is limited 
by many and varied risks. Breeding and the incorporation of 
genetically controlled traits have been considered to be the 
best avenues for attacking these production coinstraints. 
Sorghum originated in Northeastern Africa and is the pri
mary cereal of choice in many parts of lie world bcCause of 
its resistance to high temperature and water stress. In the 
early stages of this project it was determined that 
germplasm, which possessed all tlie possible traits that 
affect productivity, should be made available to collaborat-
ing scientists. Because this project is related to end-producl 
deployment, improved or elite gerniplasm is ti, goal. 

During the past 35 years, following the introluction of 
cytoplasmic-genetic iale-st.:rilily. and tlie pIot al of Iy-en ti 
brid seed production, yields have steadily increased under 
the hybrid system. This has been accomplished by mceling 
(he needs of producers and reainiiig alhiead (Oiyici liimitliig 
constraints (diseases, insect!,, stresses. etc.). Miich imore 
progress has been made insome regions of the sorghum 
world than in others. Those areas where sustainable yield 
has not changed, are the areas where this project inipacts. 
However, impact of the project iii the developed sorghum 
growing areas has been good also. 

When this project began, concentration was divided be-
tween Central/South America and several African countries. 
The broad goal was to insure witiespread stabilily in the 
characteristics which affect productivity and to distribute 
this enhanced useful geniplasm over a large part of the 
sorghum growing world, and to gather useful infornialion 

on those characteristics of stability of production in tropical 
environments. Furthermore, we were concerned to incorpo
rate adequate and acceptable food quality with the enhanced 
yield stability germplasm. Without the combination of im
proved yield potential (with resistance to diseases, stresses. 
etc.) and acceptable foxd quality, there could be no real gain. 

A sustainable agricultural system is dependent upon an 
acceptable yield of sorghum 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 constraints where sorghum is considered 
a staple foxd resource. The overall objective of this project 
is to reduce the risks to productivity through enhancement 
of genetic potential by creating germplasm pools, lines, and 
hybrids with gxd to(xl quality, stable performance and 
potentially high yield, wid possessing a high level of resis
lance to significant diseases, pests, and stress factors while 
maintaining acceptance and nutritional quality. 

Materials from the USDA-TAES Sorghum Conversion 
Program and breeding materials from other TAES sorghum 
projects are evaluated for resistance to internationally ira
portant diseases and pests in a c()perative program through
out the sorghum growing world. Large nurseries at several 
locations in Texas which utilize naturally occurring stresses 
along with artificial inoc ulations to determine the most 
useful sources of resistance(s) and economical gene deploy
ment.Screening of advanced and selected itemsire done in 
Georgia. Mississippi, Puerto Rico, Arizona, Mexico, Hon
duras, Venezuela, Brazil. Paraguay, Argentina, Mali, Su
dan, and other sites in Africa and Asia. 

Basic food quality charactcristics are idenified in various 
food systems and then reduced to genetic control mecha
nisms. These are crossed into the high yield materials and 
sent for evaluation as a part of tile whole system. Those 
characteristics which add to the quality of tortiIlas, chapati, 
ugali, kisra, etc., must be a part of the food system and the 
production systen. 

Breeding strategies utilized by TAES sorghum breeders 
are both qualitative and quantitative indesign. Development 
ofRFLP capabilities, tissue culture screenilg ofgerniplasm, 
utilizaition of introducedCexotic germplasm in elite line de
velopment, as well as characterization of biotic and abiotic 
stress phenomena, ireused to insure the sustainable produc
tion of sorghum for grain and forage. 

During the years of this project geriiplas i hls been 
distributed inmany couiitrics which have made gxd use of 
the material. For exanple, Mexico has nairled at least three 
hybrids for national distribution plus much of the current 
Mexicai sorghuni research program uses elite or enhanced 
materials sent into that progrin from INTSORMIL. In 
Gtu atemala. two hybrids have been nrmed which came from 
he Texas strghum project (TANI-121) both have grain 

quality aidequate for footd ulili,Ation. Paragiay has grown 
from a country which grew less than 2,0X) ha of any 
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sorghum to a production of more than 28,000 ia today. Provide adequate gcrnplasmn diversity which has been
Sorghums utilized in Paraguay are food types (ixth varicties genetically enhanced to add potential to existing programs.
and hybrids), grain hybrids for poultry feeds and livestock 
rations, and hybrids for forage and silage. The most signifi- Provide increased yield potential and increased stability
cant thing about the Paraguay project has been the infra- of production torimpact the low economic return received 
structure building which has taken place. The Mennonite from sorghum in stressful environments.
 
community is now fully capable of producing their own
 
sorghum hybrids, distributing them, and providing exten-
 Provide high quality grain characteristics which can be
sion production information to growers. used for food and feed while insuring high nutritional quad

ity and high yield potential.
The idenIificalion of I lagen Dura- I in the Sudan was an


impressive finding. The female ATx623 
was used because Provide a broad array of adequate resistances to pests
of its wide adaptation and yield Jixtci lial. is well as its and stress factors. 
drought resistance. A sister li;ne ATx622 has been intro
duced in China and used in iybrids planted oi tens of Provide graduate training and research leadership en
thousnds of hectares. Tlie Sorghum Research Institute, hancement for co-workers in collaborating LDC's and toLiaoning Province, has used a large quantity of germpllaso assist in training programs within collaborating countries. 
to introduce yield IXtntie ;ti(d bro ad en their use of hybrids.
They are capitalizing on the use of' A/B2 cytoplasmic-ge- Constraints
 
nelic niale-sterility intriduced from this pr ject bec ause
 
inany of the lxal Kaoliang types restore fertility to the A, 
 Yield of sorghum throughout the world isconstrained by
system plus thesec om bi lial ions have high yield p itenliial. risks associated with unstable productivity and cultivars 

which are incapable of providing solutions to these con-Large amounts of gerlnplasii have beer introx]duced into straimls. Sorgi tun is generally grown under less favorable 
programs in South Africa, Zimbabwe, Nigeri a. 7Zmhi a. enviro nieralI conditions in areas of tie world where huiman
Argentina, Horduras, and Mhexico which have been incor- nutriliot l levelsIare at margi nal levels of acceptability. The
porated into nloc.al progra is to add iim pr)vement to local constmr ints to productivity which fe addressed through this
types. T17his material has included pure lines, released mate- project are genclic limilations to yield, disease resislance.
rials, F, pxpulations, selected breeding materials with spe- drought, inadCluatCly developed germplasm resources, un
cific traits, and other early to intermediate generation improved food quality, arid unavailability of improved
materials for oinsite selection, seeds. 

The original concern ofl this project was to provide elite Sorghum is tie primary cereal of choice in several partsand enhanced germplasn to collaborators who face con- of the world because of its resistance to high temperatures
straints of productivity. During the years of this work avery and water stresses. fi the north of Paraguay, i.e. the Chaco,
large amount of improved germplasn has been distributed west and north of Mexico, much of 1onduras, El-Salvador,
and significant payoff has resulted with the utilization olthat and Giatemala in Meso-America, conditions Iii ii ic promaterial in breeding programs and the release and distri)u- duction of t:i ze. Sorghum fits the need for a cereal grain
tion of numerous improvcd culliv:irs and either parents of resource well but the constraints of stabilily of yield, fxlder,

hybrids or hybrids directly apppripriated fromn tie project. and grain (dul -pur osc usage) utiliation, Lswell ais grain
 

quality adequate for tortilla production must be the focus ofObjectives, Production aid Utilization Constrains research. In West Africa. particularly in Mali, Niger, and 
Burkina [';so: Southern Africa, and much of NortheasternOhjectivcs Africa, teimpera ures and water stresses also present (levas
taling production problems. Photoperioditic resxllsiveressThe overall goal of this project has been to improve the must be added to the constraints. since sorghum for grain

stability of sorghun yields wlhilc improving fiX tdquality must mature outside tie rainy season. Disease pressures
and genera, productivity. WhileIhis isa lug teni program, exerted uot tie germplasni are simil-ar in imany respects
it is designed to create a riseful series of gerriplLsin pools but are often difl'erent in regions and even small Ireas of
and cullivars which possess the traits nccssary Itr suslained pr(xiductioi. lI general, insect attack isnot as specific. These 
crop improvement in ntli nal aard coll ahor tor prograrms. items, a pail tie total produclivity system iareas of con-
Our aim has been to develop frot Ihese pols cnhaced straints which limit successful sorghuir growth.
lines, hybrids, and variciies which are best suited It specific
conditions in each coll hirati rs arca f respoilsibility. Ma- A need for greater genetic diversity is becoming increas
terials are already comilg into widespread use in a number ingly impurtant as we face both biotic and abiotic erosion of
of counlries using this :qplroaich. germplism. Ma erials frotm tie TAES/USDA Sorghum 

Conversion Program have been crossed with previously
Specific project objectives tir the long terin have been identified elite higher yielding naterials and have been 

to: re-selected for response to the constraints of stabilily and 
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productivity. As these more broad based genetically en-

hanced lines and hybrids emergc from the project. they are 

differentially selected for use in Meso-America, South 

America, Africa or Asia. 


Though sorghum is a major food resource commodity in 

much of tie arid and semi-arid regions of the world, very 

little is known about the genetics of food quality. Even
 
though sorghum hls been used for many thousands of years
as a food source, selection for quality has been largely 

subjective and practiced by housewives. It has been said that 
sorghum will bec ome much more important as a fo(od il tile 
latter part of this centuryas tlhe best land and water resources 
are diverted to urbixi growth. It becomes very important to 
understand the basic characteristics which impact qualily 
and to explain their genetic control. 

Thcre is acontinuous erosion of genuplasin and a pres-
sure to use new diverse sources of resistance to pests, 
diseases, and enviroinnental stresses as vell as increasing 
lie quality and diversity of enit-pnkt tic ts, hence there must 

be preservation and cxpaisi(n of collections. Adcqlale 
evaluations of existing collections, new intiroductiois, and 
converted lines are necessary to deteninc usefuless in 
solving or inipacling worldwide sorghltim pr(IhCtivily Con-
straints. 

Drought is a serious constraint to sorghtium productitin 

throughout most of the world. With;.t the sorglum 

geriiplasin reserves there exist large differences i ir reac-
lions to drc ght (lack of water a1nd related high lempera-
lures) and subsequteit perfrtatnicc. Becatse Texas has a 
wide range of rainifall and spanis both lemperale and tropical 
climatic palterns, it is ideal for both large scale field evalu-
ations of drotught resistance plhenoCt1itna ;1d the validalioll 
of lao;iralory screeits of l)hitysiohogic exlalitillsot droiglit 
tolerance. Furilhernioie, because tile envir nmlent f Texas 
represents the climates of world sorghum producliott re-
gio is so well, it is suilableIto screen germ plastn, incorporate 
yield and grain quality compoinents as well as disease resis-
lance, etc. Th1e Sotith and Central Texas nursery sites have 
been critically clhoseni fr screenting atd hreeilin g strgItiittlis 
wilh high levels of resistance to intertiatiolally important 
diseases and adaptatioin phCinilln. 

Working with collaboratinig lhysiilogists, oslnoregula-
lion, heal olcrance, leaf wax concentration,and r()l devel-
opitient patterns have been111CMired atiid transferred to elite 
germ plasii. The importance of intaittin g green leaf area 
through nonsenescence, highIlevels of hlns trictural carbo-
hydrates in tie stem, an] the ability to differentiate 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/INTSORNIL sorghum research prograii has 
and contilues to conltribute suistatinability to the coniltity 
worldwide. The blend of practical fihl evaluations, with 
basic research endeavors. identification, and utilization of 

exotic gernplasin with protection trails. strengthens en
hancement of utilization traits to make products more useful 
and economical for the grower and consumer. This research 
effort in suslaitiability is focused on increased yield of food 
energy per unit area, maintenance of increased yield of 
available protein, and diversification of germplasm to pro
tect production. 

Research Approach and Project Output 

Research Methods 

Gerniplasni resources which have been collected or 
shared front international sorghum improvement programs 
were evaluated during increase or in special nurseries in 
Texas, Puerto Rico, and Honduras. Those materials which 
have traits useful to the objectives of the project were routed 
into either the breeding program or the Sorghum Conversion 
project. Individual collections from Kenya which possess 
drought resistance, atthid resistance, and Sriga resistance 
were crossed in the greenhouse to elite project materials. 
Basic breeding strategies were utilized which are bolh quali
lative and quantitative to develop populalions of individuals 
for evatation and sub)sCquent selection. lThis project is 
cooperatively involved in tie development of an RFLP map 
of tile geno ie. This technology will be useful insorghtin 
the future as ameans of locating desired genes for breeding. 
The project also is involved in the use of RAPD's to assist 
in the identification antiutilizalion of genes associated with 
heiglit, maturity, groain qlundity, and droIughl. This project 
uses peiligree breedting, wilh limiled backcrossing, to trails
fer constl iilsolutions ti elite breeding lines. Development 
of fetnales iii tile of hybrid vigor was extended touitIlizatio 
include A,.A),aid A3 cytoplaslnic-genclic male-sterility 
systems. 

Materia lsfromite ongoing improvement progratn oft his 
project, the Sorghutn Conversion Program. and breeding 
selections fron oticr projects were evaluated for resistance 
to internationally importalt diseases and insects. The evalu
ations were tiade iti critically selected nursery sites and 
through a cotipertive antlid collaboirative special nursery 
evaluationi proglin. An all disease and insect nursery 
(ADIN) which consists of 70 entries and two replications 
includes critically selecled niamlerials fron several TAES 
p)rjects: i.e. itew sources of resistatces, old sources of 
resistance, and specific race or biotype marker lines. Other 
nurseries preparetd either by the ri-,,t or cloperatively 
serve allinvestigators and collaboraling scientists by pro
viding useful gernlplasti to prograiis. Primarily. these 
gernplas evaluat(ills nurseries are used to collect critical 
tIata til geitetic/eiviinnitental respoinses which can be used 
in breeding activities. 

Large nurseries itt sevcral critical locations inTexas use 
nalturally Ocurritig tlisease, insect, or environ ental 
stresses tO I titide the base for evaluations. These nurseries 
and arlificial in(iculations are used to determine thte most 
useful Sources of resistance(s) atn] meliodology for gene 
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deployment. More than 30.0(X) selections were evaluated in 
these nurseries by this project during this reporting period,
More than 40,000 selections were made in the nurseries for 
future evaluations or utilizations. Screenings and critical 
evaluations of advanced breeding selections were made in 
Georgia, Puerto Rico, Mexico, -londuras, Venezuela, Bra-
zil, Paraguay, Argentina, Mali, Sudan, Kenya, India, and 
China, in addition to the Texas based nurseries. 

New breeding populations were created in the green-
house from specific crosses among elite fo(xJ quality mate-
rials, disease resistance sources, nonsenescence types with 
high sugar levels in their stcms, lines with greater green leaf 
retention, and drought resistance. Many of these materials 
were crossed to the introductions (27) obtained from Kenya.
F2 evaluations and selections Were made in 1992 in the 
drought and adaptation nurseries of South Texas, College 
Station, Lublxick, and Chillicothe. More than 200 different 
Fl hand emasculated crosses were planted by transplant 
techniques to produce F, seeds for future evaluation and 
selection, 

Evaluations of inbred lines and advanced hybrids were 
made in multi-location trials to characterize yield of parents, 
Fl , 3-way, and double-cross hybrids. Trials were carried out 
in Iwo dryland and two irrigated sites in South iad North 
Texas plus four locations in Kenya. 

Both field and laboratory trials were conducted to deter-
mine the inheritance, mle of action, and host response of 
known head smut sources of resistance. A special seed 
production study was initiated to determine cultivar differ-
ences when desiccated prior to seed harvest. This study was 
conducted in two diverse environments, 

Research Findings 

This project, 'The Enhancement of Sorghum Germplasm
for Stability, Productivity, and Ulilization', acts as a deliv-
ery vehicle for several projects in the CRSP by bringing 
together all the critical components to affect sustai nabi lily
of production. Not only are the basic germplasm resources 

cooperative in nature but the collaboration with LCD's is 

cooperative also and includes scientists and 
 yraduate stu-

denis. Large field evaluation nurseries are grown in areas of 

significant climatic variations and are especially designed 

to allow for selection of desired recombinations for appro-
priale yield, stability, drought tolerance, disease resistance, 
and grain quality. Major emphasis has been placed upon the 
development of tropically adapted cultivars with high levels 
of nonsenescence and high yield. Because this project func-
lions in adistinct climatic region critically situated between 
temperate and tropical enviroinnets, it iseasy to select and 
evaluate types for broad and widespread distribution espe-
cially into Sahelan tropical areas. Tie basic breeding goal
of this project is to create abase of yield that is both higher 
and sustainable across varying environmeital conditions 
and to add orenhance mechanisns and trails which increase 
value and performance. 'There issignificant interaction and 

exchange of information and germplasm from TAM-122 
and TAM- 124. The close cooperation and evaluations with 
TAM-126 insure the inclusion of new sources of food 
quality and newly identified traits which affect food utiliza
tion, plus adding new sources of technology to the important 
enhancement activity. 

In 1992, the environment presented challenges to the 
breeding program across Texas. Early season was very wet 
and cool followed by extended periods of cloudy conditions. 
Summer turned very dry but temperatures were not exces
sive. Disease expression was relatively high, particularly 
headsinut and some of the foliar diseases. Expression of 
tropical and temperate adaptation was less than normal 
because of the extended cloudy periods. Approximately 
6,800 selections from advanced and early generation mate
rials were made in the Corpus Christi, Robstown, and 
Beeville nurseries. At College Station, more than 11,000 
selections were made from various levels of breeding popu
lations for seed number per panicle, green leaf retention, 
disease resistance, grain quality, tropical adaptation, and 
yield potential. In the female development program there 
were 2,065 sets of A/B lines backcrossed to produce 7.970 
pairs for further evaluation. Selected advanced females were 
lop crossed to elite tester males for evaluation in F, hybrid
combinations. Several introductions of poltenlial new fenale 
sources were obtained from Australia, Argentina, India, and 
China, which was backcrossed and seed quantity was in
creased. 

Five sources of Striga resistance were obtained from 
Kenya and increased md crossed to RTx430 and RTx436. 
SAR24 appears to have resistance to both Striga asiatica 
and S. hermnonthica and ICSVI 006 is a B-line. The other 
lines with resistance are SRN39, ICSV1007. and 
ICSV 1021BF. Eleven lines were designated to have resis
lance to aphids. The particular species of aphid was notgiven but both the lines and segregating progenies with these 
will be evaluLted. Crosses were made to RTx430 and 
RTx436 to incor)orate tie resistance into photoperiod in
sensitive types. Tile materials obtained with aphid resistance 
were designated as follows: ENT53, ENT62, WM#177, 
WM11322, FGYQ336, FGYQ353. (TAM428*SC502-),
PGRCLRI#69414, PGRCLR#69442, PGRCLR#222878, 
and PGRCLR 11222879. A additional I I cullivars idenli
fied as having drought resistance also were obtained from 
Kenya. These materials were grown in tile quarantine green
house and then grown in the winter crossing grcenh,)use of 
1992-93. Each of these II cultivars were crossed to RTx430 
and RTx436 to incorporate the resistance in short photope
riod insensitive materials possessing elile yield and quality
traits. All but one of these lines have while translucent grain 
and only two Iave non-tan plant color. These materials 
loo>ked quite productive in tie winter crossing greenhouse. 
The following are designations of the materials provided 
and labeled drought resistant: EPSON-2-0M8, EPSON- 1-91, 
EPSON-1-98, EPSON-I-086, EPSON-2-40, EPSON-2
118, FGYQ#336, ICSVI 164BF, IS23496, PGRCLE 
1169414, and PGRLE020079 I. 
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Experiments were designed to understand the gcneticand 
ontogenic characteristics of resistance to anthracnose 
(Coletotrichun graminicola (Ces.) Wils. in sorghum. This 
research was carried out by Dr. A. Tenkouano at College 
Station, Texas; Lafayette, Indiana; and Isabella, Puerto 
Rico. 

Resistant lines SC326-6 and SC599-1 IE were crossed to 
susceptible lines BTx623 and B35-6 to derive F,,F2 . and F3 
progenies, and the disease response of these materials was 
tested against one avirulent and two virulent isolates of the 
pathogen. Resistant and susceptible lines did not differ in 
their ability to respond to infection. However, symptom 
development varied with plant genotype and age at inocula-
tion. The resronse of SC326-6 was typically hypersensitive 
whereas the reaction of SC599- I I E was of a slow symptom 
development type. Contrasling with these resistant re-
spouses was tile behavior of the susceptible lines, which lost 
the capacity to restrict lesion growth in older plants. 

Three 3-deoxyanthocyanidin plytoalexins were shown 
to accumulale inresistant lines and their F, progenies to 
significantly greater conceltralins than in tile susceptible 
lines or F hybrids in restonse to attempted infection by tile 
pathogen, regardless of the developmental stage of'plants. 
This response was due to earlier onset and faster rate of 
synthesis of the phytoalexins in resistalt lines compared to 
susceptible lines. PhVtoal cxi n CIICnitInitiO n was con5sider-
abl y lower in plants that grown beyolid1:h1d tile juvenile 
stage. Of particular interest was tileanti-microbial activity 
of these phytoalexins since they inhibited tfonniliaion ot' 
appressoria by fungal propagules in vitro. Earlier availabil-
ity of these toxic compounds inresistant lines may explain 
their capacity to restrict infection collpar-ed t(0 suiscepItible 
lines, 

Resistance in SC326-6 was not the same ais in SC599-
IIE.the latter line displayed reversal of ilsplhlnotype from 
resistant to susceptible as plants aged. Reversal of resistalce 
occurred also in SC599-1 IE derived progenies. Inconltras. 
the phenotype of SC326-6 and its progenies were st;able 
throughout all growth stages. Ilhis and tile IbillI(Jal disribu-
lion for anthracnose severity index fretluenciCs sugCsted 
that resistance was controlled )vdom1inance at atsingle 
multi-allelic locus. 

Restriction analysis of DNA flrom SC326-(. BTx(123. 
and 60 F2 's produced a syntenic group colaining tile an-
thracnose resistance locus, which was 23.8 cM and 25.9 cM 
away from flanking RFLP loci Xtam3() and Xlall Il)(N, 
respectively. 

Sets of experiments were conducted to evalua te tile use-
fulness of horizonital resistance to head siut (Sporisoriwnt 
reilianum (Kuhn) Langdon & Fullerton insorghum. This 
research was carried out by Mr. Alejandro Palma C. at 
College Station, Corpus Christi, and Thrall, Texas. 

A set of differentials which contained either spent or 
current resistance source genes were crossed to produce an 
array of F, hybrids. These parental stocks and their hybrids 
were evaluated using asyringe inoculation procedure with 
four different isolates representing different races of the 
fungus. Entries of the Uniform Flead Smnut Nursery (UHSN) 
plus controls were included in field trials at College Station 
and Corpus Christi. 

Results from infection studies suggested that the older 
race I, 2 appears to be either disappearing from the soil 
medium or losing its pathogenicity. This wLs further sug
gested when the results of the 1987 to 1992 ratings taken on 
the UHSN were compared. Results from artificial inocula
tion showed that the best hybrid combinations for horizontal 
resistance were obtained when ATx635 was used in crosses, 
regardless of tie different degrees of susceptibility to the 
isolates of the otlher parent lines of tile hybrids tested. 

The horizontal resistance to head smult observed in 
A/BTx635 and its combinations was expresc;d as a domi
nant trait (complete). This cultivar was classified to convey 
horizon al resistance to races because of factors present in 
ieristematic tissue (condition of non meriste Illat ic tissue 
unknow n). Itappieared that major loci control resistance and 
a series of polygenes modily that resistalce inthe host. 
Because susceptible parents contributed different degrees of 
susceptibility 1 their hybrids, dominance or epistasis was 
inlferred. No evidence of additive gene action was observed 
when sevcrl slp.ent )yrmided (stacked).genes were 

2The X analyses for Ile F-2generation derived from 
ATx635*SC24 I- I4E (R*S) did not fita 3: 1.It wais assumed 
that tile liorizllal resistance in A/BTx635 is under apoly
genie control with complete 1ominance which should be 
easily transmitted to its hybrid progenies. 

A colmplex set of very basic studies were carried out to 
study the effect of tile ma.;R mutation on phytochrome, 
gibberellin metlaxllism, and photopcriodisln insorghurn. 
This research was carried oultby Dr. Kevin Childs, in my 
co-worker's laboratory (Dr. Page Morgan). 

The M:__1gene insorgium regulates phIoloperiod sensi
tivity. Cilli-vars vith tile 1in13R allele are essentially photop
erix insensitive, are grealry elonhgated, and contain high 
concentratlions o gibberellilI: . The hypothesis that the sor
glum majR allele results in ab o1n1al phytochrome regila
tion of gr-wlh anld mlaturity was studied. 

Phytochroic control of anthocyanin synthesis and R 
mediated deetiolation wais not apparent in ma R sorghum. 
Sorghum contains two phytochromcs with -aparentIllo
lecular weights of 123 a1d I26k D. ina R sorghumls did not 
possess the 123kD plhytochrome. Th- 126kD and 123kD 
phytochromes were temlativcly characterized as phyto
chromes A anid B. respectively. 
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Gibberellin metabolism Was concluded to lbz more cor- cultivar, flowered in 82 days after planting (Table I). Seven
plicated than previously believed. Gibbkrellin levels were entries from the Texas project (TAN 1-121) flowered fron I 
found to vary by both tissue and time of day. The 123kD to 14 days later than CS M388 when planted at the beginning
phytochrome was implicated in the differences seen in gib- of the rainy season. Six of Ihese we'e F1 hybrids made using
berellin concentrations between tissues, early fenales crossed to early naes, the other was Grassl, 

The integrity of the biological clock in in_a.R sorglhum in 
was teste 1.Chlorophyll a/b binding protcin (CAB) mRNA 
was found to cycle circadianly in nmlR and non-m aJR 
plants. The periods of CAB mRNA cyclifg in constlantlight 
were different in maR and non-ma.%R plants, but during 
normal phtoperi(xs,-cyclinig was noriial between the geno-
types. The biological clock was shown to)function properly 
inma.R sorghum, butlthe mechanism for entrainnient ,,is 
altered in constant light. 

Plants were grown under different photoperiods and 
growth measured. Photoperiods of 23 and 24 hours were 
found to inhibit elongation of non-ma.R sorghum. This high 
irradiance response was nlot evidefil ill ma1 R sorghum. 
Howevcr, floral initiation was significamitly del-ved iulltia R 
plants by long ptiot(lperids. Sorghuml with iiiaR areT-
toperi ox sensitive, but the degree of sensitivit is greatly 
reduced. ilternode clongation occulTed in mIIaR plants 
grow11 under long phltoperi ds. Thuills, ill( ideLll ctgati li 

grw ndrln neroeeonanpooerosTuswaLs separaled fronioflowering. This suggests that the prem-
ise tha t g ib be re llin ot v a lid.s co n tro l flo we rin g is 

SorgliuLn grown illn uLIcIiof S ahelia I) Africa is sown at 

the onset of'rainsaaS dayleigtlis are increasing. Rains usually
are irregular in date of initiation. These planits then grow in 
a vegetative state for iperiod of 60 to 901 days ill which 
they are on-responsive 1( iLdicu11 via photopcriod. Once 
pholoperiod decreases past some critical uitlitim (prob-
ably 12:30 to 12:10 hirs) the plainis are iiduced ailnd floweril,t1 
occurs inabout 30 days. Flowering begiis with the cessalion 
of rains, grain develops, an11d taltures ill thestibseqtticitIV 

following dry enviroinmlleial conditiots. 


Traditional American type hybrid sorgliutmis have ex-
pressed major yiel advanlltages over traLdilional African 
varieties but they succutmb to severely damaged grain be-
cause of lo) early maturation. These sorghlums simply mia-
lure too quickly t( escape tliehigh humidity environment 
created by lie mnsoon rains. 

It would be extreincly useful Ito iave F1 hybrids which 
express 20 to () percent heterosis, wilh superior or :ccept
able food qualily, but which flowered SutffiLicoitly latc to 
escape the IllonsonX rains. In order to accomplish this, tlere 
would be a ineed to create liew niialturitygel)e combinatinis, 
or use phol[operiol sensilive pirlllis atd use shonl-day off-
seasonIl production to proucetice hybrid sect.ds. This would be 
quite risky. 

A 20 entry trial conliinillg inbred lines and [Fthylbrids 
which differed in phottoperiol sensitivity (plus two local 
checks) were grown in SaantaiikonidLoigorolia, Mali from 
June to early July planlings. CSM388,a locally ilmportant 

a sweet sorghum. Iliese F hybrids combinations utilize a 
liue matluriy geie oClbinalit(n proposed to exist by the 

late J. Roy Quilnby. This is a very significant finding. Even 
ltough yield of grain was not acceptable, maturity can be 
manipulated to create hybrids that will flower at the end of 
the rainy seL.son. These F, hybrids can be produced in Mali, 
etc., or in a developed cotiy where the technology for 
hybrid production is in place 'mid then transported to Mali, 
etc., for sale and/or distribution. 

Table I. 	Results of different variables forsorghun lines 
and hybri(ds with differential responses to pho
tperiod, Snimanko, 
1992). 

Cull var Lealfdisease.L; 

FInirvdesigii;ii raling 

I() A.l'x,632 1tllBA3 3.0 
211 A'.F\31't:R.It1 t 2.)12 ( As, I .1)01 
1 8 A 6 1 A 3 . 5 
IS A'lx6)31 *tlI,.. 3.5 
lb ,,V'.623 'iilA3 4.5 

17 A'lxi294ttlA3 4.5 
15 AX6(26' lt.A3 3.5 
21' (5M.8 2.5 
22" t.oa8 2.5 

5 I1 (35 

14 AT'629(h;,sl 3.5 

( Sulefo 5.0 
1) Iirado 5.0 
I At 55*R85(Y) 1.5 

It Rio 3.5 

7 BlTx63 1 2.0 
6 Tx AR;-.I, 4.0 

13 Alx623Rio 2.0 
3 A'T.%635*Drado 4.5 

2 ATx635* R8505 3.1) 
4 ATx378*RTx430 2.0 
8 FRM.I'IA 4.0 

CV14, 

X 

Mali (plinted ,July 7, 

Reulls
 

,,sto He ight Yield 

;lU1lleis (m) (TAu.) 

96 2.77 1.56 
9)3 3.082.72 1.560.89 

8 4 0 . 33 
84 3.08 1.33 
83 3.17 1.14 

83 
83 
82 

3.12 
3.00 
3.87 

1.20 
1.97 
t.90 

82 3.80 2.48 

3 2 

80 2.83 2.60 

79 2.00 1.84 
77 1.42 1.33 
74 1.97 2.42 
73 2.37 1.27 

73 1.35 1.27 
72 1.08 0.89 
72 2.68 1.96 
71 1.77 1.77 

67 1.42 1.46 
64 1.37 1.97 
62 1.65 0.70 

2.11 5.45 19.48 

78.1 2.36 1.56 

Wliite grain sorgui hybrids conltinte t)be placed it 
high levels of iiipiprlilice iiiilis project. There are slill 
overall yield aldvanliages associated wilh Iliese light colored 
gra iii iypes. While tilere are advaintages wiltl yield, leaf 
ttuLlity, dulperhips disease resistance, thereaare linitations 
associated with grain weallicri ng (appearance of Ihe grain 
only) and discoloration in higher huitiidity environments. In 
1992-93 ie IFSAT (Intcrnitionall FXd Sorghuin Adapla
lion Trial) was growii at 2 1 locations inithe U.S. and inter
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nationally. ATx635, ATxARG 1. and ATx631 females 'are 
providing high yielding hybrids when crossed to a wide 
array of good R-lines. Several new comhinations were in-
cluded in the 1992 trial which prouuced lan piam color and 
red or red translucent seed color. These hybrids did not 
appear to discolor or weather nor was the staining of the 
grain from glunmes or insect punctures objectionable. Scv-
eral hybrids from this trial have been selected by collabora
tors for further evaluation and possile distribution. 

In 1992-93, 28 ITAT's (Internaltitnal TropicAl Adapta-
tion Trials) were distributed. This trial contains both parents 
and hybrids and allows collaborators the opportunity to 
quickly recognize useful materials. Suslainahility of pro-
duction is a measure of a crop's succems over time and across 
lxations. This trial allows uis to nonitor gemlo Lsmn useful-
ness and which unique combinations can be exploited, 

Netwrking Activities 

Workshops 

SICNA Sorghum Workshop, Manhattan, Kansas and 
Lincoln, Nebraska. September 9- I1, 1992. Participated in 
review of research activilies at these sites. 

Research Investigation Exchanges 

Dr Graham I1aminer, CS IR0, Australia, July 13. 1992. 

Ing. Carlos Shaw, Sursem Seeds, Pergamino, Argentina. 
July 18-19, 1992. 

Dr. Paul Menge, Sorghmn Crop Consultant, St. Louis 
Park, MN, July 30. 1992. 

Dr. John Scheuring, CIBA-GEIGY, Basle, Switzerland. 
August 5, 1992. 

Dr. John Stcnhousc, ICRISAT, Andhra Pradesh, India, 
August 11-14. 1993 

Mr. Dries Booyens, PANNAR Seed Company. 
Klerksdorp, South Africa, August 25-26, 1992. 

Mr. Yami Fushi, Snow BranedSod Copnl:y, Japan, 
August 28, 1992. 

Dr. Keith Andrews, Zamnarallo, Htonduras, March 22. 
19 9 3 . 

Dr. Geraldo de Franca, IPA, Pernambuco, Recife. Brazil, 
April 10-19, 1993. 

Ten students ii agriculture - Uiiversity of Gu17dlj.993 
Mexico, May 17. 1993. 

Caruine Laserna, Bogota, Colo mbia, June 4, 1992. 

Mr. W. Mose, Amb:assador, Zimnbabwe. June 21, 1993. 

Dr. Vartan Guiragossian, Exec. Consultant, Fundacion 
Tecnologica die Sinaloa, Mexico, (Study leave). 

Mr. Antonio Cristiani, hybrid trials and production, Gua
tcInala 

Gcrtnplasm and Research Information Exrchange 

In 1992, 26 sorghums introduced from Kenya which 
posLs resistance to Siriga, aphids, and drought were in
creased from quarantine and crossed to elite R-lines from 
the project. The introductions also were grown in the sum
mer nursery to detennine photoperioxI sensitivity and rela
tive performance. F1 hybrids, using Ihese inotroductions, 
were grown and F, seeds produced for future selection. 
These malcrials possess useful combinations of grain color, 
height. yield, disease and insect resislance, and food quality 
which are usefuli t) Ife rAMU/INI*SORM.!IL program. 

During this repellting period a large nImber oflreeding 
lines, gerinplasmn resources including F, through advanced 
generation breeding populations, A, B. and R-lines, con
verted lines, cytoplasm sources, and experimenal hybrids 
wcre increased and many distrihuted to international and 
domestic coi!:lxiralors. We distribute over 1,3(X) different 
acces.: ions anld 94 trials dhring the 1992-93 period (Table 
2). Thesc mIllaerials included both old and new matcrials plus 
enhmaired stocks possessing resistance to various diseases. 
imnsects, drotlIt stress, teri;..oratire stress, genetic stocks for 
maturity, height, pericarp, edospen, and plant colors, 
tropical adpt:ation. d:11Iother traits. In the 94 trials which 
were distributed were the I0t,,natin ial Trolpical Adaptation 
Trials, Inlenational Food Sorghum Adaplation Trials. In
ternational Sorglum Virus Nursery, Genetics of Pericarp 
Nursery, and nany modified I lybrid Evaluation Trials. 

Table 2. Seedstocks distributed from TANI.121, Col
lege Stati n TX during 1992-1993. 

nliemationaI I)omeslic 

Type of No. of No. oit No. of No. of 
1I ri k - LL,.1 W\ n r uc'i.C.viOM requJsts tessl 

Vaailie% 300 2.1 102 2 

I, ptlioulo 2.1 352 -
Bivccding sleeks, 031 15 52 18 

tlybrid sceds 51) 0 45 10 
"'ri;,at 3.1 13 60 3 

Sum/i0rms dllrihulcd 115.1 61 251) 5') 

Sorghun advanced breeding selections were made and 
entered into co(operative inlenialional trials including tihe 
ADIN, II)IN, GWT, IDMN, IAVN, UIISN. and several 

(rought nrseries. 
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Developed lectures for presenttions inthe field nurseries 
for international and domestic exchanges in Weslaco, Cor-
pus Christi, Beeville, Robsiown, College Sltalion, and 
Thrall, TX. Presented field n(laIaboratory tours for dele-
gales from Egypt, India, Japan, Colombia, Venezuela, Ar-
genlina, Paraguay, China, Zimbabwe, Mexico, and 
Australia. 

Table 3. Summary ofrgermplasm, see(slocks, enhanced 
lines, hybrid Stocks, and trials distributed from 
TANI-1212 1979 to 1993. 

Type of 
materials 

Ifnenrational 
(No. of acces iots 

Domestic 
(No. of accessions) 

Varieties 

12 1xpu l atio n s 
27'9 

570 

627 

-
Breeding stocks 7030 51X)8 
Ilybrids 680 300 
Trials 459 307 
Stim/items distributed 9018 6242 

Table 4. Summary of releases of inbred lines from 
TANI-12I duringtl e_project life, 1979 - 1993. 

No. )esignation )evelipea(
I A/BTxAR(;. I IN'I'AfIlAN t 
2 A/ltI'x635 I t/l['RISA/IFNTA 

3 AJ41"x36 T~tlSa.
3 l,13,1 036A 

Table 5. list of materials from TANI-121 known to be 
used in v:rious countries. 

No. I)esignaioll Country 
I Freddy (ATx62. (;enleafi 'aFagay0 

2 184.1(18.14"I'MTx430 
 'araguay 
3 CIIACO-i (A'x623*tlegari) 'araguay 
4 Alex Red (PIx 78Rlx43.11 t'araguay 

5 )orato P'araguay 
6 1lageen )ura- I (ATx623) Sudan
 
7 ICTA-777 (Ilyhrids) Guatemala
 
8 IRT'1'A-888 (lytrids) 
 Guatemala
 
9 A/l(T.622 People's Republic of China 
to R.Tx430 (lyhrid .1 Mexico 
I I R.Tx434 Illyhrids) Mexico
12 A/WIx631 (Ilyilids) South Africa
 
13 A/l'lx63 I1 lyitids) 
 Argentina 
14 R." x430 (I lybrids) Guatemala 
t5 R.Tx430 (Itlyorids) Argentina 
16 1lJ83 (1lyluids) Mexico 
17 t11S5 ,Itvltids) Mexico 

Publications and Presentations 

Publications 

The. ,M.P.K.J.,R.W. Toler and F.R. Miller. 1992. Increased host range of 
sorgiumin
yellow IWilding viiesin sorghum cultivars. Texas Agri. ixp.%Il)-
1731)

M iller, F.R . imp roe e19)92. mtir.s ill Sorghum D uring lie ILast25 Y ears. 
Second Atistr;tlairl Sorghtuin Conferentce. (Giltn,Queensland. Aistlra
lia. 4-6.Fech. 


Miller, FR. 1992. Sorghiuu - Red. While or 
 Yellow. I)alby Sorghulin
Growers Seminar, Datlby Faimers Day. IDald. Australia. Feb. 7.M iller F.R. 9I2. mlti1 ingsoiglhum rrofitatilily in(Cetral lighla ls. 
A foctJs oi new mirkets. , otillics, ildCrop algrloolny. (elitl 
Highlands Sorghumt (htiriers Setititar, 'ntcralih Ittiters ;iDay.hitter-Astrali.Full. 8. 

F.R. I192. 'uletlialnew itleases (it Sr liti) ill1992 from CollegeStation itlliti, e ptliigrum. discussion. Texas Seet Tiaderot; I'anel 

Assuciatioii,1'iiiUd itiin 
 jLhtResC;OCi (UOtlferLciue. )Dalla%,TX lain 26. 
29.
 

Rooney. L..W.. F.R.."iller. ).T.Rosetow, util R.D.Wamiska. 1992. Jowar,
a itew cereal tr load ulioii it. At itiartn Assciaior of Cereal 
Cheni iti,I'rocetdigS.Sept. 20t 23.
 

Sandterson, M A. and 
 :.R.Miller. 19)2. Atttiniic failsqualily ofexpeilitetal f rage si atd forage 
o utumuhybrids. July 1.1.22. Ii..CropSci. CoIgr. At ics, IA.
 

Rosenow. I).1..
( ;. C. I ' eI ii, F.R. MI ller,I..".('iIf. J. I aliellcg_ and A. 
Solonrayor-Rios. 1, Releicto lau S(1catiserletlexotic 
linesfloor[lie Wold Soightlt 

if itreclers 
nient Stati, 'l'esa A&M ( Collectitn. Texas Agricultural I'xjeriticrt'sity ('ollege Stattion. TX atJI UnitedStates I)epartnetll o Agrichtlite. Agiiculiual Research Service, 
\Vathingttla, ID.(. 

NMcltee. (.(. ;tldF.R. ,lille. PP. Slill LalxihydtMe alldlignin ctocentI:tiiii, inSuiightl l i, ihx ihit t Seven gro\kIstages. ('lop Sci.33:53053-1.
 
ciki uo.i A.. R.X II.I I lait, l i , . RA. tet.elk,eI ai i RI.. N ichoIl
soil.I )2. I'h)Iti'lemill
27r allillracitlse iCtt+l+assay it jtu\sei leswightrliiiise : Art aidl tniceding('u )Sii. 33:2.13-2.A., F.R Miller, R.A. hederksen, andI.T.Rosenuw. 1993. 
(Ciietics if utiiiidsellcelLte ;jlultarial resistaiteerat in Sorgitirn. 
"lhtetiriicii witll Applied GCCt iUCS85:516.4-08. 

li'le, J.P.,R.A, Frdetiksen, atd F.R. Miller. 1993. The associi tion of
gellescttltlillirig cirilmis trail s.ilh grain mili l resistance Iltsor
ghutin. 81:.490 4,95.Ilhyhoaflhlog.), 

Morgm,P.W., ('.J.I le, I. . ChildS, K.R. FoiSer. I.I Sariltlis, N.C.Drew,
W.R. Jirdmui, JI. Mulltl,JI.L.Ii. J.(aimey. and F.R. Miller. 1993. 

IA I 
4 A1'lTx637 TANII 
5 Tx28 18-Tx2857 (40) TANII1 
6 Tx 2858 TAI'AMU 

7 R.Tx436 TANI" 
8 R.Tx435 TAMI) 

9 R.Tx434 TAMII 

I0 R'l',133"l'~trAhd. 


II R.Ix432 


12 R.'x431 


13 R.Tx430 
13 A/T 2 

14 A/l1'tx626 

15 A/hlTx627 
16 A/ItTx628 

17 A/1"Ix629 
18 A/IITx630 


19 A/I x631 


20 A,/lItl'x632 


21 G';IIT7R 

22 'Ix2816 

23 Tx2817 


24 TRPSS 
25 "11'15 

26 11'24 
27 CITM31 I IIiC4 I'opulat in 
28 NES R I Population 

29 Tx2786 

0 
TAMI 


'IM 


TANIP 
''AM(I

TAN I) 

TANM1I 
TAMU 


TAMI! 
TAM 

TANIU 

3iller. 

TrA,"l/ 


Georgial'ANII 

TANI 


TAMU 

TAM1) 
TANMILn 

'IAMI 
Georgiat/I S )A/Il'ANI JlTtktiitnO, 

Nclraska/(;cergial'AMI 

TAMU 
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Ilonnones as components of plant regulatory systems. Exaiples front 
typical grasses. Plant Growth Regulator Proceedings. 

Tarpley, L., J.A. l)ahlserg. Dl.M. Victor, and F.R. Miller. 1993. 1 atch anion 

exchange and quantification of 14C heXOse and 1t sucrose. Crop Sci. 
33:338-341. 

Harrison. R.L. and F.R. Miller. 11993.Registration of Della' sweet sor
ghum. Crop Sci. (in press) 

Tenkouano. Aldou. 1993. Genetic and ontogenic analysis of anthracnose 
resistance in Sorighumn bicoor (L,.) Monench. Ph.1D. lissettation. Texas 
A&N University. College Station, TX. 

Palma, Alejiadin. 1993. Evahiation of horizontal resistance to head smutl 
Sporisorium relianii (Kuhn) ILangdon & FullIrtion in Sorghum hi

color t1L.) Moench. M.Sc. Texas A&M Collegelhlesis. ,LUniversity. 
Station. TX. 

Sanderson, M.A., F.R. Miller and R.N. Jones. 19913.:orage iual ity and 
agronomic traits of experimental forage sorghum Iybrids. In Forage 
Research in Texas - 1993. Consolidated I'togrcss RCpolt . 

Miller, F.R. and G.G. Mcllee. 1993. GCnetics and id anageciut of physi
ologic systems of sorghum for biomtass plotictiun. In NMethlane from 
Ilioniass: Science and "l'cclnology. (if] less). 

Miller, F.R. and .L. Grcen. 1993. 1low to raise soightlm inma seli-arid 
area. Miisisili/Zinbabwe l'arimefsilmp, Jacksoi, NIS. 

Sanderson, M.A., M.A. Ilussey, R.M. Jones, and |.R. Miller. 1903. Plant 

populations for forage sorghunis -l*liick or 'Tii? Texas Forage and 
Grassland Newsletter. 

'anlimi, Sujata, K.F. Schenle, F.R. Niller, and J.l. Mullet. 1't93. Optimal 
conditions for generating I'CR :unplitied RAI') maikers for sorghum 
genmne analysis. Proc. l8th Iieiiial ;ain Surg iim Research and 
11tili,.ation (minferece. Lulibock, TX, Fel 28 - Maich 2. 1).33. 

(iouveia, S.I,, .R. Miller, and D.T. Rosciiow. 1903, lie elle t of different 
rates of glylilhosate il teveloplimicnit o charcoal nit (0i, tp/"dlonlinm 
piiseinia) on Olsomse sorgthmi cultivars. ifot. IiSIm lielmmial (Grain 
Sorghumi Research aid It iliimitiiii (otnlecmnc. ilubbt-k, TX. Fell 28 
- March 2. 1. 35. 

Rooney, L..W., F.R. Ntiller. D.T. Risenow. and R.I). Waniska. it')3. 
JOWAR, a new cereal for floud uilialmiom. ilmic. l8th Itienimial Grain 
Sorghumni Research and Utlititiim ('oliteielCMI. l.uhlick. TX. :eb 28 
-NIarch 2. P. 63. 

Tarpley. 1., l).,I.Victor. and F.R. Miller. I93. C'-a ilhite expoll frmil 
upper leases of sweet and grain solghlin hylids. Poe. ISth Iliennial 
Grain Sorghum Research antd I tiliation Conlhemmce. Iuhillck, TX. 
Feb 28 - Marct 2. p. 139. 

Collins. S.I).. R.A. I:rederiksen, (.N. C)dsouldy, I).T. Rutselnow. and F.R. 

Iiller. 1993. l)isease resistant consileld soighum lines. 'roc. 18th 
Itiennial Grain Sorgliunm ReseaFch and I.lli/z1itio ('Olmeremce. lIsu
hock, TX, Fe 28 -March 2. 1 151. 

Vietor, D.NI, ., "larpley. and F.R. Miller. 1993. lailitioning of (,1' assiini

late amiong sorghull leaf caitli)Lmdrites and plaiit org;u s. Agroll. Asst. 
126. 

Peterson, (I.C., J. l)idilrg, l).K. Mulitze, D).T. Rum:eiliw, and 1-.R. Miller. 
1)93. Multi-location ncarest teigllixr alnal>ysis of sorghUmi tata using 

A(;ROIIASE/4TM. Agrin. Abst. 19)2 
Miller, F.R., Karln I'rihoda, and Donald Jakuhik. 1993. Release of 

AIl'1'x638, a red seeded female for sorgliui hylrid produt'iln. Texas 
Agricultural Experiient Station, "lexas A&M I ni\erity, College Sta
lion, TX. 

IHarrison, 	 R.I.. and .R. Miller. 1993. Release (it )lla sweet sorghtuill. 
Crop, Soil and Environmenital SciClL'eS l)ept., Virginia l'Ollyl'echnic 
Institute alid Stale Ulniversity,, lllacksmurg. VA. aid 'Texas Agricultlural 
Experiment Station, Texas A&M University. Cullege Station. IX. 

Prescllatio s 

I993. While smirlmmm ltoit 

Weslaco Fanter's Day. Weslacu. TX. June 1-1.
 

F.R. Miller and Kareti Prihoda. 	 fluir and feed. 

F.R. Miller. 1993. Productivity and sorghumit sieeding. i'xtenial review of 
TAM- 12 1. Corpus Christi and College Station, TX. July 12-15. 

138 



GerniplasmEnhancement and Conservation 

Germplasin Enhancement for Resistance to Pathogens
and Drought and Increased Genetic Diversity 

Project TAM-122
 
Darrell T. Rosenow
 

Texas A&M University 

Principal Investigator 

Darrell T. Rosenow, Sorghum Breeder, Texas A&M Agricultural Experiment Station, Lubbock, TX 

Collaborating Scientists 

Dr. Aboubacai Tour6. Sorghuni Breeder, Sorghum Team Leader and INTSORMIL Country Coordinator,
DRA/IER, Bamako, MaliDr. Francisco Gomez, Sorghum Breeder, Sorghum Breeder and Head,Sorghum Investigations, EAP/SRN,
Zaimarano, Hondura:Dr. Dan Meckenstock, Sorghum Bicecder, INTSORMIL/SRN/EAP, A. P. 93, Tegucigalpa, HondurasDr. Osman El Obeid Ibrahim, Sorghum Breeder, ARC, Wad Medani, SudanDr. Moussa Traor6, Physiologi;t, Ministry. of Rural Development, Bamako, Mali 

Mr. Karim Traord, DRA/IFR, Bantako, MaliDr. L. E. Clark, Sorghum Breeder, TAM-122 (Cooperating Investigator), Texas A&M University, Vernon, TXDr. R.A. Frederiksen, Piant Patholo1gist, TAM- 124, T,,xas A&M University, College Station, TXDr. F.R. Miller, Sorghum Breeder, TAM- 121, Texas A&M University, College Station, TXDr. L.W. Rooney. Cereal Chemist, TAM-126, Texas A&M University, College Station, TXDr. R. D. Waniska, Cereal Chemist, TAM-126, Texas A&M University, College Station, TXDr. G. N. Odvody, Plant Pathologist, TAM-128. Texas A&M University, Corpus Christi, TXDr. G. C. Peterson, Sorghum Breeder, TAM-123, Texas A& M University, Lubbock, TXDr. G. L. Tectes, Entomologist, TAM- 125, Texas A&M University, College Station, TXDr. Gebisa Ejeta, Sorghum Breeder, PRF-107, Purdue University, West Lafayette, IN 

Summary 

The objective of this project is to develop sorghum
cultivars with enhanced resistance to drought and diseases 
thereby reducing losses in grain and stover yield. Diseases 
and insccts reduce yields, stability of grain yield and in-
crease production costs. This project emphasizes host plantresistance and pursues its objectives by identifying and 
developing disease and drought resistant genplasm in ge-
nelically diverse backgrounds for use by host country and
U.S. scientists. Another component of this project is to
collaborate with host country scientists, especially those in
Mali, Sudan, and Honduras, in all aspects of their crop
improvement programs, including training, thereby
strengthening the research capability of the host countries. 

This project has contributed to the understanding of
drought resistance in sorghum. Two distinctly different 
responses have been described, prc-flowering and post-
flowering. Field screeliing techniques for both have been 
described and their success demonstrated. Excellent sources
of resistance to both types of moisture stress have been
identified and progress has been made in transferring the
resistance to higher yielding, well adapted genotypes. The
drought responses described in Texas have been shown to 
be applicable to other countries such as Sudan, Mali, Niger, 
Kenya, Botswana, and Ilonduras. The finding of an excel

lent source of resistance to post-flowering drought in
SC35(IS12555C) has been significant. This "stay green"
trait provides excellent resistance to premature plant death,
and subsequent charcoal rot and lodging. 

The disease resistance comxnent has focused on dis
cases important both to Texas and internationally. Emphasis
has been on downy mildew, grain mold/weathering, char
coal rot, head smiu and anthracnose. Most of the disease
resistant sources currcntly in use worldwide by private
companies, as well as in use by public programs are from 
sources of resistance identified or developed by orcoopera
tively with this oroject. 

Numerous gernnplasm materials containing resistance to
drought and diseases and other desirable traits have been
developed and disiributed to inteniational and domestic 
programs. This includes resistance to tie head bug and
Strqa, two devastating pests of sorghum in Africa. Also, 
many native landrace cultivars have been collected, intro
ducc-d, described, put into permanent storage, and evaluated 
fbr useful traits. Preservation and utilization of the biologi
cal diversity in sorghum is critically important to long term 
sustainable sorghum production systems. 
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Research in this project has resulted in the release of 415 
germplasm lines, populations, parental lines, and converted 
exotic lines. The research has resulted in 39journal articles 
and J34 articles in printed proceedings or as abstracts. The 
PI has been a member or co-chaired 35 graduate students, 
many of them being international students. 

Introduction 

Drought isthe major constraint to sorghum production 
around the world, especialy in semi-arid areas where sor-
ghum production is concentrated. Lack of rainfall results in 
devastating yield losses in Sub-Saharan Africa and per-
odically in the Great Plains of the United States. Moisture 
stress prior to flowering has a major direct effect upon grain 
yield by reducing panicle size and the number of kernels 
produced. Post-flowering stress induces premature plant 
death and often subsequent charcoal rot infeslation and 
lodging, resulting in major yield losses. Although sorghum 
inherently has good drought tolerance compared to many 
other crops, these are major diffcrences in response among 
sorghum cultivars. Improving drought resistance of sor-
ghum contributes to yield stability and enhances tie food 
supply of subsistence farmers in developing countries. It 
also helps reduce price fluctuations resulting from major 
variation in production. Improved drought resistance re
duces the amount of supplemental irrigation nceded in the 
U.S. where sorghum is irrigated. This contributes to the 

conservation of water and reduces production costs. 

Diseases are important constraints to sorghum produc-
tion worldwide, with specific diseaises often being site spe-
cific. They reduce grain yield, reduce the food or processing 
quality of the grain, and the feed value of the stover. Head 
smut, downy mildew, grain mold, charcoal rot, and anthrac-
nose can cause severe losses in the U.S. In developing 
countries, grain mold, charcoal rot, anthracnose, and Siriga 
are especially devastating. Host plant resistance is an envi
ronmentally and economically sound approach to control-
ling diseases. Production is stabilized and the need for 

pesticides is greatly reduced. 

The head bug-grain mold-grain quality complex in West 
Africa is the major constraint to the use of high-yielding, 
non-Guineense sorghums, either directly or as parents in 
crosses. Local Guineense cultivars gencrally suffer only 
mild head bug daniage, whereas the grain of introduced 
non-Guineense types is often devastated, rendering it unfit 
for traditional food products. Sources of resistance to head 
bug are rare, but one good source has been identified and is 
now a major part of breeding programs in West Africa. 
Combining that resistance with grain mold resistance along 
with other desirable food quality traits should permit the 
successful use of high yielding non-Guineense cultivars or 
derivatives thereof in Mali and the other traditional 
Guineense sorghum growing areas om West Africa. 

G,"netic diversity is essential to insure long term sustain-
able production. It provides the sources of disease and 

drought resistance and other desirable traits needed to solve 
immediate problems, and provides long term stability both 
in the U.S. and developing countries. Many host country 
improvement programs lack access to genetic diversity, lack 
knowledge about diversity and sources ofdesirable traits, or 

lack the personnel or expertise to effectively utilize diver
sity. Our access to genetic diversity through the cooperative 
TAMU-TAES/USDA-ARS Sorghum Conversion Program, 
and experience and access to sorghum from around the 
world is important. This, along with ability to screen for 
resistance to drought and diseases in Texas allows us a 
unique opportunity to upgrade tie sorghum breeding and 
improvement prograuns of host countries. The nature of our 
interdisciplinary collaborative program in Texas along with 

(tie wide array of elite diverse types in our nurseries permits 
us to easily generate crosses and early generation breeding 
materials for distribution and use by host country scientists. 

The original source of genetic diversity in sorghum is 
Africa, and the U.S. sorghum industry is dependent on the 
continued identification and use of new or improved traits. 
The INTSORMIL program permits opportunities for direct 
observation of landrace cultivars in host countries and per
mits introduction, geniplasni exchange, and information 
exchange, benefitting both the host country ard the U.S. 

The lack of properly trained researchers is a major con
straint to effective agricultural research in host countries. 
This project has contributed to the training and upgrading 
of the agricultural research programs in several countries, 
but especially the IER sorghum breeding and research team 
in Mali. The Mali program is now generally recognized as 
the strongest sorghum improvement program in Africa, and 
compares well with any in the world. Continued collabora
tion with such a program should greatly enhance and stabi
lize food production and the agricultural economy of Mali, 
as well as benefitting neighboring countries of the region. 

Objectives, Production and Utilization Constraints 

Objectives 

Enhance the genmplasm of LDC's by developing and 
distributing early generation breeding germplasm involving 
genetically improved disease and drought resistance and 
other desirable traits for use and selection in host countries 
with emphasis on Honduras, Sudan, Mali, and Niger. 

Develop high yielding cultivars for LDC's and the U.S. 
with genetically enhanced resistance to internationally im
portant diseases with emphasis on downy mildew, charcoal 
rot, grain mold/weathering, anthracnose, head smit, head 
blight, viruses, and acremonium wilt. 

Develop through breeding and selection, high yielding, 
agronomically desirable types with superior combination of 
pre- and post-flowering drought tolerance for use in the U.S. 

and host countries. 
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Identify, in basic sorghum gemiplasm lines, new sources 
of drought tolerance and resistance to diseases of impor-
tance in the U.S. and LDC's. 

Collect new sorghum germplasm and evaluate for traits 
needed in the U.S. and developing countries, and introgress 
these traits into improved lines, 

Constraints 

Drought is the major constraint to sorghum and millet 
production around the world. Large differences have been 
demonstrated among sorghum cultivars in their reaction to 
drought and perfornance under drought stress. Texas has a 
semiarid environment and high temperatures and is ideal fo)r 
large scale field screening and breeding for improved 
drought tolerance. Sorghums with identified high levels of 
specific types of drought tolerance in Texas, such as pre- or 
post-flowering drought tolerance, perform as expected re-
garding drought response in other countries of the world, 
including Sudan, Mali, and Niger. However, other adapta-
tion traits such as grain quality and diseLse resistance must 
be combined with drought resistance to make a new cultivar 
useful. 

Diseases arc important worldwide but specific diseases 
are often region or site specific, and on-site evaluation is 
necessary to determine severity and possible race differ-
ences. Most of the internationally important diseases are 
present and are serious constraints in Texas, especially 
downy mildew, charcoal rot, grain mold/weathering, head 
smut, and head blight. Many other diseases such as anthrac-
nose, leaf blight, rust, zonate, and gray leaf spolt are also 
present inTexas.The Texas environment, particularly South 
Texas, is ideal for screening and breeding sorghums with 
high levels of resistance to most internationally important 
diseases, 

In Sudan, the major constraint is drought, and drought
related production problems. Moisture-stress related char-
coal rot and subsequent lodging isa serious disease problem. 
Many U.S. sorghums perform quite well in Sudan, but 
improved drought resistance, local adaptation, and kisra 
food quality are needed. 

Mali and Niger are both drought prone areas. Thus, 
drought tolerance, including both the pre- and post response, 
is extremely important to both countries. Foliage diseases 
such as anthracnose and sooty stripe are important in the 
central and southern parts of Mali. Long smut is very ima-
portant in Niger and in the drier northern portion of Mali. 
High yielding improved introductions often fail in West 
Africa due to the head bug - grain mold - grain quality 
complex, stand establishment problems, improper maturity, 
or lodging, whereas the local sorghumns appear well adapted, 
but are low yielding. Head bugs re a major constraint for 
the use of non-Guineense type sorghums in much of West 
Africa. Head bug damage is often compounded by grain 
mold resulting in a soft and discolored endospemn, render

ing it unfit for traditional food products. The early maturity 
of introduced types also compounds the grain deterioration 
problem. Therefore, head bug resistance, grain mold/weath
ering resistance, and proper maturity are essential. In south
em Mali, later maturing, photoperiod sensitive sorghums 
are needed to assure grain maturity after the rainy season. In 
the drier northern areas of Mali and in Niger where drought 
stress is severe, earlier, less photosensitive material can be 
used, and drought tolerant Durra and Feterita sorghums 
generally perform well. 

Striga is a major constraint in Mali, Niger, and Sudan, 
and soil toxicity problems are important in Mali and Niger. 
Genetic sources of resistance to Striga and soil toxicity 
problems are used whenever possible in crosses involving 
disease, drought, and head bug resistance to develop breed
ing progeny for selection in host countries. 

In Honduras, diseases are a major constraint, including 
downy mildew, foliar diseases, acremonium wilt, and the 
graii mold/weathering, food quality complex. Drought is 
also important in londuras and the Central American Re
gion. Improvement in the photoperiod sensitive, food-type 
maicillos criollos grown in association with maize on small, 
hillside farns in southern Honduras (as well as in southeast 
Guatemala, El Salvador, and northwest Nicaragua) is a 
unique challenge, and the breeding and selection must be 
done under the specific daylengths and environment in the 
host region. Improvement in the nonphotoperiod sensitive 
comibine-type sorghums used overmuch of Central America 
can result directly from introduction of Texas adapted cul
tivars or hybrids. 

There is a constant need for new diverse gernplasm
 
sources of resistance to pests, diseases, and environmental
 
stress. New collections can provide new sources of desirable
 
traits. Many developing countries are an important source
 
of diverse gernplasm in sorghum and millet. The collection,

preservation and utilization of genetic diversity in sorghum
 
is tremendously important to long-term, sustainable sor
ghum improvement programs. The use of such diverse
 
germoplasm is critical for producing sufficient food for
 
increasing populations in the future.
 

Research Approach and Project Output 

Research Methods 

Introductions from Mali, Sudan, Niger, Honduras, Zim
babwe, Zambia, Botswana, Somalia, Senegal, and ICRISAT 
with desirable drought or disease resistance, or specific 
desirable grain or plant trails, are crossed in Texas to appro
priate elite U.S. lines and elite breeding materials. Seed of 
the early generation are sent to host countries, particularly 
Sudan, Mali, Niger, and Kenya, for selection of appropriate 
traits and adaptation. Technical assistance is provided, as 
time and travel permits, in the selection and evaluation and 
use of such breeding material in the host country. 
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New breeding material is generated from crosses among 
various disease resistant sources, agronomically elite lines, 
and new sources of resistance. Advance generations of 
breeding lines also are selected each year. Initial screening 
is done in large disease screening nurseries utilizing natural 
infection in South Texas, supplemented by artificial inocu-
lation in the field and I7kboratory screening. Selected ad-
vanced materials are then sent to host countries for 
evaluation and incorporated into various standard replicated 
trials for extensive evaluation at several locations in Texas 
and host countries, 

New breeding crosses among various sources of drought 
tolerance (i.e., pre- and post-flowering drought tolerance) 
and elite, high yielding lines are made. Progeny are selected 
under field conditions for pre- and post flowering drought 
tolerance, yield, and adaptation at several locations in West 
Texas in the Lubbock area and at Chillicothe. The locations 
vary in their degree and time of moisture and heat stress. 
Selected advanced materials are sent to host countries for 
evaluation and use, as well as incorporated into standard 
replicated trials for extensive evaluation at several location 
in Texas and host countries. 

Converted and partially converted lines from the Sor-
ghum Conversion Program, exotic lines, new introductions, 
and breeding materials are screened and evaluated in Texas 
for new sources of resistance to internationally important 
diseases and resistance to drought. 

New sorghum germplasm iscollected from several coun-
tries, introduced into tie U.S. through the quarantine green-
house, and evaluated in Puerto Rico and Texas for useful 
traits. Selected cultivars are designated for entry into the 
cooperative TAES-USDA Sorghum Conversion Program. 
Cultivars that are not photopcriod sensitive and with known 
merit are incorporated directly into the regular breeding 
program. We also work with NARS to assure their country's 
indigenous sorghum cultivars are preserved in long term 
permanent storage, as well as evaluated. Assistance is pro
vided in developing smaller working or core collections for 
the NARS to actively maintain and use in their improvement 
programs. 

Research Output 

Drought Resistance 

Two very distinct and different responses to drought in 
sorghum have been identified and explained. These two 
responsesare determined by the stage of growth of the plants 
when moisture stress occurs, and are called pre-flowering 
(head differentiation to flowering) and post-flowering 
(flowering to physiological maturity). Sorghums with resis-
tance at both stages have been identified, but high levels of 
resistance are not often found in the same line. 

Field screening techniques useful to West Texas or other 
low rainfall areas have been developed for each kind of 

stress, and visual symptoms indicating either resistance or 
susceptibility have been described. The timing and intensity 
of moisture stress is manipulated by irrigation, time of 
planting, and multiple locations with varying soil types and 
rainfall patterns. Plant response symptoms to moisture stress 
are visually rated on a I to 5 scale, indicating the relative 
degree of resistance or susceptibility of each genotype. 
Rating the panicle development (lack of blasting or abor
tion) panicle size, and panicle exsertion (normal versus short 
exsertion or saddle effect) is the best indicator of resistance 
to pre-flowcring stress. For post-flowering stress, a leaf and 
plant death (LPD) rating made near or soon after maturity is 
the easiest and most reliable indicator of resistance or sus
ceptibility. Plants with resistance called "stay green" tend to 
maintain green leaves and fill grain normally, while suscep
tible plants show premature leaf and plant death (or prema
ture senescense), frequently accompanied by complete 
lower stalk collapse often with charcoal rot, and stalk lodg
ing. The drought responses and the visual ratings have been 
shown to be consistent for the same genotype over years, 
locations, and continents, as long as the stress occurs at 
similar growth stages. 

This empirical approach developed and utilized in breed
ing for drought resistance has proven to be successful, and 
has been used in widely differing areas such as Sudan and 
Australia. It is commonly used by several private companies 
in the U.S. 

Excellent sources of pre-flowering resistance and post
flowering resistance (stay green) have been identified 
through intensive screening efforts in Texas and Sudan. 
Table I lists many of the best sources of resistance in 
standard parental lines, local landrace cultivars, or selected 
breeding or germplasm lines. The converted sorghum lines 
from the Sorghum Conversion Program have been an un
usually good source of resistance with 62 of the best listed 
in Table 2. Sorghums from Sudan have been another good 
source of drought resistance. 

Many more sorghums possess resistance to pre-flower
ing drought than to post-flowering stress. The finding of an 
excellent source of resistance to post-flowering drought in 
SC35 (IS 12555C), a durra from Ethiopia, has been espe
cially significant. This "stay green" trait in SC35 is domi
nant in nature, thereby very useful in parents of hybrids, and 
appears to be inherited fairly simply, as one or two genes. 
Another converted line, SC56 (IS12569C), a Caudatum 
from Sukn. also possesses the dominant stay green trait. A 
number of other sources of stay green such as in SC599 
appear to be recessive in nature. Lodging resistance to 
moisture stress type lodging and to overall stalk strength 
through anatomical stem traiLs is present in these two lines. 
This can contribute to stalk strength and lodging resistance 
both with or without moisture stress. 

Progress has been made in transferring drought resistance 
to higher yielding, well adapted genotypes. The B lines 
called B 1,B2-2(B).and B4 are examples of transferring the 
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Table 1. 	Sorghums identified with drought resistance in Table 2. Drought resistant converted sorghums t . 
Sudan and/or U.S. Type of2 

drought

U.S./I do Designation Sudan U.S. resistance 

Designation Sudan Other resistance SC23/JS 12543C X X Pr & Po 
Ajabsido/Sudan Fet X X.M Pr SC33/S 12553C X X Po 
Koro Kollo/Sudan Fet X XM Pr SC35/1S 12555C X X Po 
P954035 	 X X.N Pr & Po SC381IS12558C X X PO 
P898012 X X Pr & Po SC48/1S2564C X 	 Pr 
P37-3 	 X X Pr SC52'IS2501C X X Pr 
P40-1 	 X X Nr SC5311S 12567C X X Pr 
Segaolane/Botswana Kaf X X Pr SC55/1S245 IC X X Pr 
EI Mota/Niger Cau X X,M,N Pr SC56/IS12568C X X Pr& Po 
Tx7078 	 X X Pr SC62/lS 12572C X X Pr 
Tx7000 X X Pr SC63/IS 12573C 	 X Pr 
B35 	 X X P SC1031S2403C X X Pr 
82BDM499 X X.M Pr & Po SCI 181S2801C X X G 
SC414-12E X X Pr SC141A1S12632C X 	 Pr 
(Tx430*Rio)-15 X X Pr & Po SC142/lS 12633C X 	 Pr 
(Tx430*R9188) 	 X Po SC144IS12635C X Pr 
TP4-5 X X Pr SC146AS 12637C 	 X PO 
TanGbResW X X Pr SC1701S12661C X X Pr 
Tx2737 X X Pr SC2021S I133C X 	 Pr 
ICSVIO02BF X 	 Pr &Po SC2651S6705C X X Pr& Po 
86EON361 X Pr SC2791S7419C 	 X Pr & Po 
Karper 443 X Pr SC283/1S7173C 	 X Pr & PO 
Karper 669 X X Pr& Po SC284/S6729C X 	 Pr 
Karper 22/22 X 	 Pr SC328/S8263C X X PO 
Karper 22139 X Pr SC329/IS3612C X 	 Pr 
Karper 22/35 X Pr SC330/1S8187C 	 X 0 
NSA440 	 X PO SC334/1S3499C X 0 
1790E 	 X X Pr & Po SC336/1S3589C X X a 
B 1778 	 X Pa SC337/1S7094C X Pr 
B1887 	 X Pr &Po SC346/1S7440C X Pr 
KS19 	 X Po SC348/IS7455C X Pr 
(P407x559) 	 X Po SC367AIS7340C X Pr 
CSM-63/MaliGuin X X Pr & Po SC3961S7447C X Pr 
SS 130/Sonalia Dur X Pr SC405/S3464C 	 X 0 
B1 	 X X 11 SC414/1S2508C X X Pr 
B2-2(B) X X Po SC499/1S6439C 	 X 0 
B4 	 X X P0 SC502/1S3598C X X Pr 
Bagoba/Niger Dur MN Pr SC5041/IS6895C 	 X Pr 
Babadia Fara/Niger Dur MN Pr SC520/1S7595C X 	 Pr 
Gadiaba/Mali Dur M Pr SC563/IS7444C 	 X Pr 
CE151-262-Al X X Pr SC564/IS3909C 	 X Pr & Po 
SRN39 X XM,N G SC575AS3553C X a 
R9188 X Pa SC577/IS3072C X Pr 
1 Letter indicates country other than U.S.: M=Mali, N-Niger. SC587A1S3874C X 0 
2 Pr-Pre-flowering; Po-Post-flowering; G-General. SC599AS 17459C X X PO 

SC609AS 1213C X Pr 
SC630/1S 1269C X Pr 

stay green trait from B35 into improved lines. The lines SC644AS8237C X G 
SC689 1S2729C 	 X Po82BDM499, (Tx430*R9188) and P37-3 are examples of SC691/S7088C X Pr 

drought resistant improved restorer lines. Hybrids with AI SC701IAS3462C X X Pr& PO 
and A4 have performed well in both the U.S. and Sudan, as SC715/AS691 IC X G 
well as all of the above mentioned restorers. SC73 I/S3587C X Pr 

SC75 I/IS3546C 	 X G 
SC762/IS5437C X X PrEfforts continue to combine pre- and post-flowering re- SC773/IS3389C X G 

sistance into (he same genotype or hybrid and to enhance SC781/IS7243C X Pr 
the level of the appropriate type of resistance depending on SC810/1S957C X Pr 
the needs as determined by rainfall pattern in different SC832/1S4585C X Pr 
regions. An example of technology developed collabora- SC93/1S2864C X G 

tively with potential impact both in the U.S. and host cowttry SC 1017/1S I1549C X Pr &Po 
SC1039/IS 1217 1C X Pr & Po 

is the 10 parental lines, 89001-89010 released cooperatively Converted (ltC4) exotic sorghums releas from TAMU-TAES/USDA-ARS 
by Purdue and Texas A&M. These were derived from a 2 cooperative Sorghum Conversioa Program.
 
cross between elite U.S. lines and introduced drought resis- I"r=P're-flowering; NPoi-flowering; G-General (Pre plus possibly Post).
 

tant lines from Sudan. selected in the U.S., and then tested 
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Grain mold/weathering is the major disease constraint in 
sorghum worldwide and high-level resistance is rare for 
sorghums without a testa. We found high levels of resistance 
intwo white seed::d, tan-plant entries (originally from ICRI-
SAT), Sureilo ('462650) and VG 153 (M62676). These have 
proven very useful in breeding crosses as the resistance can 
be readily transferred. Other sorghums with useful resis
tance are SC748 and the SC170 derivative lines R6078, 
R4317, and 90EON343. Other cultivars with notable resis
tance are the red Kafir types from Southern Africa, SC630 
and SC650, but their resistance is difficult to recover in 
crosses. Table 3 lists some of our best identified sources of 
resistance. 

Grain mold is an important part of the head bug-grain 
mold-grain quality problem of West Africa. It has been 
shown that grain mold resistance gives a significant incre
mental increase in apparent head bug resistance. A grain 
mold resistant breeding line developed in Texas (R6078) 
was identified by Malian scientists as also having excellent 
head bug resistance. 

The finding of apparently unique source(s) of resistance 
to head smut in South Texas is of extreme importance, as 
the highly variable and heterogenous pathogen often over-

Leaf IBlight 4 Grain/Mold
Weathering5 Fusaritun 

Ilead Blight 6 

SC326-6 (IS3758 der) SC630 (IS 1269C) B35 
SC414-121" (IS2508 der) SC650 (1S2856C) R9188 (SC599 der) 
86EON361 SC719 (1S7013C) SC630 (ISI269C) 

86EON362 SC748 (IS3552C) SC650 (1S2856C) 
R4244 SC279 (IS7914C) IS9530 

SC630-1 IE (IS 1269 der) Town Tx436 

Sureifo BI 

VGI53 (M62676) B2-4 
IS9530 112-2 (B) 
R4317 B4 

R6078 

(M84-7*Surefio)/19023 

(M84-7*VGI53)/19178 

1SC719*SC650)/5844 

90EON343 

in hybrid combinations inboth Sudan and the U.S. The lines 
P37-3 and P40-1 inTable 1are of similar origin, 

Disease Resistance 

Identifying new and/or improved sources of resistance 
and developing agronomically improved germplasm for 
distribution and use by both public and private breeders 
worldwide isa major thrust of this project. Excellent resis-
tance toessentially all important diseases has been identified 
in this project with many of the sources being lines from the 
Sorghum Conversion Program. Selected sorghums with ex-
cellent resistance to head smut, downy mildew, anthracnose, 
grain mold/weathering, leaf blight, and Fusaritun head 
blight are listed in Table 3. 

Much of the resistance to head smut, downy mildew, and 
anthracnose deployed in the U.S. is from resistant sources 
identified in this project cooperatively with TAM-124 and 
TAM- 128. Many of these same sources are also used exten-
sively internationally, such as SC326 or derivatives inBrazil 
for anthracnose and foliar leaf disease resistance, and in 
Zimbabwe for leaf blight resistance. 

Table 3. Selected disease resistant sorghums. 

Head Smutl Downy Mildew2 

CS3541 QL3 (India) 
IS3541C/SC798-14-E SC155 (IS12646C) 
Sueeflo SC167 (IS12658C) 

Dorado SC325 (IS2462C) 
M5009 SC414 (IS2508C) 

M90318 SC425 (1S3579C) 

ICSVI086 SC575 (IS3553C) 

VG153 (M62676) SC737 (IS344 IC) 
CEI51-262-Al 

SRN39 

Malisor 84-7 

SA281 (Early Ilegari) 

FC6601 (Spur Feterita) 

P148770 (Wh. Kafir) 

SC155 (S 12646C) 

SC324 (OS2681C) 

SC325 (1S2462C) 

SC33 (IS 12553C) 

BTx635 (BVar) 

Tx2891 

Tx2783 

SC414-12E (IS2508 der) 

82BDM499 

86EON36 1 

87EON366 

89CC443 

1 South Texas, virulent race 4 type.
I P3, South Texa. 

Texas, Georgia, P.Rico, Brazil, India, Zambia. 
4 Texas and Southern Africa. 

Overall grain mold & weathering - Texs. 
6 Texas. 

Anthracnose3 

SC84 (IS 12593C) 
SC135 (IS12626C) 
SC137 (IS12628C) 

SC155 (IS12646C) 
SC167 (IS12658C) 

SC176 (IS12667C) 

SC224 (IS 12685C) 

SC283 (IS7173C) 
SC326-6 (IS3758 der) 
SC414-12E (1S2508 der) 

SC575 (IS3553C) 

SC647 (IS2395C) 

SC689 (IS2729C) 

SC701 (IS3462C) 

SC726 (IS7093C) 

SC748 (IS3552C) 

SC991 (IS12219C) 
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comes previously deployed sources of resistance. High lev-
els of resistance were found in BTx635(BVar), a white-
seeded, tan-plant, B-line of ICRISAT derivation, and 
CS3541, and in most other ICRISAT lines, many of which 
are CS3541 derivaives. Also, many of our breeding lines 
derived from CS354 1have shown an usually high and stable 
resistance (Table 3). The fully converted exotic IS354 IC 
(from which CS3541 was derived) was subsequently found 
to possess excellent resistance. Initial evidence is that the 
resistance is very stable, resulting from high levels of both 
specific and non-specific resistance. 

Germplasm 

The collection, introduction, characterization, storage, 
evaluation, use, and free exchange of indigenous landrace 
cultivars and improved gernnplasmn is a major activity of this 
project. Since project inception, 784 exotic landrace culti
varsor improved genplasn lines have been introduced into 
the U.S. This project also provided a major role in planning,
seed acquisition, growout, churacterization, and introduc-
tion into the U.S. of over 3.100 sorghums of Sudan origin.
The Sudanese sorghums have been an unusually useful 
source of resistance to drought, along with many other traits, 
IS354IC (head smut), and IS2508C/SC414 (downy mail-
dew) being examples. A few landrace cultivars are collected 
directly by the PI from fau-iers' fields as opportunities exist, 
but many are items with known specific traits or items 
selected from previous collections by the host country sci
entists. 

One hundred and eighty selected pholoperiod sensitive 
landrace cultivars from the introductions mentioned have 
been entered into the Sorghum Conversion Program. Some 
photoperiod insensitive lines are used directly such as 
CEI51, Ajabsido, Koro Kollo, El Mota, and Macia. Many 
improved lines are introduced to facililate the crossing and 
development of breeding progeny specifically for return to 
collaborating host country scientists as well as for potential 
use in the U.S. Examples include breding material devel-
oped for head bug resistance (Malisor 84-7 crosses and 
Striga resistance (SRN39 crosses), CE15 1-262-Al (sugar-
cane aphid resistance in Kenya), Ajabsido, El Mota and 
Segaolane (drought resistance), and Macia (drought and 
adaptation). 

Several introductions have shown excellent potential as 
food type sorghums for the U.S. and Latin America (Table 
4). An example ofan introduction from ICRISAT/LASIP in 
1980 which resulted in a useful food type commercial 
cultivar in Honduras is Surcio, a selection from N/162650. A 
recent breeding white tan line introduction from Mali 
(87EON366*ICSVI086-12-I-SKI-COBK) shows out-
standing potential for grain yield and leaf disease resistance 
in Puerto Rico. 

Converted lines from the Sorghum Conversion Program
provide an extremely useful source ofnewgermplasm. Most 
of the new and/or best sources of drought and disease 

resistance are converted lines (Tables 2 and 3). Three hun
dred and fifty fully convened lines (BC4) have been re
leased since 1980. 

A 	listing of major collections or introductions into the 
U.S. during the life of this project are listed below, including 
tile number of items, collaborator, and major reason for 
introduction: 

* 	 Sudan Collection; 3,100; El Hilu, M. Mahmood, 
0. Ibrahim; Diversity, Drought 

* 	 Northern Kordafan (Sudan); 95, Tareke Berhe; 
Drought 

* 	 Miscellaneous over years (Sudan): 30: Several-
Diversity, drought 

* 	 Somalia; 39, H. Porter; Drought 

* 	 Mali; 20; J. Scheuring; Diversity 

* 	 Miscellaneous over years (Mali): 130: Several; 
Diversity, Fox)d type, Grain quality. (Some 
through ICRISAT). 

* 	 Northern Nigeria; 84; Tunde Obilana; Drought, 
Diversity 

* 	 Maicillos Criollos (Honduras & Central Amer
ica): 100: F. Gomez and D. Meckenstock; Diver
sity, Unique adaptation. 

* 	 ICRISAT/LASIP: 235: T. Hash; Food type, 
Grain quality 

Other RIescath Results 

The importance of the head bug on sorghum in West 
Africa was first recognized by the P! of this project in Mali 
in 	 1981. Further documentation of tie distribution and se
verity of tile pest. tile finding of an excellent source of 
resistance in a non-Guinea type, and evidence of the trans
ferability of the trait has provided the impetus and direction 
for a major multidisciplinary research effort on head bug in 
Mali. We know that resistance to head bug is inherited as a 
recessive trait and nultigenic in nature. Cormeous en
dosperm alone does not give resistance to head bug. 

Surefio, a white-seeded, tan-plant, tan glume cultivar was 
released in Honduras and is now widely used by small 
farmers in Southern Honduras. The grain has excellent grain 
mold/weathering resistance, produces excellent tortillas, 
and pxossesscs resistance to the maize weevil. It also has a 
juicy sweet stem and good leaf disease resistance making 
the stover desirable for livestock feed. 

The resistance to Striga in SRN39 appears to be ex
pressed in natural field Siriga infestations in Mali. 
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The sugarcane aphid was determined to cause severe 
damage to sorghum in Kenya. A few lines were found with 
very high levels of resistance (Table 4). It appear% that 
resistance is inherited as a completely dominant trait. 

Two dune adapted durra sorghum cultivars from Niger, 
Bagoba and Babadia Fara, and two durras from Northern 
Mali, Gadiaba, and l.akahiri were identified as having good 
genetic tolerance to the soil toxicity problem in the Cinzana 
area of Mali (Table 4). 

A new virulent pathotypc of downy mildew (P5) was 
identified in Honduras, and a testing program initiated. A 
commonly used source of ;esistance in the U.S. is suscepti
ble to this new pathotype. 

Useful levels of head bug resistance was found in two 
sorghum lines sent to Mali by INTSORMIL, BTx635 and 
R6078 (Table 4). BTx635 should be useful in B-line breed-
ing. while R078 also possesses a high level of grain mold 
resistance. 

Releases 

During the life of this project, a total of 415 gerinplasin 
lines, populations, parental lines, and converted exotic lines 
have been released. This includes 350 fully converted (BC4) 
exotic lines from the coolx'rative TAM U-TAES/USDA-
ARS Sorghum Conversion Program. Important traits in the 

Table 4. Selected sorg umns ,,ith various lesirable trails. 

releases include resistance to head smut, downy mildew, 
anthracnose, grain mold/weathering, rust, leaf blight, 
Fusaritunhead blight, charcoal rot, pre-and post-flowering 
drought, and lodging. Other traits include white-seeded, 
tan-plant parental lines and populations, A2 and A3 cyto
plasin steriles, and tropically adapted males and females. A 
large number of new genlplasln lines (approximately 40) 
plus some parental female and male lines have been iden
tified as being ready for release. These include sources of 
essentially all the traits discussed in this project in improved 
agronomic genotypes. 

Networking Activities 

Workshops 

Planned 

International Workshop on Maicillos Criollos and other 
Sorghums in Middle America. Tegucigalpa, Honduras, De
cember 1987 

Participaled In 

Sorghum in the Eighties International Symposium, No
vember, 198 1. Hyderabad, India. 

International Symposium on Sorghum Grain Quality, 
October, 1981. Hyderabad, IiAia. 

Mali - Ada ationandl Iod 'Ye"lotcitial
. Sugarcane' Mali - Head Mali - Soil 

hr edinE -oteitial for :.S.arid +ainAmerica aplihd isstant bug resistance loxicily tolerance 

Malisor 84-7* Surrfio l1AM428 Malisor 84.7 liagoba 

Malisor 84-5 Dorado (l1"5 1-262-Al 82;sel-Grann-)ur lBahadia Fara 

S-34 MW318 R3224(slh IS21465 (Gadiaba 

S-35 Malisor 84-7 11x635(llVarl l.akahiri 

E'36-1 CE1 1-262-A l R6078 
IC'.SV401 WG153 (M062070) 

,M36248 "x436 

Cl: 151-262-A I BlTx635IVar 

M5(.X)) (VU- 15) Il'xARI- I 

M'03 1 861"ON tn I 

(SV 1003l1F 87EON366 

I(.V 100211F I('S V 108911F 

lC_'SV 10 7 1 Z. 
* 
* (M 8-1-7* Su refio)/l19023 

C.s v 1(089BFl* (M84-7*V(; 153)/19178 

SurOf'" (Sureo* V (;53)/549 

Dorado" 

VG153{Mb2676)** 

SRN39 

861:ON36 I 

87EON366 
84('7730 

Ilmm on grain yield, t-enlI gramqtuhly. andpcifonnar.e in hrteding .rm.sc. 
2 Al are ,hiltceded, tar plant lints ah god yild iolential 

lats frormKenya. 

* Ilugh lele i head hug resi laitk 
, Moderate lev",elof head hug resnu.tn.. 
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Latin American Disease Short Course, April 1981. CIM-
MYT, Mexico. 

Sorghum Downy Mildew Workshop, June, 1982. Corpus 
Christi, Texas. 

Sorghum Breeders Workshop for Latin America, April, 
1983. CIMMYT, Mexico. 

Sudan Hybrid Sorghum Seed Workshop, November, 
1983. Wad Medani, Sudan. 

Consultative Group Discussion on Sorghum Root and 
Stalk Rot Diseases, November, 1983. Bellagio, Italy. 

INTSORMIL Graduate Student Workshop, June, 1984 
and June 1989. College Station and Corpus Christi, Texas. 

Niger Sorghum and Millet Workshop, October. 1985. 
Niamey, Niger. 

Second West African Regional Sorghum Workshop, Oc-
tober, 1985. Bamako, Mali. 

International Drought Symposium, May, 1986. Nairobi, 
Kenya. 

Second World Review of Sorghum and Millet Diseases, 
March, 1988. Harare, Zimbabwe. 

Sixth EARSAM Workshop, July. 1988. Mogadishu, So-
malia. 

Fifth Annual CLAIS Meeting, December, 1988. San 
Salvador. El Salvador. 

International Conference on Dryland Fanning, August, 
1988. Amarillo, Texas. 

Sudan Sorghum and Millet Workshop, Oct.-Nov., 1989, 
Wad Medani. Sudan. 

International Sorghum and Millet CRSP Conference, 
January, 1989. Scottsdale, Arizona. 

Seventh Annual CLAIS Conference, April, 1990. CIM-
MYT, Mexico. 

Seventh EARSAM Regional Workshop on Sorghum and 
Millet Improvement. June, 1990. Nairobi, Kenya. 

International Sorghum and Millet CRSP Conference. 
July, 1991. Corpus Christi, Texas. 

Second Au:ralian Sorghum Conference. February. 
1992. Gatton, QLD, Australia. 

Molecular Markers in Sorghum and Millet for use in 
Developing Countries, March-April, 1993. Norwich. U.K. 

Research InvestigatorExchunges 

Traveled to 15 different foreign countries during the life 
of project to evaluate research, attend conferences, interact 
with scientists, and coordinate and plan future research. 
These have included multiple visits to Honduras (13), Mali 
(1i), Sudan (9), Niger (4), and Kenya (3). Other countries 
visited were Burkina Faso, Somalia, Zimbabwe, Guatemala, 
El Salvador, Venezuela, Mexico, India, Australia, and Un
tied Kingdom. 

An average of 5 international scientists visited the sor
ghum breeding program at Lubbock each yearof the project. 
Short-term training programs were provided and directed 
for Mr. L. M'Ragua and Mr. Ben Kuiycnji of Kenya, and 
Mr. Aboubacar Toure and Mr. Niaba Teme of Mali. 

Germnplasin and Research Infornuwlion Erchange 

Germn1lasm Conservation and Use 

Numerous exotic cultivars from foreign countries have 
been introduced into the United States. In some cases, 
especially fron Mali, improved breeding lines have been 
intrxluced for use, and for making crosses to return to the 
host country. Major collections which this project has solely 
been responsible for introducing, or in some cases cooper
ated with other INTSORMIL Pi's or other persons, has 
included: Somalia (39), Northern Nigeria (84), Western 
Kordofan, Sudau (95 + 30), ICRISAT/LASIP (235), Maicil
los Criollos flor tlonduras and other central American 
countries (100). and Mali (150). Approximately 50 items 
were introduced from other Africa countries including Ni
ger, Burkina Faso, Ghana. Benin. Cameroon. Mauritania, 
Kenya, and Ethiopia. Tiis project provided a major role in 
the planming, acquisition, growout, and classification of 
over 3,100 sorghums of Sudan origin which were grown out 
in Sudan in 199 1, and seed introduced to the U.S. and grown 
out under quaranline in St. Croix, Virgin Island the winter 
of 1993-94. 

After introduction, seed is increased in Puerto Rico and 
seed is available to anyone. Each line is then evaluated for 
use directly (pholoperiox insensitive), or as a candidate for 
entry into the Sorghum Conversion Program if the cultivar 
is photoperiod sensitive. Approximately 180 of the recent 
introxluctions have been entered into the Conversion Pro
grain. Three hundred and fifty fully converted lines (BC4) 
from the cooperative TAM U-TAES/US DA-DRS, Sorghum 
Conversion Program have been released and seed distrib
uled since 1980. 

Seed Production and Distribution 

An estimated 500 sorghum breeding and germplasm 
lines, including F2 to advanced generation progeny, A. B, 
and R lines, converted lines, and experimental hybrids are 
distributed each year to international cooperators, and at 
least ian equal number are distributed annually to domestic 
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researchers. These contain sources of desirable traits such 
as disease resistance, pre- and post-flowering drought rests-


tance, grain mold/weathering resistance, and lodging resis-

tance. 


Seed is increased annually and niany sets of replicated 

trials containing elite ger-nplasn are packaged and distrib-

uted inthe U.S. and internationally. These include tite ADIN 

(All Disease and Insect Nursery), IDIN (International Dis-

ease and Insect Nursery), GWT (Grain Weathering Test), 

DLT (Drought Line test), DIT (Drought Hybrid Test), 

Converted Line Tests (Head Stnut Resistant, Downy Mil-

dew Resistant, and Anthrtcnose Resistant), anid the UHSN 

(UnifomTi Htad Smit Nursery). Countries to which Large 

numbers of gernplasm items have been distributed include 


Mali, Sudan, Niger, Kenya, Honduras, Botswana, Colum-

bia,and Mexico. Others receiving seed include Brazil, Zan
bia, Zimbabwe, India, Paraguay, China, aid ICRISAT 

(LASIP and Hyderabad). 


Assistance Given 

Various supplies and small research equipment items 
have been provided to Mali. Sudan, and l-ortduras. Also, 
veblications and manuals have becn provided. Joint evalu
ation of gerntplasm attd breeding materials has been done in 
collab(ration with NARS in Mali, 1-onduras. Sudan, and 
Kenya. 'ibis includes training indisease and drought screen
ing and rating rnetodology, as well ais illlormation oin 
sources of useful germplasm atnd desirable traits. Similar 
training is provided annually tothost country graduate stu
dents in the Texas breeding and disease nurseries in tle 
Lubbock and Corpus Christi areas. 

Publicatiors and Presentations 

Publications 

Jorgensen, J.A.,).T.Rosenow, and II.T.Nguyen. 1993. Genotypic com
parison of heat-shock protein synthesis in sorghuis. ('ropSci, 33:638
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Neckenstock, D. II.. F. Goniez. ).T.R,.eiow, and V. Guiragossian. 1993.
 
Registration of 'Sunrio"sorghun. Crop Sci. 33:213.
 

Ejeta, Gebisa, and 1).T.
Rosenow. 1993. Registration of 10 fellilitV restorer 
parental linesof sorghum. Crop Sci. 33:222-22.. 

Collins. )., R.A. Frederiksen, and I). ..Rt senoAs. I1 3.Registiation of 
Tx2891 sorghum. (rop Sci. 33:11 U). 

Tenkouano, A., F.R. Niller.R.A. I:rederiksen, and ).T. Rosenow. 1993. 
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Genet. 85:(A4-648. 
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from a single cross. Agrorioiriy Ah, 1). 91, 
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I103 1992 (;rain sorghum perlfonirrare lesls in l.eas I)tc.o Soil 

).
and Crop S Lences lDcpaitmnit iava lmrivt Noi. 93-2. 118 1
Rosenow. D.T. 1993. Iireeding for drought re siqsaiiCe Wnder field condi

tions. pp. 122-126 I/nlhm lticiiial ( Gram Soighuin18111 Rewsail h and 
Utiliization (Confercite,Fch 28 MAIhI 2. 1913 I.uhl',,.. IX 

Collins, S. I)., R.A. Fr.d.rikseir, ( N. Odd ,1)'1". Ro.inio .,and FR. 
Miller. 1993. Disease resisLuit conwiieiied siglouni lines 1p 151-156. 

In Proc. 18th Bietial Grain Sorghum Research and Utilization Con
ference, Feb. 28-March 2,1993. Lubbock, TX.Gouveia, S., F.R. Miller, and D.T.Rosenow. 1993. The effect of different 

rates of glyphosate on development of charcoal rot (Macrophornina 

rihaseoliua) of some sorghum cultivars. p. 35. In Proc. 18th Biennial 
Grain Sorghtwn Research and Utilization Conference, Feb. 28-March 
2. N193. L.ubbock, TX. (Abs.). 

Mkhabcla, S.M., D.T.Rosenow, and II.T.Nguyen. 1993. Genetic variation 
of some components of preflowering drought tolerance insorghum. p. 
35. In Proc. l~th Bicnial Grain Sorghu Research and Utilization
Confere ie, Feb. 28-March 2, 1993. Lubbock. TX. (Abs.). 

Nguyen, Ilenry T.and 1. T.Rosenow. 1993. Identification of molecular 

geneticrnarkers linked to drought resistance traits ingrain sorghumn. pp. 
127-132. In Proc. 18th Btiennial Grain Sorghum Research and Utiliza
tion Confer n.e, Feb. 28-March 2, 1993. Lubbock, IX. 

Rooney. l.W.,l.R.Miller. D.T.Rosenow. andR.D. Waniska 1993.Jowar, 
a new cereal for food utilization. p.63. In Proc. 18th Biennial Grain 
Sorghum Research and Utilization Consference, Feb. 28-March2, 1993. 
Lubbok, TX. (Abs.). 

Presentations 

Rosenow, D.T. 1993. Sorghum Conversion and Gemiplasm. Liaoning 
Institute, Shenyang. China. August 24, 1993. 

Rosenow. D.T.1993. Breeding for Disease Resistance. l.iaoning Institute, 
Shenyang, China. August 25, 1993. 

Rosenow, 1).T1993. )rought Resistance - Concepts and Breeding Proce
dures. l.iaoning Institute, Shenyang, China. August 26, 1993. 

148 



Gerniplasm Enhancement and Consenation 

Germplasm Enhancement through Genetic Manipulation for

Increasing Resistance to Insects and Improving Efficient Nutrient
 

Use in Genotypes Adapted to Sustainable Production Systems 

Project TAM-123
 
Gary C. Peterson and Arthur B. Onken
 

Texas A&M University
 

Principal Investigators 

Gary C. Peterson, Sorghum Breeding and Genetics, Texas Agricultural Experiment Station, Route 3, Box 219,
Lubbock, TX 79401

Arthur B. Onken, Soil Chemistry and Fertility, Texas Agricultural Experiment Station, Route 3, Box 219, 
Lubbock, TX 79401 

Collaborating Scientists 

Dr. Francisco Gcmez, Sorghum Breeding, Escucla Agricola Panamrericana, P.O. Box 93, Tegucigalpa, Honduras
Dr. Aboubacar Toure, IER, Bamako, Mali 
Mr. Zoumana Kouyale, IER, Cinzana, Mali 
Mr. Samba Traore, IER, 'inzana, Mali 
Mr. M.D. Doumbia, Junior Scientist (Mali), Graduate Student, Dep. of Soil and Crop Sciences, Texas A& M 

Uoiversity, College Station, TX 77843
Dr. G.L. Teetes, Dep. of Entomology, Texas A&M University, College Station, TX 77843 (TAM-126)
Dr. D.T. Rosenow. Sorghum Breeding, Texas Agricultural Experiment Station, Rt. 3 Box 219, Lubbock. TX 

79401-9757 (TAM- 122)
Dr. F.R.,Miller, Sorghum Breeding, Dep. of Soil and Crop Sciences, Texas A&M University, College Station,

TX 77843 (TAM-121)
Dr. R.A. Frederikscn, Dep. of Plant Pathology, Texas A&M University, College Station, TX 77843 (TAM-124)Dr. L.W. Rooney, Cereal Chemist, Dep. of Soil and Crop Sciences, Texas A& M University, College Station,

TX 77843 (TAM-126)
Dr. G.N. OdvoJy, Plant Pathology, Texas Agricultural Experiment Station, Route 2 Box 589, Corpus Christi,

TX 78406-9704 (TAM- 128)
Dr. D. Meckenstock, Sorghum Breeding, Dep. of Soil and Crop Sciences, Texas A&M University, College

Station, TX 77843 (TAM- 13 1)
Dr. T. Jou, Cropping Systems, Dep. of Soil and Crop Sciences, Texas A&M University, College Station, TX 

77843 (Soil Management CRSP) 

Summary 

The objectives of this project have been to identify, 
characterize and utilize the genetic diversity of grain sor-
ghum to develop improved cultivars resistant to selected
biotic and abiotic stress factors, and to determine the genetic
factors responsible for the resistance and their nechanisms, 
Insects for which resistance has been identified and utilized 
include sorghum inidge (Contarinia sorghicola), biotype C,
E, or I grecnbug (Schi:aphis ,rwminn), sugarcane aphid
(Melanaphis sacchari), and yellow sugarcane aphid (Sipha

flava). 

Sorghun genotype, level of available water and soil 
chemical properI:; (;,Lfrient levels, acidily, toxicity, etc.)
interact to affect crop yield along with the efficient use ofwater and nutrients. This inti riction must be quanlified in 
order for sufficient knowledge to be available for develop-

ment of appropriate agronomic solutions to insure stability 
and sustainability of sorghum production in West Africa. 

The kita presented here and Ihat of others clearly shows 
tie potential synergistic effects of interactions between soil 
fertility, available water and sorghum genotypes. It has also 
shown a number of imxortant responses of sorghum to 
drought, soil fertility and applied inputs to be under separate
genetic control. Tlius, there is great potential for exploitation
of available gemnplaLsm resources for development of mul
liple stress tolerant sorghuis to take advantage of synergis
lic interactions for a wide range of climatic and input 
conditions. 

A joint project between INTSORMIL and TropSoils 
(Soil Management CRSP) was initiated in Mali in 1992 
utilizing these results. 
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This project has been part of a collaborative effort with 
entomologists, especially TAM- 125, to characterize, under
stand and utilize genetic resistance to manage insect pests. 
The research has resulted in the releasce of 12 germplasm 
lines resistant to biotype C greenbug, 11 geniplasm lines 
resistant to biotype E greenbug, and 37 germnplasln lines 
resistant to sorghum midge. Additionally, the project has 
cooperated in the release of "50 converted exotic sorghum 
genotypes. Results of this research have been doxumented 
in 73 publications, abstracts, or reports, and 26 invited or 
submitted presentations. The principal investigators have 
served on 12 graduate committees related to project activi-
ties. 

Introduction 

Sorghum production and yield stability is constrained by 
numerous biotic and abiotic stresses. Insects pose a produc-
tion risk in all areas of sorghum production, the severity of 
dL'unage depending on the insect and local environment. To 
reduce the impact of stress research is needed to develop 
crop genotypes with enhanced environmental fitness suit-
able for use in more sustainable lroduction systems. Genetic 
resistance to multiple stresses in a single genotype will 
further reduce environmental risk and contribute to ini-
proved productivity in LDC and DC productiol systems. 
This is particularly important as local production ecosys
tems (relative to cultivars and technology) experience in-
duced change with natural balance between cultivars and 
biotic stresses also being changed and insect damage be-
coming increasingly severe, 

To meet the demands of increased fx)d production in an 
economically profitable, environmentally sustainable pro-
duction system genetic resistance can be utilized at no 
additional cost to the producer. lhis requires a multi-disci
plinary research program to integrate resistance hybrids into 
the management system. Cultivars resistant to insects will 
readily integrate with other required inputs as part of an 
integrated, ecologically sound production and stress control 
strategy with large potential benefits in subsistence and 
mechanizcd agriculture. Host plant resistance to insects is a 
continual effort in response to a dynamic evolving produc-
lion agroccosystem. 

Among the major constraints to sorghum proouction in 
Sahlelian Africa are: soil acidity, extremely deficient levels 
of N and P. spatially variable soil toxicity and limited 
available water. These factors frequently interact with food 
shortages being the result. Solutions to Ihese problems must 
meet site specific needs of soil, rainfall, resources, lalmr and 
capital. 

Objectives, Production and Utilization Constraints 

Objectives 

Obtain and evaluate germplasm for resistance to artiro
pod pests. Determine the resistance source or mechanisms 
most useful to sorghum improvement. 

Determine the inheritance of insect resistance. 

Develop and release high yielding, agronomically im
proved sorghum resistant to selected insects including the 
sorghum midge. 

Identify and define potential sources of more efficient 
plant nutrient extraction and/or utilization in sorghum. 

Develop agronomically elite sorghum with improved 
nutrient use efficiencies. 

Develop new methods for determining nutrient use effi
ciencies and study responsible mechanisms when appropri
ate. 

Determine the effects of nutrient use efficiency on water 
use efficiency in sorghum. 

Develop analytical procedures for determining chemical 
and physical properties of Sahelian soils and diagnostic 
techniques to use in predicting crop response and need for 
fertilizers or corrective amendments. 

Identify and define sorghum genotypes with varying 
levels or tolerance to drought and chemical stress of Sa
helian soils and detennine how each trait is inherited. 

Constraints 

Sorghum production and yield stability is constrained by 
numerous biotic and abiotic stresses. Insects pose a produc
tion risk in all areas of sorghum production, the severity of 
damage depending on tie insect and local environment. To 
reduce the impact of stress, research is needed to develop 
crop genotypes with enhanced environmental fitness suit
able for use in more sustainable production systems. Genetic 
resistance to multiple stresses in a single genotype will 
further reduce environmental risk and contribute to im
proved productivity in LDC and DC production systems. 
This is particularly important as local production ecosys
tenis (relative to cultivars and technology) experience in
duced change with natural balance ytween cultivars and 
biotic stresses also being changed and insect damage be
coming incmei~isigly severe. 

Sorghum idge. Contarinia wrghicola. is the only cos
nmopolitan sorghni iniisect Cst anid is among tile sorghuim 

species destnictive insect pests. As Lt)C prognis cross 
exotic germiplasin with improved agrononiic traits to indige
nous genotypes, progeny and eventually cultivars will be 
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developed which are more photoperiod insensitive and converted exotic genotypes from the sorghum conversion 
midge damage will become increasingly severe. Depending program. 
on the environment numerous other insects, including
aphids, head bugs, and borers will damage grain sorghum. New sources of resistance are crossed to elite material in
For all of these insects genetic resistance exists and can be the breeding program and to other gemiplasm lines with
integrated into the production system in an ecologically superior trait(s). Studies to determine the genetics of resis
safe, economically inexpensive, and environmentally sus- tance and the resistance mechanism are conducted when 
tanable manner. Cuti'"'r.; resistant to insects will readily possible. Advanced elite materials are evaluated at diverse
integrate with other required inputs as part of an integrated, locations for stability of resistace, adaptation, and reaction 
ecologically sound production and stress control strategy to additional stress factors. Based upon data collected,
with large potential benefits in subsistence and mechanized crosses are made among elite lines to produce additional
agriculture. Host plant resistance to insects is a continual gerniplasm forsubsequent evaluation. Improved adaptation,
effort in response to a dynamic evolving production agroe- other stress resistance (disease resistance and/or drought
cosystem. tolerance), and additional favorable traits are incorporated 

into insect resistant germplasm whenever possible.
It has long Keen assumed that vater was the first limiting

factor to plant growth in much of the semi-arid tropics. Elite lines and hybrids are provided to LDC cooperators
However, Stroosnijder and his associates from the Univer- for evaluation in indigenous environments. The gernplas1i
sity of Wageningen have shown conclusively that due to a is evaluated under the local production system (fertili.er, 
lack of nutrients, principally N and P,usable water isleft on tillage, plant population, etc.) and agronomic and yield data 
the soil profile even by native range plants. We hve deter- collecled. 
mined that on Aflisols in Texas (same soil family as many
in SAT areas of Africa) usable water is left insoil zones of For insects important in t.DC's but not in the U..)., an
low nutrient supply. Consequently, increasing grain produc- array of germplasn is provided to the LDC cooperator. The 
tion under simultaneous low soil water supply and low soil gcrnplasm is evaluated for resistance to the specific insect
fertility is important as well as conditions of low soil fertility by the cooperator. Based upon experimental results crosses 
with adequate water. are made to produce relevant populations for inheritance and 

entomological studies. These populations are provided to
Research Approach and Project Output the cooperator for further evaluation. 

Research Approach Diverse cultivars of grain sorghum from the breeding 
progranms at LuLIlxck, and introductions from LDC's areThe research approach of this project is to conduct col- screened for N,P,and Fe use efficiencies in nutrient culture 

laborative research in LDC's on specific problems. On-site in greenhouse studies at Lubbock and field nurseries in
research issupported by participation in graduate education, Mali, West Africa and at Beeville and Lublck, Texas. 
gerniplasm exchange and evaluation, site visits, and re- Priority is given to lines that have shown promise in pre
search conducted at locations in Texas.various nursery vious tests including nurseries in LDC's. Lines from the 
Collaborative research has focused on evaluation of sor- sorghum conversion prograni are also evaluated. Genotypes
ghum lines and hybrids resistant to sorghum midge in Cen- relatively different inN and/or Pnutrient use efficiency are
tral America. This project had input in developing a grown in a greenhouse in soil deficient in the respective
collaborative research program inSouthern Africa on plant nutrient. Water use are determined and water use efficiency
resistance to the sugarcane aphid. For the United States defined as dry weight production per unit of available water. 
greenbug and yellow sugarcane resistant sources have been Water use efficiency for selected genotypes differing in N
identified and are being used in developing elite resislant use efficiency isdetennimicd inan Ndeficient soil underfield 
sorghums. Through collaborative ties with other projects conditions based on grain and forage yields, available water,
genetic inheritance and resistance niechanisms are deter- and water used. Water use will be determined by neutron
mined. Methodology has been developed to quantify the probe. Particular attention is given to determination of soil 
response of sorghum genotypes to high and low soil fertility chemical and physical characteristics for nurseries in Mali. 
levels, to identify response of -pcific genotypes to fertil
izer, and to evaluate the effect of water and/or nutrient use Project Output 
efficiency on grain yield. 

1993 Accomnplishments
Gernilasn is evalualed for resistance to insects of eco

nomic importance in the collaborative breeding/entomology Research to broaden the genetic base of the midge resis
program in field nurseries or greenhouse facilities, depend- tance breeding program, to incorxrate additional sources 
ing on the insect mode on infestation. Sources of gcrniplasm of resistance into elite lines, to identify new superior R-ines,
for evaluation are elite accessions from other programs and to identify new A-lines with excellent resistance and
(including ICRISAT), introductions, and partially or fully yield potential continued. Seventy-six converted exotic sor

ghun lines were evaluated for resistance to sorghum midge. 
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While some lines expressed resistance under moderate in-
festation none of the lines were resistant under high infesta-
lion levels. Combined results from two years of trials led to 
the conclusion that none of the lines contained useable 
sources of resistance. 

Elite advanced lines were evaluated in a midge line test 
for resistance to sorghum midge and agronomic desirability, 
Of the seventy-five experimental entries twenty-four were 
selected for further evaluation and testing. iNineteen of the 
lines are B-lines (AI cytoplasm) and are being sterilized to 
develop new seed parents. Partial results which show the 
superior lines are piesented in Table 1.The experimental 
entries designated as 'MB' represent potential new B-lines 
(the A-line counterpart is used as the fenale seed parent in 
hybrid production), and each possess excellent resistance to 
sorghum midge. Their usefulness as femnale seed parelts is 
currently being investigated. A major constraint to produc-
tion and use of sorghum midge resistant hybrids has ben to 
lack of superior A-lines which possess excellent resistance 
and yield potential underpest infesttti,,. and excellent yield 
potential in the absence of the pest. If the line posscs (lie 
needed characteristics they wotlti represent a significant 
advance in A-line breeding material and could make a 
potentially major contribution it,use of sorghum midge 
resistant hybrids. 

Experimental hybrids (forty-four) representing new hy
brid combinations were evaluated (Table 2). Included in the 
test were new R-lines and A-lines being evaluated in hybrid 
combination for the first time. When compared to the stand
ard sorghum midge resistant hybrid, ATx2755 x Tx2767. 
most experimental hybrids expressed significantly better 
yield potential and pest resistance under high population 
density at Corpus Christi. While the differences were not as 
large under moderate density (at College Station) the experi
mental lines still express better yield potential and resistance 
than previously available hybrids. 

Research was conducted to develop new germplasm re
sistant to biotype E grecnbug. Advanced hybrid trials were 
conducted to test new R- and A-lines inhybrid combination. 
Superior lines will be tested in 1994 to select superior 
germplasm for release. Initial selections were made in 
breeding populations It)develop biotype I resistant lines. A 
large number of crosses were made to introgress the resis
tance gene(s) into an array of elite germnplasm. Research 
continued to introgre~s genes for resistance to yellow sug
arcane into elite adapted material. Evaluation of F4 genera
tion progeny resulted in identification of six progeny which 
express a useful level of resistance. The germplasm is cur
rently undergoing further crossing with adapted germplasm 
to develop elite resistant lines. 

Table 1. Mean midge €hamage rating and lesirability or selected entries in the i993 Texas Midge Line Test. 
Midge damage raftigt Dcsirahiflilyt 

x ('C§_, CS X CC C'S 
Tx3042 
 8.5 8.0 9.0 3.2 3.3 3.1 
Tx623 8.0 8.7 7.3 2.6 2.5 2.7 
Tx43O 7.8 9.0 6.7 2.4 2.4 2.5
 
Tx378 7.2 8.7 5.7 3.0 2.8 3.2
 
Tx2801 6.3 9.0 3.7 2.5 2.5 2.5 

TAM2566 5.5 5.0 6.0 3.1 3.1 3.2 
M 104-19 INF6 4.3 5.7 3.0 2.7 2.6 2.8 
MBI 11O-1192NF3 3.8 5.7 2.0 2.5 2.5 2.5 
MB104-B92NF7 3.8 4.0 3.7 2.7 2.6 2.7 
MB 104-1192NT8 3.8 5.0 2.7 2.7 2.5 2.8 

MBIO4-1l92NF:9 3.7 4.0 3.3 2.6 2.5 2.6 
MB 104-II93NFI 3.7 5.0 2.3 2.5 2.4 2.6 
Tx2878 3.2 5.3 1.0 2.5 2.5 2.5 
MRI 14-90,M4 3.2 4.0 2.3 2.6 2.6 2.511 


MR I1211-92M4 3.2 4.0 2.3 2.6 2.6 2.7 

Tx2882 3.0 4.7 1.3 2.4 2.4 2.3 
MR127-92M5 3.0 5.0 1.0 2.5 2.4 2.5 
Tx2782 2.8 3.3 2.3 3.1 3.2 3.1 
Tx2880 2.5 3.6 1.3 2.6 2.5 2.7 
SIR I 12B-9992M2 2.5 4.0 1.0 2.7 2.6 2.7 
x 4.4 2.9 6.1 2.6 2.7 2.6 
LSD.o5 I.I 0.2 1.0 0.2 1.1 0.3 

t Rated on scale of I = 0-10% blasted seed, 2 = I l-21Y, blasted seed.. 9 = 1i%blasted seed. 
t Rated ff, -.,l,of I - most desirable to 5 = least desirable. 

1 CC - Christi, TX; CS = College Station. rX.Corpu.s 
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Table 2. Mt'a grain yield and midge damage rating of the 1993 Nidge Hybrid Test. 
Yield/A (in Lhs) Midge damage rating t 

, lhbjid x CC Cs x CO CSATx2755*MR127-92M5 4819 3419 6218 3.2 3.7 2.7 
ATx2755*Tx2880 4395 2380 6409 3.7 5.0 2.3 
A91NI-8(MIIB 104)*Tx2767 4334 1663 7004 3.8 6.0 1.7 
A9NF8(MBI 104)*Tx2882 4262 2801) 5715 3.3 4.3 2.3 
A9NF3(M 11 0)*Tx2880 4256 2300 6212 3.0 4.7 1.3 

A9NF8(Ml 104)*Tx2880 4206 2642 5771 3.5 4.7 2.3 
A91NF6(MB 104)*Tx2767 4041 1938 6144 3.5 5.0 2.0
 
A92NF7(M Bi104)*Tx2880 4018 2244 
 5793 3.7 5.3 2.0 
A9 INF8(MIB 104)*Tx2882 3803 2049 5557 3.5 5.0 2.0 
ATx2755*MRI 12-92MNI 3735 1984 5485 4.0 6.0 2.0 

A92NF3(MB1i0)*rx2882 3721 1698 5744 3.7 5.3 2.0
 
A91NF6(MB 104)*rx2890 3697 2310 5084 3.5 
 4.3 2.7 
ATx2755*MR112B-92,14 3646 2682 4610 3.5 4.0 3.0
 
A9INF8(NIlt, O4)*Tx2880 
 3625 2127 5122 3.8 5.0 2.7
 
A92NF6(MB1104)*Tx288j 3614 1935 
 5293 4.2 5.7 2.7 

A92NF9lM 11104)*Tx2767 3510 1954 5067 3.7 5.3 2.7
 
A92NF6(M l 104)4-1.-2767 3440 
 1431 5449 4.5 6.7 2.3
 
A92NF(MI1 04)*Tx2882 3428 1924 
 4931 2.5 3.3 1.7
ATx2755*Tx2767 2993 542 5443 4.8 7.7 2.0 
ATx280l*Tx2767 2390 165 4616 5.7 8.7 2.7 

ATx2801*Tx2872 1495 482 2509 5.3 8.0 2.7
 
A'x39T9*RTx ' tO 1243 
 592 1894 8.3 8.3 8.3
 
A'l'x27 RI x430 
 1238 85 2391 7.6 9.0 5.5
 
ATx27' 7"R'l'x430 
 599 164 1252 8.2 9.0 7.0
 
ATx3042*Tx2737 303 243 
 363 9.0 9.0 9.0 

x 2958 143 4499 4.7 6.2 3.1
 
LSD.I, 1147 
 842 1727 1.4 1.6 1.3 

t 	Rated on scale of I = 0-10% blasted seed, 2 = 11-20% blasted seed...... 9 = 81% blasted seed.
 
CC - Corpus Christi, TX; CS = College Station, TX.
 

Twenty-one breeding lines and three hybrids were evalu- A 46 entry paired plot screening nursery for soil toxicity
ated for nitrogen use efficiency at low and high levels of was established, jointly with TropSoils, on the Cinzana
available nitrogen and for responsiveness to fertilizer nitro- Experiment Station at a previously selected site. Bagobagen application. Significant differences in grain yield were was used as the resistant check and Malisor 84-5 was used
found. No relationship was found between grain yield and as the susceptible check. This nursery was evaluated on
either high or low levels of available nitrogen and respon- October 14, 1993. A Gadiaba selection made on the Cinzanasiveness to nitrogen appliction. Station was rated higher than the resistant check. It was 

concluded that this technique of paired planting coupled
Ten lines in the same test were used to evaluate a chloro- with appropriate soil analyses would be useful in screening

pfyll meter for utilization in determining nitrogen status of for tolerance to the soil toxicity problem. Soil samples have
sorghum breeding lines. Previous research using a single been taken. Analyses will be performed when the samples
sorghum hybrid, showed meter readings linearly related to are tr insported to Lublxck, at which time an effort will be
nitrogen fertilizer treatment, Figure 1. Readings were made made Io detenuine what characteristics makes the response
on two plants at pre-boot and after heading ott the top most of sorghums to these semi-arid acid soils different from their 
mature leaf and the lowest live leaf. Leaf readings were response to humid acid soils. 
taken near the ligules, mid-leaf and at the leaf tip. The 
conclusion at this point is that the chlorophyll meter will be Fifteen-Year Accomplishments
of little use where more than one genotype is being meas
ured. There were significant differences in meter readings Resistance to Insects 
between genotypes at each nitrogen level and leaf position.
I here was no clear advantage or consistent differences in In addition to developing and distributing tests for resisreadivgs dLute to reading location on tie leaf. lance io -pecific insects this project contributed entries and 
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Figure l.	Relationship between grain yields of 12 sorghum genotypes grown at two soil N levels. No fertilizer applied 

and 134 kg N/ha. 

germplasm to the ADIN (All Disease and Insect Nursery), leased in 1983, contain resistance derived from lines in 
ITVAN (International Tall Variety Adaptation Nursery), addition to SC 175-9. Three A/B pairs (Tx2801 - Tx2815)
TAT (Tropical Adaptation Test), IFSAT (International and twelve R-lines (Tx2804 - Tx2815) were included in the 
Food Sorghum Adaptation Test), EON (Elite Observation release. Twenty-two R-lines, designated Tx2869 - Tx289O, 
Nursery), and BON (B-line Obs'rvation Nursery). The were released in 1989. The resistance is derived from either 
ADIN, ITVAN, FAT, and OFFSET are evalualed at many TAM2566 (SC 175-9) or SC423-14. 
locations domestically and internationally. Additionally, a 
number of F2 breeding populations, advanced lines, and Cooperated in the release of three hundred fifty converted 
hybrids were developed and sent to LDC cooperalors. 	 exotic sorghum lines. The releases were made in three 

groups: two hundred forty lines in 1986, fifty in 1992, and 
Twelve germplasm lines, designated Tx2789-Tx2800, an additional sixty in 1992. 

resistant to biotype C greenbug were released in 1983. Four 
of the lines were A/B piirs (Tx2789 - Tx2892) and eight Provided four hundred sixty-four sorghum lines to Dr. 
were R-lines (Tx2793 - rx2800). Chris Manthe, Department of Agriculture entomologist in 

Botswana, to determine resistance to sugarcane aphid. In-
Eleven germplasm lines resistant to biotype E greenbug heritance of resistance anti resistance mechanisms were also 

were released. Tx2783, released in 1981, isan R-line which studied. The best resistance sources were TAM428 and 
is also resistant to biotype C greenbug. Tx2859 through IS12661C. Other resistance sources were ISI2609C,
Tx2868 were released in 1989. The commercial seed indus- IS12610C, and IS12664C. A differential rcsfmnse for some 
try has used Tx2783 and its derivatives extensively as a lines was noted between aphids from Botswana and Zim
pollinator in hybrids, and is also using Tx2864 as a pollina- babwe. Resistance was determined to be inherited by a 
tor. single, dominant gene. 

Tx2782, derived from AF-28, was released in 1981 for During tihe duration of this project thousands of lines 
resistance to sorghum midge. Tx2782 has consistently su- have been evaluated under field conditions for resistance to 
perior resistance wherever evaluated. sorghum midge. Included were lines from other programs, 

introductions from LDC's or ICRISAT, and three hundred 
Thirly-seven improved germnplasm lines resistant to sor- forty eight converted exotic sorghums from the sorghum

ghum midge were released. Tx2801 through Tx2815, re- conversion program. From the converted exotic sorghum 
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genotypes evaluated sixteen were identified as potential Materials and Methods 
resistance sources. Several of these lines have been used in 
the crossing and selection program to broaden the genetic Various sorghum cultivars and breeding lines were stud
base from TAM2566 (SC175-9) ,andAF-28. 	 ied in greenhouse, lysimeter and field trials in the U.S. and 

West Africa. 
Thousands of sorghum genotypes have been evaluated 

for resistance to biotype C or E greenbug. Several of the Treatments consisted of appropriate levels of fertilizer, 
lines released by this project have been utilized extensively water or other soil amendments, alone or in combination, 
in commercial industry. The estimated net social benefit to depending upon the specific information sought. 
the United States in breeding for resistance to greenbug has 
been estimated at $113 million. Soil physical and chemical properties were determined 

using standard procedures.
 
When a new greenbug biotype, designated biotype I, was
 

identified additional resistance sources were needed and Soil moisture levels were determined by weighing or
 
subsequently identified. The new sources, P1550607 and neutron probe.
 
P1550610, are being introgrei;sed in elite breeding material.
 
Germplasni resistant to biotype I will be made available to Transpiration for field plots was estimated using a 
sorghum producers as rapidly as possible. mechanistic model developed by Lascano et al., 1989. 

SSSAJ. 1113-1121. 
Two plant introductions, P1457709 and P145395 1, were 

confirmed as resistant to yellow sugarcane aphid. These Water use efficiency was calculated based on evapotran
lines are the first germplasm iden;,icd with genetic resis- spiration (ET) or transpiration (T) depending upon the 
tance. Breeding populations are Leing developed to incor- study. 
porate the resistance into elite adapted lines. 

Nitrogen use efficiency was defined as: G/N = s
Nutrient Use Efficiency (Gw/N)(Nt/Np)(NINs) 

Concepts at Beginning of Project: whcre:Gw./N, = units of grain produced per unit of N 
supply. 

Sorghums that perform best at high soil fertility levels 
will perform best at low soil fertility levels. Gw/Nt = units of grain produced per unit of N in the 

aerial plant tissue. Metabolic N use efficiency. 
Agronomic nitrogen use efficiency is defined at the prod

uct of uptake efficiency and metabolic N use efficiency. Ni/Np = units of N in the aerial portion of the plant 
per unit of N in the whole plant. Translocation effi

Gwi'N = (G,./Nt) (N/N) ciency. 

where:ri,, = grain weight 	 NiNs = units of N in the whole plant per unit of N 
supply in the soil. Uptake efficiency. 

Nt = N in above ground plant tissue 
N5 = N in soil available to crop Resulis and Discussion 

Breeding plants tolerant to adverse soil conditions that Results have consistently shown that grain yields at high 
are spatially variable over small distances cannot be accom- and low fertility (Fig. I and Fig. 2), as well as, yield 
plished in field plots. responses to fertilizer (Fig. 3) are to some degree inde

pendent of one another. 
A knowledge of soil properties is not necessary to suc

cessfully conduct a plant breeding program. Therefore, it is incorrect to assume thai selection of 
sorghums under adequate soil nutrient conditions will result 

Fertili ei affects water use efficiency of crops by increas- in sorghums that perform well under nutrient stress. 
ing leaf area index, thereby ieducing soil evaporation, which 
increases water available for transpiration. The increased Sorghum performance at low nutrient levels, yield poten
watei available for transpiration is utilized for increased tial under good conditions and responsiveness to applied 
yield, 	 fertilizer appear to each be under separate genetic control. 

Water use efficiency of crops is affected by soil fertility Soil fertility level has only small effects on evapotranspi
only if the deficiency issufficiently severe to result in a 50% ration (ET) regardless of sorghum genotype, whereas, waler 
or greater reduction in yield, 	 level has significant effects (Fig. 4). 

155 



Germplasm Enhancement and Conservation 

2500
 

S2000
 

1500
 

>" 1000
 

(5500 
500 E] Babadia Fara 	 Malisor 84-7J0 .. . ATx623 x Dorado -- A- CSM 63 

0 10 20 30 40 50 
Figure 2. 	 Grain yield of four sorghum cultivars as affected by fertilizer phosphorus. Cinzana, Mali. 
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Figure 4. Evapotranspiration as affeced by N fertilizer rate, water level and sorghum genotype. WI = Beginning
with full profile + rainfall. W2 =50% of ET applied weekly. W3 = 100% of ET applied weekly. 

Grain yield of sorghum is affected by N al, water level 
and gcnotypc (Fig. 5). 

As a consequence of small effects of N ratc on ET anod 
significant effects on grain yield, watr usC efficiency 
(WUE) based on ET is significantly affected by N rte (Fig. 
6). 

Sorghum genotype and water level interact with N rate 
to influence WUE based on ET, resulting, in the highest
WUE occurring at [lhe moderate water level and high Nrate 
(Fig. 6). 

Percentage increases in WUE are linearly and posiivly
related to percentage increases in yield due to soil fertility, 
even at small percentages of increased yield (Fig. 7). 

Thus, it is not necessai'y to have large increaLses in yield
to derive benefit from fertilizer in improving WUE baLsed on 
ET. 

While soil fertility has small effcs on ET of field grown
sorghum (Fig. 4), it results in proportional changes in Eand 
T (Fig. 8). Increasing soil fertility increases T and decreasesE. The decrease in E is probably due to increased leaf aea 
index. 

The increased yield due to fertilizer application is pro-
portionally different per unit of T han under lesser fertility 

conditions, resulting inincreased transpirational WUE (Fig. 
9). 

Consequently, increases in evapotranspirational WUE in 
field grown sorghum, dueo fertilizer and where ETis little 
changed, are not only a result of reductions in E, but are also 
a result of increases in transpirational WUE. 

Transpirational WUE has been consistently found to be 
rlaed to havest index in lysimeter trials (Fig. 10). This 
might e a useful screening tool fr plat breeders, but needs 
to betested under field conditions. 

Sorghum grain prodluced per unit of N in aerial plant
tissue (meab~lic N use efficiency, Gw/Nt) has been found 
to be affected by an interaction between genotype and N rate 

(Fig. 11). 

N content of the aerial plant tissue per unit of N in the 
whole sorghum plant (translocaion efficiency, Nt/N,,) has 
also been fo~und to be affected by an interaction between Nrate and genotype (Fig. 12). As with Gw Nt, differences 
between genoypes tended to disappear"at higher N levels. 

N content of he total sorghum plat per unit of N supply
(uptake efficiency, N /N) has also been fo~und to beaffeced 
b~y the interaction of N rate and sorghum genotype (Fig. 13).As with GWN t and N/NJ,, differencs between genotypes 
were greatest at lowest levels of fertility. 
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Figure 5.Grain yield as affected by N fertilizer rate, water level and sorghum genotype. WI Beginning with full 
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Figure 7. 	 Relationship between percent increase in water use efficiency (01)and percent increase in yield as a result 

of fertilizer N application. )ata for two sorghum genotypes (MB9 & 1135) grown for two years at three 
water levels and three N leveLs. 
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Grain produced per unit tf N sUpply N use fficinccy., Networking Activities 
G,N) decreased with irrer;.Simrrg N supJly and. :s a cot)n
sequence of tlhreictions of itsc(IIX)lreits. %,.Ls S1 11it"1-siorklhopi
 
carnIy ;lfccIcd hy the Inrterarctlin ,Af N te and gllgeoty'pe 
(Fig. 14). 

All of' tie c(oponrenrts for the propowsed delilion; of N 
use efficiency given in the Materials and Methlod.s were 
affected by N rate aid sorghum genotype. licrefore, these 
shoild be considered a inirnuin for Cxprcssi,ng this trill. 

Transpirrtional WUE ard GCJN, wcre found to be lie
arly and negatively related for sorghum (ig.I15. hlis is 
Ibecause unlike transpiratinral W11I', (;,/N, dCcrcaScd with 
eairh additional inricrerriet of'applied N. Ilowevcr, thc rate 
of decrease inC /N, wi th incrcasing trainspiratioin:il VUE 
was different elween gciitl\l.Js. 

The ihserved differenc ie te r:a1Ci Of deCresC in(;,./N, 
with increasing traispiralioial WU: nay e related to high 
values Of .cihunder both low and high Ievcl.s of Irtility. 
Thrlat is. genotypes that exhhiit 1ic tiiglicstlevels of tranrPi-
rational WUE and (;,,/1NunLcr bothlow arid high fertility 
may hiave tire leLst decre.se in(,/N w hen trilnspirational 
WUE increases with incrmsing soiil leitility. 
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Figure 14. 	 Effect of the rate of soil available N (applied + residual soil nitrate-N) on the ratio ofgrain weight to soil 

available N ((;w/Ns = Nitrogen use efficiency) for two grain sorghum genotypes. 
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G.C. Peterson. 1993. Interna tional Consultative Work-
shop on Panicle Insect Pests of Sorghum ant] Pearl Millet, 
4-7 Oct 1993. Nianey, Niger 

Research Ine'shikator Etahange's 

G.C. Peterson and A.B. Onken. Mali, 12-2-4 Oct. 1992. 
Evaluated cooperitive IER/INTSORMIL research at So-
tuba, Cirim SenankO. Developed cooperative research.tni 
plans for joint IEIINTSORMIL/I'FSOI SOILS research Lii 

adaptation of sorght111 geloltypes to alesL if soill toxic-
ity/strs.s. Evaluiled the plant11 breedilg IuILICeitonolhigy 
(resistance to head bugs) prograls. 

G.C. Pelcrson, I londurL,. 2 ) Nov. - 4 D3cc. 1992. P'artici
pated in review of collaibrirative SRN/'At'/IINTSORIIL 
research program by the INTSORIIL -xtem:il Evaluatioin 
Panel. Collaborative rcse:irch was reviewed at Zai:u-aiuuo, 
Rapacoi, Chiltleca, and Comnavagua. DiscIssCL cillabora-
live research proigiain activities %kith rclpreseltaties oli the 
Ministry of Natural Resources (SRN), US.\AlI)/liD.IIllIS, 
and Pan American Scliixl ('A'). 

(.C. Peterson, Niger, -8 (.)ct. 19)3. ;Iaitici),Ited ill and 
prc.:iited paper at tihe literatiinial ('iiisultalive \W')lkshop 
on Panicle hisect Pe.sts of Siimliumli iid Peaul Millct. Nia-
iney, Niger. 

G.C. Pcterson and A.B. ()ncli, Mali. 8-1( Oct. 19 3). 
Participated in review of cllllibimati'e ILR/INTS(JRNMIL 
research prugraini by the IN'ISORMII. -xlilail Evaluati1i 
Pancl. Collaborative rescich wxas revicwed ai Soltuba, 
Sa niaiko, anilCinina. Evalhiled field rse.rch ii the jolit 
INTSORMNi'IRO)fS(OILS wil Itoxicity/stress nid iali ll 
future colilahoiati' ctivlitis. 

OIt'r ('ooi'ldllo.l 

Dr. B.R. Wiseman, filloillLgist, Insect Biology and 
Pipulalion Naniagemiit Research Lab., P.O. Box 748, 
USDIA-ARS. Tillon. (;A 317)3.17-18 

Dr. R.R. I)uIic:nl, University ifiG iviri,G(c')llgia S aii., 
(rifiin. (A 3(223-1797 

Dr. A. 5 tonayor-Rios, TiOi iCpAIAgric uitlliire Research 
Station, USI)A-ARS, P.O. Box 70 \ayiguez, PR (X)68, I
3435 

Dr. J. Dahlberg, Tropical Agliciiltlue Rescarch thL-
tioin,USDA-ARS, P.O. Box 7(0, Mlas giit.,. Ilk (AIX1-3435 

ally i) public sceicniistsiln( private seed conpanics. Coun
iries to which seed has been distributed include. but is not 
limited to: Niexico, El Salvador, Columbia, Venezuela, Bra
zil. Argentina, Paraguay, Uriguay, India, Australia, India, 
Korea, "l'aiw:m. China, Spain, South Afica, B otswan a,Zim
bab we, gypt, NIali, Niger, Sudai i.and Kenya. Most private 
seed comp:anies with sorghum progr:uns have requested, 
and received. gerinplasin developed by this project. 

G.C. IPelerson panicipated i classilication and descrip
lion oltil e Suduan ,' irghin ¢collection when it was grown at 
Wad Mcdamii, Sudain, and at the USDA Quarantine Center. 
St. Croix prior Ito introLuction of tIe collectioin into the U.S. 
plant gCriplasii system. 

Ilmpact lTechnolo y Developed 

This project has d''e Led numerous gernplasi lines 
resistalt to biotype C aitl'lr F greemibg which have been 
distrilutCd to privatIe seed c0LmipMiCis Ifr use ii their breed
iiig piogramis. Lines develLopcd by Ihis project which have 
been extensively used d1Lirlcty in the prodltilimn of hybrids 
include ATx2752, Tx2737. Tx2783. Tx284, and Tx2862. 
II has been csiiatilcd that the iet social benfil ti tihe Uii:'ed 
States Iro tithe icsis ance: to grcenug breeding proigramii is 
at least i'.]13 millioi. 

Geni ,ip.imnreilsLilt it) st,, :hlliidge which has been 
tleS el llied by this I)nJct hais served ,s tie Iuidatiimi for 
many similar ircediiig pioignitli Ihroughglout the world. 
LinS used, L Mhiieli could beL used, directly ini sorghuin 
hiblid.s ilic'hle ATX2755, Tx27(i7, Tx28,(h, and Tx2882. 
New A-lines cuctnIly iii advanced tesilng have the pLtelilial 
to sigmiificaintly incrc'sC isc i iiidge resi;iaiucc hybrids. 

A ;islsince (;i\vc 

A.B. Oinkei - Provided a Cellinpluter and printer wilh 
siftware toIIcr-CRSI l)rojcC ill Nlii. 

(.C. 'elers;ln - hrLwided a CI)-RONI for computer listed 
il)Lve. 

Puhl icat iils an( P tresentations 
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I P12, NilUi aiIh MN. p 211
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'10 lCi ,, inll t'IiI:.linkc (if %clctt'dConItietd 

%I I,,i %(o.IhIIIIuil 1 ,. I iIll cIIii.1t (;1111 SO rglIi Reect.i11 and 
I hhil iklCillItcnL- i't' -c 2S Mat 2. 1991, ILulk, 'IX 1) t7. 

Dr.~ ii~r~ ~~ 'iulrIc) ~~~~~~~~~~9, W~l( .1 lJhl . I) K NluiII/C. 1) t Zscii., . and t R %Il-Icr~~ ~ i ~ ~ C..4ile i l lll ich,)r ;M.il Stll 

cultural Research, Privaile lig 1;3. (Ja Ioi c' litlts ,.1ll1 A 1 ::i.iwcI /\A :ii 'i . AI'ull"i N'.,. 7 12, l03. ('int liii. (if 

1) 1111IL I', 
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During the lifet tli ir lct Ilil i,,ilds of gcrmi plasini 
salples have bx'en tlistriltctl domiuti,lially,aid inernatiion

164 

http:Ahlii.ls
http:cIIii.1t


Liermplasin Enhancement and Consenation 

Newsletter 

Peterson, G. C. and G.L. Tectes. 1992. Sources of resistance to sorghun 
Midge. AnmumaPlai Resistace to hisects Newsletter 18: 52. 

Refereed Journal 
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Presentations 
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Project Highlights 1984-1993 

This project originally focused on quantifying the use of 
recurrent selection to improve sorghum for yield and grain 
protein quality. Several authoritative publications were pro
duced, populations established and collaboration with the 
Botswana sorghum breeding program initiated. With the 
change in Pis in 1984 objectives were revised to give major 
emphasis to the introgression of high yield tropical food 
quality material into U.S. parental stocks and using the 
resulting variability in two directions; a) as base material for 
incorporation in developing country programs and, b) to 
produce new parental lines to increase diversity, especially 
for grain quality, in sorghum for th U.S. midwest. 

While this new diversity was being generated and se-
lected, existing program material was exploited, which led 
to the rele.se of one medium maturity seed parent, N122, 
and two early Inaturilg seed parents. N123 and N124, all 
white grained. Two of these three have founrd commercial 
applications. A collaborative breeding program was estab-
lished in Botswana to meet objectives set by the Department 
of Agricultural Research. SeIlctiOn over six years of mostly 
extreme drought conditions has produced I1 seed parents 
which are now being evaluated in hybrid tests. The 
SADC/ICRISAT trograin at Butlwayo has assisted with 
winter nursery space fir the Btotswana prtog ram. 

UNL- 115 has also been involved introducing arid lesting 
INTSORMIL sorghuris illSenegal, both in the drylard 
program and, at the request of the Government, inirrigated 
conditions. In bxth enviromnents several INTSORmIL seed 
parent.s were able to produce substantially iiigher yielding 

acceptable hybrids, using existing adapted Senegalese male 
pareits. 

Several germplasnis were released in the U.S., which 
have variously been useful as base material for new seed 
parents, as sources of chinch-bug resistance and unique 
sources of resistance to the newest race, I of the greenbug. 
A recent seed parent release N148, is the first to result from 
the introgression program started in 1984. 

Mcthodology research in Project UNL- 115 has focus :d 
on how best to select for combining ability for grain yield 
(essential for breeding hybrid parents), and seedling vigor
a characteristic needed especially for variable farming con
ditions in developing countries. Chibwe Chungu, from 
Zumnbia, found in her M.S. thesis little difference between 
lines. F1 s, and pop UlatiIns as testers to evalate combining 
ability. If so, there is a tIhetoretical advantage of using FI 
tester to select lor combining ability in early generations to 
improve efficiencies in paretital breeding programs. This 
line of research is being c0t inued by FabiCr Jcutong from 
Camneroon. Louis NIazh lii, froii Boitswana. his Ph.D.ill 

disserlation compared the stability olperforniance individU
als and blends of lines, pareiits, hybrids, and sorghuiim popu
lations in Botswata. I ger ral,bleldls were more stable and 
sometincs higher yielding thai iheaverage of the individial 
ctiponments, ol which irany were better than the local 
variety Segaolane. Among the blends hybrids were best. 
thinigh 11i single hybrid was aIsO high yielilg anid slable. 

Anthony Assibi, from Ghana. in his M.S. thesis showed 
4-fold difference in seedling dry weights antong a range of 
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germplasms. A very high cuiciation was found between 
seedling dry weight and a simple nondestruotive visual 
score. F1 's and F2 populations of crosses between high x 
high, low x low and high x low seedling vigor parents
showed good eI''nce for gain through breeding in this 
trait, even for high x nigh crosses. Some lines had a much 
higher parental worth than others. 

Charles Wortjnann, from the U.S., concluded from his
Ph.D. study on seedling cool tolerance that seedling erer-
gence and seedling growth in cool conditions were largely
independent. Additive gene effects predominated, however, 
while heterosis was generally pxsitive for seedling vigor, it 
could be either way for emergence. Selection for improve
ment of both traits would be effective in some populations. 

Gernplasm was supplied to many countries, including 
Botswana, China, South Korea, India, Nigeria, Senegal,
Sudan, Kenya, 7ambia, Zimbabwe. The project has pro-
vided advanced degree training to students from Botswana, 
Camenon, Ghana. Zambia and the U.S. and short-term 
training to scientists trm Egylpt, South Korea and Senegal. 

Summary 

Most sorghum is grown for food in low resource semi
arid c'-,ditions in Africa and Asia where there are many 
envirom iental constraints to production, tie principal of
which are low nutrient levels, a variable and uncertain 
moisture supply and many severe' pests and diseawcs. Actual 
production is the interaction of these cons,mints on the 
genctic yield potential (the comparartive yielding ability) or 
tie cultivar. Tire tolerance of the genotype to the sum of 
these constraints constitutes adaptalion. Good adaptation
alone, however, is not enough, since yield potential has to 
be raised to increase pi rduction. Though some constraints 
are more common than others, there are different combina-
tions of constraints in differeni: regions, and hence there are 
different areas of adaptation which need to be bred for 
separately. Many cultivars from ICRISAT's breeding pro-
grams, while they have raised yield potentials in many low 
input dryland agriculture (LIDA) regions, have not, in gen-
eral, involved much of the high yield Itenlial available irr
U.S. conbine sorghum parents. In turn the genetic base of 
hybrid parents in the U.S. is very narrow in terms of the total 
range of genetic diversity available. There is a fertile breed-
ing area, therefore, that this project seeks to exploit, of 
crossing higher yielding adapted food quality tropical sor-
ghuns and U.S. parents. 

On tie one hand, tire resulting segregating pxpulations 
are selected in situ in collaborative LIDA breeding programs
to the benefit of developing countries, and oir the other, 
selections are made from tire saeni crosses for adaptation
and combining ability to broaden tie genetic diversity in 
parental lines in the U.S. 

This project works principally with the breeding pro-
grams in Senegal and Botswana (but has also provided 

material to China, India, Mexico, Nigeria, South Africa, 
Zanibia, and Zimbabwe), as well s in the Midwest of the 
U.S. 

In Senegal, hybrids made from INTSORMIL parents
continued to perform well in tests in the Senegal River 
Valley. where alternatives are needed for the existing rice 
Inonoculture. 

In Botswana, development of adapted drought-tolerant 
seed parents continued at Sebele and in the winter nursery
provided by SADC/ICRISAT in Zimbabwe, where testcross 
seed was also produced. 

In U.S. multilocation tests in Kansas and Nebraska 
showed yields of hybrids made with several new tan-plant
seed parents equalled or exceeded commercial hybrid 
checks. Research on determining the most efficient way to 
assess combining ability early in tire selection process con
tinued. Work on seedling vigor identified non-destructive 
methodology, located several good sources, and using 
crosses showed that there is good potential for improving 
this trait through breeding. 

Objectives, Production and Utilization Constraints 

Objectives 

Objectives have changed little from tire previous year as 
lhi:; is a long-term breeding project. A principal aim of this 
project is to introduce and utilize newly bred high yielding
tropical food quality sorghums which have so far not been 
widely used in U.S. breeding programs. Utilization will be 
mainly through selection of progeny from crosses with 
superior U.S. lines. Conversely, tirough the sarue crosses 
high yield traits from U.S. sorghuns are made available for 
selection in developing countries. Appropriate parts of this 
variability in early generations will be used to support
breeding projects in developing countries, and in the U.S. to 
develop ;ew varieties and paeni. l lines. 

Constraints 

Constraints Io sorghum production are bodr genetic and
 
physical factors in tie growing environment and tire effects
 
of inelastic markets. Many existing lardrace varieties,
 
though they are well adap.,ed to low moisture and fertility 
situations and to numerous pests and diseases, are not effi
cient in converting dry matter they produce into grain. Their 
harvest irdex (Ill) efficiency is poor. There are breeding 
,tocks such as U.S. hybrid parent lines, which are twice as 
efficient in this process but they generally perform poorly
in African conditions because they have little adaptatior or 
pest/disease resistance. A combination of traits conferring
adaptation and grain production efficiency is required 
through breeding, as well as further improvement in the 
basic breeding stocks (particularly seed parents) for grain
yield ptential pcrse. Combinations (ines/plants) with good
adaptalion and seed qualities can only be identified in situ 
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in developing countries. Thus, segregating material gener-
ated from crosses with stocks known to perform well in the 
region concerned, in crosses with selected high HI lines, are 
supplied for selection in collaborative projects. 

Research Approach and Project Output 

Research Methods 

The most widely adapted high yielding lines and seed 
parents from the ICRISAT sorghum food quality breeding 
program in India and Mexico, and the Botswana and Zambia 
NARS md the IRAT West African sorghum breeding pro-
grams were introduced md crossed with U.S. B- and R-
lines. New lines are being produced by pedigree selection 
during which criteria for agronomic value and evident food 
quality grain are used. After F3 evaluation, remnant seed of 
F3 and the preceding F2s of crosses between appropriately 
adapted exotic lines are provided to host-country breeders 
tcinitiate collaborative selection programs. At F4/F5, selec-
tions with per se worth are tested for drought/heat stress 
resistance and for combining ability through test crosses, 
Those which act as non-restorers will be considered for 
producing new seed parents. Well adapted partial in-
breds/lines are released as gernnplasin sto:ks/parcltal lines 
for use in the U.S. The introductions are also tested for per 
se performance and in hybrid combinations for possible 
dissemination in intenational nurseries together with hy-
brids made with liues derived from the exotic x U.S. cross-
ing program. 

The research program provides opportunities and mate-
rial for post-graduate student thesis problems. Currently, 
students are researching combining ability methodology 
and per se and parental effects on seedling vigor. Both 
selection and testing in the UNL- 115 project is conducted 
without added fertilizer (about 50 kg N/ha is available from 
the preceding soybean crop), since most LDCs use little 
chemical fertilizer on dryland cereals but cain use rotations 
with legumes. 

Research Findings 

Fifty-eight new FIs were grown, with emphasis on util-
izing tropical, large seeded germplasm from West Africa 
and Zambia with good evident food grain quality. One 
thouswhd and two hundred F2 to F6 lines were evaluated for 
potentiad use in host-country programs and the U.S. Seed 
parent development was continued on 80 lines and 140 were 
increased and testcrossed. 

Seed parents both for the U.S. and collaborative pro-
grams were evaluated inlestcross nurseries, initial and 

advanced tests, and in collaboiation with Kamsas State Uni-
versity in multilocation tests. 

The project has reached the stage where the development 
of the first generation of new seed parents has been com
pleted and their evaluation in hybrid combination has com

nrnced. Among 28 hybrids using new seed parents tested 
at Mead, fourexceed,:d tie yieldsofall check hybrids (Table 
1). Thruugn the cooperation of Dr. Paula Brainel-Cox, seven 
UNL- 115 hybrids were entered into multilocalioi, tests in 
Kansas with the objective of testing them under drought and 
heat stress. Rainfall in 1992, however, was exceptionally 
high and no drought stress occurred. A hybrid with 
90M363A, a tropically derived seed parent, was on average, 
best in test acruss locations (Table 2), while the hybrid ,it! 
90M524A, derived from cox)l-tolerant x tropical sources 
also did well, as it has done in Nebraska tests. 

Later maturing more tropically adapted seed parents were 
tested in both dwarr and semi-dwarf hybrid tests. Seventeen 
seed parents were identficd for tests in Senegal, Botswana, 
Nigeria, and Zambia. 

Mr. Assibi Mahama from Ghana concluded his M.S. 
research on trait correlationsand parental effects on seedling 
vigor at normal temperatures (20-25°C). Using 25 diverse 
lines, including Naga White from Ghana and Shanqui Red 
from China, correlations between seed weight, germination 
and seedling weight, were found to be significant but low 
(<0.31 or less). Seedling height or a visual vigor rating were 
highly correlated (>0.79 or more) with seedling weight 
showing that these can be reliably used as nondestructive 
estinators in breeding programs. Greenhouse observations 
correlated well with observations on thte same genotypes in 
the field. Parents, Fl's and F2's of crosses including recip
rocals between Iwo high and two low seedling vigor lines 
were studied. GCA effects for seedling weight were two to 
three times larger than SCA effects and mid-parent F 
heterosis ranged from 29% in the high x high cross to 74% 
in the low x low cross. F, heterosis for seedling weight over 
h parents ranged from 17 to 39%. Mean F 2 heterosis was 
about 25% of the Ft level (less than expected), and there 
were no significant maternal effects. Shanqui Red was the 
best line per se and tie best parent. The results showed there 

Table 1.Advanced sorghum hybrid test 92-11 (data on 
I I of 30 entries, including checks). Mead 1992. 

Days Ileighl Grain Yield 
Ilyhrid bloom (cm) (kg/ha) 
90M8 IAxTx2737 84 112 9890 
NI22A xTx2737 76 128 9870 

90N1524A xTx8505 85 127 9410 

90M524A xTx2721 76 122 8770 
NI122A xTx2721 79 123 8650 

90M863A xTx2737 77 127 8370 
90,1373A x Tx2721 83 127 8230 
'ioiieer 5358 (checck) 82 123 8140 

90M773A (check) 77 118 8000 
I)173 x 78 700Twck) 138 

DK46 (Llheck) 78 138 7070 
NI22A xTW4O (check) 75 132 6950 

Mean (30 entries) 80 130 7770 
I1s) (0.05) 3.1 10.0 1850 
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Table 2. 1992joint sorghum hybrid test at four Kansas locations (grain yields ofseven UNL-1 15 entries, plus checks). 
Yield 

ltybrid kghta Manh. 
90M363A xTx2721 11860 I 
90M524A x Tx2721 9820 4 
DK46 (check) 9390 13 
90M677A x Tx2721 9200 56 
NI22A xTx430 8930 35 
O0M689A xTx8505 8600 60 
90M373A xTx2721 8520 23 
Pioneer 8446 (check) 8410 14 
90M373A x Tx2737 7990 59 

Mean (64 entries) 8380 32 
LSD (0.05) 	 2860 . 

(I) Only 60 entries at this location 
(2)Overall average ranking of UNL-1 15entries. 

Table 3. 	 Two year (1991 and 1992) mean grain yields of 
top three sorghum hybrids in irrigated test No. 
1, Senegal River Valley. 

Mean yield % of 
Slyhrid I.,g/ha check 
AI55 x RTX2817 6560 115 
AI55 x RTX8505 (R'l'x436) 6260 110 
AI x RTX8505 (RTx436) 690 107 
612A x 75.14 (check) 5700 100 

is a wide range in seedling vigor insorghums and that 
breeding for improved seedling vigor could be effective. 

Fabien Jeuton from Cameroon commenced his thesis 
study comparing inbred, Fl, 4-way and population testers
for their comparative worth ill early generation evaluation 
of combining ability in parcntl lines. 

Networking Activities 

Botswana 

Selection for adapted drought tolermnt food quality varie
ties and seed parents was continued by Peter Setimela at 
Sebele, Botswana. Backcrossing continued on selected seed 
parents and 220 testcrosses from the wittier nursery were 
evaluated. Low rainfall again permitted selection for
drought folerance. The best lines and seed parents were 
identified for increase inthe 1993 winler nursery and pro-

duction of hybrid seed. 

Senegal 

Sorghum tests conducted by Gilles Trouche, ISRA/CI-
RAD, with INTSORMIL lines continued for a second sea
son under irrigation in the Senegal River Valley. Seed 
parents and restorers from projects TAM- 121 and TAM- 122 
gave hybrids which produced up to 15% more than the local 
check hybrid (Table 3). Similarly, two seed parents, A Iand 

Rank by location Mean 
(ar. 1). Gar. I less. rank 

3 2 1 1.75 
7 12 30 13.25 

17 25 10 16.25 
20 28 2 26.5 
25 21 9 22.5 
55 1 16 33 
26 55 13 29.25 
41 35 41 32.75 
58 7 12 34 

32 30(l) 32 22.8(2) 

Table 4. 	 Two year (1991 and 1992) mean grain yields of 
top two sorghum hybrids in irrigated test No. 
2, Senegal River Valley. 

Mean yeld % of
.Ilybrid 	 kihta check 
AI x 75-14 	 7360 110 
ATX631 x 75-11 6890 103 
612A x 75-14 (check) 6670 100 

ATX63 I, showed better combining ability with the existing 
pollinator 75-14 than the standard seed parent (Table 4). 

Gernplasm Ewchange 

4 sorghum parents were sent to Botswana 

32 seedparents were sent xth to Nigeria and Zambia 

2 seed parenJs to China 

27 lines to India 

8 lines were supplied within the U.S. and 16 received 

Publications 

Andrews, 1). J., 1'. J. lrarnel-Cox, and G.E.Wilde. 1993. New sources of 
esisLance to greenbug, biotype I, insorghtm. Crop Sci.Marinesco. 0.. C. Chungu. I'. J. lBraniel-Cox, I'.Igartua, 1).33:198-199.J.Andrews. 
and M.D. Will. 1992. Comparison of tie effectiveness of different types
of testers to identify patent lines for improved hybrids ingrain sorghuin. 
Agron. Abslr. 105. 
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Project Highlights 1985-93 

Project UNL-118. which commenced in 1985, has as-
sisted country programs in developinganid breeding adapted 
pearl millet in situ, researched several breeding methodolo-
gies of wide application, particularly for developing country 
breeding programs, produced a broad range of breeding 
stocks for the U.S., and trained students in breeding rescarch 
relevant to their future tasks. 

The recognition of important problems and the sequence 
of research undertaken in response by the project is outlined 
below. 

The basis for any collaborative breeding program in a 
developing country is the supply and introgression of new 
and useful germplasm into adapted material existing in that 
country's breeding program. This involves the host country 
breeder and the INTSORMIL PI in the joint planning and 
execution of tie breeding program. In pearl millet, the most 
needed attribute in new germplasm for developing country 
programs is higher grain yield. Therefore, a basic objective 
of UNL- 118 has been to generate a diverse base of higher 
yielding gernplasm, both for use in introgression in devel-
oping countries and for use in making varieties and hybrid 
parents in the U.S.As demonstrated in Senegal in 1991 and 
1992, higher yield levels have been obtained in INTSOR-
MIL pearl millet germplasm. In response to a request by the 

Government of Senegal, tests conducted in high yield con
ditions in the Senegal River Valley, in collaboration with 
Mr. A. Fofana, showed that early dwLrf U.S. pearl millet 
hybrids maturing in 85 days could out-yield local varieties 
by 20-30%, which took another 10 days to mature. The 
parental lines of these hybrids and similar stocks with dem
onstrated high yield potential fon the source material used 
in crosses with locally adapted varieties to introgress yield 
and wider genetic diversity for selection in situ in develop
ing country programs. Previous research has shown that 
3-way crosses [(exotic parent x adapted No. 1) x adapted 
No. 2] gave better results than simple exotic x adapted 
crosses. Five synthetic varieties produced this way averaged 
40% more yield than adapted variety checks in dryland tests 
in Senegal in 1993 and were equal or better in resistance to 
downy mildew. A similar approach was used for Mali where 
new synthctics are being tested by Karim Traore. 

Parents for synthetic varieties are often chosen only on 
the basis of genetic diversity and per se values. Though 
rapid, this is not the most effective way. The classic method, 
a full diallel, is too resource consuming. Ph.D. research by 
Rowland Chirwa, from Malawi, showed that evaluating 
potential parents for synthetics either through testcrosses to 
an unrelated tester, or by a particular type of partial diallel 
(a central circulant design) were equally effective in identi
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fying the best combining parents. However, the partial dial-
lel also allowed prediction of yields of tie resulting synthet-
ics. 

West African land race varieties contain recessive wild 
type genes, when homozygous, produce vigorous plants 
called 'shibras', whose grains shatter and are lost before 
harvest. Shibras are usually regarded is deleterious. Karim 
Traore, from Mali, using a recessive seedling marker, vires-
cent, studied in his M.S. thesis an analogous situation and 
showed that while recessive virescent plants yielded less, 
the heterozygous plants in some populations were more 
vigorous thm normal plants. Though the virescent and 
shibra genes are unrelated, these results suggest that the wild 
type genes, having survived in cultivated pxpulations, may
in a heterozygous state, have a positive role in the perform-
ance of traditional West African farmer varieties. 

Mass selection is a form of recurrent selection well suited 
to pearl millet breeding programs in developing countries 
which seek to produce better varieties. Several inodifica-
tions to increase the effectiveness of mass selection were 
used on the Nebraska dwarfmillet population (NDMP). One 
modification involves 'lie use of wider spacing to maximize 
the genetic expression of single plants. However, for this to 
have applicability there has to be a good correlation between 
performance at wide and normal (high) plant populations, 
This was researched over three years using NDMP S i prog-
eny, and the correlation for yield found to be r=0.64*, 
sufficiently good to recommend the method (AR 1989, p.
82). 

In breeding pearl millet for combine harvesting, post-se-
nescence resistance to plant lodging is essential, as in com-
bine grain sorghum. Ferdinand Muuka, from Zambia, in his 
M.S. thesis examined selection criteria and surveyed genetic
resistant.,. ! lodging in pearl millet. He noted that 60% of 
the cause of fallen heads is due to peduncle lodging, the 
remainder being basal. Crosses with elephant grss (Pen-
nisein purpurewn) had the potential to contribute basal 
stem strength but not peduncle strength. Greater resistance 
to longitudinal crushing and transverse breaking of stem 
sections contributed to resistance to stem lodging. However,
reduced plnt height, upright tillers, wider diumeter stems 
and peduncles were all correlated with resistance, suggest-
ing, besides thickening of the stem rind, the phenotypic 
characteristics needed for lodging resistance. Lines with 
good combining ability for lodging resistance were ;,Jenti-
fied. No pearl millet hybrids are yet grown in Africa but they 
are now widely grown by subsistence farnicrs in India, 
where they were the catlalyst that led to a 30% increase in 
national yields and the involvement of commercial capital
in breeding and producing seed of superior hybrids, 

Hybrids could supply in Africa, as they have done in 
India, the quantum increa.ses in yield to provide the impact 
needed to make them acceptable to subsistence farners. 
However, there are technical problems to be solved before 
hybrids can succeed in Africa. These involve durability of 

resistance to downy mildew, and secondly, increased sus
ceptibility to ergot, which is associated with tie use of tie 
AI type of cytoplasmic male sterility (cms) conventionally 
needed to make the hybrids. Ergot is more generally severe 
in Africa than India where epidemics ar sporadic. Top
cross (line x variety) hybrids are both more durably disease 
resistant and stable than the single (line x line) hybrids
which initially caused instability in India. Topcross hybrids 
are very appropriate for Africa since well adapted varieties 
can be used directly as male parents. Research in UNL- 118 
was, therefore, directed to alternative ways of making hy
brids for Africa through; a) utilizing the natural flowering 
behavior of pearl millet and, b) using a different male 
sterility system. 

When pearl millet heads bloom they first become com
pletely fernale fertile for one to five days before anthers 
emerge on the same heads. This offers an opportunity to 
produce hybrid seed without cms on a field scale, by using
another line (or better, a variety) which provides profuse
pollen to fertilize the heads on the 'female' parent, during
the time before they shed their own pollen. Hybrids made 
this way are designated 'prohybrids' (after protogyny - the 
fenale fertile phalse) to distinguish them from cms hybrids.
Barnabas Kiula, from Tanzania, in his M.S. research, used 
made up mixtures of hybrid and parental line seed of four 
different hybrids to investigate the consequences of several 
levels of female self pollination, which is the critical issue 
in the production of such prohybrids. He showed that, 
provided the hybrid plants were taller and more vigorous
than the female parent, even the presence of 20% selfed seed 
had a low and non-significant effect on the hybrid perform
ance. Topcross hybrids made with local African varieties 
used as male parents on adapted dwarf fenale lines or 
populations would produce hybrids that would completely
dominate any female plants. A 20% level of selling in 
prohybrid seed production would be excessive. Prior re
search by IRAT in Niger indicated that such hybrids could 
be made with only 5% selfing. Prohybrids would have 
several major advantages including a wide choice of parents, 
no male sterility problems, as comnon with At cms hybrids,

and a relatively short development time.
 

A further possibility is the use ofa different cytoplasmic 
male sterile system. The A4 cms system, discovered by
Wayne Hanna at Tifton, Georgia in 1989, uses cytoplasm 
from wild pearl millet from Senegal. Initially this system 
was not exploited because of an apparent lack of restorer 
genes. However, a careful survey of the advanced breeding 
material developed in UNL- 118 identified nine good 
sources of A4 male fertility restoration in dwarf back
grounds agronomically suitable for making hybrids. These 
were intermald and released. Further searches have located 
restorer genes in African breeders populations. The A4system has several major advantages including much 
stronger restoration of male fertility, and it may replace the 
Ai system. Its utility in an ergot endemic environment will 
be examined in Senegal. 
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The Ph.D. thesis dissertation of Mr. Figulir Muza, from 
Zimbabwe, conducted in Zimbabwe with the assistance of 
Dr. S.C. Gupta of the SADC/ICRISAT SMIP, on the use of 
mutagens in finger millet, resulted in the discovery of ap-
parent recessive genetic male sterility. Progress in breeding 
:his crop has been slow because of the extreme difficulty of 
making crosses. This new male sterility has application to 
all finger millet breeding programs to greatly increase the 
generation of new variability. 

The project has developed a wide germplasm base of 
breeding stocks adapted to the US midwest/high plains area. 
Started as an M.S. thesis projec, of Mr. Figuhr Muza in 
conjunction with Mississippi State, Qie Pearl Millet Re-
gional Grain test for the U.S. coordinated by UNL- 118, is 
now in its sixth year and has been grown in seven states from 
Georgia to Oregon. This testing program is providing a 
unique data source .n the adaptation and potential of pearl 
millet for grain in the U.S. 

UNL- 118 has supplied and received gernplasm from 
many countries including Senegal, Mali, Niger, Sudan, 
Yemen, Kenya, Malawi, Zanmbia, Zimbabwe, Honduras, 
Colombia and India. Students trained in the project have 
come from Malawi, Mali, Senegal, Zambia, Zimbabwe and 
the U.S. 

Summary 

Pearl millet is the only cereal adapted to the driest and 
hottest of the lowland crop cultivation zones in Africa and 
Asia, principally in the sandy regions of West Africa and 
northwest India. Though pearl millet will grow well in more 
humid areas with better soils, it is in these harsh climates, 
where it is the major food cereal, where improvements to 
production are primarily needed. Physical constraints to 
production are low and erratic rainfall with frequent drought 
periods, and low soil nutrient status. Principal among many 
biotic constraints are downy mildew and ergot diseases, 
Actual production is a result of thei interaction of these 
production constraints on the yielding ability of the cultivar. 
Where the physical constraints (drought, low soil nutrients) 
are strong, agronomic interventions will have large effects 
on production, however, these are often too expensive, or 
otherwise unacceptable, to low resource farmers. Seed of 
new cultivars of higher yielding ability is a cost effective 
technology, even without agronomic support, but more ef-
fective with and encourages the use of better agronomic 
practices. Seed of new pearl millet cultivars, both varieties 
and hybrids, have been widely accepted, by low-resource 
farmers in India even without changes of agronom ic prac-
tices. 

The goals of this project are several. To develop parental 
material of higher yielding ability that can be used in col-
laborative breeding programs in developing countries, and 
to develop new varieties and hybrids in the U.S. To research 
ways of improving breeding populations and the best ways 
of making varieties and hybrids for developing country 

breeding programs, and in the U.S., to produce the adapted 
plant type needed to grow pearl millet as a combine feed 
crop. And, finally, to provide students from the on-going 
research, thesis topics which are relevant to the problems 
they will face in their research programs at home. 

Pearl millet research c,,ntinued in Senegal and Botswana. 
In Botswana, 92BS6-2, a pearl millet variety made from 
Botswana Screre 6A, was entered in multilocation tests for 
a second year. Based on prior collaborative research with 
INTSORMIL, seed was produced in Senegal of hybrid 
KS2068A x 086, for the Senegal River Valley. The Ph.D. 
dissertation research of Dr. Figulr Muza in Zimbabwe on 
finger millet in collaboration with Dr. S. C. Gupta at 
SADC/ICRISAT Bulawayo, showed that both chemical 
EMS and radiation (x-rays) in each of three cultivars pro
duccd a number of agronomically useful mutants substanti
ated by head to row grow outs, including apparent male 
sterility. Opportunities for breeding finger millet will 
greatly increase if tests now being conducted show this 
sterility to be stable and heritable. 

In the U.S. research continued on producing segregating 
popalations for selection in Wc.;t Africa, providing data on 
production of protogyny hybrids for use in low-resource 
agriculture and developing hybrid parent lines in the A4 
cytoplasmic male sterility system which has several major 
advantages over the A, system, and may also be useful in 
developing agriculture. Recurrent selection continued on a 
Nebraska population in conjunction with ARS, Tifton, GA, 
and the 1992 pearl millet regional test was expanded to nine 
locations and included an experimental commercial hybridl. 

Objectives, Production, and Utilization Constraints 

Objectives 

The objectives of the breeding program, witim ,aight 
modifications remain isin previous years: 

To establish a diverse base of agronomically esite inbred 
and seni-inbred lines from crosses between U.'- parents 
and introduced tropically adapted sto-ks and from prior 
program material. The establishment of such a base of 
diversity with yield potential is fundamental to practical 
collaboration on genetic impro'-nent in LDCs in the long
term where populations from specific crosses between su
perior UNL- 118 lines and collaborating country stocks will 
be selected in that country. It also permits hypotheses to be 
tested about the relative potential of various types of varie
ties and hybrids and parental breeding procedures and also 
enables the identification of parents to make hybrids adapted 
to the U.S. 

A type of modified mass selection (recurrent iestricted 
phenotypic selection) is being tested on an UNL-1 18 popu
lation cooperatively with Glenn Burton, Tifton, GA. Be
sides information, improved lines and varieties will result 
from this process. 
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Training LDC personnel illplant breeding and genetics 
is an important objective. Both of the above breeding ap
proaches provide opportunities and material for post-gradu-
ate student theses. 

Constraints 

Constraints to pearl millet production are both genetic
and physical factors in the growing environment and the 
effects of fragile markets. Many existing landrace varieties,
though they are well adapted to low moisture and fertility
situations and to numerous pests and diseases, are not cf'i-
cient in converting the dry malter they produce into grain.
Their biomass production may be gx)d but their harvest 
index (1-il) efficiency is poor. T'hcre are breeding stocks 
which are twice as efficient in this process but they cnerllvperforn poorly in African conditions because they have 
little adaptation or pest/disease resistance. A combination of 
traits conferring adaptation, growth rate, and grail! produc-
lion efficiency is required through breeding, as well as 
further improvement in basic breeding stocks (particularly
seed parents) for grain yield potentiat per se. Co ntinatiOns 
(lines/plants) with good adaptation qualities can only be 
identified in situ in developing countries. Thus, segregating
material generated from crosses with stocks known to lxwr-
form well in the region concerned, to sele -led high Ill lines, 
are developed for selection in collaboratli projects, 

The selection criteria used in developing improved basic 
breeding stocks are numerous and involve morphological
and physiological traits and estimates of genetic combining
ability for performance. Principal morphological trait.s in-
volve determinants of seed uiber/m2 and seed size. Per-
formance data under moisture stress and lower soil fertility 
are needed. Both specific and general combining ability
estimates are needed. These are principally thought of in the 
context of hybrid parent development (for pollen and seed 
parents, respectively), but these eslimates are also of use in 
identifying parents for varieties (synthetics), and possiblyfor indicating parental worth, which is important in gencr-

ating collaborative material for selection. 


Hybrids use growth resources, particularly when they are 
in short supply, most efficiently. While varieties in pearl
millet are lieterotic, higher yields are given by hybrids, even 
those where the best variety is used as a parent. Increased
yields at the small farmer level, often without oter inputs,
has been the reason why pearl millet hybrids have been 
successful in Asia, and provided they are of a stable and
durable type, they can also perfon in subsistence agricul-
lure in Africa. The project, therefore, has been examining
aspects of lopcross hybrid developmenl and production with 
this use in mind. 

Research Approach and Project Output 

Research Methods 

lnbreds and partial inbreds produced from crosses with
existing and new introductions are selected for suitability as 
parental material for varieties, parent lines (particularly seedparents), for hybrids and as parents to cross with host-coun
try (I-IC) material-to supply both hybrids and segregating
populations for selection incollaborative IIC progr:uns. The 
first of such crosses was made in 1987. Producing satisfac
tory inbrcds in pearl millet is a relatively protracted process.
Unless parents previously selected for good seed set are 
used, considerable attrilion during selection may be ex
pected. 

As more inbreds become available in tie program, ways
of making hybrids other than using A, cytoplasmic male 
sterile (cms) seed parentsare being explored. This is because 
the development of A, seed parents bott delays and restricts 
the development of hybrids to a small percentage of the total 
useful Ihybrid combinaions possible among the inbreds and
varieties being produced in a breeding program. When pearl
millet flowers, the period of protogyny, when the head is
only female fertile, prior to anther dehiscence, provides a 
natural opportunily to make hybrid seed with any line or
variety shedding pollen at that time. Since sonic self-polli
nation in the female "seed" parent lines is possible with thismethod of making hybrid seed, the effect of controlled 
unounts of this on hybrid performance has been measured. 
In developing countries, where such protogyny hybrids
(pro-hybrids, as they are termed) may be most useful, the 
use of tall pollinators on dwarf or semidwarf female lines 
will minimize the effects otany selfpollination in the female 
parent through the unequal competition between hybrid and 
inbred plants. Pro-hybrids will also avoid the additional 
sensitivity to ergot commonly associated with hybrids made 
with A1 cms seed parents. 

'c,.' pearl millet is a cross-xol linating crop, population

MI!! )vLlment is a releva:t 
 breeding approach, particularly
 
it,....,' conditions 
 where selection is needed simultane
.;'y
ior many adaptive traits and heterozygosity must be

maintained. Research into tihe utilization of recurrent selec
lion is being conducted (using the NTPC population) and 
ways of using products of recurrent selection relevant to
LDC conditions have been tested. Equally transferable will 
be the metdodsand olerational tcchnfiques being developed. 

Research Findings 

Research in the U.S. 

Germplasmn enhancement continued IXth through pedi
gree breeding and recurrent selecti:,n, lines were evaluated 
both in hybrid combinations and for variety production.
Two types of hybrids were investigated and the fifth year of 
the regional grain yield test coordinated. 

173 



GerniplasinEnhancemeni and Conservation 

Pedigree Breeding 

Two hundred and four new exotic xadapted and adapted 
x adapted Fis were grown and 60 F, to F0 lines evaluated. 
New intruoductions were made from Niger and ICRISAT/ 
India. Selection f1phlasis continued on per se perfornance 

and lodging resistance for material intended for the U.S. Tle 

continued presence of chinch bugs enabled further selection 

to be made for resistance to this pest. Screening Was contin-

ued for propachlor and atrazine herbicide tolerance in a 

separate inbred nursery and in three isolations composed of 
crosses of herbicideranwdom-mating progeny derived from 

lies.tolernmt 

The development of good combining seed parents based 

on the A1 cytoplasmic male sterility (cms) system continued 
and yield testing confirmed the usefulness of seed parents 
293A, 378A, and 413A. and further new seed parents were 
identified (Table 1). 

Table 1. Pearl millet new AI hybrid test-lodging, 
height, and grain yields of 5 of 64 hybrids in 
Mead test 92-62. 

Itcgght tjfmg 
Ilybrid (Lill) (', (k/1la) 

90M57242A x 06 94 3 3990 

901'0433A x 183 120 10 3580 

90M57043A x NI'Nt 2 tf7 7 3460 

90M57242A x 60015 94 8 3208 

68A x N-MIS 122 32 2970 

Mean (64 entries) 107 2 2750
 

I.N) (0.05) 119 14.6 1050
 

The A4 CVlopllsmic Male Sterilitv (cms) System 

Significant advances were made in utilizing the A4 
(monodii) cms system which acts iMc nCdenltly of the A, 
system. Following tile identification of a number of agro
nomically good restorers, work on developing seed parents 
and determining tie worth of the rcslimrers on tlie A. cins 
system was increased. Unlike the AI system, almost all lines 
are maintainers in the A4 system (which meians most good 
lines can be converted to seed parents). Ealualions in 1992 
confinned that male sterility and male fertility in this system 
are more clearly expressed with fewer iitwi,' i c lihnlo-
types. Since sources of mimahe fcriiity resloration are now 
available and because there is a much wider choice of 
potential seed parents. tie use of this system is going to 
allow more rapid uid effective breeding of hybrids in pearl 
millet. The indication that the environmnwntal stability of 
fertility restoration, and hence seed set is more consisten l in 
A4 hybrids will be further examined. 

Preliminary assessments of new A4 restorcrs (termed 
Rm) were made by means of a partial diallel (Table 2) and 
by crosses to an established tester (Table 3). These tests 
indicated that there was variability in combining abilily 

Table 2. Pearl millet Rni (A4 ) part diallel - -plant height 
and grain yield mean or two locations, Mead 
trial 92-68-2. 

Ileight Yield 
Rm cioss (dC11) (kg/la) 

7x5 116 3948
 

3130
 

86 2930
 
I x6 104 

I x2 

102 2810
9 x6 


7x 4 
 103 270
 

103 27507 x 4 

95 2120
2 8 

t.SI) (0.05) 15 930 

Table 3. Pearl millet Rm (A4) tester trial--plant height 
and grain yield or six out or ten hybrids, Mead 
92-68-1. 

Ilight Yield 

Ihbrid (C1) (k/ham) 

27805Rm x 58016 I1 
6Rm x 58016 105 2780 

2Rm x 58016 95 2780 

4Rm x 58016 116 2760 

7Rm x 58016 93 2740 

68A x 58016 107 2630 

t.SI) (0.(5) 10.5 844 

between lines and five were equal to an existing good 
combiner, KS2068A. A population made froln the nine 
initial R4 lines was random-mated a second time. Seven 
further R4 lines have now been identified. 

Protogyny Ilvbrids 

Barnalas Kiula completed his M.S. thesis onl the effect 
that potential levels of selfing in female parents would have 
on the performance of hybrids made by protogyny. Th, use 
of pi )togynyto make hybrids in pearl millet has several 
advantages for low resource agriculture, including ease of 
dcvelopment. Tie effects of mixing 0. 20, 40, and 60% of 
female parenlt seed into hybrid seed were examined in four 
different hybrids in experiments conducted over two to four 
years. In three of the four hybrids, the presence of 20%, and 
in one case up to (0%, of selfed female parent seed .auscd 
negligib .' yield reductions compared to 100% hybrid. In the 
topcross hybrid (lie x variety) 68 x MLS the presence of 
20% inbred Iine 68 caused a n in-significant 1.7% reduction 
oil hybrid yield, and that mixture still yielded 30(;( more than 
the variety (MLS) (Table 4). It is evident that ile relative 
competitiveness of the parental line and tie hybrid plants 
determines the yield of any mixture. Major factors are 
relative plant canopy components, such as leaf numbers and 
area (tillering), rate of growth and height. The hybrid which 
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Table 4. Comparison or actual and expected grain viehls in topcross hylbrid 68 x MILS (four year mean 
Treatments Crain yiels ReduLlion 'mim 100 hIybrid 

No. Ilyb 6811 MIS Amual Ixl..cted ALtual Expected Comp. 2 

- -- seed iwcrcentages - ... k./tia ... %. % 
1 100 0 0 3810 3810 0.0 0.0 0.0 
2 80 20 0 3740 3460 1.7 9.1 9.2 
3 60 40 0 3200 3120 15.9 18.1 2.6 
4 40 60 0 2880 2770 24.3 27.2 3.8 
5 0 100 0 20,0 2080 45.3 45.3 0.0 
6 0 0 100 2870 2870 24.7 24.7 0.0 

LSI) (0.05) 	 313 

IExpectcd yields sumn of pcruent of hybrid and parent yields ac.ording U0mixture.2 Conp. - coinpenation - [I - (actual -epectcd/actuall x 100. 

Table 5. 	 Mean grain yields, regression coefficients (b), deviation mean squares (s2d), and coefficient determination 
(r2 of dwarf peakl millet populations and their topcross hybrids grown in seven Nebraska environments. 

l'Olulaiom Topci-ss hybrids 
GenotylJ Grain yield b sI 2r: 	 ;rain yield sb 	 r 

" kg ha x(X) , a-I x100 
EIXS 2140 1.14 70 0.87 2750 1.08 1540 0.67 
M IS 2150 1.08 0 0.96 2600 	 21701.18 0.67 
MI _S.1 2210 1.43 0 0.96 30500 ...... 

NPIM- I 20O 0.91 0 0.86 2590 1.35 3290 0.67 
NPIM-2 2200 1.40 0 0.95 2980 	 19401.35 0.74 
IMV 1770 1.10 90 0.86 1940 1.26 410 0.81 
S VP 2060 0.99 80 	 26500.83 1.23 1230 0.74 
LVII 1810 1.00 980 0.74 2480 1.55 0 0.90 
CI.T 2240 1.02 770 0.76 2220 0.91 1170 0.62 
SSI' 2120 1.28 660 0.84 2399 1.48 2540 0.74 
I.P 2160 0.69 770 0.59 2660 1.13 0 0.84 
Sidney 1900 1.10 310 0.83 2630 1.12 220 0.79 

Mean 2070 2540 
I.SD 0.05) 330 420 

0 Not testcd in three IJ%)entn unlt. 

was affected was very dvaii-f and showed tie least differ- showed significant correlations with yield. Recurrent re
ences in height and growth habit from the female parent. stricted phenotypic selection has been successful in other 

gra inae and because of its relative simplicity, would be 
This research indicates thait varieties which are of normal appropriate for developing country breeding programns. 

height in African agriculture would be ile best genotypes
and phenotypes for use s ilnale parents for adapted topcross Comparison of Populalions 
protogyny hybrids. 

A number of different random-mating p)pulations have 
Recurrent Selection becn developed. In order to decide which would be the best 

to use in arecurrent selection program, the populations were 
Recurrent selection in lxlpulation NTPC continued in examincd per se and in tester (topcross) combinalions over 

collaboration with Dr. Glem Burton, Tifton, GA. Eighty- seven environments (year x location number). Results in 
one progeny in the second cycle of recurrent restricted Table 5 indicate thal the populations had relatively similar 
phenotypic selection were evaluaLed at Mead in 1992. The yield levels per se. but that their combining abilities (with
selection differential for grain yield between tie mean of the the single tester used) varied considerably. Average het
20% of progenies retlined and the mean of all progenies wa; erosis waS 23%1but two of the higher yielding varieties, 
again 30% showilg no illdication of decreLse in genetic MLS-P and CLP, showed 38 and -1% helrosis, respec
variability because of previous selection. As with the pre- lively. As expecled, the toperosses showed higher b1 values,
vious cycle of progeny cvaluat ion, head nlniber showed the indicating they responded better to improving environ
strongest correlation (0.79) with grain yield bult plant height ments, but Ihe populations were slightly more predictable in 
(0.45), days to bloom (-0.4 1), and iie:id lodging (0.25) all their response to environlmlental change. 
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Regional Test 

This was planted at nine locations in the U.S. in 1992 by 
collaborators in eight states. Yields were not obtained from 
three locations due to an unusually cool weather, hail or 
early frost. For the first timc an experimental commercial 
hybrid was entered in the test. Average IOCation yields 
varied from 1060 kg/ha at Sidney, Nebraska. to .5490 kg/ha 
at Plainview, Texas. The same fourpearl millet hybrids have 
now been g.own over tlhee sites (Tifton. GA;lHays, KS: and 
Mead, NE) for three years. Ilie overall average yield was 
3180 kg/ha. The best hybrid was different for each location 
but averaged between 3900-3930 kg/ha. 

Networking Activities 

Senegal 

The genotype testing program could not be conducted on 
the Senegal River Valley in tie 1992/93 off-season through 
lack of staff funding. however, seed of hybrid KS20XA x 
086 identified from previous tests, wAs increased. Evaln-
ation of Senegalese varieties for their male sterility/fertility 
reaction to cytoplasm was Collllllcd (the originalsource of AA

4 4cyltoplas'n W's a wild sti ,' 1n 1n1 

subspecies from Senegal). 

Five synthctic varieties bred in the Senegal pearl inil!et 
breeding programn which im;volved introgressed INTSOR-
MIL germplasm were tested at two locations by Mr. A. 
Fofana. The results (Table 6) show that four of the five new 
synthetics, which had good downy mildew resistance. 
yielded an average of,10% more than the mcan of the three 
check varieties, 

Zi abwe 

Dr. Figuhr Muza, from Zimbabwe. com)letcd part of his 
Ph.D. dissertation on mnutagenesis in finger millet. Six levels 
(including zero as a control) of chenical ethyl niethanesul
phonate (EMS) and radiation (X-rays) mulagens were given 

to seed of' three finger millet inbred cultivars of diverse 
origins. lliese three inbreds were evaluated prior to treat

enentand made up of only true-to-type plants. The treat
"lents were carried through to the M 3 generation by bagged 
hCad-to-row dc.scent (even though finger millet is a virtual 
I(X)'/ chaS1tigainous inbrceder). Variant plants that were 
different fromn any variability noted in thetintreated plot 
detected in the M, populations were head-rowcd to the M3, 
as well as a rauidoin sampling of 125 plants from each 
uutreated control plot. 

A total of 14 variant phenotypes including height. matur
ity. and lcad structure attributes were identified in the M, 
generation and verified in the "3.T'he highest frequency of 
these phelotypic variants occurred in two out of the three 
varieties with the 1.0% EMS treatment (not tie maximum 
of 1.5) and with the 50 kR x-rays (the highest level given), 
oil all varieties. While potentially useful variants for dwarf 
habit, early maturity and thick- and long-fingered heads 
were found, possibly the most signilicant was male sterility. 
While crosses of' various types are yet to be evaluated to 
confirm tiletype of sterility. it is prubable that this is genetic 
male sterility under recessive control. If this is so, and its 
expression proves relatively independent of background 
gen itype at d en,virinmnt (which is not the case with Gulu 
E-the only other kinown male sterile source). then this 
discovery Would be widely useful in the breeding of finger 
millet where crossing is very dlilficult. 

Gcrinldasin Ehan:ge 

Three varieties were supplied to Yemen, one variety to 
Cl AT-Colombia. and one to Ilonduras. Six lines were sent 
to ICRISAT, Sahielien Center, Niger, and 17 to ICRISAT 
Center. lyderabad. ihree varieties were supplied within tie 
U.S., and 23 received frot ARS, Tifton, GA, and KSU, 
Ilays, Kansas. 

Table 6. Pearl millet synthetics grain test. Means or Ilmbey Nioro locations, Senegal 1993. 
Days io Ill. Downy Grain Yield 

Synthetic bloom (c11)) M ildew % tkgAha) 
*ISM[ 9301 43 206 6.2 1850 

'ISMI 9302 45 197 29.1 1340 

"ISMI 9303 45 206 9.7 1840 

*ISMI 9304 43 214 7.8 2040 

*ISMI 9305 46 202 13.6 1680 

ISMI9306 46 217 8.6 1410 

ISMI 9203 48 231 14.4 1650 
Sowa-3 (check) 49 214 28.0 1040 

IBV 8001 (check) 45 214 18.8 1270 

lIBV 8004 (check) 44 202 20.6 1450 

Mean 45 209 22.6 1541 

LSD (0.05) 2.0 NS 9.4 380 
*Parentage includes INTSORMIL gemnplamn. 

176 



Germnplasm Enhancement and Consenvion 

Publications 

Kiula, It. A. 1993. e111Ceffect of female parnt selling on the productivity 
of hybrids made by prutogyny in p-arl ndilet. MS. '1lhesis. University 
of Nebraska-Lincoln. 

Kun u, K. Anand. and 1). J. Andre:ks. 1993. (cnell it. -,.' rLklitative traits 
in [)Carl millet: A revieer. Crop Sni. 33:1.20. 

Mua, F. R.1993. Mulagenesis and Rl1.l' applications an finger millet 
(Elesin, coracrI I.. acatn.) hreeding. PhID. Dissertation. Uni',er
siy of Nebrska-Lincoln. 

Rajewski. J. t:., and D. J. Andrev s. 1993. 1992 pearl miller regional grain 
yield tnaii. UN-I., lj.'. of Agronon, immeo. 14pp.

Rajewski. J. F. and 1). J. Andr.. s. 1993. l'laiiig ard .iltrvaaiori of dwarf 
grain pearl millet in Nebraska. UN-1., Dept. of Agronomy. inimeo. 1 
pp. 

Andrew s, 1). J., and K. A. Kumar. 1992. Pearl nille for fod, feed, and 
forage. Advances in Agromomy 48:89-139. 

Singh, S. I)., P. Sirgh. D. J. Andrey, s, It. S.Talukdar. and S. II. King. 1992. 
Reselection of a pearl millet culti'ar uhl/irig asidual variability for 
downy mildew reaction. Plant Breeding 109:54-59. 

Rajewski. 1. F., and 1). J. Andwess. 19'92. hmrch bug tolernce in p'al
millet and its relationship to grain yield, lodging, and laturity. Agron. 
Abstr. I ll. 

177 



Crop Utilization and Marketing
 

179 



Crop Utilization and Marketing 

Chemical and Physical Aspects of Food and 
Nutritional Quality of Sorghum and Millet 

Projects PRF-112 (1992-present) and PRF-103B (prior to 1992)
 
Bruce R. llamaker and Allen W. Kirleis (deceased)
 

Purdue University
 

Collaborating Scientists 

Mr. Moussa Oumarou. Chemist, INRAN. Niger 
Mr. Adam Aboubacar, Cereal Technologist, INRAN. Niger 
Mr. lssoufou Kapran, Sorghum Breeder, INRAN, Niger 

Dr. Silt Badi, Cereal Chemist, Food Rescarch Centre, ARC, Sudan 

Dr. John Axtell, Sorghum Breeder, Purdue University, West Lafayette, IN 

Dr. Larry Butler, Bioc'hemist. Purdue University, West Lafayette. IN 

Dr. Gebisa Ejeta, Sorghum Breeder, Purdue University, West Lafayette, IN 

Dr. S. Subramaiian. Cereal Chemist, ICRISAT, India 

Summary 

This report covers the project directed by Allen Kirleis 

until 1992, followed by the present project directed by Bruce 

H:maker. Since the inception of this project the aipproach 

has been to address two general areas: 1) to understand the 

fudam ental properties of grain colmptmeltS as tlielt.ri e 

to grain quality so that varitous traits can be improved 

through genetics or pn.cess iig, andi 2) toas'sist tihe niiatioi 
programs in Niger aiid Sudan with lrictical solutions to 

their priblems. S igficialnt progres s ias been made. A labo-

ratory mallul was deeliped an1d dlistribUted describinig 

procedutres for asays importait to grain qu:lity lx irtslories 
in WestIAfrica. Labor:ti(ory tes ts ftor piorridge q:tlityv were 
ideltilied that best ciorreIl te to coisuimers iii Niger. Graill 

hardlIess tests. which are imlrtalt inidicalors Of eid-use 
quality, were evaluated :id suitaible methods that are rapid 

and simple were put il place. New procksscd fttots frolll 

surglium ill Sidan1 were evaltlcd for iutritional quality :aid 

research was conducted th.tl will illiproive qLality ;ald help 

eftoIns to ciillre rc ili/e kitd, the stapitle SLi)udilese fer-

melited flat bread. 

We niow have a far better nilders taiiding Ot lie sIrietral 

and chemiial c mpositiho of the cormlipt nents of ihe str 

ghum kCrnel, ailld the iriterzictitlls betweeni them. thait affect 

imlprtant cud-use chlicteristics such as proteii digest-

ibility, pasting prrperties, altl kernel hatrdCss. Sorghum 
digestibility ill iuuiians wat.s silwii 1wyilutritioliists to be low, 

clmllparcd to lother cereal grna s, arid frim this prioject we 

niow have a clear collcept of' why the stor age proteins. ir 
kafirins, are difficult to digest. Addition tif a reducing agelit 

to break disulfide bilds IbCtweel prtlcins markedly ill-

creased digestibility, ant' while 1his is ht pre.c|ltly a praic-

lical meanis of increasinig digestibility of the graili ill 

develoig cotjiitries, it l,Ls g veil a clearer picotire as to wIhiaii 
the constraiits are in sorghu, regardinig digeslibililty. Pres-
eItly, a high molccular weight ni)li-k lirii endLusp. ni Ipro-

lein that inversely correlates to reduced digestibility is being 

evaluated as v possible means of inicreasing digestibility 

thr( igh breeding or genetic manipulation. Much effort has 

been given to microstructural and chemical studies of 

kafirin, the storige protein that makes up nearly 80% of the 

total endosperin protein. rhis project developed a new no

wienclst ure for kafirin and. using antil×odie made to indi

%idual classes of kafiri, determined the org:uimtion of the 
'n,;Itorige conta in immunolocationIodies which kafirii by 

studies using trinsinission electroni microscolpy. Studies 

were also conducted ol tlie iitmenctioiis Ibtweeii sorghum 

starch and proteii t it affect the pasting properties of 

cooked storghum I]our. It a,,.s found that high amotuts of 

kafirin decrease the gelalinii/aton plotenti al of (lie starch 

grainules thereby mlaking a thinner porridges. Porridge hex

lure wLs foun1lid to be (lie mo:t important attribute when 

dliferent sorghum cullivars were evaluated using sensory 

paicls ill Niger. 

Siiice this project beg:ui many individuals have been 

trained ft sh ort an d ong termi periods on up-to-date labo

ratory procedures aiid oil research prtjects related it) grain 

utili/ itit problems ill Africa. Tliis impacts the natitnal 

prtgrams aind ias permitted strong collaborative ties to 

develop. 

Introduction 

Research ill the sorghum and millet utilization area ad

dresses a variety of constrailts that affect the producer, 

cereal processtor, ,aidcolistlner. If newly released grains are 
[tit tf acceptable quality to the consumer they will [ot be 

grown iii large quantities by flarmers. Moreover, tol cxpand 

the use of sorghuml and millet ill the serili:.rid tropics new 

varieties tr hybrids with superior quality traits are required 

to p rudiie et111etitive processed prodtucts. Proc ess ing hot 

only provides a market ftir excess gr.in, but also stimulates 

tie economy by generating ilco)me i in ural anld urban areas 

and cai hlve the effect of reducing cereal imlports. In some 

parts of Africa sorghum is now being used indu;trially to a 
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much larger extent than was previously seen. Nutritional Constraints
 
considerations are important to the vulnerable groups who
 
consume these grains as their principal source of energy and 
 Reseach on tie food and nutritionai quality of sorghumprotein. Improvements indigestibility and protein quality of and millet grain is important to improving the agricultural
sorghum would impact these groups as well isfavorably systems of developing countries of the semi-arid tropics.impact processing industries looking to use sorghum in their Factors affecting milling properties, foo)d quality, and nutri
cereal-based products. Inorder to find increased markets for tional value of sorghum and millet critically affects other
sorghum, especially in processed fxds for urbau markets, efforts to improve the crop. If the grain is not acceptable toit isimportant that sorghu m not have the reputation of being consumers. then grain yield and other agronom ic improve
nutritionally inferior. nieits to tile crop are lost. Inaddition, the breeding of grains 

that have superior quality traits will more likely give rise toThis project has focused on impr;ving sorghum quality processed food products that can be successfully and comthrough fundamental and applied studies. We now have a petitively marketed. This is especially true for sorghum
far better understanding of the chenical makeup and prop- which is perceived in some areas to have px)or quality
erties of the storage proteins of sorghum and how they are characteristics. Processing grain, even in minor ways, addsorganized in the endospern. This ias led to knowledge of value to the ,_in and can generate income within farming
how their digestibility can be increased and how they may comm unities. Ultimately, a gxod quality grain that cal beaffect grain hardness. By detennining the mechanisns in- used iii a composite flour or alone to produce a good
volved it is then possible to more directly manipulal attrib- processed product can result in decreased need for grain
utes either genetically or through processing. II the fluttre imports. One of the melain goals of this project is to improve
it will be even more necessary to understand grain colpo- food and nutritional quality (ofsorghum and millet through
nen ts and their reilatiOnShi to qualiity atributesas miolecular a better uidcrstanding of the structural and chemical inter
biology techiiques will be cliploYvcd to alter grain tmits, 	 actions that govern quality. This can then be applied to 

deveIop useful methodilog ies for improving quality. All-With tlie exception of the It moni fixm&:of Africa region other future goal is to aid in tie conmercialization of
made from sorghum and millet are geierall, nt I ppular in prx.:essed products made from sorghur and millet so that
urhan areas where other cereal groins are available aid often siiall businesses or cooperatives can successfully market 
affordable. Along with the sharip increase ii urban xipula- then). 
tions in tlie developing world coines aneed aind oppoti unity 
to improve sorghum ard millet quality to creale a market for Rese'arch Approach and Project Output
increaised grain production, a central gotal of tli' project.
lImprovements ill quality attributies of storghun such as Since the inception of this project a great deal of progress
texture, flavor, and color could iake the grain iure useable. has bccn made toward stlving the proteini digestibility prob-
As sorglium ard millet becorrie used nore inprocessed tein of sorghuin and understanding the role of sorghum
fo(xls it is also necessary to idetify types that are best used cidosperi proteins in different qualily issues. Factors af
for specific purposes, such as comiposite flour breads, cook- felting quality of traditiotmal foods tuwo (Niger) and kisra
ics. crackers, etc. (SudLt1i)were idetitified. Various new varieties and hybrids 

of sorghum were evaluated for quality ahd acceptability inObjectives, Production and tUtilizatin Constraints Niger anid Sudl,01. Kisra starter cultures were characterized 
nicrobiolhgical,, and aculture was developed for comnimer-Oljectives ciali/ation. More rcently (project P'RF- 112) we have con
tinued work on sorgh uni kafirins and other endosperDevelopan understanding if traditional village surghun proteils, as well as initiated a new project in tie food 

foXl prtcCesirig and prepation procedures arid determine prtliici area involviig si rghl .aidIII millet. 
the grain characteristics that iihluence the functional and 
orgaiiletptic properties iif tradititial ftx I i xducls. 	 'Sorg'hum l'rotil i,vihility 

Develop laboraltry screeing rethiods for use iii dvel- "lleiimost recent concern related to low digestibility of
oping country breeding proratins to evaluate and improve sorghun graii (iriginlaed frorrm a report fromr Dr. George
the f(x)d qutlity characteristics of sOrghuiii graiti. Graharr (J.Nutr, Ill: 1928. 198 1)that shnowed Peruvian 

children who had recovered from a malniourished state, oilDetermine the relationships atioig the physical, struc- average inly digested 46%, of sorgluim proteins and ex
tural, and chcmucal compolicits of grainIthat affect the food creld 21, of energy consumed. Other cereal grains tested 
and nutritional quality of surghum in tie sare unit were much rore digestible. Because tart

nin-free sorghums were .sed in tire study it w;s apparetiDetermine tie biichcrical hasis for tile poor protein (lat(ithier factors in [lie grain were respinsible for the low
digestibility of sorghu grain and cooked sorght prepa- digestibility. Studies were initiated in cooperation with Dr.
rations. Axtell to identify methods of increasing digestibilily and to 
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understand the basis of the problem so that it could be 
corrected through bieeding efforts. 

Sorghum is now increasingly being used in industrial 
processes in Africa to make baked goods and other products. 
Obtaining maximum digestibility, as well as improving 
protein quality, could become very important as the upward 
trend in commercial processing of sorghum continues. The 
following is a brief summary of our findings on sorghum 
digestibility. 

Initial in vitro studies at Purdue showed that protein 
digestibility decreased due to cooking and that digestibility 
was significantly lower than for other cereals either un-
cooked or cooked. Subsequent digestibility studies using 
animal models also showed digestibility to decrease upon 
cooking, though tie decrease was less pronounced. Process-
ing sorghum in certain ways was found to effectively in-
crease digestibility. A traditional fermented product, 
Sudanese nasha, and high temperature, low moisture ex-
truded gruel made from decorticated sorghum were found 
to be highly digestible in children both in protein and energy 
(starch). From chemical studies sorghum had previously 
been shown to have a higher anount of "crossliiked" pro-
lanmins compared to other cereals. These storage proteins, 
also called kafirins, when fractionated using the Landry-
Moureaux scheme based on diftk rences in protein solubility 
were mostly soluble in aqueous alcohol plus reducing agent 
to cleave disulfide bonds. This suggested that ahigh degree 
of disulfide bonding might decrease digestibility through 
formation of protein complexes resistant to enzymatic deg-
i,:ion. Accordingly, addition of a variety of reducing 
gents, both toxic and non-toxic, increased sorghum protein 

digestibility of the cooked gruel to the level of the uncooked, 
and of the uncooked to tie level of other cereal grains. This 
discovery still shows promise as a practical means of in-
creasing digestibility through processing ifa suitable edible, 
and inexpensive, reducing agent can be found. Better, how-
ever, would be to correct this problem through breeding or 
molecular biology techniques. Therefore, studies were con-
tinued on (l e structure and function of kafirin proteins, s 
well as othier non-kafiin endosperi proteins, to understand 
the specific chemical basis of low digestibility in sorghum. 
It is interesting to note that Dr. Waniska, Texas A&M 
University, found that starch digestibility increased after 
breaking proteins up with enzymes. There appears to be a 
dependent relationship betwecn protein and starch (or en-
ergy) digestibility as in vivo studies have also shown that 
when digestibility increases it occurs in both components. 

Using sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) to visualize protein digestion over 
time, kafirins were found to be the last class of proteins to 
be digested. After cooking these proteins became IL:ss di-
gestible and less aqueous alcohol soluble. From recent stud-
ies we now believe that the majority ofkafirinsare relatively 
easy to digest by proteases, bu; a highly disulfide bound 
protein coating on the protein bodies restricts both pro-
teolytic enzymes and extraction of the kafij in-contained 

inside. Native, unreduced kafifin extracted and mixed with 
a starch ca-rier was highly digestible. Recent unpublished 
work shows that the major kafirin ((x- kafirin) in this frac
tion is no different from the a-kafirin contained in the 
"crosslinked" kafirin fraction in terms of the amount of 
disulfide bonding occurring between proteins. Thus, kafirin 
contained inside the protein bodies is not difficult to digest. 

High molecular weight non-kafirin proteins were identi
fied that may cause the low digestibility of sorghum. These 
proteins which consist of one major band and two minor 
bands on SDS-PAGE were the last proteins to be digested 
prior to kafirin digestion. The major HMW band was sig
nificantly correlated in amount with digestibility of un
cooked flour (r-0.79, P<0.01). These proteins have astrong 
tendency to form disulfide-bound insoluble complexes 
while in solution, despite tie fact that their cysteine content 
is relatively low and similar to other non-kafirin proteins. In 
the developing seed they are soluble in non-reducing sol
vents up to approximately 40 days after half bloom, then 
become insoluble, or form disulfide-bound complexes, at 
the sune time as protein digestibility decreases substan
tially. We hypo!hesize that these HMW proteins may he 
located at the surface of the protein body adjacent to y
kafirin proteins that are rich in cysteine residues (approx. 7 
oo), and forot enzyme resistant complexes with this 

kafirin thereby restricting access to tle kafirin-containing 

interior of the body. The major HMW protein has now been 
isolated using 2-dimensional gel electrophoresis and N-ter
minal sequence obta.ined. We are presently making antibcd
.s to this protein for iniiunolocation studies and to develop 

an ELISA assaytit can be used to more accurately quan
titae the amount of this protein in various sorghum vane

ties. This hopefully will be suitable to be used in screening 
eady generations of breeding stock to select for highly 
digestible lines. 

Sorghum protein was highly digestible in earlier stages 
of seed development, and in fact was well digested even 
after all proteins have been synthesized. A large digestibility 

drop occurred in uncooked and cooked sorghum during seed 
drydown, and anal'.,is ofdeveloping seeds in two different 
years where dryown occurred at different rates showed 
digestibility decreased concomitantly with moisture con
dent. This p:esui ally is related to the higher likelyhood of 

oxidatior reactions occurring with removal of water. Disul
fide bnid formation is an oxidation reaction. Also related to 
environment, substanti variation was recently seen in di

gestibiity in one genotype over seven years. Uncookedid 
vitro digestibility ranged from 69 to 89% a.d cooked digest
ibility ranged from 47 to 73%. There was no trend in 
digestibility from older to newer flour, and it was concluded 
that differences in environmental conditions, most likely 

d r en n env i ental it o n ou e. 
during drydownaffected digestibility of sorghum. 

In the past year we screened 25 sorghum genotypes for 
uncooked and cooked in vitro protein digestibility and found 
wide variability in digestibility as well as the drop due to 
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cooking. Two experimental lines from Dr. Axtell's breeding
program had percent digestibilities in the high 80s with littlereduction aftercooking. These values were higher thalu most
maize inbreds tested. On the low side there were sorghum
varieties with percent digestibilities in tie 50-60s. Using athree enzyme pH-stat procedure a time course of digestion
was obtained based on the amount of NaOH titrated forsorghum varieties with high and low digestibility. Differ-
ences in protein digestibility could be attributed to differ-
ences in the ability of enzymes to digest piic'n bodies, 

Kafirin Nomenclature andItwniviolocation of Subclasses 

A new kafirin nomenclature based on that of maize zeinsasfacilitatedamwka ome nltebthat ooae es was developed that hals facilitated a more in-depth study of 
kafirins, their function, and location. Kaflirins have tradi-tionally been fractionated and quantitated based on theirsolubility in aqueous alcohol and aqueous alcohol plusreducing agent. These fractions are referred to as "true" and
"crosslinked" kafirins, however, do not to diffcrappreciably 
from each other. In the new nomenclature kafirin polypep-
tides were classified on the basis of their relative differencesin solubility, molecular mass, and from antibody reactions 
to corresponding zein antibodies. Polypeptides were classified as either a-, 13-, or y-kalfirins. a-Kafirins correspond tothe 25 and 23 kDa polypeptides on a SDS-PAGE gel. They 
are electrophoretically similar to a-zeins from maize, have 
similar extractability (40-90% alcohol), and react with a-zein antiserum. The B-kafirins correspond to the 20, 18, and
16 kDa components. They are similar to B-zcin in molecular
weight, extractability (10-60% alcohol), and react with
zein antiserum. Finally, the y-kafirin corresponds to the 28 

B-

kDa component on SDS-PAGE. It is extractable in 10-80%
alcohol in the presence of reducing agent and reacts with
y-zein antiserum. Obviously there are many similarities
between the storage proteins of sorghum and maize. 

Polyclonal antibodies were then raised against the a-, B-,
and y-kfirins and used to develop an ELISA assay toquantitate these proteins from various sources, and to deter-
mine their location in the sorghum endospern. Peripheral

and central endosperm regions were studied in developing

seed (20 DAHB). Locational studies 
were conducted by
exposing thin sections of sorghum endospermn to antisera to

kafirins, followed by incubation with anti-rabbit antibodies

with attached colloidal gold, then viewed on a transmission 

electron microscope. The localization of y-kafirin 
 was ofparticular interest due to its high cysteine content. Individual

localization 
 of the three types of kafifins showed their
organization in the ,rotein body. Transmission electronmicroscopy showed that protein bodies in the peripheral
endosperm were spheroid with concentric rings and a fewdarkly stained inclusions. In contrast, protein bodies of thecentral endosperm were irregularly shaped with a higher 
proportion of dark staining material. Light staining regions 
were primarily composed of a-kafirin which was shown 
using ELISA to make up about 80% of the total kafirin. The 
darkly stained inclusions were predominately 13-and y-kafir

them to be pure and not cross-contaminated with the other
protein type. Kafirin content of 14 cultivars and one hybridthat were decoruicated ranged from 68 to 81% of total 
protein. The significantly higher values than the newmethod could help explain why sorghum grain behaves
differently both in functional and nutritional aspects when
compared to maize. Using the same method zein content waslower. Because they are free to interact with other compo
nents of the grain, non-kafirin proteins contribute most toflour functionality. They also contain protein of much better
quality than the kafirins. Instead of non-kafirins comprising
about 50% of toal protein, we have shown that they may 
only amount to as little as 20%, thus undoubtably affecting
quality. 

ins. y-Kafirin was also found at the periphery of the protein
body. Due to tie high content of cysteine in these proteins
they are likely found as disulfide-bound polymers. Central
endosperm protein bodies had a higher proportion of 13-andY-kafirins, a finding later quantitated and shown by ELISA.
It seems quite possible that tie concentration of y-kafifin atthe periphery of the protein body negatively affects thedigestibility of the interior contents, though the fact that
maize protein bodies contain the analogous -zein at the same
location does not in itself explain the difference in digestibility between tie two cereal grains. These studies have
furthered our knowledge of sorghum storage proteins, not 

only related to the digestibility problem, but also to otherproperties such as endosperm hardness and flour functionality. It is important that the chemistry and structure of the 
major endospemi proteins is well understood in order tochange qu.lity traits thirougi genetics or processing. Nowthat molecular biologists are beginning to be able to manipu
late genes in cereals, it is of particular importance that
structure, location, and function of grain components is 
known. 

Quantitationof Kfirin 

We recently showed that kafirin content in sorghum
endosperm is significantly higher than previously reported.
The standard method for extracting and quantitating kafu-in
 
comes from the Landry-Moureaux fractionation procedure

that is used to separate sorghum proteins into five classes

based on solubility differences. Total kafirin is determined
 
as the amount 
of protein extracted in 60% t-butanol plus
reducing agent. Reports from the literature place kafirin 
content in a range from about 40 to 60 % for normal sorghum
types. We found by using ELISA quantitation of kafirin
proteins that approximately 30% of the total kafirin content
is unextractable in the above solvent and that about 60% of 
the y-kafirin was not extracted. Using new extractiona
procedure developed for maize proteins, we quantitated
kafirin and non-kafirin by first extracfing virtually all prorein in an alkali buffer with detergent and reducing agent,
followed by addifion of t-bulanol to 00% of total volume toprecipitate non-kafirins and to keep kafirins in solution.
SDS-PAGE analysis of the two protein fractions showed 
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Sorghum Graintlardness 

The degree of grain hardness is an important criteria for 
choosing a sorghum cultivar or hybrid for a particular food 
application and is an important consideration in grain mill- 
ing. For example, sorghums with intermediate to hard en-
dosperm texture produce the best West African thick 
porridges, while sorghums with soft to intennediate texture 
are best for the East African fermented breads. Therefore, 
endosperm texture is an important trait in breeding of food 
sorghums. An understanding of the factors responsible aid 
in breeding for texture as well as further the development of 
sorghms for specific food applications. Over the project 
peri,' .i number of studies were conducted to attempt to 
deteiii;ne the factors responsible for grain hardness in sor
0,1,hu. 


A number of different hardness tests were evaluated in a 
study on 15 sorghum varieties. Particle size index and 
pearling index were shown to provide a rapid and sensitive 
measure of hardness. Percent floaters, percent vitreousness, 
and kernel density also ranked varieties in the same order. 
The abrasive-milling performance of sorghum was related 
to all hardness parameters investigated. 

A study using scaning electron microscopy was con-
ducted to observe tie differences in soft, intcrnediate, and 
hard varieties of sorghum during seed development. Grain 
of NSA 740 (soft), P721N (intermediate), and SC283-14 
(hard) was grown and collected at 5 day intervals beginning 
five days after flowering and continuing to 40 days or 
physiological maturity. Samples were prepared by critical 
point drying for viewing on the scanning electron micro- 
scope. Although the developmental sequence does not differ 
between hard and soft varieties, the location and rate of 
occurrence of particular structures do. The first visual indi-
cation of protein development is the formation in the exte-
rior endosperm of beaded strand structures which are 
immature protein bodies. This is followed by appearance of 
the structures in the interior endosperi. Soft and hard 
varieties differed in rates of development as early as at 15 
DAHB. At this stage the hard variety had beaded strands 
present throughout the interior and exterior regions of the 
endosperm. However, the intennediate and soft varieties 
each showed less development of the beaded strands and in 
the soft variety they were only found in the exterior en-
dosperm. This trend continued as the grains developed. By 
physiological maturity, the interior and exterior endosperm 
of the hard variety had gone through the complete develop-
mental sequence from beaded strands to protein bodies 
encased in matrix. It appears that the softer grains have a 
large proportion of floury endospermn as a result of the inner 
portions not reaching maturity, 

These materials were also examined by transmission 
electron microscopy and light microscopy. As viewed in a 
light microscope differences between the soft and hard 
variety were mainly in cell size and packing density. In 
general, cell size was smaller and starch and protein bodies 

were tighter packed in the hard ,ariety compared to the soft. 
Viewed by the transmission electron microscope it was 
shown that the cells vhich will form vitreous endosperm 
have a dense cytoplasm. The cytoplasm later during seed 
drydown forms tie protein matrix. Vitreous endosperm cells 
also appeared to have a higher concentration of mitochon
dria and endoplasmic reticulum than tie floury cells indicat
ing higher metabolic and syntietic activity. The major 
difference between vitreous and opaque endospern regions 
in sorghum is the presence or absence of a continuous 
matrix. A continuous matrix apparently occurs during de
velopmnent due to the small cell size, tightly packed contents, 
and higher protein synthesis in the cells of the vitreous 
endospermn. 

Chemical tests were also done to elucidate the proteins 
or class of proteins that are responsible for grain hardness. 
Vitreous and floury endosperm were obtained from soft 
(Zanab elsha), intermediate (P72 IN),and hard (Mshimbha) 
varieties and proteins were fractionated using the Landry-
Moureaux scheme. Proteins were sequentially extracted 
using different solvents and quantitated to obtain values for 
albunins/globutins, kafirins, and glutelins. Vitreous en
dosperm had a much higher protein concentration than 
floury endospermn averaging about 11% compared to about 
6.5%. This increase was due to a much higher kafirin content 
in vitreous endosperm. Kafirin content of the vitreous en
dosperm varied with hardness of the grain. Floury en
dosperm has elevated anounts of albumin and globulin 
proteins. Elevated kafirin content may be responsible for a 
harder, vitreous endospern. 

The above materials were also analyzed for individual 
kafirins using SDS-PAGE and ELISA. Both techniques 
showed that the kafirin fraction of floury endosperm has a 
higher percentage off3- and y-kafirin and alower percentage 
of ox-kafirin compared to the kafirin fraction of the vitreous 
endosperm. This suggests that composition of the protein 
bodies from the two endospern fractions differ possibly due 
to differences in stages of protein bx)dy development. 

Sorghun PorridgeQuality 

Cooperative studies with scientists in Niger have focused 
both on evaluating porridge quality of new varieties and 
hybrids, and fundamental studies on kernel components 
related to texture. In Niger the commonly consumed thick 
porridge is called tuwo which is similar to t6 of Mali. At 
early stages of a breeding program objective laboratory tests 
are required to screen amhd select breeding lines to plant the 
next season. A number of laboratorv tests have been devel
oped to measure such porridge attributes as stickiness and 
firmness. Before a new variety is released to farmers, it is 
important that its food quality be evaluated by people 
through tasting and cox)king tests. In one study two new 
varieties and a newly developed hybrid were evaluated for 
food quality at four locations in Niger using taste panels. All 
three sorghums were rated better than a local check for color, 
texture, and overall acceptance. 
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A study was conducted by a Nigerien graduate student to 
relate objective methods of testing tuwo quality with sub-
jective panel scores obtained in Niger. Although consumer 
test panels are a valuable method for evaluating new sor-
ghum lines, this method is expensive, time consuming, and 
limits the number of lines that can be tested. Because texture 
is a principal factor of consumer acceptance, a study was set 
up to determine the validity of using a variety of laboratory 
texture tests by correlating results to panel scores taken in 
two locations in Niger. A total of 16 varieties varying in 
grain hardness and endosperm color were grown in Niger in 
the 1990 crop season. The two panel groups composed of 
27 and 30 members evaluated the appearance, aroma, color, 
taste, firmness, cohesiveness, stickiness, and overall texture 
of tuwo by completing a questionnaire. The attributes were 
evaluated along with the acceptability of the products using 
an anchored 0 to 100 point scale. The linear correlations of 
overall acceptance with attributes and the slopes of the 
regression lines made it possible to rank the sensory attrib
utes in terms of the impact on acceptance. The study showed 
that texture (cohesiveness, stickiness, and melting) is the 
most important attribute affecting acceptability. Small 
changes in these textural qualities greatly affected the ac-
ceptabilityoftuwo. A comparison was made with laboratory 
methods to measure texture - alkali gel consistency test, 
Precision penetrometer, and a compression test using an 
Instron Universal Tester. Except for tilegel consistency test, 
the instrumental methods correlated significantly with con-
sumerratings forboth Nigerien locations.The test valuebest 
correlated (r--0.79, P<0.01) with sensory ratings of texture 
was the slope of the compression curve of the lnstron test. 

Further work using the Instron showed that the apparent 
deformability modulus, a firmness measure in universal 
engineering uniLs, could reliably be used as a measure of 
comparing porridge firmness, provided that factors such as 
flour concentration and time of testing arc carefully control-
led. At medium flour-water ratio, percent vitreousness and 
apparent amylose content showed correlation coefficients 
with apparent deforability modulus of r=0.77 Iand r-0.801, 
respectively (significant at the 0.05 probability level). 

Fundamental studies were also conducted to investigate 
the factors that determine porridge texture. In one investi-
gation the relationship between protein and starch gelatini-
zation was studied in nine sorghums differing in endosperm 
texture. Tests used were alkali and acid gel consistency, and 
an enzymatic measure of degree of gelatinization. Grains 
containing more kafirin had higher gel consistency values 
and lower starch gelatinization. It was also found that the 
rate of gel finning during storage was greater for the hard 
than for the intermediate and soft endosperm grains. The 
addition of a reducing agent (2-mercaptoethanol) to cleave 
disulfide bonds before cooking decreased gel consistency 
and increased degree of gelatinization particularly of the 
hard endosperm sorghums. It was concluded that compact-
ness of the disulfide-bound protein matrix surrounding the 
starch granules influences starch gelatinization in sorghum. 
This may explain why hard endosperm sorghums produce 

thinner porridges that are more sticky, and soft sorghums 
produce thick porridges. Starch granules in (he former do 
not gelatinize as fully as granules in the latter. It may be 
possible to manipulate the texture of sorghum-based prod
ucts in the processing step by using oxidizing or reducing 
agents. 

Another study showed that three non-kafirin proteins 
fon large disulfide-bound polymers during the cooking 
process. This was determined by extracting cooked proteins 
ina strong dissociating solvent without a reducing agent, 
separating the mixture by size exclusion chromatography, 
and analyzing the proteins in the high molecular weight peak 
by SDS-PAGE with a reducing agent. These proteins could 
affect texture either by fonning extensible polymers or by 
inhibiting starch granule gelatinization. This work is now 
being continued to see if differences in amounts of these 
proteins could explain varietul differences in texture. 

Sorghum Kisra Quality 

Kisra is a fermented, thin pancake-like bread eaten as a 
staple in Sudan. There is a trend towards commercialization 
of kisra in urban areas and studies were conducted in coop
eration with Sudanese investigators to I) find a standardized 
predictive test for consistency of kisra batter to be used in 
commercial operations and to predict kisra making quality 
of different sorghums, and 2) characterize the changes oc
curing during the fermentation process and develop a 
starter culture that could be used commercially. A critical 
step in the kisra making process is the thinning of the thick 
fermented batter so that it can easily be spread on the hot 
griddle to make the pancake. The thinness of the batter 
determines the ease of spreading, thickncss of the kisra 
sheet, and the ease of removing the baked kisra from the 
griddle. This step is a subjective one necessarily made by an 
experienced kisra maker. An objective test was developed 
using a Bostwick consistometer, an inexpensive and simple 
fluid viscosity tester. Bostwick readings were found to 
increase linearly for batters with watcr/flour ratios from 
1.40-1.67. A witer/flour ratio of 1.45 was used to compare 
the behavior of fermented and unfermented suspensions of 
five Sudanese sorghum flours. All flours exhibited an in
crease in Bostwick consistency (became more fluid) after 
fermentation, however, those with the lowest unfermented 
values increased more after fermentation than samples with 
higher Bostwick values. 

The fermentation process was studied and it was found 
that in a naturally fermented flour (microbes found in the 
flour, cultivar - Dabar) baclerial population increased with 
fermentation time and reached a plateau at 18 hours. The 
microflora of the sorghum flour obtained from Sudan con
sisted of lactic acid, coliforms, and other acid producing 
bacteria and yeasts/molds. Lctic acid content increased to 
0.8% causing a p1I drop from 5.95 to 3.73. In flour that was 
fermented by adding a backslop from a previously fer
mented sorghum, the bacterial population increased with 
time and fermentation plateaued at nine hours. The bacterial 
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population consisted mainly of lactic acid bacteria. Yeast 
and mold counts were low, and coliform growth was sup
pressed by the other organisms. At the end of 9 hours tie 
lactic acid content was 1.5% and pH was 3.73. The end 
products produced from the sorghum flour fermentation 
were lactic acid, acetic acid, proprionic acid, isobutyric acid, 
ethanol, propyl acetate, and 2-furan-methanol. By the end 
of the fermentation using an inoculum from previous fer-
mentation, simple sugars were not detectable. Starter cul-
tures developed in the laboratory from combinafions of 
lactic acid bacteria with different proportions of helero- to 
homol;-tics or combinations of lactic acid bacteria and 
yeasts did not produce the same anount or types of end 
products that were produced during natural fermentation of 
sorghum flour. Sensory trials remain key to selecting proper 
combinations of microorganisms for an optimal kisra. A 
suitable culture and objective testing methods would permit 
larger scale kisra bakeries to operate to produce good, 
consistent quality product that could compete with large 
wheat bread operations. 

Laboratory Manual 

A manual titled Sorghum Quality Laboratory Manual for 
Use in West Africa by J.M. Shull, M. Oumnarou, A.W. 
Kirleis, and J.W. Clark was published and distributed in 
both French and English. The manual is a comprehensive 
listing of the procedures of methods most useful for evalu-
ating the inherited qualitative properties of sorghum thatt 
contribute to its processing and food quality. The manual 
was distributed to scientists and US Al D missions inAfrica. 
Asia, and South and Central America. 

Publications and Presentations 

Journal Articles and Abstracts 

Aboubacar, A.. Ourarou, M.. and Kirleis, A.W. 1992. Relationsh p be
tween consumer ratings and laboratory measurements ofgrain sorglumn 
tuwo quality parameters. Cereal Ftds World 37:551. (Abst.) 

Ilamaker, B.R., Mertz, E.T.. and Axtell. J.). 1994. lfetd of extrsion on 
sorghwn kafirin solubility. Cereal Chron. In press. 

llarnaker, B., Iluang, C.'., and Mohamed. A.A. 1994. Kafirin arid 
non-kafirin content of sorghum grain. Cereal ('hem. in prss. 

Ilamnaker, B.R. and Oria, M.. 1993. l'otential relationship of a I1MW 
protein to protein digestibility of sorghum. Cereal Foods World 38:624. 
(Abst.) 

Mohaned, A.A.. Ilamnaker, B.R., and Axoubacar, A. 1993. Effeds of 
flour-to-waer ratio and time of testing on sorghum porridge finoness 
as deterined by a uniaxial compression test. Cereal Chem. 70:739. 
743. 

Mohaned, A.A., Aboubacar, A., flamaker, B.R. 1993. Effects of 
flour/water ratio and time of testing on sorghmn porridge finnness 
determined by a compression test. Institute of Food Technologists 
annual meeting. 232. (Abst.) 

Oria, M.., Ilarnaker, B.R., and Shull. J.M. 1993. Protein digestibility of 
developing sorghum and its relation to u-. ]-. and )-kafirin content. 
Institute of Food Tecluologists annual meeling. 1).70. (Absl.) 

Oria. M.1.. Ilamaker, B.R., and Shull, J.M. 1993. Resistance of sorghum; 
oE-, -, and y-kafirins to pepsin digestion. Cereal Foods World 38:624. 
(Abst.) 

Watterson, 1., Shull, JM.. and Kirleis, A.W. 1993. Quanlilation of a., B, 
and y.kafirins in vitreous and opaque endospenn of Sorghrum bicolor. 
Cereal Cheri. 70:452-457. 

Presentations 

Ilamaker, Bl.R. 1993. "Relationship of specific sorghum endosperm pro
reins to in vitro protein digestibility." 18th Biennial Grain Sorghum 
Research and Utilization Conference, held at Lubbock,Texas. February
28-March 2. 

The above abstracts are titles of presentations that were 
made at the annual meetings for the American Association 
of Cered Chemists and Institute of Food Technologists. 

Networking Activities 

B. Hamaker traveled to Niger in December 1992 to meet 
with A. Aboubacar and M. Outnarou to develop work plans 
for cooperative studies on sorghum and millet couscous, 
composite flour products using new Nigerien sorghumsand 
quality evaluation of breeding lines. 

B. Hlamaker traveled to Lubbock, Texas to participate in 
the 18t Biennial Grain Sorghum Research Utilization Con
ference. February 28-March 2. 1993. 

B. Hlamaker traveled to Cameroon in October 1993 as 
part of a group (Project SUSTAIN) to make recommenda
tions to the USAID mission regarding food processing and 
marketing projects and met with IRA food scientists and the 
IITA foxd technologist. From there he went to Niger to 
participate in the EEP review and to meet with collaborators. 

Visitors to the Purdue Cereal Lib with whom future 
cooperative projects were discussed included Dr. Ralph 
Waniska (Texas A&M University), Dr. D.S. Murty (ICRI-
SAT). and Dr. S. Subramanian (ICRISAT). 

Laboratory supplies were sent to Mr. Moussa Oumarou, 
INRAN, Niger. 
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University, College Station, Texas 77843-2474 

Collaborating Scientists 

Ms. Haidara, Ms. Berthe, Mr. 1.Goita, Food Technologists, Mr. Karim Traore, Millet Breeder, Dr A. Traore, 
Sorghum Breeder, Dr. Y. Doumbia, Entomologist, Institute Economic Rurale, Republic of Mali, 
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Mr. W. Stegmeier, Millet Breeder, Kansas State University, Hayes, KS 
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Drs. D.T. Rosenow, G.Peterson, Texas Agriculture Research and Extension Center, Lubbock, TX 
Dr. G.Odvody, Texas A&M University, Texas Agriculture Research and Extension Center, Corpus Christi, TX 

Summary 

The ox-and B-amylase activities of 23 sorghum cultivars 
varied significantly. Dorado a white food type sorghum had 
the best malt and lowest dry matter losses during malting. 
In addition it produced high levels of enzynes after only two 
days germination. 

The rapid viscosity analyzer can be used to measure the 
level of amylase activity in sorghum malt quickly and 
efficiently. None of the simple physical measurements of 
grain or malt were highly correlated with malt properties. 

Waxy sorghum hybrids produced steam flakes with the 
most durability, largest diameter, lowest bulk density and 
most attractive appearance. The white food type sorghums 
produced good flakes with excellentappearance.Tempering 
the grain to 17.5% moisture improved flaking efficiency 
significantly. B-mercaptoethanol and sodium bisulfite 
added during tempering gready improved flake quality
while a commercial grain conditioner did not improve flak-
ing efficiency. 

JOWAR crunch, a low fat (10%) snack, was produced 
from new, white, tan food sorghums. Waxy sorghum made 
excellent JOWAR granola and granola bars because of its 
unique flake tenderness. JOWAR noodles, bread from sor-
ghum-cassava blends and other products were successfully 
produced.
 

Honduras fanners are growing Sureflo and improved 
Maicillos because the grain produces lighter colored tortil
las. 

In Mali, the variety Malisor 84-7 with white grain and tan 
plant color has produced excellent new foods. White tan 
plant photosensitive sorghum cultivars are needed in Mali 
for value added processing. Local varieties cannot be used 
b.,cause they are discolored. 

Objectives, Production, and Utilization Constraints 

Objectives 

Develop new food products from sorghum and millet 
using appropriate technology for use in less developed 
areas. 

Develop simple, practical laboratory methods for use in 
breeding programs to assess important grain quality charac
teristics. 

Determine physical, chemical and structural factors that 
affect the food and nutritional quality of sorghum: seek ways 
of modifying the properties or improving methods of proc
essing. 
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Determine tie factors that affect resistance to grain molds 
and field deterioration in sorghum and devise laboratory 
procedures to detect genotypes with resistance. 

Constraints 

Factors affecting food quality, processing properties, and 
nutritional value of sorghum/millet critically affect the po
tential impact of other attempts to inprove the crops. If the 
grain cannot be processed and consumed for food, then the 
agronomic and breeding research has been wasted. This 
project relates quality to neasurable chuaractcrislics that can 
be used to select for sorghum and millet with acceptable 
traditional and industrial utili i.tion attributes. Ithas defined 
quality attributes and incorporates those desirable properties 
into new cultivars at early stages in the breeding and ii-
provement programs. The project also seeks to find more 
efficient ways of processing sorghuns and millets into new 
foods with better acceptabilities that can generite income 
for village entrepreneurs. 

Research Approach and Project Output 

Sorghum and inillet grins g: ,wn locally and from vari-
ous areaLs of the world were analyzed for physical, chemical, 
structural, processing and food properties. Some of these 
findings are suinmarizcd. 

Sorghum Malting Quality 

Malting Quality of Sorghurn Cultivars 

Sorghum malt is used to produce a wide variety of foods 
and beverages in Africa and other areas. Malt quality can be 
improved by opllnizing the malting properties of the sor-
ghum varieties and developing improved nialting proce-
dures. We conducted several studies to determine the effect 
of different steeping and germination times and sorghun 
cultivars on the dry matter losses, enzyme activities, extract 
levels, density changes and compositioi of sorghiu nmIll. 

Five-day malts of five sorghum cultivars were subjected 
to extensive analysis to compare the malt quality prxuced 
from the grains. In addition the changes in carbthydrales 
were determined for the five cultivars. The varieties in
cluded a soft floury brown, a waxy endosperni type, a very 
hard food type. and two improved intermediate texture food 
sorghums that have been released for production inl lonldu-
raDi.The malt from Dorado. a white fxd sorghum grown in 
Central America, had the best overall enzyme levels and 
lowest dry matter losses. Malisor 84-7, ahard food sorghum 
developed ir: Mali, and the waxy sorghum had the poorest 
malt and greatest dry maler losses. Tlie soft brown, high 
tannin sorghun had intermediate malt properties. The high 
quality of Dorado for malt was significant because white 
sorghums are thought to have poor inalting potcitial. 

Eighteen hours steeping and five days gcri,ination gave 

optimum enzyme levels, extracts and dry natter losses. 

Sound, whole sorghum contained small amounts of both ax
and B-anylases. Some cultivars like Dorado had significant 
amylase activities after 2 days germination. However, each 
variety varied significantly in the rate of enzyme develop
ment and dry-malter losses. Some varieties such as Malisor 
84-7 had vigorous root and shoot growth with large dry 
matter losses but very low enzyme levels. 

The nating properties of 16 sorghum varieties grown at 
Lubbock were investigated using the standard procedure 
typical of pneumatic malting. Total dry matter losses ranged 
from 8-19% The or-ainylase activity in the malt ranged from 
25 to 183 U/g compared to commercial barley malt with 189 
U/g. 13-ainylase ranged from II to 41 U/g. The soft 
sorghunis had the best overall malt properties. HoA er, 
there were white food sorghums with good overall malting 
propertics. There are economically significant differences 
aniong cultivars in gennination time required to reach opti
mum levels of enzynle activily. I lard sorghum grains ap
peared to have poor malting characteristics. Sorghums with 
bright red pcricarp and soft endospcrm were generally 
among the best. Thus, it appears likely that certain varieties 
can be found that have significant econonic advantages for 
malt extracts for non-alcoholic beverages and weaning 
foods. 

We had difficulty obtaining consistent results on grains 
grown at College Station and Corpus Christi because the 
samples molded during nialting. Evaluation of malting po

tential must be done on clean bright grain otherwise the 
results are conl'oundcd. Weathered or even slightly molded 

grain cannot be evaluated effectively tor malting Ixtential. 

Sorghum loses 15 to 301% of its dry nmtterduring malting. 
Starch is converted to lower molecular weight molecules, 
dextrins. oligosaccharides and simple sugars which are me
tabolized during growth of the geniinaling seed. The respi
ration losses increaise vith germination time, so, varieties 
that modify and develop enzymes quickly are desirable. 
Tiat is why soft, floury sorghuns have an advantage for 
malting over hard endosperm types. The maling process 
tends to eliminate the adverse properties of the condensed 
tannins which is why brown sorghum isused for traditional 
village inalting. 

Melhods of Malt Evaluation 

The colorimctric methods to measure specifically a-and 
1-amylases proved to be very accurate, precise, quick and 
cost effective under our situation. 

The rapid viscosity analyzer (RVA) was aquick way (10 
niin) to mcasure the amnylase activity of sorghum malts by 
recording the decrease inviscosity of a standard corn starch 
slurry trealted wilh nialt extract. The decrease in viscosity 
was highly correlated to ox-aniylase activity measured with 
the specific colorimectric procedure. 
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Prediction of Malt Quality 

The use of simple techniques to predict malt quality from 
measurements on tie grain or the malts has been only 
partially successful. None of the analytical and physical 
measurements of viable raw grain were good predictors of 
malt quality. There is an association of soft, floury texture 
with improved malting properties. However, not all sofl,
floury types have improved malt potential. Some white food 
sorghums have excellent malting properties which were not 
predicted from grain properties. More research to define 
attributes of sorghums with improved malt properties is 
necessary. 

The CSIR in South Africa and the Southern African 
commercial malting and brewing industry have developed 
some standard methods for evaluating malt quality that are 
currently being revised and shared with collaborators 
around the world. Incorporation of this information into 
sorghum improvement progrms will lead to improved sor-
ghum cultivars for matting with potential for food use as 
well. The future of sorghum utilization in Southern Africa 
and possibly Nigeria is linked to improved understanding 
of malt quality and development of cultivars with optimum 
properties for malt. 

Sorghum ProcessingQualityfir Foodand Feed 

Steam Flaking of Sorghuni 

The Texas Sorghum Producers Board has funded re
search in our laboratory and at Texas Tech University to 
deternine the factors affecting the steam flaking properties 
of sorghum. Large quantities of sorghum is processed into 
cattle feed by steam flaking the grain, similar to the flaking 
process used to produce breakflast cereals. The goal of the 
research is to determine if some varieties process better than 
others, 

Seven commercial and new food types of sorghums were 
steam flaked in replicated trials and the flaes were evalu-

ated for physical and chemical properties and in vitro digest-

ibility.
 

The sorghums had statistically differ,-nt flaking proper-
ties, i.e., flake diameters, resistance to breakage, hardness, 
and appearance. The waxy endospernr flakes were the urost 
thoroughly processed and had tie largest diamieter, ilie most 
durbility and excellent lappearance. The food type sorghum 
was similar in flaking characteristics to the two coinniercial 
sorghum hybrids; the major difference between Ilerii was 
the improved appearance of the food type sorghum flakes. 
The waxy sorghum flakes tended to have lighlly greiter in 
vitro digestibilities than the other sorghum flakes. 

The energy to process the sorghium was similar for most 
of the hybrids; however, it took more to process tie very 
hard endosperin sorghum than it did for tihe otlhers.Tlie waxy 
sorghum appeared to be more easily processed into large 

diameter, low bulk density, durable, translucent flakes than 
the other sorghums. 

Tempering sorghum prior to steaming reduced energy 
consumption and produced flakes with significantly lower 
breakage values. The effect of tempering was more pro
nounced for the waxy than the other sorghums. 

The effect of various conditioners and chemicals on grain 
structure after tempering and steaming varied. The regular 
commercial conditioning agent did not alter the structure of 
tenpered, steamed sorghum kernels while the use ofchemi
cals that break disulfide bonds (sodium bisulfite, 8-mercap
toethanol) caused significant changes in sorghum kernel 
structure. The protein matrix was partially dissolved, which 
should facilitate steam flaking and improve digestibility. 

The experiments this past year showed clearly that sor
ghum hybrids have significant differences among them that 
affect their flaking properties. However, the results must be 
repeated to confirm that tie differences are real. Thus, grain 
of the same hybrids has been increased at Halfway, Texas 
for additional processing trials using the Texas Tech labo
ratory steam flaking procedure developed this past year. 
Additional equipment to more precisely monitor the anount 
ofenergy consumed is being acquired. The effect of .emper
ing and steaming times on moisture uptake of different 
hybrids will be determined. 

Tortilla Quality 

Sorghum varieties with improved food quality for use in 
tortillas are being grown by farmers in Honduras. Farmers 
in Southern londuras grow the variety Surefio because it 
produces lighter colored tortillas and has a sweet stalk for 
forage. Two improved Maicillo cultivars are preferred for 
tortillas. All samples from the advanced Maicillo nurseries 
grown in londuras are evaluated for tortilla quality here in 
the Cereal Quality Laboratory at Texas A&M. The dala are 
used by Dr. F. Gomez, Sorghum Breeder, Pan American 
Agricultural University, Zanorano, Honduras to select for 
tortilla quality. 

A black seeded sorghum cultivar from the Sudan pro
duced tortillas and tortilla chips with a very dark blue color 
and an interesting taste. Splcial sorghums could be used to 
produce specialty products similar to blue maize products. 

Pearl millet tortillas and tortilla chips had excellent flavor 
and color. Pearl millet haLs good potential for commercial 
fox products. 

JOWAR Granola and Breakfast Foods 

Two food-grade sorghum hybrids, ATx63 I*Tx436 (non
waxy), and B.BON 34 (waxy), were micronized and evalu
ated for use in ready-to-cat breakfast cereals (RTE-BC). 
Whole and decorticaled grains were exposed to infrr-red 
burners and flaked between corrugated rollers. Whole grain 
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waxy flakes had tie lowest density, best flavor, texture, and 
the most starch gelatinization. Decorticated waxy flakes 
were extremely thin and fragile. Based on flake charac
teristics, whole waxy and decorticated nonwaxy flakes were 
used for granolas. Whole nonwaxy flakes (27.4% amylose) 
were used for tie preparation of a flaked cereal with reduced 
rate of starch hydrolysis. 

Granolas were prepared by mixing, baking, and cooling 
sorghum flakes, wheat bran, sesane, sunliower seeds, rai-
sins, sorghum molasses, oil, fructose and water. A control 
granola was prepared with rolled oats instead of sorghum 
fakes. All granolas were crisp, sweet with a nutty flavor. 
Decorticated nonwaxy granola had the hardest texture and 
remained crisp in milk for the longest time. Whole waxy 
granola was preferred (p<0.05 N=36) by a sensory panel 
over tie decorticated nonwaxy granola. 

A flaked cereal was prepared by mixing, extruding, flak
ing and baking ground, whole nonwaxy iakes with high 
amylose starch, 0onoand diglycerides, sugar, salt and 
water. Flaked cereal with the highest amylose content had 
the slowest rate of hydrolysis and the least starch gelatini-
zation. 

Acceptable RTE-BC were produced from food-grade 
sorghums with different endosperm types using different 
technologies. Waxy sorghum produced the best flakes for 
granola. Non-waxy sorghum pro)duced the best liaked cereal 
with arelatively slow rate of hydrolysis, 

Noodles 

A system for the production of noodles from sorghum 
(100%) was developed. A dough ball of sorghum flour (100 
g):water (65-70 nil) was cooked in excess water for 30 
minutes before being extruded into noodles. Tthe extruded 
noodles were surface gelatinized by dipping thein in b iling 
water for 10-15 seconds after which they were dipped in 
cold water for 10-15 seconds before being dried ina forced-
air oven for at least 18 hours. 

Grains of four sorghum cultivars were decorticated by 
tangential abrasion and the decorticated grain was milled 
into flour using modified wheat roller milling procedures. 
The four sorghum cultivars represented asort, hard and an 
intermediate texture sorghum plus a waxy endospern. In 
addition, sorghums with tan plant color and straw colored 
glumes were compared to one with purple plant color. Tie 
sorghums with an intermediate to hard endosperm textLure 
and tan plamt color had the highest milling yields, and the 
lightest flour color. 'The intermediate to hard endosperm 
texture flours produced non-sticky freshly extruded noodles 
with good handling properties. They produced relatively 
hard dried noodles which absorbed less water during cook-
ing. The noodles had dry-matter losses during cooking 
comparable to rice noodles and they were not sticky. Tie 
soft sorghum produced unacceptable noodles. They were 

sticky and had poor color and high dry matter losses during 
cooking. 

Flours with finer particle size produced stronger, 
smoother, and lighter colored noodles with reduced dry
matter losses compared to coarse flours. 

The 100% sorghum noodles, especially those from 
Dorado, a white tan sorghum from Central America, had 
acceptable flavor and texture. The taste panel was composed 
of people who were used to consuming wheat noodles. 
However, they still liked the sorghum noodles even though 
the texture was different from wheat noodles. Thus, sor
ghum could be used to produce desirable noodles at a 
relatively low cost. The variety of sorghum is critically 
important. 

JOWAR Crunch 

Traditional alkaline-cooking was modified to produce 
JOWAR crunch, a new snack from special food sorghums. 
JOWAR is a name given to special white food-type sor
ghums. JOWAR (from Dorado) was boiled (960C, for 30 
;1id 60 min) or autoclaved (120 C for 30 and 60 min) in water 
(1:5) containing CaO (1.5% based on JOWAR weight). 
After cooking, the JOWAR was washed, drained and dried 
to produce "pellets" which consisted of dchulled individual 
kernels. Tlhe pellets were dense, and could be stored for a 
long time. JOWAR crunch was produced by deep fat frying 
the pellets. 

Factors affecting the quality and yield of JOWAR crunch 
included the extent of cooking, tie moisture content of the 
pellets and die oil temperature during frying. Pelleis with 
higher moisture contents ( 8%) yielded acceptable prod
ucts when fried at a lower temperatures. Shorter cooking 
times produced JOWAR crunch with higher densities and 
lower fat contents than pellets cooked for longer times or at 
higher pressures. Fat content of JOWAR crunch ranged 
from 10-19 which compares to 23% for tortilla chips. 
JOWAR crunch prepared from pellets with 60 min cooking 
lime and 8%moisture content had optimum yield (96%) and 
a crunchy texture. The addition of seasonings to JOWAR 
crunch yielded delicious snacks with a relatively low fat 
conteint. 

Sorghum Cassava Starch Yeast Bread 

A low specific volume (3.3 - 4.0 cm3/g) yeast-leavened 
bread was prepared from blends containing sorghum flour 
(70%), gelatinized cassava (20%) and raw cassava starch 
(10%) or sorghum flour (75%) and gelatinized cassava 
starch (25%). 

lht cassava starch (20 or 25%) in 90% water (biased on 
100g of table flour) was brought to boil and held for 4 
minutes. The gelatinized starch paste was cooled to 30C 
and mixed with sorghum flour, sugar (8%), dry yeast (2%), 
salt (2%) and raw cassava starch (if used) to develop baiter 
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which was scaled, fermented and baked at 192 0C for 20 the role of anti fungal proteins in resistance of sorghums to 
minutes. The gelatinized starch enhanced batter cohesive- molding. 
ness and viscosity. Sorghum-cassava bread had greater loaf 
volume(520-550cm 3 )and significandybettercrumbstruc- Preliminary results indicate that sormatin levels inture than the bread produced with sorghum alone (390 cm3). creased during maturation in four different cultivars (Mal

isor 84-7, SC103-12E, SC326-6 and 91BE7151). SormatinLight flours free of black specks and with fine particle levels were also different among the cultivars. Sormatin may
size distribution were produced from decorticated sorghum increase during germination. Differences were also obgrains using roller mills. Dorado flour (25% amylose) pro- served in levels ofchitinase and a 30 kDa endosperm protein
duced the best bread. ATx630*Tx435 flour (17% amylose) in mature seeds of BTx378, vlalisor 84-7. Sureilo and Tx430
produced bread with less loaf volume and a sticky crumb. 2 8 17x . The extent of grain molding was inversely correlated
Waxy flour (2% amylose) produced unacceptable bread with the level of 30 kDa endosperm proteins. A positive
with wet, sticky crumb mid low loaf volume. Freshly bakcd correlation existed between chitinase levels and grain mold-
Dorado sorghum-cassava starch breads had acceptable tex- ing. 
ture and flavor, but they staled rapidly. Apparently, amylose
plays a critically important role in the breadmaking quality Further experiments are required to clarify the role and
of sorghum flours used in cassava starch blends, mode of action of antifungal proteins during growth and 

development of the sorghum kernel and to relate it to moldDough additives, shortening and succinylated mono- infection and proliferation. Research in this area will beglycerides (SMG) increased loaf volume, 6.5 and 9.0% expanded in a two year research project funded by Pioneer 
respectively, and improved crumb structure. A combination Hybrid Seed Company. This new approach may lead to
of I% shortening and I%SMG enhanced loaf volume and significant improvement in grain mold resistance of sor
crumb softness, but caused a rancid off-flavor. Glycerol, ghum.
sodium stearoyl-2-Lctylate, xanthan gum, gluten and glyc
erol monostearate did not increase bread volume and had no Collaborative Sorghum Improvement Resea,,"
effects on crumb properties at practical levels. 

This project cooperates closely with other members ofNonwheat, yeast-leavened bread can he made with fine the sorghum progran to incorporate the best quality charac
sorghum flour when gelatinized cassava starch is used to teristics into sorghum. Samples from the breeding nurseriesprovide a continuous network to disperse the sorghum flour. and from die food quality tests grown at different locations
The bread can be sliced and consumed similar to 100% are tested for kernel characteristics and for processing prop
wheat bread, although it stales rapidly. This baing proce- erties such as decortication and tortilla processing. The
dure could be useful to produce a convenient, tasty bread in alkaline cooking tests are especially sensitive and pick up
tropical countries where wheat flour is unavailable or ex- off colors and aromas. 
pensive. 

From this research, Texas A&M has released severalGrain Molds inbreds that produce white, tan-plant sorghum hybrids
 
which have excellent food and feed processing quality. For


Sorghum grain molding is a serious problem resulting in exanple, recent work in Mexico has confirmed that the new

substantial losses in yield and quality. Two major fungi 
 food sorghums gave 65% yield of grits compared to 50%

associated with fungal deterioration of sorghum grain are F. 
 yield of grits from existing commercial sorghum hybrids. In
nonilifornme and C. lunata.Several agronomic, physiologi- addition, the color of the grits from the white food sorghums

cal and biochemical characteristics of the grain have been was significantly improved. These sorghums produce excel
identified that correlate positively with resistance to mold-
 lent quality grain when grown under dry conditions. Be
ing. However, none of the properties alone convey effective cause of reduced anthocyanin pigments, the grain can
mold resistance to cultivars. withstand some humidity during and past maturation. How

ever, these sorghums need more resistance to molds andRecently, antifungal proteins have been found in sor- weathering to be grown in the hot humid areas of the world. 
ghum. Various isozymes ofchitinase (29 kDa) and sormatin 
(22 kDa) have been identified in different sorghum culti- Networking 
vars. The intensity of these bands varies among cultivars. 
Chitinase and 0-1,3 glucanases could play a role in the Travel 
defense mechanism of plants because of their ability to 
digest chitin and P3-glucans, which are major cell wall com- L.W. Rooney traveled to Mali to confer with personnel
ponents of fungi. Sornmatin acts by permeabilizing fungal in die Food Technology laboratory on sorghum and millet
plasma membranes. Sorniatin and the endosperm proteins quality evaluations and development of new food products. 
are reported to inhibit the growth of F. monilifme in vitro. The laloratory is undergoing some changes in personnel andTheir effects on C. lunata or other common sorghum grain needs additional help to achieve its objectives. Increased
molding fungi are unknown. We initiated research to study emphasis on developing improved local sorghums with 
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photosensitivity, tan plant and straw glume color by the Dr. Serna-Saldivar and three ITESM MS students con
plant breeders will provide grain for processing into high ducted sorghum and maize analyses for two weeks in the 
quality products. Research on parboiling, weaning foods cereal quality lab. 
from cowpeas and millet, instant masa flours and quality 
evaluation of breeders samples continues. L.W. Rooney traveled to Rio de Janeiro, Brazil (no 

expense to INTSORM1L), to provide assistance to EM-
L.W. Rooney, Maria Gomez and Laura Cruz y Celis BRAPA on food science and technology research on corn 

presented information on sorghum and maize quality/ tecn- and sorghum. Seminars were presented to the Brazilian Dry 
nology to participants at the Latin American and Mexican Maize Millers Association, to staff of the EMBRAPA maize 
Symposium on Food Science and Technology in Mexico and sorghum research center in See Lagoas and to he food 
City, Mexico. Two-hundred scientists from Mexico and technology research center staff. 
Central America participated in the conference. 

North America 
L.W. Rooney participated (partial expenses from INT-

SORMIL) in the International Cereal Chemistry Congress Several papers were presented at the annual American 
in Pretoria, S. Africa where he and Professor Taylor, Uni- Association of, ereal Chemists conference in Minneapolis, 
versity of Pretoria, organized a two day sorghum sympo- Minnesota, and the Institute of Food Technologists Food 
sium as part of the conference. L. Rooney presented Exposition in Chicago, Illinois. L.W. Rooney presented 
seminars and discussed sorghum food quality personnel at sorghum quality/ utilization discussions to Texas Sorghum 
the Summer Grains Research Center in Potchefstrom and Producers Board Members and other farm groups. 
several food companies that process sorghum into foods. A 
significant amount of sorghum is milled and sold for por- Several members of the cereal quality lab presented 
ridge in South Africa. Many of the new food type hybrids posters and papers at the 18th Biennial Grain Sorghum 
can be grown in South Africa. Research and Utilization Conference in Lubbock, Texas. 

Dr. H.D. Almeida-Dominguez, Institute of Technology Training 
of Merida, Mexico, received funding from the International 
Foundation for Science for research on Utilization of white One Ph.D. and two M.S. students completed their studies 
sorghums for food in southeast Mexico. The Texas A&M and returned to Mexico, Botswana and Tanzania. Five other 
Cereal Quality Lab is a collaborator. The objective of the students are nearing completion of M.S. degrees. 
study isto determine the milling and malting quality of grain 
from 102 sorghum lines grown in Merida, Yucatan. A L.W. Rooney currently serves as chairman of the Sor
student from Merida spent three weeks conducting analyses ghum and Millet Working Group of the International Asso
on sorghum malt in the Cereal Quality laboratory. Some ciation for Cereal Science and Technology. 
chemicals and supplies have been sent to Merida. 

Accomplishments of the Project over 15 Years 
Cooperation with the University of Sonora continues, 

with publication of papers resulting from our previous re- This project has collaborated with many scientists in a 
search. large number of countries and with colleagues from differ

ent United States universities. The productivity has been 
Dr. R. Waniska traveled to India (partially funded by outstanding because of the many unselfish collaborators we 

INTSORMIL) where he conferred with ICRISAT scientists have had. A partial list of some accomplishments is pre
working with sorghum and millet quality. He also conferred sented. We acknowledge that nearly all of them have had 
with scientists working on cereal chemistry at the Central significant input from our collaborators and could not have 
Food Technology Research Institute at Mysore. He pre- been accomplished without tie interdisciplinary efforts so 
sented seminars on tortilla and other sorghum food systems, typical of INTSORMIL. 
Information on anti-fungal proteins in sorghum was ob
tained from Dr.A.Chandrashekar and students. These ideas Sorghum and Millet Food Quality 
will be evaluated in subsequent trials evaluating mold resis
tance of sorghums. Traditional foods from sorghum and millet were classi

fied into seven major categories based on processes by local 
L.W. Rooney has acooperative project with Dr. S.Sema- consumers. 

Saldivar, Professor, Food Science, Monterrey Institute of 
Technology (ITESM), Monterrey, Mexico to evaluate the Laboratory procedures for producing each major food 
usefulness of the new improved food sorghum hybrids in class were standardized and used to determine the critical 
milling and as adjuncts in brewing. Cerveceria de attributes of grain quality. 
Cuauhtemoc, in Monterrey, has financially supported the 
project and are conducting milling and brewing trials on 
grits from white food type sorghums. Results are promising. 
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The processing and food quality of new sorghum varie-
ties affect their acceptance. Poor food quality caused several 
new varieties to fail. 

Sorghum kernels with thick pericarp and hard endosperm
have the best dry milling properties for hand dehulling and 
thick porridge production. 

Simple, practical laboratory tests to evaluate food quality
of sorghum and millet were devised and utilized to improve
processing and food quality. For example, an alkali test to 
estimate color of sorghum lines has been used to select for 
tortilla quality. 

Varieties with good processing properties have been 
identified and selected by breeders based upon quality tests 
devised in this project. 

The genetics of sorghum kernel characteristics have been
documented and related to their structure and functionality
in the major food systems. 

Kernel size and shape affect the milling properties of 
sorghum and millet. Harder, white, spherical sorghum ker
nels have the best dry milling properties. Souna pearl millets 
with long,slender kernels have poor milling properties. 

Grain molds and weathering affect the quality of sor-
ghum significantly. In West Africa, head bugs attack the
grain of improved types and together with molds reduce 
food quality. Such grain has soft kernels that are destroyed
during decortication. The flour produced often produces 
poor quality thick porridge. Photosensitive sorghums are 
required in these areas. 

In Mali, a food technology laboratory was developed, 
equipped and personnel trained to conduct post harvest 
technology research on cereals and oilseeds and legumes. It 
evaluates breeders samples for milling and food quality. 

In Honduras and Mexico, sorghums with vastly im-
proved prenerties for tortilla production were identified, 
Method. of evaluating tortilla quality were developed, 
These tesi have been used to sciect for sorghum with im
proved tortilla quAlily in llondtuas. 

New Food Products and Processes 

Major food products have been produced using sorghum
and millet g:ains. Ready to eat granolas, noodles, snacks,
nonwhea, breads, instant porridge, couscous, parboiled rice 
like products have demonstrated the usefulness of improved 
food quality cultivars. 

Waxy sorghum grain has excellent potential for use in 
breakfast foods such as granola because of its unique expan-
sion properties. 

The laboratory in Mali produced a mixture of 25% pea
nuts and 75% pearl millet flour for use as a weaning food 
for young children. The product was successfully used in 
several villages. Currently some local entrepreneurs are 
attempting to commercialize the product. 

Parboiled sorghum and millet was evaluated in Mali and 
found to have excellent potential when new cultivars with 
white tan plant color were used. The local sorghums pro
duced off color products that could not compete for markets 
with wheat and rice. 

Cereals soaked in alkali for a short time prior to milling
produced flours with good storage stability. Corn flour was 
improved the most by the process. The laboratory in Mali 
evaluated the technology in several village trials. This treat
ment permits marketing of processed sorghum and millet 
flours. 

Sorghum can be used to produce acceptable tortilla chips
and other alkaline cooked products. It is critical to use white, 
tan plant sorghum kernels. These types have excellent mill
ing properties also. 

Millet with a white seed makes superior parboiled and 
decorticated products. White millet has excellent potential 
for use in snack foods and other products because of its 
strong flavor and light color. 

The importance of head bugs, molds and weathering on 
grain quality was documented in Mali which has lead to a 
concerted effort to develop local photosensitive types with 
tan plant and glurne color to provide high quality grain for 
value added processing by local processors. This is a key
finding that will lead to availability of sorghum for use in 
foods of high quality to compete for markets with rice. 

Contributions to U.S. Agriculture 

Cooperated in the development of several white, tan
plant, high-yielding sorghum hybrids adapted to the U.S. 
and Mexico that produce high yields of grain with value 
added quality clhracteristics. 

New sorghum hybrids with improved quality for food 
and feed processing allow U.S. sorghum to compete more
effectively for International markets. 

Mexican breweries utilize sorghum in brewing and are 
planning to use U.S. white sorghum because it has improved
milling properties. Trials are underway currently with white, 
waxy sorghums. 

Information on the tannin content of U.S. sorghums has 
allowed U.S. producers to gain a better market share of the 
world sorghum market. Information generated on tannins 
was published and used to document the superiority of U.S. 
sorghum over competing grains. 
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Information on the improved nutritional value and proc-
essing properties ofcurrent sorghums has been documented 
and used by U.S. sorghum producers in marketing and 
promotion programs to obtain new and retain old domestic 
and international customers. 

Information generated on sorghum processing for tortilla 
and alkaline foods has been applied to corn products pro-
duced in the U.S. These techniques to evaluate corn quality 
are used by the U.S. food industry. They would not have 
been developed without INTSORMIL support. 

Fundamental information on the genetics and quality of
sorghum has been .t',ed by the sorghum industry. 

Prototypes of food products from sorghum and millet 
demonstrate the potential of the crops for use directly in 
human foods. 

The wide array of germplasm provides polettial sorghuit 
types with unique components for industrial product devel-
opment. 

Fundamental information on sorghum and millet struc-
ture, chemistry and nutritional quality has provided a basis 
for improved utilization efficiency, domestically and inter-
nationally. 

The project has provided training to many domestic and 

international students who have significant leadership in the 
food industry in the United States and many other countries. 
Over the long term, these young scientists are the most 
important products from these concerted research efforts. 

Publications 

Dissertations and Theses 

Islas-Rubio, Alma. May 1993. Ph.D. Dissertation. Evaluation ofthe quality 
of sorghumnmalts. Texas A&M University, College Station, Texas. 122 
PP. 

Lekalake, Rosemary. August 1993. M.S. Thesis. Factors affecting the 
cooking and extrusion properties of sorghum for noodle production. 
Texas A&M University, College Station, Texas. 97 pp. 

Mrema, Greyson C. May 1993. M.S. Thesis. Elfects of steeping and 
germination time on malt properties of two sorghwtn cultivars. Texas 
A&M University, College Station, Texas. 85 pp. 

Refereed Journal Articles 

Almeida-Dominguez., lID.. M.A I.Gomez, S.O. Sema-Saldivar, R.D. Wan-
iska, L.W. Rooney and E.W. Lusas. 1993. Extrsion cooking of pearl 
millet for production of mllet-cowpea weaning foods. Cereal Chem 
70(2):214-219. 

Almeida Dominguez, lI.D, and L.W. Rooney. 1993. Propiedades de malta 
diastasica de sorgo blanco. Archivos Latinoantericanos de Nutricion 
(accepted) 

Almeida-Dominguez, lI.D., SO. Sema-Saldivar, M.I. Gomez, and L.W. 
Rooney. 1993. Production and nutritional value of weaning foods from 
mixtures of pearl millet and cowpeas. Cereal Chemistry 70(l):14-18. 

Mansuctus, SB., R.A. Frederiksen, R.D. Waniska, G.N. Odvody, and D.T. 
Rosenow. 1993. Tise effect of glwtse characterislics of sorghuns on 
infection byfusarium nodiliforne.Plant Disease (accepted). 

Rooney, L.W. and S.O. Sema-Saldivar. 1993. Sorghun. In: Encyclopaedia 
of Food Science, Fo'od Teclnology and Nutrition (Macrae. R., Robin-

son, R.K. and Sadler, MJ., eds) Volume 6, pp 4210-4214. London: 
Academic Press. 

Seitz. L.M., R.L. Wright. R.D. Waniska, and L.W. Rooney. 1993. Contri
bution of 2-acetyl-I-pyrroline to odors from wetted, groundpearl millet. 
J.Agric. Food Chem. 41(6):955-958. 

Sema-Saldivar, S.O., C.Clegg and L.W. Rooney. 1993. Effects of Parboiling and Decortication on the Nutritional Value of Sorghum (Sorghiun 
bicolor L. Moench) and Pearl Millet (Pennisetum typhoides L.). J. 
Cereal Science. (accepted, in press)

Serna-Saldivar, S.O., M.I1. Gomez, F. Gomez, D. Meckenstock, C. 
Cossette and LW. Rooney. 1993. The tortilla making properties of two 
improved Maicillo cultivars from Honduras. Archivos Latinoameri
canos de Nutricion (accepted, inpress) 

Sema-Saldivar, S.O. 1993. Cereals: Dietary importance. In: Encyclopaediaof Food Science, Food Technology and Nutrition (Macrae, R., R.K. 
Robinson. and MJ. Sadler, eds) Volume 2, pp 784-790. London: 
Academic Press. 

Torres, P.I.. B. Ransirez-Wo,.g, S.O Sema-Saldivar and L.W. Rooney.1993. Effect of sorghum flour addition on the characteristics of wheat 
flour tortillas. Cereal Chemistry 70(l):8-13. 

Rooney, T.K. ., Lupton and L.W. Rooney. 1992. Physiological charac
teristics of sorghum and millet brans in the rat model. Cereal Foods 
World 37(10):782-786.

Nivas, N.E., RD. Waniska and L.W. Rooney. 1992. Effects on proteins in 
sorghum, maize and pearl ir.' et when processed into acidic and basic 

t6. Cereal Chemistry 69(6): 673.676. 

Proceedings/Presentations 

Alneida-Dominguez, lI.D. and L.W. Rooney. 1993. Properties of diastatic 
sorghum malt. 1993 IFT Annual Meeting. Chicago, IL, July 10-14, 
1993. 

McDonough, C. 1993. Structural Effects of Frying on Cereal Snacks 
Documented by Traditional and Environmental Scanning Electron 
Microscopy. Scanning Electron Microscopy (SEM) International Meet
ing, LoF Angeles, CA. May 8-13. 

Rooney, L.W. 1993. Critically important advantages of food sorghuns for 
domr itic and international market development. Proceedings 18th Bi
ennial Grain Sorghun Research & Utilization Conference, Lubbock, 
Texas, February 28 - March 2,pp. 108-1 12. 

Rooney, Lloyd W. 1993. Critical aspects of sorghum quality improvement
for Africa. Presented at 9th International Cereal and Bread Congress,
Pretoria, May 8-14, 1993. 

Rooney, L.W. 1993. Proceedings of Cereals International: Critical progress 
in sorghum utilization and improvement. P:resented at 9th International 
Cereal and Bread Congress, Paris, June 1992. 

Rooney, Lloyd W. 1992. Sorghum - a Food Cereal, presented at Institute 
of Brewing Sorghwn Workshop, Ilarare, Zimbabwe, November 1-3,
1992. 

Cnsz y Celis, B. Anderson, C. McDonough, LW. Rooney. 1993. Produc
lion of sorghun flakes for making granolas. Presented Mexico Food 
Congress, March 15-17, 1993, Mexico City. 

Rooney, L.W., F.R. Miller, D.T. Rosenow and R.D. Waniska. 1993. 
JOWAR, a New Cereal for Food Utilization. Presented Mexico Food 
Congress, March 15-17, 1993, Mexico City. 

Reports 

Rooney. L.W. 1992. Utilization and quality of sorghum and millet. INT-
SORMIL TAM-126 Annual Report, University of Nebraska, 54 Ne
braska Center, Lincoln, NE 68583, pp 185-193. 

Rooney, LW. and M. Traore. 1992. Sustainable Systems for Production.Utilization and Marketing of Sorghun and MilleL INTSORMIL An
nual Country Report - Mali, University of Nebraska, 54 Nebraska 
Center, Lincoln. NE.' 68583, pp 211-220. 

Abstracts 

Anderson, B.J., C.McDonough, L.W. Rooney, and K. Smith. 1993. Effects 
of tempering on steans-flaked sorghum. Proceedings 18th Biennial 
Grain Sorghum Research & Utilization Conference, Lubbock, Texas, 
February 28 - March 2,p.64. 

Cruz y Celis, L., B. Anderson, C. McDonough and L.W. Rooney. 1993. 
Granolas made with micronized JOWAR flakes. Proceedings 18th 
Biennial Grain Sorghum Research & Utilization Conference, Lubbock, 
Texas, February 28- March 2, p. 65. 
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Islas-Rubio. A.R., M.11. Gomez, and L.W. Rooney. 1993. Evaluation of
sorghum malting quality. Proceedings 18th Biennial Grain Sorghum
Research & Utilization Conference, Lubbock, Texai, February 28 -

March 2, p. 63.

McDonough, C., B. Anderson, L. Cruz y Celis. T. Beta, L.W. Rooney, and
R. Richardson. 1993. Structural characteristics of steam-flaked sor
ghum. Proceedings 18th Biennial Grain Sorghum Research & Utiliza
tion Conference, Lubbock. Tezas, February 28 - March 2. p. 65.

Roone, L.W., F.R. Miller, D.T. Rosenow and RD. Waniska. 1993. 
JOWAR. a new cereal for food utilization. Proceedings 18th Biennial
Grain Sorghum Research & Utilization Conference, Lubbock, Texas,
February 28 - March 2, p. 63. 

Suhendro, E.L., M.11. Gomez, and L.W. Rooney. 1993. JOWAR cn nch. a 
new snack product. Proceedings 18th Biennial Grain Sorghum Re
search & Utilization Conference, Lubbock, Texas, Fcb 9.
;,' - March 
2, pp. 63-64. 

Cruz y Celis, L., B. Anderson, C. McDonough and L.W. Rooney. 1993.
Granolas made with micronized sorghwn. 1993 1FT Anuual Meeting
Prog -am& Food Expo Exhibit Directory: 121, July 10-14. Chicago. IL.Suhendro, E., M,.t-. Gomez, C. McDonough and L.W. Rooney. 1993.
 
JOWAR crunch, a low-fat snack. 1993 IFT Annual Meeting Program

& Food Expo Exhibit Directory:122, July 10-14, Chicago, IL.


Rooney, L.W., F.R. 
 Miller, D.T. Rosenow and R.D. Waniska. 1992.
JOWAR, aNew Cereal for Food Utilization. Presented AACC Meeting,
September 20-24, 1992. Cereal Foods World 37(7):565.

Islas-Rubio, A.R., M.11. Gomez and L.W. Rooncy. !992. Evaluation of
Sorghum Malting Quality. Presented AACC Meeting, September 20
24. 1992. Cereal Foods World 37(7):564-5.

Gomez, M.I., C.C. Dollak and L.W. Rooney. 1992. Steeping of Alkaline-
Cooked Sorghum. Presented AACC Nleeting, Sepember 20-2.1, 1992. 
Cereal Foods World 37(7):574.

Lekalake, R.I., M.I. Gomez, LW. Rooney and R.I). Waniska. 1992.
Factors Affecting Non-gluten Noodle Preparation. Presented AACC
Meeting, September 20-24, 1992. Cereal Foods World 37(71:572-3.

McDonough, C., T.Beta, L.W. Rooney and R. Richardson. 1992. Structural
Characteristics of Sleam-llaked Sorghum. Presented AACC Meeting,
September 20-24, 1992. Cereal Foods World 37(7):565.

Mrema, G.C., A.R. lslas-Rubio, L.W. Rooney and R.D. Waniska. 1992.
Effects of Malting on Physico-Chemical Prop rties of Two Sorghtun
Cultivars. Pr-sented AACC Meeting, September 20-24, 1992. Cereal 
Foods World 37(7):561.

McDonough, C.M., M. Ilaidara, Y. Dounbia and L.W. Rooney. 1992.
Structural Damage by Ileadbug Attack inSorghum. Presented AACC 
Meeting, September 20-24, 1992. Cereal Foods World 37(7):565. 
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INTSORMIL Collaborative Sites
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of Farm Production 
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Botswana 

M.D. Clegg
 
University of Nebraska
 

Coordinators 

Dr. Chris Manthe, Entomologist, Botswana (Host Country Coordinator), Gaborone, Botswana
 
Dr. M.D. Clegg, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 (U.S. Coordinator)
 

Collaborative Program 

Organization 

The Botswana project initially operated under an MOU 
between the Government of Botswana (GOB), USAID/Bot-
swana and the provisions in Grant AID/DSAN/XII-G-0149 
to the University of Nebraska, the Management Entity 
(ME). Funding of the project was provided by the Govern-
ment of Botswana (GOB), the University of Nebraska 
(KSU-107) and USAID/Botswana ATIP Project. The INT-
SORMIL technical assistance positions were associaled 
with the Agricultural Technology Improvement Project 
(ATIP). A Memorandum of Agreement between the GOB, 
USAID/Botswana and the INTSORMIL ME was extended 
for two years to continue agronomy/soil research after ATIP 
was completed in 1990. 

The Botswana program model essentially consisted of 
two related components: an INTSORMIL researcher sta-
tioned in the country and scientist to scientist collaboration, 
Dr. Douglas Carter assumed the position of the cereal 
agronomist in 1984. A second position in the area of soil 
physics (Dr. Naraine Persaud) was added in 1987. Admin-
istratively these positions were considered a part of the 
Department of Agricultural Research (DAR), under the 
direction the Chief Arable Research Officer. Emphasis of 
the program was soil water management research. The 
technical objective of the project was to continue and ex-
pand the on-farm and on-station research on tillage and 
fertilizer practices across the various rainfall and soil con-
ditions in Botswana. Also, a junior agronomist position
(Wayne Youngquist) was filled in 1984 to maintain the 
research of Lucas Gakale, who was on leave at the Univer-
sity of Nebraska for study towards a Ph.D. 

Scientist to Scientist Collaboration 

Collaboration and/or contact with various scientists in 
the areas of agronomy, plant breeding, plant pathology, 
entomology, and food quality are detailed in the various 
individual projects. 

FinancialInputs 

GOB provided office and laboratory space, land, techni-
cians, and other research supporl costs. USAID/Botswana 
provided housing, supplemental furniture and other normal 

allowances and entitlements available to USAID contract 
employees and similarly allowances and entitlements at the 
completion of the assignment. INTSORMIL provided sala
ries and benefits. USAID funded its responsibilities through
the Botswana Agricultural Improvement Project, the GOB 
through its normal budgetary sources and ME of INTSOR-
MIL at the University of Nebraska. The ME was responsible 
to USAID for fiscal matters and research progress. These 
resources allowed the Botswana program to undertake com
prehensive and collaborative research on dryland sor
ghum/millet production. With de expiration of the project 
no research funding was designated for progrun use. 

Collaboration with Other Organizations 

Water harvesting research was conducted in collabora
lion with the SACCAR Land and Water Management pro
ject and ATIP. Collaborative activities in entomology, 
pathology, and plant breeding are with ICRISAT in Bu
lawayo, Zimbabwe. This activity has led to the estab
lishment of a grain sorghum winter nursery in the Zambezi 
Valley, Mzarabani, Zimbabwe. Collaboration occurred with 
the ODA Land and Water Management project on rainfall 
runoff, with IBSNAT on DSSAT software, Department of 
Meteorological Services on agroclimatic data and FAO 
sponsored Soil Survey and Mapping Services on site selec
tion and characterization. 

The PlanningProcess 

Each year research by the DAR scientists is reviewed at 
their annual planning meeting in September or October. The 
work plans are circulated among the scientists for review 
and then presented at this meeting. Other collaborative 
research program scientists and/or administrators of DAR 
are also involved in the planning process. 

In 1990, a review by ISNAR of Botswana's Agricultural 
System recommended that DAR establish commodity, fac
tor and systems based programs, interdisciplinary in nature 
and oriented towards production of fairmers. The priority 
programs recommended and established are: 1. Cereals, 2. 
Grain legumes, 3. Oil seed, 4. Horticulture, 5. Soil and water 
mnagement and 6. Crop based production systems, (in
eluding agroforestry). 
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Sorghum/Millet Constraints Researched 

ProductionConstraints 

Sorghum is an important crop in Botswana. Grain sor
ghum is used as food and the stalks are used as feed for 
livestock. Even in dry years 70% of tie land planted is 
harvested. However, in the last decade of the 80's, farmers' 
yields have averaged only 161 kg hxi t . These low yields 
partially reflect hectares that are planted but are not har-
vested. Farming is subsidized by other enterprises, mainly 
cattle. 

The low, irregular, and low-efficiency rainfall pattern,
sandveld and hardveld soils with low moisture retention, 
low N and P content, broadly graded sand fractions, and 
unstable surface contribute to the low yield of sorghum and 
millet. Broadly graded sand fraction and unstable surface 
are properties which result in a high bulk density and a 
massive hard structure when dry, and surface sealing and 
crust formation. This tends to impede rain infiltration and 
root penetration. Moisture conservation and redistribution 
technologies, fertility improvement, residue incorporation, 
mid weed control are urgently needed to improve soil struc-
lure and water infiltration and availability for prololing 
crop establishment and improved grain and stover yields. 

Research Methodology 

Because of the diverse nature of research being con-
dueled it is not possible to outline specific research proce-
dures. These will be included in the various individual 
reports. 

ResearchProgress 

Factors effecting the utilization of sorghum flour for 
production of noodles were studied using techniques that 
might be used at tie village level. The noodles were made 
without wheat flour. Noodles could be produced with ac-
ceptable texture. 

Planting date influenced the incidence of several dis-
eases. Early plantings had almost no sorghum downy mil-
dew and lower levels of leaf blight. Virus symptoms were 
also present on a large nunber of materials but the incidence 
and severity was variable. It was noted in a large farmers 
field that there was some very late occurrence of sooty stripe 
and leaf blight. 

Pearl millet researeh is continuing. A pearl millet variety 
from Botswana Serere 6A, wasentered in multilocation tests 
for the second year of evaluation. Selection for adapted 
drought tolerant food quality varieties and seed parents are 
continuing. Backcrossing continued on selected seed par-
ents and 220 testcrosses from the winter nursery were evalu
ated. Low rainfall permitted sclection for drought tolerance. 
The best lines and seed parents identified in 1993 are being 

increased in the winter nursery and also being used in 
making hybrids. 

Mutual Research Benefits 

Presently, food types of sorghum and millet are being 
utilized in the U.S. These types offer better grain quality. 
Techniques in plant breeding and soil fertility developed in 
the U.S. are being utilized f~r improving agricultural pro
duction in Botswana. Emphasis on sustainable agriculture 
will lead to improvements in crop production management 
for the mutual benefit of the U.S., Botswana and southern 
Africa. 

Value added to sorghum can be obtained with studies of 
sorghum flour use in products such as noodles and improved 
malting characteristics of the grain. Progress is also being 
made so the sorghum flour and malting characteristics can 
be applied in breeding and selection programs. 

Institution Building 

During the initial years an irrigation system, pickup 
truck, Neutron probe for soil moisture, computer and soft
ware, cone planter units, tensioneters, micrologger and 
accessory equipment, Metler balance, an infrared ther
mometer, etc. were provided by INTSORMIL. 

Since 1980, many of the major agricultural research 
administrative positions have been staffed with national 
scientists. SADC/ICRISAT/INTSORMIL and USAID/Bot
swana have contributed to educating many of them. The 
earlier trained scientists continue to move into administra
tive positions and now even to teaching responsibilities in 
the Botswana College of Agriculture. 

INTSORMIL Pis continue to maintain collaborative con
tacts with national scientists. Professor Andrews in Plant 
Breeding; Dr. Clegg, Agronomy and Dr. Odvody, Plant 
Pathology are examples. 

Within the DAR, various staffed regional research sta
tions are being implemented. Botswana funding is available 
to establish stations at Kgalagadi and Francistown regions 
and to improve existing research facilities at Maun, Pan
damatenga and Sebele. 

Networking 

A multidisciplinary working group of DAR researchers, 
ALDEP, field managers, the SA DC/ODA Land and Water 
Management Project, and the FAO/UNDP supported Soil 
Mapping and Advisory Services jointly planned and imple
mented the field researeh. Dr. Naraine Persaud initially 
chaired this group. 

The INTSORMIL researchers worked directly with the 
DAR. Information is distributed in other southern African 
areas through SACCAR and ICRISAT. Collaborative re
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search continues to be published as reports, bulletins and 
journal articles. These include: The Bulletin of Agricultural 
Research, Botswana; Agrinews, Ministry of Agriculture,
Botswana; Experimental Agriculture, printed in Great Brit-
ain. 

There have been many trained students returning to the 
southern Africa region. Thus, there is an opportunity for the 
organization of a support group to keep them in the main-
stream of current research. Electronic mail linked through
national programs and universities can be an excellent ve-
hicle for this purpose. 

General Comnents 

The greatest impact that can be derived from INTSOR-
MIL is the training of students. In Botswana there is a small 
number of trained personnel. Many students that have been 
trained to do research have been assigned administrative 
roles and now some are taking positions in tie Botswana 
College of Agriculture. Some also have moved into the 
private sector. A positive development is that students with 
a B.Sc. in Agriculture are being trained and are being hired 
into the available research positions. However, these scien-
tists can benefit from a program in which there is the 
assistance from Technical Advisor.; to aid them in develop-
ing and implementing programs. This should be supported 
by INTSORMIL, DAR, and other donor agencies. 

Botswana is a country that is marginal for cultivated 
agriculture. Water and nutrients are very limited. Manage-
ment for improved water use and water harvesting and for 
improved fertility must be continued. This is very important 
as cultivars are available or are being developed that yield
better with more favorable growing conditions. 

Research Accomplishments 

Agronomy 

Drought has prevailed over the duration of the project.
However, manure/crop residues were effective in increasing 
rainfall intake. Manure by itself was quite effective, but 
combined with residues, intake was even greater. Short 
season hybrids may have a place in sorghum productin. 
Segaolane, an improved variety, still has good yield ability 
because it is well adapted to Botswana. 

Management practices on rain runoff showed if addi-
tional water could be diverted to a site, better yields resulted. 
Practices associated with better water availability must be 
coupled with the proper plant population and pest control. 
In the event excess water occurs, the system must be de-
signed to release water without erosion. The National Till-
age Trials showed early tillage frequently improved soil 
water storage. This coupled with fertilizer (15 kg P hal1) 
generally increased yield. Due to low yield, addition of P 
was not economical where soil P was greater than 5 ing kg- 1. 
Nitrogen was not influential unless the rain was uniformly 

distributed over the season. Results from the studies of this 
project have been fully documented in journals, extension 
publications, and presented and disseminated locally in 
Botswana. All the data have been computerized and ar
chived in an easily accessible DBASE3 database. The data 
have already been used for model validation and requested 
for by BCA students for use in term papers. 

Entomology and Pathology 

Identification of resistance to the sugarcane aphid and 
identification of predators that will attack it have been 
found. These should aid control of this pest. Sorghum nurs
eries in Texas A&M, SADC/ICRISAT, and SADC pro
grains show that good anthracnose resistance isavailable in 
introduced and improved local germplasm. 

SorghnlPearl Millet Breeding 

The SADCI1CRISAT regional program are involved as 
the sorghum and pearl millet breeders there are providing
off-season generation advance and seed increase of die 
Botswana:NTSORMIL selections. Lines and advanced 
lines were evaluated and those with potential are being
utilized as parental lines. A seed parent from Segaolane has 
been developed. Variability on both the female and male 
sides isbeing used to develop adapted hybrids for Botswana. 
The pearl millet breeding program has made selections from 
a Scrcre 6A population. An advanced improved line from 
this pl)opulation is being tested for its potential as a new 
variety. 

Food Science and Technology 

I ispossible to produce noodles from only sorghum flour 
using small, low technology equipment. Thus, tie use of 
sorghum can be diversified. 

Soil Fertility 

Soil from 14 sites across the major grain producing 
regions of Botswana were collected. These soils were ana
lyzed for N, Ca, Mg, K, S, P, Mn. Cu. Fe, and Zn. These 
samples are being used to establish baseline critical levels 
for the elements listed. This information iscritical to allow 
more precise interpretation of soil data fertilizer recommen
dations. 

Other Sotthern African Students 

Research by other students in southern Africa has rele
vance to utilization by the entire region. Students have 
completed research in the areas of plant breeding, agronomy
and soil fertility, food technology, entomology, plant pa
thology, agricultural economics, statistics, microclimatol
ogy, etc. Although, there have been a substantial number of 
students trained, many have progres.sed into administration, 
teaching or joined thie private sector. Thus. training must be 
continued. 
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Egypt 

J.D. Eastin 

University of Nebraska 

Country Coordinators 

1.Rashad A. Abo-Elenien, Agricultural Research Center. Giza, Egypt 
John Yohe, INTSORMIL Program Director. 54 Nebraska Center, Lincoln, NE 68583-0948 

Principal Investigators 

L. E. Claflin and J.F. Leslie, Department of Plant Pathology, Kansas State University, Manhattan KS 66506 
J. D. Eastin, University of Nebraska, Lincoln, Nebraska
 
Elhamy EI-Assiuty, ARC, Giza, Egypt
 
lbrahim EI-Fangary. Agricultural Research Center, Giza, Egypt
 
Osman EI-Nagouly, Agricultural Research Center, Giza, Egypt
 
Haroun EI-Shafcy, Agricultural Research Center, Giza, Egypt
 

Collaborating Investigators 

M. I. Bashir, ARC, Giza, Egypt
 
Mohamed R. Hovny, Shandaweel Scientist at the University of Nebraska
 
Abu-Serie Ismacl, ARC, Giza. Egypt 
M. Mohammed Khalifa, ARC, Sakha, Egypt 
K. M. Rizk, ARC, Fayoum, Egypt 
Ali Zein. ARC, Giza, Egypt 

Plant Pathology 

Objectives 

Determine whether aerial infestation with a spore/hyphal 
fragment suspension, toothpick infestation, or soil infesta-
tion is the most effective methxl for assaying sorghum 
resistance to Acrewnium strictun, 

To identify sorghum genuplasim with tolerance to Pok
kah Boeng and Fusarium stalk rot. 

To characterize genetic diversity within the pathogen 
population and to identify pathogenic strains to be used in 
breeding challenges and nonpathogenic strains to be used in 
a biological control prograru. 

Methods and Materials 

Toothpick inoculation: Wooden toothpicks were boiled 
in water to leach out fungal growth inhibitors in several 
changes of water. Toothpicks were placed in a test tube 
containing media and then inoculated with an agar disc from 
the fungal culture. The tubes are incubated at room tempera
ture for fungal growth. Sorghum plants (55-60 days) are 
inoculated by puncturing the stalk with a sharp metal nail 
and then inserting the infested toothpick. 

Soil infestation: Fungal inoculum will be produced on 
sterilized grain sorghum kernels in 500 ml milk bottles. A. 
strictum will be added to the bottles and then incubated at 
30 C for three to four weeks. The inoculum is added to Nile 
silt at the rate of 5-7 g/kg soil and then placed into 25 cm 
diameter clay pots. Disease ratings are made 90 days after 
sowing. 

Aerial inoculation: An aqueous conidial suspension is 
made with 10-day-old A. strictun cultures. Leaves of one
month-old plants will be clipped with scissors, sprayed with 
inoculum, and then covered with a plastic bag for 24 hours. 

Eighty-six accessions from the Sorghum Section, Field 
Crops Research Institute were examined for stalk rot due to 
natural infestation at two locations (Shandaweel and Gem
mciza). A limited number of lines (7) were evaluated for 
resistance to Acremonium stricturn using the toothpick in
festation method. 

Results 

An extensive survey throughout all sorghum production 
regions in Egypt was conducted in September, 1991. The 
major diseases of sorghum identified during this survey 
included: sorghum downy mildew, Acremonitm wilt, pok
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kah boeng, maize dwarf mosaic virus, long smut, and cov-
ered kernel smut. 

The following table reports on results from an experiment 
that was conducted during 1992 with only infested soil 
containing A. strictwn. In 1993, all treatments will be evalu-
ated with 3-5 cultivars. 

Cultivars % Plants Infected 

Giza 3 60 
Giza 15 40 
Giza 114 50 
Giza 123 30 
Local 169 80 
CS 3541 25 

Vegetative Compatibility Groups (VCG) are very useful 
techniques for detecing different strains within the same 
genus and species of fungi. Nearly 120 Egyptian isolates (59
from maize and 60 from sorghum) have been analyzed and 
58 different VCG's have been identified. Twenly-one of 
these groups have more than one strain: 13 can be found at 
more than one location, and 7of these 13 were found on both 
maize and sorghum. This pattern is very different than 
observed on maize and grain sorghum in the United States. 
This will likely be a very important para meter for breeding 
for resistance to fusarium stalk and rx)t rot in maize and 
sorghum. Contamination of seed and feed grains with fu-
monisin mycotoxins is also an important aspect of the VCG 
strain variability within Fusarium ,nniifirmne. Some 
VCG's have negligible amounts and other strains produce 
fumonisin at unacceptable levels for food products. 

Physiology/Production 

Objectives 

1.Develop water control irrigation systems which permit 
control and measurement of water applied to research plots 
for water and nutrient use efficiency investigations, 

2. Determine the influence of water level and nutrient 
level on water use efficiency (WUE) and nutrient use effi-

ciency (NUE). 


3. Ev:duate short, white seeded, tan plant selections at 
Shandaweel for general adaptability in preparation for later 
stress screening tests when sprinkler systems become avail-
able. 

Research Methods and Approach by Objectives 

1.Little is known alut WUE in sorghum and other crops
in sorghum based cropping systems because of inadequate 
water application control and measurement. Therefore, con-
siderable time has been spent in designing a flexible recy-
cling irrigation system suitable for small plot work. The 
system will be field tested in April, 1993. 

2. Objective 2 will be addressed in 1993. 

3. Six hundred plus lines from a stress resistant popula
tion were grown out to assess their general adaptability. 

Research Results 

Research results in general are meager due to delays in 
receiving equipment funding but should progress satisfac
torily from this point on. Irrigation equipment for cultural 
NUE and WUE experiments is available and should be used 
effectively in the summer of 1993. A LICOR 6200 is inplace
and training on it will commence in early 1993. Proper water 
stress screening systcms are not yet readily available. 1993 
should be a productive year. 

An appropriate water delivery system to accurately de
liver and measure water volumes for 15' x 20' plots was 
developed. 

T-hree water levels (250, 350 and 450 mm/feddan) were 
used at four nitrogen application levels (0, 60. 80. and 100 
kg N/feddan) to partially evaluate water, nitrogen and inter
action effects. Yield data for sorghum after clover and barley 
are given in Table 1. 

The clover effect at 0 N addition improves with each 
added water level. Respective yield increases from cloverat 
250, 350 and 450 nun of water are 1.9, 2.6 and 4.0 ard/fed. 
The respective N equivalenis attribultable to clover at 250, 
350 and 450 hini are roughly 60,70 and 80 kg N/fed. The 
influence of water level on the efficiency of nitrogen extrac
tion after clover is clear. Also, the yield increases from 
added N at the 450 mm water level after clover are fairly
linear through 80 kg of N and remain substantiad at 100 kg 
N which suggests that bo th higher water and N levels need 
to be tested. 

The yield response to successive water level increases
 
averaged across all fertility levels is 50 to 145% higherafter
 
clover. The data in Table I could be scrutinized in detail
 
regarding water and nitrogen level effects on water 
use 
efficiency. More years of data are needed to reach sound 
conclusions. Suffice it to say that the value of legumes in 
sorghm based cropping systens appears increasingly at
tractive as nitrogen fertilizer costs increase. These kinds of 
tests need to be run at several lxations. Stress screening of 
different legumes, particularly forage cowpea or other for
age legumes, in the more marginal areas would appear to be 
valuable. 

Evaluate white seeded, tan plant gerniplasm it 
Shandawveel. 

An effOrt is being made to broaden the germplasm base 
being utilized inEgyptian breeding programs. Since light 
colored seeds are desired, 930 sorghum derivatives from a 
preanthesis stress resistant tan plant population were sent 
from Nebraska (Eastin). The population, which was derived 
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Table 1. Comparative water and nitrogen yield responses (ard.fed.) by sor'hum after barley and ,gyptian clover. 
Nilrogmclevel(kJfed) 

11,0 level (mm) 0 60 80 100 Mean 
after barley 

250 7.3 9.5 10.8 11.7 9.8 
350 8.5 10.8 12.5 13.6 11.3 
450 9.3 11.5 13.3 15.5 12.4 
Mean 8.4 10.6 12.2 13.6 11.2 

after clover 
250 9.2 11.6 12.2 12.5 11.4 
350 11.1 12.3 14.6 16.2 13.6 
450 13.3 15.5 17.2 18.8 16.2 
Mean 11.2 13.1 14.7 15.7 13.7 

from TP24 (a Texas population synthesized by D.T. 
Rosenow and F.R. Miller) through a stress screening meth
odology testing exercise in Westem Kansas. Some 233 of 
the 930 sunples were selected as being well enough adapted 
for further characterization and lesting (a higher proportion 
than expecled). Onc of the main problems with this 
germplasm source is susceptibility to smuts, particularly 
long smut. 

Mr. Mohamed EI-Bakary slxnt three mnthis in Nebraska 
partially designing an approach t broaden Egypt's 
germplasm baise ina marnner to insure relataively high i nu
bers of genetic recombinations amongst new naterials and 
the current well adapted Egyptian genillas i base. Basi
cally he is crossing several piroven lines to six or more 
population steriles (ins 3), growing out the progeny and 
allowing the next genernlion to randotmly inlte two or three 
tines to provide a truly Egyptian adapted pOputlatio1n. The 
ixppulation can be used for direct selection and the introduc
lion of various elite gernipl.sin sources into an adapted 
Egyptian background. Target areas will be both the high and 
marginal production areas. 

Intrnational Food Sorghum Adaptation Trial (IFSAT) 

Dr. F.R. Miller sent a 40 entry trial which contained ATx 
623 x Derado aLsa check which yielded 3528 kg ia1 . ATx 
631 and ATx 635 Derado hybrids were superior suggesling 
goxd adaptalion for TX 631 and 635. Cootintued running of 
this test will be one good baseline indicator for Egyptian 
breeder progress. 
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Coordinators 
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'7X 79401 
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Dr. Francisco G6mez, 1993-present, Escuela Agricola Panamericana, Apdo Postal 93, Tegucigalpa, HondurasDr. Dan 11. Meckenstock, 1981-1993, Texas A&M University. Department of Soil and Crop Sciences, College 
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Institutions Involved 

Secretaria de Recursos Naturales (SRN), Honduras 
Escuela Agricola Panainericana (EAP), Honduras 
Texas A&M University 
Mississippi Slate University 
Purdue University 
University of Nebraska 

Summary 

Honduras is the INTSORMIL prime site in Central 
America and collaborative research has been conducted 
there since 1981. During this time, INTSORMIL has helped
Honduras develop, without doubt, the most innovative and 
productive National Project (NSP)Sorghum in Central 
America, and perhaps the most viable national research 
project within the basic grains dimension. Much of this 
success is attributed to INTSORNIL's training of local 
.scientists and the resulting collalboralive interdisciplinary

research that lakes place iIIl 0iduras. 


Two significant capacity enhancement atccompllishments
that have facilitated this progress have been privatization of 
the NSP in the Panamcrican Agricultural School (EAP) in 
1991 and linking technology transfer to NGOs and the 
private seed industry. Furthermore, the combination of bet-
ter trained local scientist and the fiscal agility of the EAP 
has enabled our Ilonduran counterparts to compete for corn-
pctitive research grants and c:aty theni to terri. These de-
velopments have strengthened the long-teri slability and 
overall effectiveness of tIhe sorghin prograin in Iltonduras. 

In light of this progress, INTSORMIL has graduated the 
Honduran NSP by retiring its long-terri technical advisor,
Dan Meckenslock, Ls of June 30, 1993. This inarks a mile-
stone in INTSORMIL's accomnp lisiiriierits in Ilondurais and 
reinforces the methodology of this CRSP. 

Sorghum's Importance in Central America 

Sorghum is produced in the sciniarid region of Centrl 
America. This region ranges along Ihe Pacific side of the 

isthmus from southeastern Guatemala through El Salvador 
and southern Honduras, south to Lake Nicaragua. Typically, 
sorghum is a poor man's crop grown on marginal land, but 
large scale commercial production is increasing as better 
adapted hybrids and local grain markets are develop by the 
private sector. 

Sorghum production in Central America has witnessed a 
net increase ofsome 50,000 ha since 1981. About 350,000
ha were pl:anled to sorghum in Central America in 1989 
according to the FAO yearbook (Vol. 43). Since 1981,
Gualcnala and Honduras have increased sorghum produc
ion by about 35,000 ha each whereas Costa Rica has re

duced production from 20,0(X) ha to practically nothing. The 
two largest sorghum producing countries in Central Amer
ica remain El Salvador (123,000 ha) and Honduras (90,000 
ha). Changes in macro economic pxlicy to better reflect real 
prices, improve markets and intensify production coupled 
with better adapled hybrids have encouraged Honduran 
fairners with larger land holdings to plant sorghum instead 
of Iaize. 

In spite of this trend towards hybrids, tropical landrace 
sorghum ixpulations. called inaicillo criollo, are the pre
dominant sorghui in Centrd America. They are tall, late 
nra urinrg (pholoperiod sensitive), have while seed and are 
generally intcrcropped with maize by resource poor farmers 
on marginal land. Some 67% (235,0(X) ha) of the sorghum
acreage in Central America is planted to maicillo criollos. 
Commercial hybrids and improved varieties, which are pro
duced on better land by larger scale farmers making up the 
difference. 
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Maicillo is adapted to traditional maize intercropping 
systems and is uscd as a hedge against drought in these 
systems by subsistence farmers. About 40% of the maicillo 
grain substitutes maize in tortillas. An inverse relationship 
between economic well being and utilization of sorghum for 
food exists with landless peasant households utilizing sor-
ghum in the greatest proportion of their diet. 

Collaborative Program 

Organization, Management and Inplementation of the 
Cowitry Program 

"Dynamic" is the best description of the INTSORMIL 
program in Honduras. Over the years, INTSORMIL has 
adjusted its program by identifying new collaborative insti-
tutions and organizations to work with and shifting technical 
thrusts to meet new expectations. 

Activities began in Honduras with the signing of two 
MOUs in 198 1. These were with the Honduran Institute of 
Anthropology and History (HIAH), March 18, 1981, and the 
Ministry of Natural Resources (MNR), June I, 1981. Two 
years later, the MOU with MNR was replaced with an 
automatically renewable MOA (Acuerdo #0152, Fcbrury 
8, 1983) which was approved by the President of llonduras 
and remains in force today. The agreements with the MNR 
established the placement of an INTSORNIIL long-term 
technical advisor in Honduras to facil itate a comprehensive 
sorghum breeding program, backslop student research in-
country, and provide continuity to the overall program. The 
MOU with the HIAH remained active through 1987. 

Although joint research activities also began with the 
Honduran Integrated Pest Management Project (NIPH) at 
the EAP in 1982, INTSORMIL's relationship with the EAP 

(;hfof 0 
Hontluta, -P 

G 3,;\I 

was not fornalized with an MOU until October 18, 1988
after it relocated its technical advisor there in October 1985. 
The EAP is the premier private non-profit agricultural col
lege in the tropics. All collaborative research in Honduras 
today is conducted through tie NSP and MIPH projects at 
the EAP. The MOU with the EAP is still in effect. 

Another important agreement pertaining to sorghum re
search in Honduras is the MOA (Acuerdo # 3524-91, De
cember 9,1991) between the MNR and EAP. This document 
was approved by the President of Honduras and completes 
the EAP-MNR-INTSORMIL agreement triad. It privatizes 
the NSP in the EAP and provides a mechanism for continued 
GOI- financial support and access to government owned 
experiment stations. This restructuring, which evolved over 
[he decade as better alternatives were sought for conducting 
research, is consistent with USAID/H mission strategy for 
privatizing the agricultural services of the MNR. It also has 
produced the strongest example of cooperation between the 
MNR and EAP and serves as a model for privatizing other 
agricultural services. This arangement is one instance of 
leading by example and has been followed to privatize the 
National Rice Project in the Honduran Foundation for Ag
ricultural Research (FILIA). 

Throughout its collaboration with INTSORMIL, the 
NSP has functioned as a small core of sorghumn researchers 
within the means of the GOII. It has consisted of a Head 
(breeder) and two to three technicians (agronomists) sta
tioned at strategic experiment stations (Figure 1). INTSOR-
MIL has collaborated with the NSP to enhance its 
interdisciplinary dimension and amplify its research output. 
Much of this output has been contributed by INTSORMIL 
graduate students, many of whom have been Hondurans, 
conducting research in Honduras. The direction of student 
research by INTSORMIL PIs has ensured quality scientific 

1 CaribbeanSea 
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Figure 1. Sorghum work sites in Honduras. 
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work and a close association with the NSP. It also has breeding projects also began assisting the NSP throughenabled the NSP to carry out a comprehensive interdiscipli- infusion of sorghum germplasm. These introductions renary program that anticipates problems and moves to solve suited in the release of the food-type hybrid 'Catracho' inthem before they develop into a crisis. 1984 (TAM-121), the food-type var:dly 'Suretlo' in 1985 
(TAM-122; Crop Sci. 33:213), and a sorghum-sudangrassThe responsibility of the interdisciplinary support is forage hybrid, 'Ganadero', in 1993 (TAM-121 and TAMshared among several U.S. universities and serves as a 124). These releases fulfilled short-term goals and served toparadigm for other CRSPs. A total of thirteen INTSORMIL maintain support for the program while the long-term breedprojects, representing six land grant universities, have back- ing effort with maicillo moved forward. 

stopped the NSP's interdisciplinary program throughout the

collaborative period (Table 1). No other country has betie-
 Other INTSORMIL projects also began assisting thefited from this level of collaborative support within INT- NSP in areas of integrated pest management, sorghum grainSORMIL or other CRSPs for that matter. Presently, nine quality for tortillas, disease resistance, shade tolerance andINTSORMIL projects, representing three universities, are determining the economic impact of released sorghum culcollaborating with Honduran scientists (Table 1). tivars. Some of these conducted landmark studies like 

TAM- 124's inventory of sorghum diseases in Honduras and 
their importance (Ceiba 28:101-113) and MSU-105's in-Table 1. INTSORMII, projects and disciplines that ventory and population dynamics of soil insect pests inhave been active in IHlonduras. intcrcroppcd sorghum and maize (Turrialba 40:172-183).

Project II liscipline Active This latter study received international recognition by win-
KSU- t01 W. Stegincier Millet lreeding 1985-1987 ning the outstanding research award at the Central AmericanMSU-3 M. Fulrell Nutrition 1981-1984 Cooperative Program for Improvement of Food Crops andMSU- 105 If.Pitre H'M 1983-present Animals (PCCMCA) meeting in Honduras in 1989. 
PRF- 105 J. Sanders Economics 1987-1989 
TAM- 121 F. Miller Yield Etihattcement 1982-present A significant outcome of the survey of sorghum diseases 
TAM- 122 t). Rosenow Drought Tolernce 1981-present is that it led to the detection of the most virulent pathotype,
TAM- 123 G. Peterson Midge Resistawce 1982-present P5, of Peronoscerospora sorghi, which causes sorghum
TAM- 124 R Frederiksen Disease Resistance 1983-present downy mildew (SDM), reported in the Americas (CeibaTAM- 125 F. Gilstrap liological Control 1982-present 28:79-100). The NSP has capitalized on this pathogen by
TAM- 126 L. Rooney Cereal Quality 1982-present establishing the International Sorghum Downy MildewTAM- 131 D. Meckenstock Maicillo Enhanenteti 1981-prsest Nursery al Comayagua with TAM- 124 advising its manage
UK-2 B. and K. DeWalt Socioeconotttics 1981-1983 ment. More recently, the European Economic Community
UNI.- 113 ". Clegg SldeTolernce 1989-present (EEC) has helped the NSP defray operating costs of tie 

nursery through its Regional Program to Strengthen Agro
nomic Research on Basic Grains in Central AmericaThe flux of projects in Honduras is indicative of INT- (PRIAG). This nursery has greatly improved tie ability ofSORMIL's ability to adjust to needs. The first wave of Central American breeders and seed companies to developcollaboration in Honduras focused on socioeconomic base- and provide sorghum cultivars resistant to SDM. To date,
line studies and sorghum enhancement. The socioccononlic resistance found at Comayagua has held throughout Central


and nutrition studies were carried out by University of America where less virulent pathotypes predominate. ThisKentucky (UK-2) and Mississippi State University (MSU- nursery is an excellent example how the NSP has led the3) projects under agreenents with MNR and HIAIH. These way in preempting a SDM epidemic in Central America. 
studies documented: laId tenure and land use (with empha
sis on predominant farming systems); indigenous knowl-
 The integrated pest management dimension of tie NSP
edge of crop management; fanner perceptions of production 
 has been assisted by two INTSORMIL projects. TAM-125constraints and their solution: diet and nutritional status of has conducted a long-term effort towards the biological
rural communities in sorghum growing areas of Southern control of stem borers and fall armywonn through three
Honduras; and gender analysis of labor and time allocation graduate studenits (all M.S. degrees) and MSU-105 has
of women in production, consumption and marketing of conducted a long-term effort in the control of fall annywormagricultural products. Together, these base line studies iden- and the "langosta" lcpidopterous pest complex through fivetified many constraints that other INTSORMIL projects graduate students, (two Ph.Ds. and five M.S. degrees).would address. MIPIt has collaborated with laboratory facilities and some 

student stipends while in country and the NSP has providedIn conjunction with the socioeconomic studies, a breed- logistical support for experiments on-farm in Southern I-Ioning effort (TAM- 131) was started to help NSP upgrade local duras. Controlling the langosta, of which the fall annywormsorghum cultivars. This project began working to enhance is a component, is a complex problem involving the ecologylocal varieties called 'maicillo' for traditional nlaize inter- of four insect larval species that prefer diverse habitats
cropping systems. It added a conservation of tropical Ian- (Florida Entomologist 74:287-296). Both MSU-105 and
drace sorghum component in 1988. Other INTSORMIL TAM-125 teclhical thrusts are still ongoing. 
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Because of sorghum's importance as food, TAM-126 
plays an important role in helping the NSP release accept-
able food-type cultivars. Much of Sureflo's popularity with 
small farmers is due to its outstanding tortilla quality. TAM- 
126 has provided systematic screening of advanced maicillo 
hybrids and varieties for tortilla quality to ensure that new 
releases meet the same acceptability standards as Suretic. 

As the Honduran program developedand needs changed, 
other projects became involved. The Purdue University 
socioeconomic project (PRF-105) followed up the Catracho 
and Sureflo releases in 1988 to determine their economic 
impact on small farmers in Southern Honduras. This study 
(Qtrly. J. Int. Agric. 31:55-72) confirmed that improved 
sorghum germplasm maximizes the soil conservation inter-
ventions being disseminated by the Land Use and Produc-
tivity Enhancement (LUPE) project. In addition to 
highlighting the synergism between these two USAID pro- 
jects (i.e., INTSORMIL and LUPE), the economic study 
recognized the importance of price xlicy in reducing the 
risk of adopting new technologies. 

As progress was made in maicillo enhancement, it be-
came clear that shade tolerance was a competitive advantage 
of maicillo over other sorghum cultivars in maize intercrop-
ping systems. To characterize the physiological response of 
maicillo to shade, UNL-113 began assisting the NSP in 
1989. The ramifications of shade tolerance greatly enhances 
sorghum's role insustainable development and this research 
is still ongoing. 

Financial Inputs 

The primary source of funds that provide for collabora
tive research in Honduras comes from USAID through the 
INTSORMIL grant and PL480 local currency. From the 
onset, INTSORMIL has provided a country budget which 
has oscillated between 115,000 to 135,000 dollars per year 
through TAM-131 (Table 2), This budget provides the tech-
nical advisor and support for equipment, supplies, commu
nications, and international travel. This funding will be 
reduced in 1994 since the technical advisor has been retired. 
Other INTSORMIL projects also contribute through train-
ing, germplasm, and laboratory analysis in the U.S. Their 
monetary contributions are not shown in Table 2. 

Inaddition, the GOH and USAID/H have provided local 
currency through the Title I PLA80 program to the NSP for 
in-country costs since 1983. These funds are currently ad-
ministered by the EAP and cover the lion's share of in-coun-
try expenses, including local salaries and wages. Present 
PL480 funding is 479,000 lempiras per year, but level 
ceiling funding and gradual devaluation of the lempira has 
eroded this base. 

Recently, the American Ambassador to Honduras an-
nounced that United States' aid to Honduras would be 
reduced over the next five years. In light of this waning 
financial assistance, neasures are being taken to reduce the 

NSP reliance on PL480 local currency. The EAP has hired 
(July 1993) our primary collaborator, Dr. G6mez, which has 
allowed the transfer of his salary from PL480 soft funds to 
EAP core funds. Although Dr. G6mez now divides his time 
between teaching and research, this positioning ensures his 
long-term collaboration. The GOH has indicated that it will 
begin matching PL480 contributions for all CRSPs with 
national funds in 1994. Last, special projects are beiing 
developed by our Honduran counterparts to create new 
funding sources. These projects have focused on commer
cial hybrid performance testing, contract screening of sor
ghum lines and hybrids for resistance to pathotype 5 of P. 
sorghi, and competitive research grants. 

The timely privatization of the NSP has created incen
tives to secure additional funding and therefore has placed 
the NSP in a better position to meet this challenge. Since 
privatization in 1991, the NSP has begun to developed 
special projects that now make a significant contribution to 
the overall program (Table 2, "Other" column). Although 
INTSORMIL's technical thrusts focus on "fighting hunger
through research", changes in donor interests have led the 
NSP to expand into other activities like developing forage 
sorghum and broomcorn cultivars. Unlike maicillo enhance
ment, which carries asocial and moral argument for feeding 
the poor and contributes to an often undocumented impact 
at the farm gate, commercial hybrids (both forage and grain) 
and broomcorn directly impact commercial markets and are 
readily appreciated by policy makers. It has been necessary 
to develop a full-service NSP that deals with several kinds 
of sorghum (fiber, food, forage) in order to sustain the 
maicillo work which is an unique dimension to sorghum 
research in the world and has a long-term payoff. 

INTSORMIL's partnership with the EAP also creates an 
opportunity to access international donors that do not fund 
U.S. universities. For example, the NSP has received two 
mini-grants from the EEC, one to operate the international 
SDM nursery in Comayagua and the other to manage 

Table 2. Summary of direct financial support for sor
ghum research in honduras. 

Go1- GOl-
Year TAM- 131 t($) A.I.D.(s A.I.D.(L) Other() 

93-94 115,000 66,528 479,000 >21,000 

92-93 
91-92 

115,000 
135.000 

82,586 
88,700 

479,000 
479,000 

18,1 t0 
490 

90-91 120,000 90,377 479,000 1,500 
89-90 120,000 75,013 397.571 500 
88-89 120,000 197.000 394,000 900 
87-88 120,000 165,500 331.000 300 
86-87 135,000 124,950 249,900 500 
85-86 124,875 127.500 255,000 0 
84-85 133,000 0 0 0 
83-84 135,000 30,000 60,000 0 

82-83 115,000 0 0 0 
81-82$ 95.000 0 0 0 
Total $1,582,875 $1,048,158 L.3,124,471 $43,300 
'TAM-131 isthe INTSORMIL count," budget designatd for Ionduas. 
10 month period. 
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maicillo nurseries in Choluteca. Although this money is 
administered by the EAP, it contributes to program objec-
tives and enhances the capacity of the NSP. The strategy
behind these kinds of indirect institutional linkages is to 
increase INTSORMIL's effectiveness and impact while 
minimizing the level of USAID support. 

Collaborationwith InternationalCenters and 

OtherOrganizations 


INTSORMIL has enjoyed a close association with the 
ICRISAT Latin American Sorghum Improvement Project
(LASIP) working out of CIMMYT in Mexico. Since 1981. 
INTSORMIL has cosponsored nine workshops with ICRI-
SAT in Central America and Mexico. In addition, this 
interaction has provided access to valuable germplasm for 
the breeding program in Honduras as well as enhancing 
networking opportunities in Central America through the 
Commission of Latin American Sorghum Investigators 
(CLAIS), an ICRISAT initiative. Forexample, Sureio came 
to Honduras from India after first passing through the ICRI-
SAT program in Mexico and then TAM- 122 in Texas. 

With the closing of the ICRISAT-LASIP program in 
Mexico in December 1993, the INTSORMIL prime site in 
Honduras is the only international sorghum research pro-
gran in Central America for National Agricultural Research 
Systems (NARS) to draw upon. INTSORMIL and ICRI-
SAT are presently considering alternatives to sustain their 
synergistic relationship in Latin America, with donor fund-
ing to establish and maintain a sorghum network in Latin 
America being the primary constraint. No closure has been 
achieved on this network. 

Presently, INTSORMIL works through its Honduran 
trained counterparts and the NSP to provide sorghum re
search leadership in Central America. This puts our Hondu-
ran counterparts at the forefront as role models while 
conferring leadership responsibility. For example, Dr. 
Gomez has just completed a two year term (1990-1991) as 
the elected president of the Council of Latin American 
Sorghum Researcher (CLAIS). Presently, lie serves as the 
EAP's representative to die National Council of PRIAG 
which is sponsored by the EEC and administered by the 
Inter-American Institute for Cooperation on Agriculture 
(IICA). As a senior scientist, lie has provided valuable 
council to PRIAG in establishing their research grants pro-
gram. Other leadership activities include diffusion of 
germplasm and exchange of ideas. The NSP is presently 
funneling demonstration plots and other germplasm to the 
Swiss development program COSUDE working with die 
CHINORTE project in Chinandega, Nicaragua; the Center 
of Agricultural Thchnology (CENTA) in El Salvador and 
the Institute of Agricultural Science and Technology 
(ICTA) in Guatemala. In addition, fie recent Honduran 
modernization of state law zalls for the creation of the 
Honduran Council of Scie!ice and Technology which will 
advise the President of Honduras on policies that stimulate 
development of science and technology. Dr. Gomez pres-

ently sets on this council as the representative for private 
Honduran universities. 

Development of CollaborativeResearch Workplans 

INTSORMIL primarily responds to local needs. To de
termine , it has conducted several baseline studies 
mentioned above. In addition, INTSORMIL has helped the 
NSP develop activities that allow farmers to participate in 
the development of technology. These include conducting
student research on-farm, carrying out enhanced maicillo 
demonstration plots on-farm, and conducting commercial 
hybrid performance tests in strategic sorghum producing 
valleys. These activities serve as a two-way-street in which 
farmers learn about new cultivarsandmanagementpractices 
and we learn about farmers needs and expectations. This 
impromptu dialog has helped guide research on controlling 
the langosta complex and enhancement of maicillo for alley 
cropping systems. It also has identified anthracnose as a 
potential threat to Iw expanding commercial sorghum hy
brid industry in Honduras. Although most local landraces 
are resistant to anthracnose, many introduced hybrids do not 
possess adequate levels of resistance to this disease. 

In addition, the EAP-MNR-INTSORMIL program is the 
only USAID supported project integrated into MNR's ob
jectives for national food security. The recent modernization 
of agriculture law in Honduras creates a new Agricultural 
Science and Technology Division (DICTA) in the MNR. 
The MNR has expressed interest in integrating the MNR-
EAP-INTSORMIL sorghum program into DICTA as its 
sorghum research component. Although GO-I core funding 
for DICTA is a constraint, USAID/H's initiative to match 
core funds with local currency is an incentive for the GOH 
to move forward. 

SorghunilMillet Constraints Researched 

Constraintsto Sorghun Productionanid Utilization 

Emphasis is placed on improving sorghum production 
and bolstering the economic well-being of small farmers 
who derive their livelihood from agricultural activities on 
steep hillside slopes. Needs of larger farmers situated in 
lowland valley:; are addressed through the commercial hy
brid performance test. Specific production and utilization 
constraints being addressed include genetically enhancing 
tie yield potential of local cultivarscontrolling the langosta 
complex of lepidoplerous defoliators, guarding against sor
ghum downy mildew, and improving sorghum grain quality
for tortillas. Nested within yield limitations are two addi
tional cn,:I,'iints associated with traditional farming sys
tems-sensitivity to photoperiod and shade tolerance. 
Because these two constraints restrict die use of introduced 
conventional, temperately adapted sorghum types, empia
sis has been shifted fron tie Green Revolution approach to 
development (a fast track based on the introductioi and 
release of early maturing short stature cultivars with high 
yield potential) towards conservation and enhancement of 
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local landrace populafions. Although our conservation and 
enhancement approach requires time to develop new culti-
vars and, therefore, proceeds at a slower pace, it is consistent 
with farmer's needs and more sensitive to environmental 
concerns like conservatiorn of biodiversity. 

Low Yield Potential. National sorghum yield in londu-
ras is about one metric ton per hectare. In part, this is a 
reflection of the adverse environment in which sorghum is 
grown, but more importantly, this is tie result of the prepon-
derant use of landrace populations which have inherently 
low but stable yield. The inability of maicillo to resl)ond to 
improved management practices, such as soil and water 
conservation interventions, with increased grain yield is the 
primary constraint to sorghum production. Given that higher 
yields provide farmers economic incentive to adopt better 
management practices, cultivars with greater yield potential 
are essential before they will implement sustainable prac-
tices without assistance. Linking crop improvement to sus-
tainable farming systems provides the economic incentive 
to move towards sustainable development. This point is 
often overlooked as attention shifts from agriculture to the 
environment. INTSORMIL projects most active with this 
constraint include TAM-121, TAM-122, TAM-123, and 
TAM- 131. 

Traditional Fanning Systems. Maicillo is an old world 
crop that has adapted to neotropical slash and burn agroeco-
systems. About 90 percent of the sorghum pl:,ated in IHon-
duras and El Salvador is a late maturing sorghum (maicillo) 
that is inlercropped with early maturing maize. File success 
of maicillo in traditional maize intercropping systems is 
attributed to its ability to withstand shading coupled with its 
sensitivity to photoperiod. While maicillo's shade tolerance 
allows it to subsist under the maize canopy, its photoperiod 
sensitivity extends its vegetative phase throughout tie 
growth and development of the associatcd maize crop. Thus, 
the reproductive phases of maize and sorghum, when de-
mand for nutrients are highest, are staggered. In contrast, 
introduced sorghum cultivars--which are not sensitive to 
photoperiod and, therefore, early maturing-enter their re-
productive phase at the same time as maize. The resulting 
increased competition for available water and nutrients 
jeopardizes the production of both crops. This is where the 
Green Revolution alproach-introduction of short stature 
early maturing cultivars--breaks down. Maicillo's shade 
tolerance opens the door to developing the role of sorghum 
in more sustainable systems like alley cropping with legu-
minous trees. INTSORMIL projec;s most active with this 
constraint include TAM- 131 and UNL- 113. 

Insect Pests. An early season lepidopterous pest complex, 
called tie Langosta in Central American, is an occasional 
constraint to sorghum and maize production. The fall army-
worm (Spodopterafrugiperda),along with other lepidop-
terous larvae--S. eridania,Metaponlneumatarogenhoferi, 
andMocislatipes-make-upthis complex. Farmers fear the 
langosta most at the beginning of the planting season, when 
seedling fields are attacked with little or no warning. These 

ostensibly random attacks appear to come in waves and are 
most damaging when large larvae (late instar) migrate from 
surrounding non-crop vegetation (weeds) into seedling 
fields. Under these circumstances, an unaware farmer can 
loose his entire crop overnight. This loss is most devastating 
to those who do not have seed to replant. Understanding the 
complex, its species diversity, density, time of occurrence, 
and origin, is necessary to develop an adequate control 
strategy. INTSORMIL projects most active with this con
straint are MS U- 105, TAM- 125, and TAM- 13 1. 

Sorghum Downy Mildew. SDM is a recently introduced 
disease (first observed in Honduras in 1972) that is now 
endemic in the regioil. Not only is maicillo susceptible to 
SDM, but the threat of this disease is heightened by the 
existence of the most virulent pathotype (P5) of Peronos
clerosporasorghi reported in the Americas. This pathogen 
was discovered at Las Playitas Experiment S.'aion, Comay
agua, l-londuras in 1986. Because maiciflo and most sources 
of resistance in the United States are susceptible to P5, the 
pathogen threatens the stability of sorghum production in 
Honduras. Monitoring local hot spots for changes in viru
lence and the introduction and deployment of resistant genes 
offers the bcstalternative for control. INTSORMIL projects 
most active with this costraint are TAM- 124, and TAM
131. 

Grair, Quality. Although maize is the preferred staple, 
roughly 40 percent of maicillo's grain production extends 
or substitutes maize in tortillas in subsistence diets. Accept
able sorghum tortilla making cquality is essential for the 
success of any sorghum cu!ti ,ar intended for small farmer 
use. Traditionally, the preferred sorghum for tortillas has 
had small, corneous kernels with white or cream pericarp 
color. Advanced breeding materials are rigorously screened 
to meet local tortilla standards with the assistance of TAM
126. In the process, we havc been able to improve tortilla 
color beyond that of local cultivars by changing plant color 
to tan, a recessive trait (pp qq) not found in maicillo. INT-
SORMIL projects most active with this constraini are TAM
126 and TAM- 131. 

Research Nlethos and Results 

Looking back, sorghum research in Honduras has been a 
long-term multidisciplinary effort that integrates agronomy, 
breeding, cereal quality, conservation, entomology, p;:'thol
ogy, physiology, and socioeconomic disciplines. This ap
proach has been very fruitful. Short term breeding goals 
have led (o the release of four sorghum cultivars (Tortillero, 
Catracho, Sureio, and Ganadero) v nile long term improve
mient goals have established the only sorghum breeding 
program inl tie world working with photoperiod sensitivity. 
The entonlelogy work, much of which is conducted on
farm, has led to the identification of the Iangosta complex 
and its natural ciemwies. The in situ conservation of mlaicillo, 
which is fanner oriented, has effectively utilized the INT-
SORMIL scientist network to identify many useful maicillo 
traits that contribute to acid soil tolerance, drought toler
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ance, antibiosis to fall armnyworn,. resistance to multiple 
diseases (e.g., anthracnose, ladder ,pot, and rust), aid shade 
tolerance. Adaitional information on these topics are pre-
ented in the individual project rcports in this Annual Report 

(see Table I for listing of projects that have worked in 
Honduras). 

Studiotresearch has played an essewial role in conduct-
ing our interdisciplinary program. Most students have ful-
filled program objectives indisciplines such as quality, 
entomology, pathology, phys;olozy, and socioeconomic. 
Some students have presei.ted their research at the 
PCCMCA meetings in Central America and have earned die 
recognition of their peers for conducting outstanding re
search (Table 3). 

Of die four sorghum cullivars the NSP has released, 
two-Surefio (1985)and Ganad_',ro (I994)-have met spec-
tacular success. Suieilo is the fic's variety released by the 
MNR that has found its way into infonmn! seed markets. 
Consequently, not only has it sustain ed its survival but 
continues to increase its hectare snare with all classes of 
",nmers. SureiNo's popularity grows from its dual purpose 
use for forage and grain, outstanding grain quality for mak-
ing tortillas, and high yield potential. Several projects, in-
cluding ICRISAT, COSUDE, NSP, TAM-122, TAM-124, 
TAM-126. and TAM-131 all played a role in qualifying 
Surefio for release. 

A farm level study to determine the economic impact of 
Sureflo and Catracho, was conducted by Miguel Lpez
(PRF-105) in 1988. He found that the improved variety 
Sureflo, when coupled with improved agrononic practices, 
increased grain yield over maicillo by 68%. Similarly, the 
hybrid Catracho increased grain yield over maicillo by
113%. This translates intoan increase in farm family income 
from $1.60 to $2.70 per day ha-1 with Surefio and S4.40 per 
day har with Catracho. It is these kinds of strategies, like 
coupling improved cultivars with soil and water conserva
tion practices, that provide the incentives necessary to move 
farmers towards sustainable development. 

In 1991, Ing. David Erazo (NSP) conducted a follow-up 
study of fhe 32 famiers who tried Sureio in 1988 with 
Miguel. Fie found that Surefio, on average, had substituted 
28% of the maicillo acreage. Intereslingly, this acreage 
percentage increased as the proportion of sorghum grain 
used in household diets rose. In other words, Sureflo was 

preferred over maicillo for tortillas. From a development 
perspective, Sureflo's adoption (28%) seems low. But from 
a conservation perspective, this degree of maicillo displace
ment by a single variety is high. Other cultivars with pref
crences similar to Suretio's are being developed in the 
maicillo background. This will help diversity the new culti
var base. Because of Sureio's broad acceptance, we have 
sent a sample of its seed to the National Seed Storage 
Laboratory in Fort Collins, Colorado for safe kezping where 
it bears PI 561472 & NSSL 259979.51 numbers. It was 
registered in Crop Science (33:213) by MNR-INTSOR-
MIL-ICRISAT so that other programs can learn of itsexist
ence and for historical reference. 

More recently, the NSP has developed a forage sorghum 
hybrid 'Ganadero' with pedigree ATx623*Tx2784. This 
hybrid has rapidly become a favorite with farmers and has 
done much to boost sorghum forage acreage in Honduras. 
The development and release of Ganadero is an excellent 
example how the NSP has contributed to USAID/H's inten
sification of land use objective. Since the EAP began using 
Ganadero to meet its annual production goal of 2,000 tons 
of silage, it has significantly reduced die amount of land 
allocated Iomeet its production goal from 91 ha of maize to 
64 ha of Canadern. Much of the land tlt Ganadero has freed 
up, has been put into seed prxluction. Sureflo and Ganadero 
now dominate basic seed and certified seed production at 
the EAP. 

Research Benefits 

The NSP has assisted the privatization of the national 
seed industry (a UJSAID/H objective) by providing new and 
improved cultivars for private seed companies and by coi
ducting a hybrid sorghum performance tests. Presently, four 
Honduran seed companies produce certified seed of Ganad
ero. Since 1989, the EAP alone has produced over 67 metric 
tons of Ganadero certified seed. 

The nationwide commercial hybrid testing program, in
itiated by die NSP in 1989, has been key in upgrading 
commercial hybrids available to farmers. It is also tie only
published listing of any cultivar performance in Honduras. 
Since initiating the perfornance test, we estimate from seed 
import records that hybrid sorghum acreage has increased 
by 10,000 hectares, with much of this seed being supplied 
by international seed companies. Furthermore, this in
creased use of hybrids has begun to boost national sorghum 

Table 3. Outstanding research awardswon at Central American PC(MCA meetings. 
Year Name iProjec Research title 
1987 L. Femnidez NS'P Vimulence of Peromascrmpslora sorghi in I ionduras. 
1987 F. G6inez NSP Food quality of 14 sorghun, cultivars. 
1988 F. (;6mez NSi' Maicillo classification. 
1989 L. Lasires "AM1-125 Fireanis as predators of fall aryworm. 
1989 C. "lrabanino MS1t- 105 Soil insect pests of sorghum and maize. 
1989 Mt.1.6pez PRF- 105 Impact of new sorghum cultivars and soil conservation intervenfions in Southern Honduras. 
1993 F. (6mez NSI Conllrol of sorghtim downy mildew in I londuras. 
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yield above the historical yield plateau of one ton per hectare 
(Figure 2). At the present rate of commercial hybrid expan- 
sion, the sorghum industry in Hondwas wil! grow to a 10 
million-dollar industry by 1996. This is another exampkc 
how the NSP has facilitated tie increased production of feed 
grains to assist the USAID mission goal of intensifying land 
use. Because of the production potential and profitability of 
sorghum hybrids, the GOH is now considering policy to 
make loans available for sorghum production. Not only is 
this consistent with the USAID mission objective of iri-
proving small holder fanner access to institutional credit, 
but it is the first time credit for sorghum production has won 
support in the face of other basic grains like maize, beans, 
and rice. These changes toward sorghum :re being thiven 
by productivity. 

Institution Building 

Support for iostCountry 

Over 100,000 dollars worth of equipment and items were 
turned over to the EAP when tie technical advisor was 
retired. Among the big ticket items were: two electronic 
scales, aforced airoven, ala,,:rprirtci, anmicro-logger, three 
personal computers, three pick-up tuck.,,. two plot threshers, 
a remote telephone system, and a rolling cultivator. Other 
items include a 35 mm cameia and slide projector, an 
assortment of computer software and accessoiic:, a dehu
midifier, a megaphone, some office furniture aiid equip-
ment, an overhead projector, and a small seed blower, 

The Impact of Training 

Sustainable development is a dynamic process that re-
quires continual renewal of intellectual resources to meet 
new challenges that continually arise. The dev:elopment of 
human capital is an integral part of INTSURMIL's program 
in Honduras. Since 1981, INTSORMIL Pls have directed 
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20 graduate students for a total of 22 advanced degrees in 
which research was related to Honduras. All but three of 
these students conducted their research in Honduras. Two 
have research ongoing in Honduras. Eight of these graduates 
are Hondurans and have received a cumulative four Ph.D. 
and six M.S. degrees. 

It is through training that Honduras is enabled to assume 
responsibility for its development as well as make a contri
bution to the region. Of the four Ph.D. degrees conferred, F. 
G6mez heads the NSP in Honduras, M. L6pez is an econo
mist with CIMMYT in Mexico, M. Castro is an entomolo
gist with Standard Fruit in Honduras, and H. Portillo is an 
entomologist with BASF Inc. in Mississippi. 

Presently, four INTSORMIL trained Hondurans are em
ployed by the EAP. In addition to Dr. G6mez, three M.S. 
level professionals--L. Lastres, J. L6pez, and C. Traban
ino-work with the Department of Plant Protection and 
Biological Control Center. Another, A. Palma, works with 
the Catholic Relief Service PVO and uses the NSP as a 
resource in his program. INTSORMIL's relationship with 
ic EAP has played a strategic role in identifying excellent 

students for advanced degree training in the United States. 
Most of the -ondurans who have received advanced degrees 
in the INTSORMIL prognin have been EAP graduates, one 
has been a CURLA graduate. 

The prof),Ln-solving kinds of research that students do 
has been essential for developing our comprehensive pro
grai. Identification of the langosta lepidopterous insect 
complex and soil arthropod pests on sorghum and maize, 
discovery of shade tolerance and maicillo antibiosis to fall 
armyworn, determination of the economic impact of 
Surefio and Catracho on hillside farms in the South, assess
menit of sorghum loss to disease, and biological control of 
fall armyworm and stem borers (Diatraca sp.) are all initia
tives that were undertaken by graduate students. 

+
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Figure 2. Expanding use or hybrids are increasing sorghum's productivity in Honduras. 
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Scientist Exchange 

Over the years, an excellent scientist-scientist rapport has 
developed thrmilgh a mix of PI visits to Honduras and 
collaborative :. :,:sitist visits to the United States. Ingeneral,
annual PI visits to Honduras have revolved around advising
graduate students off to a good start in the Spring and 
assisting evaluation of nurseries in the Fall. PIs have also 
participated in the external evaluation of in-country activi-
ties, three such reviews have been undertaken since 1981. 

On the flip side, collaborative scientist have been invited 
to INTSORMIL laboratories to learn new procedures and to 
participate inscientific meetings, including INTSORMIL PI 
Conferences, TC and EZC committee meetings. 

July 8-12, 1991 -Dr. G6mez and two Ministry of Natural 
Resources representatives attended the INTSORMIL PI 
conference inCorpus Christi, Texas. 

February 3 to May 29, 1992 - Mr. Jos6 Monroy,
EAP/MIPH, received short-term taining (four months) at 
Texas A&M University by TAM-125 inculturing and con-
ducting research on natural enemies, 

February 19-23, 1992 - Dr. Gomez attended the INT-
SORMIL External Review at College Station. 

May 11-14, 1992 - Dr. G6mez attended a special INT-
SORMIL PI meeting with an ICRISAT representative at 
TAMU to plan the future of the CLAIS network, 

February 28 to March 2, 1993 - Dr. G6mez attended the 
18th Biennial Grain Sorghum Research and Utilization 
Conference (SICNA) held at Lubbock, Texas. 

March 3, 1993 - Dr. G6mez attended the joint TC/EZC
committee meeting that followed the SICNA Conference at 
Lubbock, Texas. 

March 4-8, 1993 - Dr. Gomez visited Texas A&M Uni-

versity at College Station to plan collaborative research with 

INTSORMIL Pis. 


December 20-21, 1993 - Dr. G6mez attended the joint
TC/EZC meeting at Kansas City. 

ttuman Resource Development Strategy 

INTSORMIL's association with the EAP provides an 
eloquent method for selecting outstanding students to pur-
sue gradua,':; studies in the United States. The fourth year 
program (Ingeniero Agronomo degree) at the EAP, which 
requires independent research and a thesis, provides our 
collaborators an excellent opportunity to identify capable
and interested students. Although some graduate assistant-
ships have been made available by individual INTSORMIL
projects, this preference for quality students has enabled 

INTSORMIL to access other scholarships funds like Full-
bright-Laspau and OAS. 

Networking 

Over the years, tie NSP has established an elaborate 
network of collaborators in Honduras that includes both 
GOH and NGO organizations (Table 4). Numerous other 
on-farm collaborators and sites are used to validate new 
sorghum cultivars and other technologies. This multi-loca
tion testing is essential for developing cultivars with broad 
adaptation and resistance to multiple diseases and has paid
off handsomely in the release of SureFlo and Ganadero. 

Research Accomplishments 

As to be expected, research results have been numerous 
in Honduras: 

Project KSU-101 has provided male sterile lines of pearl
millet to support tropical pasture and forage research in the 
Animal Science Department at the EAP. Dr. Raul Santilln, 
has used this germplasm to develop interspecific forage
hybrids with elephant grass (P.purpurewn). Plans are now 
underway to release a pearl millet x elephant grass hybrid in
the near term. Although elephant grass produces about 40 
t/ha of dry matter per year, its wide spread adoption as 
pasture has been constrained by vegetative propagation. The
traditional practice of establishing elephant grass pasture
requires about 2 tons of fresh cut stems per hectare, which 
are not always available when needed. The innovative 
aspects of this research is that pearl millet-elephant grass
hybrids allow pastures to be established by seed. Advan
tages to developing such interspecific hybrids isthat seed is 
combine harvested from the pearl millet female parent, it 
can be stored until needed, it is easier to transport than live 
stem cuttings, it can be planted with conventional grain
drills, and about 10 pounds of seed is sufficient to plant a 
hectare. Although the interspecific hybrid produces about 
30 t/ha of dry matter per year, its digestibility (66%) is better 
than that of elephant grass (60%). Because the hybrid is 
sterile (its triploid like seedless watermelon and bananas)
and has no rhizomes, it does not become a noxious weed 
when it comes time to convert the pasture back into crop

land.
 

Project MSU-3 conducted some of the early nutritional 
and anthropometric base line studies. Although subsistence 
farms produced the minimum recommended amounts of 
calories and protein in southern Honduras, diets were Cefi
cient in vitamin A, riboflavin, and ascorbic acid. Women 
and children were most affected by these deficiencies with 
65 to 68 percent of the children suffering some degree of 
malnutrition---29 to 30 percent having second and third 
degree severe malnutrition. Lower transferrin levels and 
parasites were more common in malnourished children. 

Project MSU-105 has conducted the only inventory of 
soil arthropod pests of sorghum and maize in southern 
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Table 4. NGOs and PVOs collaborating with the EAP-MNR-INTSORMIL program in Honduras. 
Acronym Name Sponsor 
ARD Associates in Rural USAID 

Development 
CEDA Center for Agricultural

Development 
Japan/GOII 

CENTA GO1S 

CORASUR Consolidated Agrarian Belgiuts/GOII 
Refonn in the South 

DRI-Yoro Integrated Rural Swiss/GOII 
Development 

ENA Escuela Nacional de GOlf 
Agricultura 

FE. Foundation Friederich Ebert Foundation W. Gennan Social 
Democrats 

L.L. Ag School Luis Landa Ag School 
LUPE Land Use and Productivity USAID 

Enhancement Project 
PER-INFOP Rural Small Business Dutch Gov't. 

Development Program 
Chinorte Program COSUDE Cooperaci6n Swiss Gov't. 

Suiza al desarrollo 
Lempira Project Lenpira Rural t)evelop nent FAO 

Project 
PDR Rural Developnent Progran G'I'Z 

Polivalente Institute GOII/Min. Educ. 
Julia Zelaya 
Ilennandad de Hfonduras 

Christian Develoxnent IVO 
Commission 

CEDEN Evangelist Committee on PVO 
National Emergency 

Mennonites Mennonite Social Action PVO 
Commission 

World Vision World Vision US-PVO 
PROAPACII Choluteca Support Project United Nations 
San Josd Obrero US-IVO 
World Neigh, .s World Neighlo rs US-PVO 

Honduras, identified antibiosis to fall armyworm in local 
landrace sorghum populations, and identified four lepidop-
terous insect species in the Langosta complex that attacks 
sorghum and maize. Present research focuses on charac-
terization of two of the lesser know species inthe Langosta 
complex with respect to occurrence, host plant relationships, 
biology (including diapause), ecology, behavior, and popu-
lation dynamics. 

Project PRF-105 impact analysis of tte MNR/INTSOR-
MIL released hybrid 'Catracho' shows that sorghum yields 
are increased 113 percent over tradilional cultivars. This 
translates into an increase infart family income from $1.60 
per day ha- l to $4.40. Itcreasing household income is a 
mission objective. 

Project PRF-105 impact analysis show that the 
MNRIANTSORMIL released variety'Surcfilo'increases sor-
ghum yields 68 percent over traditional cultivars. This trans-
lates into an increase in farm family income from $1.60 per 

Collaborator Location Technology 
David Leonard Tegucigalpa Enhanced maicillo and varieties 

Napoleon Reyes Comayagua Commercial hybids and S DM 
nursery 

Rend Clard Sand Andns, Enhanced maicillo and varieties 
El Salvador 

Mauricio Garcia Choluteca On-fami demonstration plots 

Miguel Sosa Yor, Einhanced maicillo and broomcom 

David Lafnez Catacamas Commercial hybrids and 
anthracnose nursery 

Ricardo Rivera Colon Conmericial hybrids 

Juan A. Avila Nacaome Enhtanced maicillo. on-farm demos 
Javier Mayorga
A. Zelaya 

Choluteca, 
Sabanagrande 

Edhanced maicillo and varieties, 
on-farm demos 

Eliud Tejada Sabanagrande Enhanced maicillo, varieties and 
brooincom 

Carlo Foletii Chinandega, Enhanced maicillo, on-fani demos 
Nicaragua 

Luis Welchez Mapulaca Enhanced maicillo, on-fann demos 

Alonzo Moreno El Zamnorano Enhanced maicillo, on-farm demos 

Ruben Zuniga Monjaras, 
Choluteca 

Enhianced maicillo, on-fami demos 

Jose Pineda San Marcos de 
Ocotepeque 

Luis Espinoza San Marcos de Enhanced maicillo, on-fam demos 
Ocotepeque 

Luis Sannienio Choluteca Enhanced maicillo, on-fann demos 

Francisco Machado Choluteca Eldsanced maicillo, on fani demos 

Nacaoinc Endanced maicillo. on fann demos 
Rodolfo Bulnes Choluteca Enhanced maicillo, on farm demos 
Alex Madrid Choluteca Enhanced maicillo, on fami demos 
Jose Sauceda Choluteca E'nhanced maicillo on farm demos 

day hal to $2.70. Increasing household income isa mission 
objective. 

Project TAM-121 has provided elite lines for the devel
opment to two Honduran hybrids, Catracho and Ganadero, 
and is working on the release of a tropicalized commercial 
hybrid with high yield potential. 

Project TAM-122 has provide valuable sources of dis
ease resistance and drought tolerance that is being incorpo
rated into the maicillos criollos and has been instrumental 
in (lie flow of germplLsm between Honduras and Western 
Africa. 

Project TAM-123 has provided valuable sources of 
midge resistance that are being tested in combine hybrids 
for Olancho. As production area increases and sorghum 
moves into welter areas, the importance of this project 
increases. 
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Project TAM-124 has conducted the only nationwide 
inventory of sorghum diseases and loss assessment in Hon
duras. It provides valuable technical assistance in the man
agement of the International Sorghum Downy Mildew 
Nursery in Comayagua and works with the Plant Protection 
Department at the EAP in the control of anthracnose and 
sorghum downy mildew. 

Project TAM-125 has identified three effective native 
predators of fall armyworm-fire ants, earwigs and 
wasps----and is developing a IPM strategy, along with the 
EAP and MSU-105, to bring fall armyworm under control. 

Project TAM-126 has assist(.d in the selection of three 
food type sorghum cultivars, as well as, screening enhailced 
maicillo cultivars for tortilla quality. This project is essential 
for success in Honduras, because if the grain cannot be 
processed and consumed for food, then the breeding re
search has been wasted. Both cultivars that LUPE promotes 
have been selected with help from the TAM- 126 lalxratory. 

Project TAM-131-in conjunction with TAM-121, 
TAM-122, and TAM-126--h:s formally released three 
food type sorghum cultivars anrd one forage hybrid in I-Ion
duras. sorghum seed production dominates the basic seed 
unit at tie EAP. 

Project UNL-1 13 provides the basic research needed to 
identify and characterize shade tolerance in sorghum. Con
sidering that small fanners produce about 80 percent of the 
sorghum in Honduras and most of this is intcrcropped with 
maize, interaction with this program is essential for increas
ing the yield potential of local varieties. Shade tolerant 
sorghum is essential for agroforestry systems like those 
being promoted by LUPE. 
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Mali 

D.T. Rosenow and Aboubacar Tour 

Coordinators: 

Dr. D.T. Rosenow. Sorghum Breeding. Texas A&M University, Lubbock, TX
 
Dr. Aboubacar Tour6, Sorghum Breeding, SRA/Sotuba, DRA/IER, Bamako, Mali
 

Institutions Involved 

Institute of Rural Economy (IER), Bamako, Mali
 
Texas A&M University, College Station. Texas
 
University of Nebraska, Lincoln, Nebraska
 
Purdue University, West Lafayette. Indiana
 
Kansas State University, Manhattan, Kansas
 

Collaborating Scientists 

Dr. M. Traor6, Plant Physiology, Ministry of Rural Development, Banako, Mali 
Dr. 0. Niangado, Millet Breeding and Improvement, Director General IER Mali 
Dr. A. Tour6, Sorghum Breeding, Sorghum Team Leader, IER, Sotuba, Mali 
Dr. L.W. Rooney, Cereal Chemistry and Food Technology, Texas A&M University, College Station, TX 
Dr. C.Y. Sullivan, Plant Physiology, University of Nebraska, Lincoln, NE 
Dr. D.T. Rosenow, Sorghum Breeding, Texas A1 -M University, Lublck, TX 
Dr. R.A. Frederiksen, Sorghum Pathology, Texas A&M University, College Station, TX 
Dr. G.L. Teetes, Entomology, Texas A&M University, College Station, TX 
Dr. S.C. Mason, Agronomist, University of Nebraska, Lincoln, NE 
Professor W. Stegmeier, Millet Breeding, Kansas State University, Ft. Hayes. KS 
Dr. A.B. Onken, Soil Fertility. TropSoils, Texas Agricultural Experiment. Station, Lubbock, TX 
Dr. G.C. Peterson, Sorghum Breeding. Texas Agricultural Experiment. Station, Lubbock, TX 
Dr. J.W. Maranville, Agronomist, University of Nebraska, Lincoln, NE
 
Dr. F.R. Miller, Sorghum Breeding, Texas A&M University, College Station, TX
 
Dr. G. Ejeta, Sorghum Breeding, Purdue University, West Lafayette, IN
 
Dr. R.L. Vanderlip, Agronomist, Kansas State University, Manhattan, KS
 
Dr. J.H. Sanders, Agr. Economics, Purdue University, West Lafayette, IN
 
Ms. M. Haidara, Food Technology, IER, Sotuba, Mali
 
S. Dione, Seed Physiology, IER, Soluba, Mali 
A.W. Tourd, Sorghum Agronomy, IER, Sotuba, Mali
 
Ms. A. Berthe, Food Technology, IER, Soluba, Mali
 
Ms. S. Coulibaly, Sorghum Breeding, IER Cinzana, Mali
 
Mr. Amadou Sy, Sorghum Breeding, IER, Samanko, Mali
 
Mr. A. Traord, Agronomist, IER, Sotuba, Mali
 
Mr. M. Dourt6, Sorghum Pathology, IER, Sotuba, Mali
 
Dr. Y. Doumbia, Sorghum Entomology, IER, Sotuba, Mali
 
Mr. K. Traord, Millet Breeding, IER, Cinzana, Mali
 
Mr. M. Bagayoko, Agronomy, IER, Cinzana, Mali
 
Mr. M. N'Diaye, Millet Pathology, IER, Cinzana, Mali
 
Ms. N. Diarisso, Sorghum Entomology, IER, Sotuba, Mali
 
Mr. S. Traor6, Millet Agronomy, Millet Team Leader, IER, Cinzana, Mali
 
Ms. Mariam Diarra, Sorghum Pathology, IER, Sotuba, Mali
 
Dr. S. Dembele, Weed Science/Striga, IER. Sotuba, Mali
 
Mr. S.B. Coulibaly, Sorghum/Millet Physiologist, IER, Cinzana, Mali
 

Collaborative Prograln 

The program in Mali is a coordinated effort among INT- scientist develops research plans cooperatively with an INT-
SORMIL and the IER. The vital collaboration continues to SORMIL counterpart which provides for effective research 
provide efficient use of resources. In Mali, each Malian planning, communication and coordination. Major INT
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SORMIL collaborators travel to Mali annually during the 
critical period of die crop year to consult, review progress 
and plan future activities with their Malian counterparts. 
Individual INTSORMIL investigators transfer funds to 
Malian counterparts to provide additional support to acconi
plish the research. 

Memorandum of Agreement 

A Memorandum of Agreement to allow transfer of funds 
was signed in Mali on October 10, 1984. The Amendment 
to the MOA, 1992-93 work plan and budget, was developed 
jointly by the country coordinators and approved by IER and 
INTSORMIL in July of 1992. 

Production and Utilization Constraints 

Yield level and stability in sorghumn/millet production is 
of major importance in Mali whr'e food production is 
marginal relative to the rapidly grLwing population. Low 
and unstable yields are the result of complex interactions of 
low soil fertility (particularly nitrogen and phosphorus), 
drought stress, diseases, insect infestations, Siriga, and 
availability of improved cultivars. Grain prices which cycle 
between high and low yield-level years are a deterrent to 
adoption of improved technology, thus milling properties 
become critical to maintaining prices in surplus grain pro-
duction years. Transformatior of sorghum and millet grain 
into new shelf-stable foods and industrial products is re-
quired to encourage local production of grains and to en-
hiance agribusiness activities of food processing and poultry 
feeding which stabilizes prices. tead hugs and associated 
molds adversely affect sorghum yield and grain quality, and 
are a major constraiint to the development of improved high 
yielding sorghum cultivars. Striga is a major constraint for 
both sorghum and millet. Other major millet constraints are 
phosphorus and nitrogen deficiency, water stress and millet 
head miner infestations. 

Efforts are concentrated to strengthen research on breed-
ing, crop physiology, soil and water relationships, entomol
ogy, pathology, and food processing and technology. An 
effort to develop new fcxd products from cereals and leg
umes is emphasized. Selection for enhanced drought resis-
lance is a major concern. Major activities involve the 
introduction and use of new genetic materials in breeding 
programs to develop cultivars to increase or stabilize grain 
yields with desirable food quality. 

New Opportunities 

The Malian program has continued work on millet ento-
mology, breeding, quality and cropping systems. Work to 
develop Striga resistant sorghums and photosensitive late 
maturing sorghums to escape tie head bugs and molds was 
expanded. InterCRSP activities with TROPSOILS were 
initiated for breeding and selection of sorghums for inn-
proved soil nutrient efficiency and toxicities during the 1992 

cropping season. A Malian Ph.D. soil scientist will return to 
Mali in 1994 to collaborate in this progran. 

Research Progress 

* Gerniplasm Enhancement 

Breeding Nurseries 

Major progress was made in the objective to develop 
white-seeded, tan-plant guinea sorghum cultivars. F4 proge
nies from crosses involving Bimbiri Soumale. Tiemarifing, 
and CSM388 looked very good at bod Soruba and Cinzana 
and some will be advanced to die preliminary yield trial. 
Also, they will be backcrossed once to further enhance the 
guinea traits. These progenies are white-seeded, tan-plant, 
juicy-stem, with gix)d guinea plant, grain, glume, and pan
icle characteristics. They also appear to have excellent yield 
potenlial. Dirivatives of Binibiri Soumale, a southern Mali 
guinea with extremely long paniclcs, appeared especially 
promising, and may be a useful type to utilize in breeding 
guinea derivative cultivars for West Africa. The cross, Bim
biri Soumale x Introduced Zerazcra, gave the best progeny. 
Early generation breeding progenies (214 F2, 508 F3, and 
181 F4) werccvaluatedacrossarangeofcvironments from 
north to south and 584 white grain single plant selections in 
the I2 and 489 in tie F3 were made. Inproved maicillo 
varieties from the INTSORIMIL program in Ilonduras were 
tested for adaptltion at Longorola (Southern Mali). Some of 
tire niaterials showed tire correct maturity, however, tire 
grain qua!ity was floor. Crosses were made between some 
selected improved maicillo varieties and improved nalisor 
food types to develop photopcriod sensitive improved food 
sorghums. Sonic unique late maluring genotypes were 
evaluated for flowering daite in southern Mali to deterline 
potential usefulnss to the area. Over 2(X) Band R lines from 
Texas A&M were observed for adaptation at Sotuba, eight 
B lines and four R lines were selected and used to make 38 
crosses with diverse improved lines from Mali and ICRI-
SAT. 

Evaluation ofAdvanced Varieties 

Sixty-one advanced varieties were evaluated in two sepa
rate trials, based on maturity groups at different locations in 
Mali. Among tie early varieties 6 were evaluated for 3 years 
and showed a grain yield between 2.7 tlha (87-CZ-F4-455
1)and 2.3 t/ha (88-BE-F4-287). Three varieties aniong the 
niediuni-maturing group showed air average grain yield 
between 2.4 1 and 2.02 t/ha over 3 years. Two varieties 
87-LO-F4-92 (Malisor 92-1) and 87-SB-F4-54-2 (Malisor 
92-2) with 3t/ha and 2.5 t/ha respectively were selected and 
will be included in tie or-fari testing in 1993. 

International Sorghuim TropicalAdap'tation Trial (17AT) 

We evaluated eight B lines, seven R lines, and 38 hybrids 
at Baniako Mali in 1992. The head bug-grain mold complex 
and leaf diseases were very severe and reduced tire perform
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Table 	1. Visual ratings in the advanced nursery trial grown at Sotuba, Mali in 1992. 
Visual (.lunte I'anicle 200 seed 

Treatments rating" coveringb shapec weight (g) 

Malisor 84-7 1.25 C 3 

87,S3-1-4-54-2 1.68 BC 6 

IS-16-357 2.37 A 3 
IS-21468 1.50 IC 2 

IS-21525 1.62 BC 5 

IS-27477 1.56 DC 5 
R-6078 2.06 AD 4 

DVarI/DTx635 1.50 DC 5 

82-Scl-(; rain-l)ur 1.50 BiC 2 

p. 0.05 	 IIS 

CV 	 15.86 

Miean 1.67 
a Visual rating of head bug darnane to grain: I . no damage. 5 destroyed.
h I completely coverrd, 10 -not coverrd. 
S1.= loo,., C - conpact. 

C 3.65 BCD 

C 3.70 BCI) 
L 4.40 B 
L 3.19 CB 

L 4.09 BC 

L 6.32 A 
C 3.64 BCD 

C 2.74 D 

1. 	 6.24 A 

IIS 
12.14 

4.22 

Table 2. Summary or visual ratings in the advanced nursery trial grown at Sotuba Mali in 1991 and 1992.. 
Visual rating, 	 Visual raling. 200 head weighl 

" olm'tatts I9)1 

Malisor 84-7 1.(X) ) 

87-SB-F4-54-2 2.63 BC 

IS 16-357 4.50 A 

IS-21468 3.13 I 

IS-21525 2.25 C 

IS-27477 4.00 A 

R-6078 4.13 A 

1iVarl/D,Tx635 2.00C 
82-SeI.Grain.Dur 2.25 I) 

p. 0.05 IIS 

CV 17.12 

Mean 2.76 

aa I - no damage, 5 = severe damagc. 

(head 1mt1111, rain iiioll g) 

"'')2 i,) I 1992 1991 1992 

1.25 C 2.13 BC 1.18 3.46 1) 3.65 BCD 

1.68 BC 2.50 All 1.25 4.10 DC 3.70 BCD 

2.37 A 2.63 All 1.00 3.67 BCI) 4.40 1 

1.50C 1.25 C 1.00 3.21 1) 3.19 CD 

1.62 IDC 3.25 A 1.00 4.17 All 4.09 BC 

1.56 BC 1.00 AlB 1.12 4.67 A 6.32 A 

2.06 Ai 2.38 All 1.12 3.60 CD 3.64 CD 

1.50 1C 2.75 All 1.12 3.48 D 2.74 D 
1.50 1C 3.13 A) 1.00 3.231) 6.24 A 

tlS 


15.56 

1.67 

ance of most of the entries. The top yielding hybrids were 
ATx631 * GR127-90M-48 with 2.66 t/ha and Al * 

86EON361 with 2.60 t/ha. The lowest yields were obtained 
from R8503 and R9032. 

Internatimal Food Sorghum Adaptaltol Trial (IFSAT) 

The 40 entry IFSAT was planted at Cinzana to obtain 
information on yield and adaptation. The top performer 
yielding entries were hybrids oblained from crosses of 
87EON366, Dorado, RTx2816, and GR127-90M-47. The 
yieldsrankedbetween2.59tIha(ATx635 * 87EON366)and 
1.0 t/ha (ATx631 * R8511 and ATxARG-I * R8511). 
Unfortunately the trial suffered from the combination of 
head bug damage and leaf diseases, which reduced grain 
yield of some entries as well as grain quality. 

a Entomology 

Advanced Screening Trialfor/kadBug Resistance 

This trial was planted at Sotuba and contained 9 entries, 
including Malisor 84-7 is check (Table 1). Most of the 
entries showed good level of resistance Io head bug altack, 
The visual rating indicated that 82 Sel-Grain-Dur, 
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IIS IIS ItS |IS 

24.03 19.80 9.4 12.14 

2.55 1.09 3.73 4.22 

BVarl/BTx635 and IS 21465 did not show significant dif
ference with Malisor 84-7 in head bug damage evaluation. 
82 SeI-Grain-Dur, in addition to the good level of resistance 
to head bug, seems to have a vitreous grain and a better level 
of resistance to anthracnose compared to Malisor 84-7. 

a Preliminary Screening Trial 
for Head Bug Resistance 

To obtain new sources of iead bug resistance, a nursery 
of 51 breeding lines in 2 replications was planted at Sotuba 
in 1991 uid 1992. Most of the varieties was progenies of 
Malisor84-7. The results indicated that5entries from Texas 
out of the 51 entries showed a level of resistance to head bug 
comparable to that of Malisor 84-7. Thus varieties will be 
screened in the advanced screening trial in 1993. 

* 	 Simple Screening Method for 
Head Bug Resistance 

Studies were conducted at Sotuba in 1991 and 1992 to 
determine a simple screening method for head bug resis
tance by conparing theuse of lhe insecticide diazinon, mesh 
case protection. ixllinating bag protection, and natural in
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Table 3. Summary of visual rating of the best five entries in the preliminary screening nursery (Sotuba 1991 and 
1992). 

Visual "ating5 
Visual rating 200 seed weightTreatments (head hug) (_.'rain mold) () 

1991 1992 1991 1992 199! 1992
 
TX1 1.25 2.00 1.75 1.25 20.57 20.7
 
TX2 2.50 1.62 1.25 
 1.00 17.97 15.7
 
TX5 1.75 2.00 
 1.25 1.00 19.53 17.45
 
TX6 1.75 2.00 1.50
2.00 17.75 20.45
 
TX9 1.25 2.1 1.50 1.0 
 18.90 20.15
 
Malisor 1.50 1.75 
 1.0 1.0 18.60 17.1
 
I - no damage, 5 severe damage.
 

Table 4. Comparison of different methods of protection to head bug damage. 

Treatents Visual rating, Visual ratingOhead Ihud (2 i od 1000 seed weight 

1991 1992 1991 1992 1991 1992
 
Insecoicide 1.95 1B 1.35 11 
 2.05 11 1.00 31.55A 20.65 tIC
 
Cage 1.00 C 1.00 C 
 2.17 11 1.05 30.68 A 20.12 A
 
Pollinating hag 1.00 C 1.00 C 1.00
2.07 It 30.71 A 24.39 AB
 
Natural infestation 4.05 A 3.65 A
2.40 A 1.00 31.07 A 19.51 C 
p. 0.05 11S IIS IIS NS uIS S
 
CV 9.43 7.42 17.48 7.27 8.24 10.34
 
Mean 2.00 1.43 1.02
2.48 31.00 22.60
 

'= no danage. 5 - severe damage.
 

festation. The pollinating bag method appeared especially possess useful grain mold resistzce VG153, SC630-1 IE,
promising. 90L 19037.91 CW5299, 91 BE2149, 91CW4406. 

The head bud darnage was more severe in 1991 than in Coveredsmtt 
1992. This is mainly due to the variation in the population 
size of Eurystylus nurginatus. The results showed that During 1992 season, two fungicides, Apron plus 50DS 
Diazinon did not protect as well as the cage and pollinating and vilavax, were tested for efficacy in covered smut. The 
bag protection. Further studies should be done to evaluate results indicated that seeds treated with the chemicals re
other insecticides for head bug protection. duced significantly the attack of Sporisoriuntsorglli. 

Phytopathology * Agronomy/Physiology 

Anthracnose Long term croppingsystem and nitrogen rates 
interactionstudy

Two years of screening (1991 and 1992) resulted in the 
identification of resistant varieties using the technique of The cereal/legume rotation was continued at Cinzana. 
susceptibles in alternate plots. The result indicated that Increases inpearl millet grain yield and biomn.ss production84 8109, MAS157.90L1341,M500902andCSM388are the due to previous cowpea crops was equivalent to that ob
most resistant to anthracnose. tained with application of 30 to 40 kg/ha N. The increase in 

sorghum grain yield due to nitrogen application was 26%
Sooty Stripe and 82% at 40 Kg N and 80 Kg N/ha levels. This indicates 

that application of nitrogen fertilizer is essential for maxi-
A trial of 100 varieties was tested in 1991 and 1992 at mum sorghum grain yield when phosphorus fertilization is 

Sotuba for screening for sooty stripe resistance. The results not a limiting factor.
 
indicated that 7 varieties showed a good level of resistance:
 
CSM388, SC326-6, SSW036, S47, MR849 and MR923-2. In previous peanut cropping alone (at 0N level), 86% and
 

117% yield increase xccurred when 40 kg and 0 kg of N 
Grain Mold were applied as urea on previous peanut plots. The results 

on efficiency of sorghum cowpea intercropping suggest that
In 1992, 40 varieties were screened for grain mold dam- the efficiency of sorghum peanut intercropping is a function 

age using the protected and non-protected technique devel- of soil fertility level, especially soil nitrogen status. In 1992,
oped in the head bug/grain mold complex study. Six lines the increase in pearl millet yield due to nitrogen application 

alone raniged from 15% to 45% when 20 kg and 40 kg/ha of 
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N were applied as urea. It was observed thai at 0 N level, 
previous cowpea effects on pearl millet yield results in 33% 
yield increase. This effect may be equivalent to the effect of 
30 kg N/ha applied as urea. 

Crop Residue Management Study In CereallLegume 
Rotation 

In 1992, at Samanko, there was no interaction between 
cropping systems and crop residue application. Previous 
peanut crop effect was significant on sorghum grain yield 
(about 39% increase). Sorghum residue application did not 
increase sorghum grain yield (P = 0.05). At Cinzana, no 
interaction occurred between cropping systems and residue 
application. 

Nutrient Use Efficiency in Sorghtan 

Four genotypes (CSM388, Tiemarifing, S34, and Mal-
isor 84-7) were compared at five nitrogen levels (0, 40, 80, 
120, and 160 kg/ha) at Sotuba and N'Tarla in 1992. Nitrogen 
use efficiency for genotypes was measured as the ratio of 
increment of a given treatment grain yield compared to the 
check grain yield, to the difference of nitrogen applied on 
that given treatment and the nitrogen applied on the check. 
Data in Table 5 suggests a decrease of N use efficiency of 
Tiemarifing with respect to N rate. This tendency was not 
evident with CSM388, Malisor 84-7, and S34. 

Table 5. 	 Nitrogen use efficiency or the rour genotypes, 
N'Tarla, 1992. 

40N 80 N 120 N 160 N 
Ticmarifing 19.42 12.57 5.95 6.78 
CSM388 6.65 10.33 8.76 5.94 

Malisor 84-7 8.97 1.88 4.43 3.65 
S34 24.57 3.68 3.84 5.43 

An experiment was implemented to select diverse proge
nies which show good response in sandy soils of the Cinzana 
station with nutrient deficiencies/toxicities. The progenies 
were P2 from some crosses made in Texas. The best proge-
nies were consistently from crosses made with Babadia 
Fara, Bagoba and Gadiaba. Those F2 individuals will be 
tested in F3 progenies in 1993. 

Seedling Screening for Resistance to Drought and High 
Temperature
 

Thirty-five entries were tested ina charcoal pit at Cinzana 
for drought and high temperature resistance. After emer-
gence, plants were counted at 3,7 and 15 days after planting. 
The results showed that CSM219, Bagoba and 89-CZ-CS-
F5-15AF were the most resistant. The three varieties had the 
highest number of surviving plants at 15 days after planting. 

Plant Population and Fertility Effects on LeafArea, Rela
tire Water Content, and Yield ofSorghun 

Two varieties, CSM63 and ICSV401, were used at Bema 
for this study. The plant populations were 31.25 plants/ha 
(PI) and 62,500 plants/ha (P2). The high plant population 
reduced the leaf area of the two varieties (PI = 491 cm2 , P2 

2 =422 cm2 for CSM63 and PI = 348 cm , P2 = 305 cm2 for 
ICSV 401).The grain yield recorded with ICSV401 showed 
with the plant population P , a yield of 1183 kg/ha with no 
fertilizer and 1975 kg/ha with fertilizer and for P2 a yield of 
1467 kg/ha with no fertilizer and 2567 kg/ha with fertilizer. 

• Grain Quality Studies 

In the food technology laboratory research, evaluation 

was made mainly on materials from the preliminary and the 
advanced yield trials. A total of 93 lines from different 
locations was evaluated for kernel characteristics, physical 
properties, decortication yield, and the properties of fresh 
and stored t6. For potential new cultivars. a mini-t6-test was 
performed on the flour by comparing with local cultivars for 
porridge texture and keeping properties. A larger sample 
from advanced materials was milled and cooked into t0 to 
evaluate texture and keeping properties. 

Research 	Accomplishments for Lire or Project 

INTSORMIL has been in Mali informally since Novem
ber of 1979. A formal Memorandum of Understanding was 
signed with IER in 1984. The program has interacted with 
ICRISAT-WASIP,TROPSOILS, IER, and Ciba-Geigy. 
USAID-Mali has supported the program with moral and 
financial support over the years. The most significant over
all accomplishment has been a major improvement in the 
capalility of IER to conduct sorghum/millct re~ail in 
Mali. IER is now recognized as having the best overall 
sorghum/millet research program in Sub-Saharan Africa. 
Some accomplishments for the life of the project are: 

Training 

a 	 INTSORMIL has provided graduate training for 15 
key Malian scientists (Table 6). 

* 	 Short term training has been provided in the USA for 
Malian P1's in physiology, breeding, soil fertility, 
food technology and entomology. 

INTSORMIL trainees are now in key governmental 
or research positions in Mali: Dr. Moussa Traor6 -
Currently Pernanent Advisor to the Minister of Agri
culture - Previously, INTSORMIL Country Coordi
nator and Dr. Aboubacar Tourd - Currently Sorghum 
Team Leader and INTSORMIL Country Coordinator. 
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Table 6. Malian scientists trained by INTSORMIL PIs. 
Name Year graduated Degree sought Discipline
 
Moussa Dossolo Traord 
 85 PhD Physiology

Sidi Bekaye Coulibaly 91 
 MS Physiology
 
Siriba Dione 
 91 MS Physiology
 
Abdoul W. Tours 92 MS 
 Agronomy
 
Adama Coulibaly 92 
 MS Agronomy
 
Osman Coulibaly 
 * 	 PhD Agrilcononics 
Karim Traord 90 MS Millet Breeding
 
Minamba Bagayoko 
 90 MS Agronomy
 
Aboubacar Tourd 
 92 PhD Sorghum Breeding
 
Abdoul A. Sow 
 PhD Soils
 
Manadou Doumbia 
 PhD Soil Fertility
 
Assa Kanti 
 87 MS Food Technology
 
Mainourou Diourt6 
 88 MS Pathology
 
Manourou Diouie 
 * P1sD Pathology
 
AbJoulayc Traord 
 * PhD Agronomy
 
Nairnoye Yaro Diarisso 
 Phi) Entomology 
* Cuntntly studying.
 

*Cunrcently studying, hMScompleted in Soils, supported by TrpSuils.
 

Infrastructure These Malisor lines (84-1 to 84-7) have different 
maturities and characteristics for the various regions

" Designed and equipped food technology laboratory at of Mali. 
Sotuba. 

Malisor 84-7 has shown sonic advantages in multiple" Built and equipped physiology laboratory at Cinzana. cropping systems. 

" 	 Provided computers/word processors for DIAL-COM e Malisor 84-7 has been identified to possess excellent 
and laboratories. tolerance to head bugs which can be genetically trans

ferred to its progeny.
" Short-term technical assistance on soil fertility/agron

omy, entomology, pathology, physiology, food tech- 9 	CSM388 and CSM-219, improved local photosensi
nology. tive Malian sorghum cultivars through mass selection, 

are currently grown by farmers on a significant area. 
* 	Physical and chemical analysis of soil profiles of 

Cinzana Station. * Genetic tolerance to soil toxicity problems has been 
demonstrated, and tolerant varieties identified 

* 	 Established and installed sprinkler systems to initiate (Bagoba, Babadin Fara, and Gadiaba).
 
screening procedures for drought tolerance at Cin
zana. 
 * 	 New breeding progeny to develop white-seeded, tan

plant guinea cultivars looks very promising for yield
Gernplasm Enhancement and other traits. 

" 	Elite sorghums from all over tile world have been e A program inSiriga has been initiated using host plant
incorporated into Malian breeding prograns. resistance. 

" 	 Testing in Texas and Mali has demonstrfted tile 9 Malian breeding lines show excellent potential for use 
drought response in Mali is similar to that inWest in the U.S. to improve overall grain quality of food 
Texas. type sorghums. 

" 	 Elite U.S. pearl millet lines crossed to Malian pearl e The first focused improvement program to develop
millets have been introduced into Mali. sorghum with resistance to the head bug/grain mold 

complex was established in Mali.
 
" Seven improved sorghum lines from the Malian pro

gram have been released. 

221 



tlost Country Program Enhancement 

Utilization 

" 	 Sorghum and millet postharvest technology systems 
in Mali were documented in 1979 and subsequent 
years. 

" 	 Strategies for evaluating the quality of cereals, espe
cially sorghum, for thick porridge (06) were devised. 

" 	 Equipment for the new Food Technology Laboratory 
was provided. 

* 	Personnel were given short term training programs in 
the U.S. 

" 	Mini tests for evaluating milling and t6 properties 
were developed. 

" 	Sorghtm dehulling properties were defined by com
bined village trials mid laboratory research in Mali. 

" 	 Sorghums with hard endosperm and thick pericarp 
were definitely required for efficient traditional hand 
pounding. 

" 	 Pearl millet quality is affected most by variation in 
kernel size md shape which significantly affects de-
hulling properties. 

" 	 Pearl millets with long, thin kernels (souna types), 
have drastically reduced yields of decorticated grain. 

" 	T6 quality of millet cultivars does not vary as much 
as it does among sorghums. 

" 	The combination of cowpea and millet flour (1:3) 
significantly improved the nutritional status of young 
children. 

* 	This technology has been transferred to villages, es
pecially in the Cinzana area. 

Plant Protection 

" 	 The adverse effect of head bugs on the grain/food 
quality of introduced sorghums across the guinea type 
sorghum growing area of West Africa was first recog-
nized mid documented in Mali. 

" 	 Head bugs and molds combine to cause devastating 
losses in grain yield and quality of most introduced 
types. 

" 	 Inheritance of head bug resistance is quantitative and 
primary recessive. 

" 	 Head bug damage reduces sorghum milling yields. 

* 	 The damaged grain is difficult to dehull because the 
endospern is parti:lly degraded and the kernel disin
tegrates when pounded. 

* 	 The resulting t6 has unacceptable texture, color and 
keeping properties. 

9 	 Parboiling can convert sorghum and millet into ac
ceptable shelf-stable products. 

* 	 Parboiling improves dehulling yields, especially for 
soft grains. 

e 	 The cooked milled products can be eaten like rice. 

9 	 Good quality sorghum (white, without stained ker
nels) is required to produce goc,!quality shelf-stable 
food products. 

* 	 The development of photosensitive sorghums with tan 
plant and straw color glumes is required to produce 
high-quality, value-added products. 

o 	 Research on Striga has been initiated. 

* 	 An easy, efficient method of screening for head bug 
resistance using bagged vs. non-bagged heads has 
been developed. 

Agronomy/Physiology 

A method of screening large numbers ofsorghum and 

millet lines for early generation selection for seedling 
stage drought resistance using a charcoal pit has been 
ad:uiped and is used. 

e 	 Factors affecting the "soil toxicity problems" in Mali 
have been partially determined through joint INT-
SORMILfIROPSOILS collaboration. 

9 	 Some Durra varieties from Niger and northern Mali 
show tolerance to soil toxicity. 

o 	 A soil crust breaker designed at ICRISAT has effec

tively enhanced the stand establishment of sorghum 
and millet. Millet mid sorghum genotypes vary in 
ability to emerge through soil crusts. 

* 	 The pxor seedling emergence of many improved sor
ghumns is caused by inferior seed quality caused by 
head bug/mold damage. 

* 	Crop rotation of -,rghum or pearl millet with either 
cowpea or peanut int.-a'ses grain yield by 18 to 56% 
which is equivalent to the application of 20 to 40 kg/ha 
of nitrogen fertilizer application. 
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" Optimal yields of continuously cropped sorghum re
quires 40 kg/ha nilrogen fertilizer and continuously 
cropped pearl millet 20 kg/ha. 

" 	Nitrogen fertilizer responses are greatest when ade
quate water isavailable for plant growth, thus produc
tion practices must impro,,e for both in order to have 
a major impact in yield. M'4itrogen management strate
gies have been develop.ed For sorghum and are now 
being disseminated to local farmers. 

" 	Nitrogen use efficiency (NUE) of improved cultivars 
have been better than local cultivars at higher Nrates, 
whik local cultivars had better NUE at zero and very 
low N rates. 

" 	Abscisic acid (ABA), accumulation of solutes incells 
and proline accumulation have all been found to be 
associated with stress tolerance. 
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Niger 

Ouendeba Botorou and John D. Axtell
 
INRAN/Niger and Purdue University
 

Coordinators 

Mamadou Ouattara, INRAN Director General, B.P. 429, Niamey, Niger
Abdoulaye Adam, INRAN Scientific Director, B.P. 429, Niamcy, Niger 
Ouendeba Botorou, INRAN/Niger, Host Countiy Coordinator, INRAN, B.P. 429, Niamey, Niger 
John Axtell, U.S. Coordinator, Department of Agronomy, Purdue University, West Lafayette, IN 47907 

Collaborative program 

Organization 

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

FinancialInputs 

A major sorghum and millet workshop was sponsored in 
1985. This workshop demonstrated the quality research and 
collaboration that had taken place not only between INT-
SORMIL and leading INRAN scientists but also between 
the TROPSOILS CRSP, ICRISAT Salhelian Center, the 
USAID/Purdue/INRAN National Cereals Research project, 
the International Fertilizer Development Center (IFDC),
and the Interstate Committee to Combat Drought in the 
Sahel (CILSS). This workshop provided significant interac-
lion between scientists and other workshop participants and 
served as a model of cooperation and collaboration on 
resolving constraints to improved production and utilization 
of sorghum ,.,idmillet. USAID provided core funding and 
local suppor, for this workshop. 

An Inter-CiZSP PID was prepared by USAID with IN-
RAN and INTSORM!L inputs, and submitted to the Agri-
cultural Officer at USAID. Due to USAID budgetary 
constraints, this PID was not funded. 

Coll.,borationwith Other Organizations 

The ICRISAT Sahelian Center has been actively in-
volved in millet entomology and millet breeding research. 
Participants include Drs. Frank Gilstrap, Ousmane Youm. 
Ouendeba Britorou and Anand Kumar. Dr. Wayne Hanna in 
Georgia has also been an active collaborator in this millet 
program. In the past 14 years, there have also been other 
organizations and International Centers who collaborated 
with our program in Niger. These include TROPSOILS, the 
Agricultural Research Corporation (ARC) in Wad Medani, 
Sudan, the Educational and Agricultural Research Institute 
(IN.E.RA.) in Burkina Faso, and the Purdue/Niger Applied 
Agricultural Research (NAAR) project. 

The PlanningProcess 

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

Sorghum/Millet Constraints Researched 

Prodluctionand Utiliz-ation Constraints 

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

ResearchMethods 

The collaborative research program in Niger includes 
soighnm and millet breeding, agronomy, pathology, physi
olIgy, food quality and economics. Research methods ap
propriale for each of these disciplines are employed for this 
research program. 

ResearchProgress 

The sorghum and pearl millet breeding programsare only 
two examplcs of research progre, findings. The INRAN 
sorghum breeding program has made signifi,:ant progress in 
its own organization antd in t e results obtained over the 
years. INTSORMIL isrecoignized within INRAN as a great 
cor'tbutor to all of that success. Among other things, 
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INTSORMIL researchers have provided professional assis-
tance in the field and in academic training to many INRAN 
workers. The improved sorghum varieties SRN-39, NAD-l 
(in pre-extension) and SEPON-82 (adopted by a large num-
ber of faijers) are clear examples of what this collaboration 
has yielded to farmers in Niger. This needs to be continued 
and strengthened. Genetic materials, with overall adapta-
tion, are still needed and may come from the kind of pro-
ductive exchange we have had thus far. Presently, there is a 
good numberofimpioved lines which need further tests and 
improvement for traits like stand establishment, lodging 
resistance, or resistance to Striga. 

A major study of pearl millet breeding strategies for 
Niger was cohiducted by Dr. Ouendeba Botorou with the 
following conclusions: the results of the diversity and diallel 
cross studies indicate clearly that knowledge of the degree 
of similarity or dissimilarity among landraces is not suffi
cient when choosing the best parent for crosses. The popu-
lation crosses Ex-Bornu x P3Kolo gave the highest grain 
yield and a good level of heterosis even though the cluster 
analysis showed that the two cultivars had similarities for 
most of the trails measured. Tihis is the best study of its kind 
on millet in Africa. 

Mutual Research Benefits 

Extensive use of drought tolerant materials from Sahelian 
countries, including Niger, have been used extensively by 
the private and public sectors in the U.S. 

Institution Building 

INRAN and INTSORMIL are both approximately 15 
years old at this time. In a sense, both institutions have 
grown up together. When INTSORMIL first began collabo
rative research relationships with INRAN there were rela-
tively 2-w highly trained Ph.D. level scientists in their 
organization. Over the past 15 years this situation has 
changed dramatically within INRAN. INRAN has matured 
and grown significantly as a research organization over the 
past 15 years. INTSORMIL has played some part through 
training and through collaborative research efforts in the 
institutional development of INRAN. INTSORMIL scien-
tists have also grown during this period in terms of their 
collaborative research capabilities in sorghum and millet 
research and technology. The collaborative research rela-
tionship now is an effective system for delivering excellent 
research and for the application of this research for the 
benefit of farmers in Niger and in the United States. INRAN 
now has excellent leadership, excellent scientlific direction 
and excellent scientists, either fully trained or in the final 
stages of thcir Ph.D. training programs. They now have a 
critical mass of excellence in research capability for the 
agricultural sciences. When one looks at progres.s in nslitu
tional developments over a longer time frame, it is easy to 
be optimistic about the future of INRAN/INTSORMIL col
laborative research. 

Research Supplies and Support 

In support of this collaborative program, two vehicles 
(Toyota Corolla and Toyota Land Cruiser) were purchased 
for use by INRAN/INTSORMIL collaborators. In addition, 
four Yamaha dirt bikes were purchased for use at Kolo and 
Maradi stations. Other capital equipment purchased have 
included: a Mettler balance, mini-dehuller, infrared ther
mometer, multimeter, top loading balance, stage microme
ter, sterilizer and Labconco Purifier. To assist the host 
country coordinator a desktop and laptop computer were 
purchased as well as a printer. Over the past 14 years, minor 
equipment and supplies have been purchased and shipped 
to Niger from funds held at Purdue on behalf of the host
country program. 

Trainingof lost Country Researchers 

Dr. Ouendeba Botorou was trained in pearl millet breed
ing at Purdue Universityand has returned to INRAN to serve 
as senior scientist in the pearl millet breeding program as 
well as Cereals direclor and INRAN/INTSORMIL coordi
nator. 

Dr. Moussa Adamnou received his Ph.D. at Mississippi 
State and returned to lead the sorghum breeding program in 
Kolo. 

Dr. Ousmane Youm received his Ph.D. at Texas A&M 
University in entomology and is now principal entomologist 
at the ICRISAT Sahelian Center. 

Dr. Dale Hess received his Ph.D. at Purdue University in 
sorghum breeding and returned to the ICRISAT Sahelian 
Center in Niger m millet pathologist. 

Mr. Issoufou Kolo received his M.S. in pathology at 
Purdue University and has returned to Niger as INRAN 
sorghum pathologist. 

Mr. lssoufou Kapran received his M.S. at Purdue Univer
sity in sorghum breeding and returned to INRAN as the 
sorghum breeder for the Maradi station. He is currently back 
in the U.S. for Ph.D. training. 

Mr. Cherif Ari received his M.S. at Purdue University in 
millet/sorghum agronomy, and is stationed at Maradi. 

Mr. Adama Aboubacar received his M.S. at Purdue Uni
versity in food science and is currently working on ni.: Ph.D. 

Mr. Seini Sirifi received his B.S. from Purdue University 
and his M.S. at Nebraska in 1993 in millet/sorghum, agron
omy and is now stationed at Kollo. 

Networking 

INRAN is the responsible organization for agriculture in 
Niger. INRAN as a national institute collaborates with other 
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national institutes insharing germplasm and research re-
suits. These include IN.E.R.A. in Burkina Faso, IER in Mali 
and ARC in Sudan. Incrvasing collaboration with the ICRI-
SAT Sahelian Center in Niamey v ill expedite transfer of 
research results across the Sahelian zune. 

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

Researrh Accomaqplichieats 

During the 93 crop season eight collaboraiive projects 
were implemented by INRAN scientists %orting on millet 
and sorghum. The projects cover aspects of breeding, ag. on-
or-y, entomology, pathology, food quality, and socioc-
conomics. An increasingly important outreach to fanners, 
NGOs, and extension organizations played a part in these 
activities. 

Millet breeding - OuendebaBotorou 

More than 500 late maturing collections made in 1992 
were evaluated at the INRAN slations of Bengou and Tara, 
in southern Niger. The study aims at characterizing late 
maturing dwarf millets but ultimately the objective is to 
develop late maturing, highly productive varieties forsouth-
em Niger where the rainfall is higher. The higii variability 
observed on characteristics such as flowering, height of 
stalks, head length, disease reaction, chibra and head yield 
indicates th," possibility of making significant progress in 
the improver-.ent of these characleistics. The improvement 
of late maturing millet varieties cai have a regional impor-
lance since this type of millet i,e-.tensively grown in the 
Soudanian zone of Burkina Faso, Mali, Ivory Coast and 
many other countries of the region. A much ;inibitioas 
breeding progradi can be implemented to make use of the 
available genetic rcources and select for adapted and pro
ductive types. 

Evaluation of neiiw crosses 

P3KOLO x EXBORNU: the objective of the cross is to 
develop good yielding varieties adapted to the region. Fis 
were selected on the basis of their carliness (55-67 days to 
heading) :d head length (26-62 cm) in 92, and their stalk 
height and head length measured in 93. Selfed heads will be 
used to select plants with high potential in 94 for the devel-
opment of pro-juctive px)pulations or varieties. 

1992-93 crosses 

Two hundred and forty individual crosses between 
CIVT, K0191. K0192, GRPI were evaluated for agronomic 
characteristics, and reactions to insects, diseases and Striga
(five exceptional crosses selected). This material will be 
evaluated as F-2 in 94. 

Seed production: Isolations were used for the second 
recombination of ExBomu x Mansori (Kollo) and the first 
recombination of late maturiag varieties (Bengon, Tara). 

U.S. collaboiators include W. Hanna (Tifton, Georgia), 
G. Ejeta (Purdue) and D. Andrews (Nebraska); the latter has 
visited Niger in Ocloler 93 to discuss the future collabora
tion with Niger millet breeders. 

Millet agronomy - CherifAri 

An experiment in its second year was conducted at Ma
radi and Konni to test the effects of phosphorous on water 
Lise by millet genotypes. Results show no significant differ
ence in the responses of the three varieties (DGPI, GRPI, 
CIVT) to any level of phosphorus fertilizer (100 kg/ha, 150 
kg/ha, 200 kg/ha of SSP). At Maradi, variety CI VT was best 
yielder (1437 kg/ha) while it was surpassed by GRPI at 
Konni (2573 kg/ha). Other data recorded are: incident solar 
radiation, leaf area, Pcontent of leaf and stem, foliar index. 
They will be analyzed and interpreted in relation with yield 
data. 

Sorghum breeding - Moussa AdamoulKollo 

The long-term objective is to improve sorghum for the 
sandy acid soils. A trial was conducted at five different 
locations with 20 entries, of which 4 are known tolerant and 
5 know susceptible to aluminum toxicity. Data collected 
include flowering, plant height and grain yield. 

Two tolerant varieties (ATI-36-42, ATI-52-2-1) were 
comparable in earliness with one non-tolerant (Wheatland) 
and the early locals Mota Maradi, Mota Galmi, and IRAT
204. 

There were highly significant differences for plant 
height, which could be due to rainfall, planting data or soil 
conditions. Exotics were generally the shortest. 

Highest yields were obtained from the locals Babadia 
Fara, Mota Maradi and L-30. However one exotic tolerant 
came in third position at Konni. 

A combined data analysis shlowed significant differences 
among the 20 entries for all traits. This high variability is a 
good point for a breeding program on soil acidity. The use 
of local material will be of big importance in such aprogram. 

Sorghum bret, ing - Issoufou Kapran/Maradi 

This year's trial" were conducted by Mr. Magagi Abdou 
(research technician at Maradi) following instructions from 
Issoufou Kapran on study leave at Purdue. There were three 
trials at Maradi and one at Konni, this being the second year 
for all four. 

One hundred twenty-six new hybrids and parental lines 
were tested on sandy soil at Maradi, Four check entries were 
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Mota Galmi, Mota Maradi, Sepon-82, and NAD- 1.A good 
number of hybrids were rated as adapted and having a yic!d 
potential comparable to that of NAD-1. The female paren:
ABON34 twd tie most impressive hybrids. 

Evaluation of midge tolerant lines: following the encour-
aging results from 1992, a set of material originally from 
Texas A&M and ICRISAT were planted to evaluate further 
their adaptation and reaction to midge. The insect damage 
was however minimal this season and the data collected 
included only yield and flowering notes. 

Evaluation of lines for head bug resistance. This material 
also came from Texas A&M. Here too the head bug damage 
was minimal, 

Evaluation of Striga resistance under natural infestation 
(Konni). A number of recombinant inbred lines derived 
from SRN-39 were observed for their Siriga reaction under 
natural infestation. Unfortunately very few Siriga plants
emerged in the entire trial even though this was a field with 
a history of lzavy Striga infestation, 

1993 was a relatively dry year, and in the past the above 
parasites have not prevailed underdry conditions, especially 
Striga and head bugs. About sorghum midge, the plant:ng 
date (July 7)may have helped the material to escape. In 1992 
we noticed that one week difference in planting dates (July 
7-14) was a key factor in seed set reduction caused by the 
insect at Maradi. The low rainfall of 1993 was however a 
good setting for the evaluation of the new sorghum hybrids 
at Maradi. All the above trials were visited by INTSORMIL 
and other scientists during the EEP review (October 1993).
The opportunity was also taken to view the results of another 
activity supported by INTSORMIL: hybrid seed produc-
lion and farmer demonstration plots. The seed production in 
isolated plots of NAD- I was expanded this year, to include 
the INRAN stations of Maradi, Konni, Kollo, Bengou, and 
Lossa. In addition one field was planted in late September 
at Maradi for off season secd production, the seed quality
being superior. This field is irrigated. Fanner demonstration 
plots (NAD-1) were also spread all over the country espe-
cially around research stations. The 1992 hybrid seed was 
not always of a good quality so that not all plots were 
realized. Some of the farmers at Konni plamted their entire 
field with the hybrid because they have observed it the 
previous season, so that acomparison with the local variety 
was not always possible. Yield estimates were not always 
possible because most farmers save their production intied 
bundles of the heads that are not weighed. Still we obtained 
yield estimates from 10 fianiers around Komi and Dji-
rataoua (Maraldi). They range from 923 to 4667 kg/ha, with 
an average of 2350 kg/ha. Bundle weight ranged from 10.1 
to 17.20 kg. Local varieties Mola Maradi (2 fields), Mota 
Galmi (I field) and El Bazanga (I field) averaged 1575,870 
and 820 kg/ha, respectively. That is,NAD- I produced one 
and one-half times more than the highest yielding local 
(MM). Although the data sample is small, this data is very 

indicative of the kind of results expected on the basis of all 
previous trials involving NAD- !. 

Sorghum entomology - /lameKadi-Kadi 

Two trials were conducted for the second year at Maradi, 
Konni, and Bengou to evaluate the midge resistance and 
head bug resistance of lines provided originally by Texas 
A&M. 

Sorghum midge. The trial was planted on three different 
dates for each location. The ICRISAT scale was used to
evaluate severity of damage, by weighing selfed and open 
panicles for each of the twenty-seven entries; percent loss 
per panicle was also obtained. The data show different 
entries escape or resist to midge damage depending on 
planting data and location. The local check MM and entry 
TAM2566, TX2890 are the most commonly observed as 
tolerant or escaping, especially at the first planting date. 

Sorghum head bugs. Twenty entries including two 
checks aid 18 TAMU lines were screened under the same 
experimental conditions as above. Here also an ICRISAT 
scale was used to assess damage. Results varied with vari
ely, location and planting date but Dorado was the most 
constantly safe front head bug damage. 

Sorghumlmilht pathology - Issoufou Kollo 

Screening sorghum for mold resistance. One hundred 
entries were planted at Bengou and scored using tie scale 
of 1-5 described by Corrales and Frederiksen (1978). Entries 
were provided by ICRISAT-Hyderabad. More than 50% 
were free of any sign of mold danage, compared to the local 
susceptible check BDF; however these lines suffer from 
zonate leaf spot, while being mostly resistant to anthraciose. 

Study of resistance to long smut in sorghum. Plastic bag 
crosses between resistant and susceptible lines were evalu
ated this season. Parents, FI and F2 populations will be 
evaluated in 1994. A preliminary screening nursery was 
planted to classify the long smut reaction of 98 entries, using
TX623A as asusceptible check. Although the natural long 
stout pressure was low, 21 entries were selected and will be 
artificially inoculaled in the off season. 

Effects of N, P and K interactions on the incidence of 
Striga hermonthica on pearl millet. The trial was conducted 
at Kollo and Bengou with the millet variety Souna Ill and 
three levels of each N, P, K fertilizer. Additional Striga
seeds were mixed with millet at planting although fields 
were selected for their heavy Striga infestation. Contrary to 
other workers (Farina et al, 1985; Bebawi, 1987) we did not 
find any significant interaction between N, P,K. Nitrogen 
application did not reduce the amount of Striga infestation, 
but this may be explained by previous fertilizer trials in the 
plots. Phosphorous application reduced the number of 
Striga at Kollo and increased it at Bengou. Potassium had 
no effect on Striga at Kollo but increased it at Bengou. The 
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soil at Kollo is 99% sand and 0.5% organic matter whereas 
Bcngou has 63% sand, 23% silt, and 15% clay. The differ-
ence in soil type and maybe in rainfall could explain the 
effects of P and K at the 2 locations. Potassium has been 
reported to increase the number of Striga (Farina ct al, 
1985). This experiment will be reconducted in 1994. 

Screening pearl millet for Strigaresistance. The objective 
was to evaluate tile incidence of Siriga on several popula
tions and advanced breeding lines of the INRAN millet 
program. Thirty-two entries were planted at Kollo, the millet 
seed being mixed with Striga seeds at planting. Striga 
counts showed a significant difference among entries, 
Tchouma local being least susceptible. This cultivar was 
described as resistant by several farmers. Most of the lines 
derived from the cross P3Kolo xEx Bornu were susceptible. 
Striga number is not a sufficient criterion, however, consid
ering that some varieties remain green despite heavy infes
tation: also there is a high within population variability. 

Chemical control of Siriga on pearl millet. This study 
was done using the herbicides Dicamba and Chlorosulfon 
provided by Dr. Frederiksen. These herbicides were highly 
phytotoxic to pearl millet at all rates used. In the pots where 
millet survived, Striga emerged only after maturity. Future 
work should look at ways of reducing the herbicide toxicity 
on millets. 

Food quality ofsorghum and millet - Moussa Oumtarou 

This study aimed at finding optimum ratios of sorghum 
or millet to use in composite flour with imported wheat for 
bread maing. Preliminary trials were done to master the 
technique of flour mixing and baking, using the sorghum
variety El Mota and millet variety Souna Ill. Flour from 
wheat and the mixture had no difference in protein content. 
There was no difference in prefe;ence for wheat bread or 
bread from composite flour having 10 to 30% millet or 
sorghum. No clear indications were obtained on digest
ibility. In 19.'4, grain from the sorghum varieties Mota 
Maradi, Sepon-82 and NAD-I will be used in the experi
ment. 

Socioeconomics - 7ahirouAbdoulaye 

For the second year, a survey on the role of by-products 
in sorghum production was conducted around Konni. Data 
was obtained concerning cultural practices, yields, and use 
of by-products. Not all data have been analyzed but infor
mation is available on cultural practices. Of the 68 fields 
surveyed, 47 or 69 % were intercropped with millet, sor
ghum and cowpeas. This favored cropping system is more 
common in the village of Kakou than in Dagark a. 

Plant populations were found to be higher on valley soils 
and on fertilized fields. Organic fertilizer is the most used 
and may be tramsported from the village or obtained from 
cattle present in the fields. The village of Dagarka uses more 
fertilizer (organic and mineral) probably in relation to the 

irrigation project there. Farmers in the sample have planted 
8 different sorghum varieties with Mace Da Kunya (MDK) 
being the most popular; it is a late maturing variety adapted 
to both valley and sandy soils. NAD-I was found in two 
fields where it was mixed with a local variety; the hybrid 
seed is a leftover from demonstration plots. 
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South America (Colombia/CIAT)
 

Guillermo Mufloz
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Dr. Guillermo Mufloz, In-country Sorghum Breeder, Mississippi Stale University and Centro Internacional de 
Agricultura Tropical (CIAT), Apartado Adreo 6713, Cali, Colombia. 

Dr. Juan Jaramillo, Director of Cereals, instituto Colombiano Agropecuario (ICA), Apartado Adreo 151123, 
Bogot6i, Colombia (Host-country Coordinator). 

Dr. Lynn Gourley, Department of Agronomy, Mississippi State University, Mississippi State, MS 

Institutions Involved 

Mississippi State University (MSU)
 
Instituto Colombiano Agropecuario (ICA)
 
El Alcaravdn Foundation
 
Federaci6n Nacional de Cultivadores de Cereales (FENALCE)
 
Centro Internacional de Agricultura Tropical (CIAT)
 
Universidad Tecnol6gica de los Llanos
 
Universidad Nacional de Colombia at Palmira
 
Universidad del Tolima
 
Empresa Brasileira de Pesquisa Agropccudria (EMBRAPA)
 
Instituto do lnvestigaci6n Agropecuaria de Panami
 
Fondo Nacional de Investigaciones Agropecuarias, Venezuela
 
Private sector, including national and multinational seed enterprises
 

Collaborative Program 

Memorandum of Understanding 

This collaborative research project operates in Colombia 
under four fornal and several informal agreements which 
facilitate the project's involvement in a broad range of 
research activities. In 1981, a Memorandum of Intention 
was signed by the Directors of INTSORMIL. ICRISAT, and 
CIAT. Research started in 1982 through informal coopera-
tion among ICA, the Empresa Brasileira de Pesquisa 
Agropecuia (EMBRAPA), and INTSORMIL. Sorghum 
and millet research was fornmalized with the Colombian 
government in 1988 through a Memorandum of Agreement 
among ICA, INTSORMIL,and CIAT. Since then, CIAThas 
significantly helped the project to achieve its established 
goals. 

In 1988, research was initiated in the acid savannas of 
Arauca through a Memorandum of Agreement between 
INTSORMIL and the El Alcaravin Foundation, a consor-
tiuin of petroleum companies (Shell, Ecopetrol, and Occi-
dental de Colombia) managed by Occidental. Informal 
agreements and close links have been established with non-
profit organizations such as the Fcderaci6n Nacional de 
Cultivadores de Cereales. (FENALCE). a Colombian pro-
duction and extension-oriented organization, and three Co-
lombian universities. Since 1990, formal and informal 
agreements in different research areas were made with seed 
companies that have research programs in Colombia, such 

as CIBA-Geigy and the Federaci6n Nacional de Arroceros 
de Colombia (FEDEARROZ). 

The INTSORMIL collaborative research project, MSU
111, is managed by the Office of International Programs, 
Mississippi State University. 

InterdisciplinaryResearch 

The MSU-I11 project operates from CIAT, near Palmira 
in the Cauca Valley, where multinational seed companies 
have most of their experiment stations. Through CIAT 
infrastructure, the project can readily establish links with 
most public and private research programs, and national 
agricultural research systems (NARS) ofother Latin Ameri
can countries. 

The major center for seed increase and distribution is at 
CIAT, Palnira. In contrast,germplasm selections take place 
at different sites in the Colombian Eastern Plains (Llanos 
Orientales), where soils with different levels of aluminum 
saturation are found in both well-drained and poorly drained 
savannas. The project uses ICA's experiment farms, or land 
rented from ei'lier CIAT or private farmers to obtain a range 
of ecosystems for each level of Al saturation. At ICA-La 
Libertad (near Villavicencio, Department of Meta), scien
lists from ICA, FENALCE, and INTSORMIL collaborate 
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in research and selection, according to established objec-
tives. 

Over the years, the project's resct-h priori'ics adapted 
to changing needs. During 1981-1988, the goal was to 
identify and develop sources of acid soil tolerant 
germplasm. By 1991, tie first two Al-tolerant varieties were 
released through tie ICA/CIAT/INTSORMIL cooperative 
agreement. In 1988, the project began developing and evalu
ating germplasm adapted to soils with poor water infiltra- 
tion. One research priority retained throughout the years was 
developing germplasm adapted to acid soils with Al-satura-
tion levels of more than 40%. 

Because of the diversity of collaborating institutions, tie 
project carries out other activities. For example, FENALCE 
develops lines for semiarid areas (TAM-122) and lines 
resistant to grain molds. ICA develops drought-tolerant 
lines, adapted to acid soils and resistant to grain molds 
(TAM-124). The universities do research in agronomy and 
physiology (UNL- 114), and entomology (TAM-124 and 
MSU-105). The El Alcaraviin Foundation develops 
germplasm adapted to acid savannas and slightly acid soils 
("vegas"). Two varieties were released in 1993. The Foun-
dation is also increasingly interested in grain quality and 
utilization (TAM-126 and PRF-103B). Most of these re-
search activities are conducted by scientists from ICA or the 
private sector, supported by undergraduate students work
ing toward their B.Sc. theses. 

Financial Inputs and Management 

When the project was first established in Clombia, 
funds from INTSORMIL permitted work at multiple sites 
fulfilling the project's objectives. In 1987, funds were dras-
tically cut, forcing the project to choose only the highest 
priorities and to encourage other institutions of sorghum 
research, both public and private, to assist with the research 
effort. Funds for tie project are also obtained from contri-
butions in kind from collaboriting research ii; .ilutions, and 
directly from the private sector. Funds from these sources 
often amount to more than those received directly from 
INTSORMIL. Colombii has a USAID representative only, 
so no Mission funds are available 

Operational funds foi the MSU-I II project are trans-
ferred from MSU to Cl aT and are accounted for as an 
externally funded project. CIAT also manages the El Al-
caravdn account for INTSORMIL. Although the amount of 
real money provided by collaborating institutions is small, 
the strong cooperation among them has resulted in their 
absorbing most of the fixed costs, thus reducing costs con
siderably. 

The El Alcaravin Foundation supplied almost 
US$500,000, during 1988-1992 for the sole purpose of 
supporting INTSORMIL's collaborative research in the Co-
lombian Territory of Arauca. FENALCE contributed an 
agronomist (B.Sc.) for the La Libertad project and another 

for the drought project at Motilonia, Colombian North 
Coast. ICA provides all the infrastructure for experimental 
activities in the acid-soil areas of Meta. The sum of all 
additional support (land, equipment, human resources, mis
cellaneous facilities) provided by the Colombian organiza
tions represents four limes INTSORMIL's support. 

Collaboration with Other Organizations 

Because of scarce resources, most interinstitutional co
operation for Latin America has had to be, and will have to 
be, developed in Colombia. 

International Centers 

As a result of the 1991 International Seminaron Sorghum 
("Sorghum for the Future"), ICRISAT and INTSORMIL 
have collaboratc i to activate research programs, promote 
germplasin exchange, and improve eAploitation of available 
resources in major sorghum-producing countries of Latin 
America. INTSORMIL has organized several meetings in 
Colombia, with participation from scientists from all over 
Latin America. As a result of these activities, the Comit6 
Latino Am6ricano de Investigadores en Sorgo (CLAIS) and 
the Comit6 Interinstitucional del Sorgo (CIS) have sug
gested that INTSORMIL coordinates networking activities 
for Latin America, using CIAT as headquarters. 

Since 1982, CIAT has supported the project in several 
ways: administratively, establishing relationships with 
other scientists, and opening alterrmatives for new research 
areas. Land, laboratories, equipment, and transport are only 
some of the facilities that CIAT has made available to the 
project. CIAT also increases basic seed of INTSORMIL 
lines for release in Colombia. 

Private Sector 

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

Most latin American countries are privatizing and open
ing up their economies. The NARS involved in tie sorghum
and millet research have also been part of this process. In 
Colombia and Peru, future public research will become the 
responsibility of private or joint venture companies. 
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In Colombia, FENALCE stations an agronomist (B.S.)
in each sorghum-growing region to provide farmers with 
technical support. ICA provides farms and scientists for all 
projects involving both institutions. The El Alcaravdn Foun-
dation fully supports research in Arauca under INTSOR-
MIL's leadership. 

Planning Collaborative Research 

From the beginning, a close relationship was established 
with CIAT.facilitating work and promoting linkages with 
both foreign and national entities. ICA was INTSORMIL's 
principal scientific collaborator. The PI assigned to Colon
bia and the ICA scientist assigned to ICA's sorghum pro-
gram at La Libertad meet annually to establish work plans. 

Since 1987, relationships among the institutions in-
volved in Colombian sorghum research have become com-
plex, requiring careful coordination of research activities, 
Specific short- and long-term goals have bccn developed 
jointly with ICA. El Alcarvin, FENALCE, and the univer-
sities. Fornal planning meetings are held annually to dis-
cuss specific experiments, organiza tional funding, and
individual responsibilities. Results are published annually, 
and distributed among those involved. 

Research on Sorghum and Millet Constraints 

Constraints 

Sorghum production in Latin America suffers from two 
major sets of constraints: first, and perhaps the more impor-
tant, is production costs. When opening up the market, a 
country must produce sorghum at production and transport 
costs below international prices. The second set of con-
straints can be subdivided into abiotic and biotic. Sorghum
in Latin America is produced under trol)ical conditions, with 
climates that vary from humid to dry, including drought 
during critical stages of the plant's development. Soils may 
be acid, with high Al saturation and low fertility. Major
diseases attacking sorghum are leaf anthricnose and a cor-

plex of panicle fungal diseases. 


In 1982, the first introductions of sorghum germplasm 

tolerant to acid soils were made from the world collection 

stored at Purdue University. This germnplasn was selected 

according to their African country of origin wilh acid soils, 


Through collaboritive research, the first sorghum evalu-
ations were conducted at CIAT's experiment station at 
Quilichao, using field plots with three lime rates to vary the 
percentage of Al saturation. Gerniplaism selected as tolerant 
was later evaluated itICA-L-i Libcrtad, in the C0lombian 
Eistern Plains. 

Research Methods 

Most of the MSU- Ill project's initial research inColom-
bia was oriented toward identifying hybrids or varieties that 

could I incorporatcd within a sustainable production sys
tern for Latin America's tropical conditions. Once appropri
ate sources of gernplasm were identified, crosses were 
made to improve the agronomic characteristics of the lines 
originally selected. Segregating populations were evaluated 
under different levels of Al saturation, according to produc
tion objectives and adaptation to ecosystems at each level.
In all cases, selections were made under low-input technol
ogy, with minimal fungicide and insecticide use, and low 
levels of fertilizer. The project attempted to maximize the 
adaptability of the selected gernplasm, given that hardiness 
is sorghum's comparative advantage over other crops. 

Although the pedigree system was the main breeding
method used, since 1992 recurrent selection was adopted to 
augment the original Al tolerance. Selected germplasm is 
sent to different sites for final selection for specific ecosys
tems. Besides breeding, the project also attempts to establish 
and characterize specific ecosystems in which sorghum
could be grown and to search for agronomic and physiologi
cal solutions to the naturally low fertility of Latin American 
soils. 

Research Progress 

As a result of the El Alcaravzin/INTSORMIL agreement,
two sorghum genotypes (I .1071 and IS 8577) were released 
in Colombia in 1993. These genotypes were developed from
the first materials adapted to poorly drained savannas and 
were officially released for this ecosystem. lcaravdn I (IS
3071) tolerates flooding after flowering; lcaravdn 2 (IS
8577) yields profilably in soils with Al saturation levels as 
high as 70%. In 1990, ICA released two other genotypes
resulting from collaborative research with INTSORMIL. 
Sorghica Real 40 yields profitably in soils with as much as 
40% and Sorghica Real 60 in soils with 60% Alsaturadon. 
Through collaboration with FEDEARROZ, ahybrid using 
an A-line from INTSORMIL MSU-I II as female and an 
R-line from Texas, was released. 

In a recently completed study, Ricaurte found that AI-tol
erant sorghum produced larger benefit-to-cost rafios than 
rice at two levels of Al saturation (Table 1). At the higher
level of Al saturation and low-input technology, sorghum 
had larger benefit-to-cost ratios than rice and soybeans, but 
slightly smaller than maize using partial budgeting. Corn
pared with the gross margin of other crops, soybeans are the 
most profitable to produce in soils with 63% Al saturation,
followed by sorghum, maize and rice (Table 2). 

Mutual Research Belnefits 

National and multinational seed companies in Latin 
America will the technology from this collaborativeuse 
project to produce acid-soil tolerant varieties and hybrids
that are also resistant to grain mold diseases. The release of 
Al-tolerant A- and B- lines will also expand the agricultural
industrial market in the United States. 
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Table 1. Comparison of yield and benefit-to-cost ratio or maize and soybean at one level and sorghum and rice at 
two levels of aluminum saturation using two systems of technology. 

Alumnain satu ration Ievil: 35% - 60% 
Sorglhut 

S. Real 40 S. Real 60 Icainia 
Low-input technology 2137 (3.37) 1966 (3.02) 1487 (2.01)$ 
lligh-input technology 2031 (0.91) 2264 (1.13) 1772 (0.66) 

Rice 
0. Sabana 6 0. l.lanos 5 CICA 8 

Low-input tednology 2873 (1.30) 2647 (1.60) 1654 (0.01) 
ligh-input teclology 2533 (0.51) 2530 (0.85) 1372 (-0.3) 

Aluminum saturatlon level: 61% - 90% 
Sorghum 

S. Real 40 S. Real 60 Icaima 
Low.input tedcnology 1564 (2.20) 1498 (2.07) 593 ).21) 
Iligh-input tecnology 2074 (0.95) 1926 (0.81) 663 (-0.4) 

Rice 
0. Sahana 6 0. Ilanos 5 CICA 8 

Low-input technology 2768 (1.22) 1514 (0.50) 1033 (.0.4) 
Iligh-input tecluiology 2771 (0.66) 1502 (0.10) 776 (-0.6) 

Maiic 

Citncali.91 .sa3 CIAT-88-sa3 ICA-V- 156 
Low-input tednology 1312 (2.64) 1326 (2.68) 554 (0.60) 
Iligh-input tecltology 2485 (1.18) 2321 (1.04) 1292 (0.18) 

Soylea:s 
SV.89 Soyica '33 Lila 6 

Low-input technology 1827 (2.03) 1433 (1.65) 1430(l.46) 
Iligh-inpul teclnology 1981 (1.48) 1519(0.88) 1547 (I.00) 

*oYield, ar in kg ha 1and benefit-t -,,,t rAtint.siparentt i.sare by partia! budgeting. 

Source: Jaurner Ricaurtle. AnA iisv agroecon6inic tic Uatin, cultIts 1 suclos acidos tie baja fctlilidad de los tJanos Otientales Colotobianos. Degree thcsLs. Univeriidad dcl 
lolitita.. 

Table 2. (',',+' margin and marginal return rate, comparing the best treatments of different genotypes of rice, maize, 
su -thum, and soybean, evaluated under low inputs, in acid soils (46% and 63% Al saturation), Colombian 
East, rn Plains - 1992 I. 

Aluminum leel 2 11(46% saturation,) 

Crop Gellotyle Gross inarginit 
Marginal retun rate 

on sorghtutu - LI. 5 II 
Sorghum Icaima 103.907 1.32 
Sorghum S.Real 60 153.758 0.70 
Sorghum S.Real 40 171.555 0.48 
Rice 0. l.hautos 5 209.476 

Aluminum level 3 A (63% saturation) 

Marginal ntun rate 
Genotype (ross margin Maize 2 Sorghumn 

Maize CIAT-88-sa3t 105.425 
Sorghum S. Real 40 111.920 0.56 
Soybean l.ita 6 166.261 0.86 
Soyhean Soyica 1'33 188.067 1.20 
Soytbean SV-89 247.580 1.72 1.91 

Gross margin by parial budgeting.
Margital rate of return fron the best tiatc treataent (getotyle CIAT.HS-sa3t with low, inpul,) to the best of sorghui and soybean. 
Marginal rate of return of changing frtm the best tratnent of srghurn (%anely Sorgica Rcal 40 with low inputN) i, the best of soybean. 

Source: Jaumer Ricaurte. AMilisL,, agroecon6ttricu de cu.1t cut'%tos to ,utelos atidtos tie baja fenilidad dt los lDanos Otientales Colonbianos. Degree thesis. Universidad del 
Tolima. 
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Institutional Building 

Research Support 

Over the years, INTSORMIL has donated many items of 
equipment and supplies to ICA, including threshers, air
conditioners, humidity chambers, pollination bags, harvest 
bags, and harvesting materials. INTSORMIL has also pro-
vided assistance in statistical analysis. Perodically, it pro
vides scientific information on innovations in sorghum 
research, and finances scientists who work directly with 
INTSORMIL to visit CIAT to use its excellent librar, and 
to learn the most up-to-date research techniques. INTSOR-
MIL also finances ICA's sorghum scientists to attend occa-
sional meetings on scientific advances and problems in 
sorghum production within Colombia and on the continent
overall. Annual meetings are held on specific themes of 
importance to the country and/or Latin America. These 
meetings bring together outstanding scientists, keeping 
them up to date on the latest research advances in sorghum. 

Some recent INTSORMIL contributions are: 

Visits by highly experienced sorghum scientists and
technicians. Lary Clallin from Kansas State University and 
Steve Mason from the University of Nebraska. visited Co-
lombia for meetings and to provide technical suppoil. The 
length of visits ranged from a few days to several weeks, 

Research assistantships were given to Colombian per
sonnel. Colombian scientists, Darfo Narv iez and Jairo 
Osorio, are studying at U.S. universities. 

Donations of gernplasm and equipment for use by both 
ICA and MSU- Ill Project. A full set of the gernplasm
developed at Arauca was donated to ICA-La Libertad. 

Literature was donated to support collaborative research 

projects in Colombia. A complete set of all theses conducted 

on sorghum in Colombia was donated to CIAT. 


INTSORMIL paid the in-country expenses ofall intcma-

tional scientists who visited Colombia to plan or conduct 

research on acid soils. 


Trips for ICA personnel to the U.S. or other countries. 

Organization of periodic work-meetings that benefit 
INTSORMIL's collalxrators in Colombia and enhance the 
exchange of information among researchers. In August
1993, the second international meeting on acid soils re-
search was held at ICA-La Liberlad, to which more than 80 
Latin American scientists attended. 

National meetings have been organized every year since 
the MOA was signed with ICA. InFebruary 1993, a national 
meeting was held at ICA-La Libertad for scientists working 
on acid soils in Colombia. 

International Coniunittee for Sorghum (CIS) 

The CIS is a result ofjoint economic and research efforts 
among ICA, FENALCE, INTSORMIL, and ie private
sector. The CIS's objectives for Latin America are to: 

Promote integration unong institutions and persons re
lated to sorghum research and production. 

Provide orientation and enhance development of research 
and technology transfer prograuns on sorghum production. 

Serve as a mechanism whereby personnel involved in 
sorghum research, technology transfer, and development 
can seek advice and orientation. 

Promote and sponsor the organization and conduct of 
research and technology transfer activities related to sor
ghum production, and to diffuse information through publi
cations and other documents. 

Establish liaison with international institutions having 
similar objectives. 

Although research support funds for ICA have been cut, 
its capacities have been strengthened by INTSORMIL's 
contribution towards equipment, literature, trained staff,
field labor, seed storage facilities, and germplasm distribu
tion. 

Activities ofProject Staff and Collaborators 

Dr. Guillenno Mufioz, Associate Senior Staff at CIAT's 
headquarters, was appointed INTSORMIL PI for the MSU-
Ill project in July 1988, but has been acting PI since 1987. 
fie initiated the activities in which the project is now in
volved. Ilc cxrdinates research (especially in plant breed
ing, soil science, and seed technology) and training activities 
with collaborating organizations in Colombia and with INT-
SORMIL projects in the U.S. 

Mr. Jaime Bernal (M.S., University of Nebr.,'ka) is the
 
Principal Sorghum Breederat ICA's main acid-soi research
 
station at La Libertad.
 

Agronomist Alfonso GonzAlez, a B.S. student trained by 
INTSORMIL, is working in sorghum research for the
ICA/FENALCE agreement and has strengthened ICA's sor
ghui program at La Libertad. H-e has been in charge of 
specific experiments and the semicomiercial fields. He is 
currently coordinating all student research activities in that 
region. 

Agronomist Walter Rend6n, a B.S. student trained by
INTSOIMIL, is working as Director of ICA/CRECED in 
Arauca and has strengthened both ICA's sorghum research 
program at Arauca and the El Alcaravfin Foundation activi
ties. lie has been in charge of specific experiments and the 
semicomnmnercial fields. le has made field selections with 
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the INTSORMIL PI, strengthening the genetic variability 
for the future development of varieties in Armuca ard die 
Eastern Plains. He has been involved in the screening of 
sorghum lines for poorly drained savannas. 

Considerable research was done through B.S. degree 
students to increase tie project's research capacity. Ten B.S. 
students from the Universidad Nacional de Colombia at 
Palmira, the Universidad del Tolima, and the Universidad 
Tecnol6gica de los Llanos are developing their theses in 
collaboration with INTSORMIL. 

Research Accomplishments 

Two new varieties, lcarav in I and Icaravdn 2, were 
evaluated and released in Arauca in 1993 through the 
ICA/EI Alcaravdin breeding program, with collaboration 
from INTSORMIL. Research conducted by INTSORMIL 
has developed specific varieties for the poorly drained sa
vannas of Arauca. 

Selections were made for different ecosystems from sev
eral segregating populations developed by the MSU- II 
project at Arauca and lU Libertad. Short lines with good 
yield potential are being evaluated in regional trials at La 
Libeilad. The selected lines are agronomically better than 
lines from the world collection. 

In summary, INTSORMIL's major accomplishment in 
Colombia has been the evaluation and release of four Al-tol
erant sorghum varieties. These varieties were released as 
Sorghica Re'd 40 (156-P5-Screre 1), Sorghica Real 60 (MN
4508), Icaravdn 1 (IS-3071), and lcaravin 2 (IS-8577) by 
ICA. The MS U-I ll project also contributed toward a hybrid 
released by the FEDEARROZ/INTSORMIIL agreement. 
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Sudan 

Gebisa Ejeta
 
Purdue University
 

Country Coordinators 

Gebisa Ejeta, Country Coordinator, Purdue University, West Lafayette. IN 47907
 
El Hilu Omer, Host Country Coordinator, Agricultural Research Corporation (ARC), Gezira Research Station,
 

Wad Medani, Sudan 

Collaborative Program 

Organikation 

The INTSORMILJU.S. principal investigators develop
their scope of work jointly with ARC scientists. These 
workplans are reviewed and approved by the ARC Director 
General, Dr. El Hilu Omer, ARCINTSORMIL coordinator 
and Dr. Gebisa Ejeta. Sudan Country Coordinator, and 
become part of the INTSORMIL Memorandum of Agree-
ment. 

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

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

Since direct communication with Sudan is rather diffi-
cult, the USAID Mission has provided excellent logistical 
support to relay communication to the ARC at the Wad 
Medani and El Obeid research stations. 

ResearchDisciplines 

Cooperative Sorghum Breeding and Genetic Evaluation-
Osman I. Obeid lbrahim, ARC; Gebisa Ejeta, and Darrell 
Rosenow, INTSORMIL. 

Cooperative Millet Breeding - El Haj Abu El Gasim, 
ARC: David Andrews, INTSORMIL. 

Agronomy and Water Management Program - S.M. 
Farah, ARC; Jerry Eastin, INTSORMIL. 

Plant Pathology Program - El Hilu Omer, ARC; Richard 
Frederiksen and Darrell Rosenow, INTSORMIL. 

Striga and Weed Control - H.M. Haindoun and A.G.T. 
Babiker, ARC; Larry Butler and Gebisa Ejeta, INTSOR-
MIL. 

Entomology Program - N. Sluwraf Eldin, ARC, Henry 
Pitre, INTSORMIL. 

Food Quality Program - S.M. Badi, ARC; Allen Kirleis, 
and Bruce Hamaker, INTSORMIL. 

Economic Program - Hamid Faki, Abdel Moneim Taha 
ARC: and John Sanders, INTSORMIL. 

Collaboration witi Other Organizations 

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

Agricultural Research Corporation (ARC) 
Gezira Research Station (GRS) 
Kadugli Research Station 
Food Research Centre, Shamnbat 
Sudan National Seed Administration 
El Obeid Research Station 
USAID/Khartouni 
University of Nebraska-Lincol
 
Texas A&M University
 
Mississippi State University
 
Purdue University
 

The Scope and Thrust of the Program 

Productionand Utilization Constraints 

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

Breeding efforts currently under way in Sudan to incor
porate drought tolerance with higher-than-average yield 
potential in sorghum are limited by the lack of a rapid field 
screening procedure and lack of knowledge on sources of 
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sorghum germplasm with useful traits. The irsect pests structure manned by an excellent cadre of manpower fo
known to attack sorghum, especially in the rainfed areas of cused on sorghum and millet research exists in tie Sudan. 
Sudan, include stem borers, Amcrian bollwonn, and cen
tral shoot fly.The majo, fungal diseases that affect sorghum Research Progress 
production in Sudan include chaicoal rot, anthracnose, long 
smut and a variety of grain molds. Striga, :aparsitic weed Several ycars of collaborative research between and 
of sorghum, constitutes a major constraint to sorghum pro- among ARC and INTSORMIL scientists has produced 
duction in Sudan. There is very little sorghum germplasm many results ranging from generation of basic scientific 
with resistance to Striga and the mechanism that renders information to developing technologies readily applicable 
resistance to Striga is not well understx)d. Knowledge to alleviating major constraints to sorghum and millet pro
about the inheritance of this trait isalso lackinig. The lack of duction and utilization in Sudan. Contributions made in the 
absolute definitions and good screening methods for food following areas are briefly summarized to highlight some of 
quality to some extent also limit the utilization of high the major achievements. 
yielding sorghum varieties and hybrids in Sudan. Work on 
all these aspects is needed to improve sorghum production Sorghum Breeding 
and utilization in Sudan. 

A strong sorghum breeding program has been put in place 
Almost all of the pearl millet grown in Sudan is used for at the Gezira Research Station. The current leader of the 

home consumption by farmers in western Sudan. The cx- program. Dr. Osman I.Obeid Ibrahim, received his graduate 
ception is asmall but growing activity of inillet cultivation training at Purdue University under Dr. John Axtell. A wide 
in the mechanized rainfed regions where millet is produced range of elite sorghun genoplasm has been assembled and 
on fields where sorghum yields have fallen too low. In effectively utilized. Germplasn developed in the program 
western Sudan the crop/bush fallow system of production have been effectively and extensively evaluated in a net
has traditionally been used to provide enough nutrients and work of test locations. Breeding efforts at GRS has included 
possibly some moisture for a period of crop years (5-10 both varietal and hybrid development. However, following 
years fallow/2-4 years cropping). Crops are often ,rown ill the successful diffusion of Hageen Dura -1, recent program 
an intercropping system with millet to maximize produc- effort.,, have slanted greatly towards development of hybrids 
tion. Over the last 20 years rainfall has declincd, thus reduc- (or the irrigated Gezira Scheme. Yet both varieties and 
ing the soil recovery rate during fallow. Fallow periods have hyhrids have been officially recommended and released for 
also decreased due to higher hun.i and animal presstire on wide cultivation. Additionally a number of new experimen
plant cover, further aggravating the loss of moisture, nutri- tal hybrids have beet, identified as being superior based on 
ents and soil structure. As a result, there has been further multi-location testing over several seasons. A number of 
reduction in millet yields. Accordingly, the primary con- elite seed parents have been identified and some will likely 
straints to millet production in western Sudan are lack of be used as :ced pa;Lents to replace TX623, the seed parent 
moisture and soil nutrients, and poor husbandry. Crop losses currently used to produce HD- I seed. Breeding for drought 
to insect pests (Raghuva), and diseases and Striga are also tolerance has progressed well using irrigated plots where 
important factors limiting millet production. water was withheld at key developmental stages. Parental 

lines recognized for increased drought tolerance have been 
Research Methods put in hybrid combinations and tested. Evaluation of these 

hybrids showed that emany of these lines possess superior
Research conducted by participating PIs at the Agricul- combining ability and increased drought tolerance in hybrid 

tural Research Corporation, Sudan is primarily applied in combination. INTSORMIL has contributed significantly in 
nature. Research Scientists are closely tuned-in with crop the accumulalion of the wealth of elite gennplasm and in 
production, protection, and utilizaition constraints encoun- shaping the focus of the breeding program through contin
tered by farmers inithe various agricultural schemes in the ued dialogue and interaction among collaborating Pis. 
country. Research constrain. :re assesscd and prioritized 
on aregular basis, often annually and in collaboration with Seed Industry Development 
production scheme managers. Field facilities at ARC sta
tions and particularly at the Gezira Research Station are lie development mid release of Hageen Dura-I as tie 
excellent. Machinery and equipment often have been ade- first commercial Sorghum hybrid in the Sudan necessitated 
quate and appropriate. Technical support his always been a change in the operations of sorghum seed production and 
good. Laboratory facilities are modest and supplies have distribution. 
always been short. Interdisciplinary interaction have tradi
tionally been good. Statistical and an:mlylical consultation A Pilot Project was envisioned and implemented, with 
have been readily available. Good attempts have always support from USAID/Khartoum to lay the ground for the 
been made to summarize research results to share informna- development of an infant seed industry in Sudan. It was soon 
tion, informally and fornally, with p xl uction agencies and recognized by participatling agencies, including the National 
their extension services. In gemneral a good research infra- Seed Administration (NSA) and the Agricultural Research 

Corporation (ARC) that the ramifications for hybrid seed 
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production were much different from those of varietal seeds. 
It was determined that good quality hybrid seed will have to
be produced annually to win tie confidence of farmers. Tihe 
experience also showed that aseed industry integrating both 
the public and private sectors serves the interests of the farm 
community and enriches the agricultural sector of the econ-
omy. There is still an on-going education on the role of the 
private sector and the policies that will encoirage its devel-
opment. The eventual growth and devclopine it ofa success-
ful seed industry in Sudan will rely much o'i how well this 
education proceeds. However it is indeed positive that in a 
country where no private seed business existed before the 
advent of HD-I, there is a significant private sector seed 
sales and operations today. INTSORMIL scientistsand their 
Sudanese counterparts facilitated and nurtured this positive
development. 

Striga Control 

There is a long history of Slriga research in Sudan. 
Significant observations that have served as landmarks in 
the scientific literature on Striga have been made in the 
Sudan beginning with the 1940s. Financial support for 
Striga research in Sudan has never been strong. However,
in the late 1970 mid mid 1980s, IDRC, Canada provided
assistance to the Sudan National Striga Research efforts. 
Support from INTSORMIL, although meager, has been 
indispensable in maintaining the momentum of strong
Striga research at the Agricultural Research Corporation.
Collaborative Striga research between INTSORMIL and 
ARC scientists has focused on the elucidation of inecha-
nisms of host plant resistance to Striga, identification and 
development of Striga resistant host gcnotypes, evaluation 
ofcultural practices and chemical coipnunds that minimize 
Strigainfestation or reduce damage ofSo,'ga on host plants.
Progress has been made on all fron • The superiority of a
Striga resistant sorghum cultivar, SRN 39, was demon-
strated in a series of field tests as well as using arapid assay
developed at Purdue University to predict genetic resistance 
to Striga. The roots of SRN 39 produce unusually low 
amounts of Striga gennination stimulant. Striga parasitism
also has relatively little effect on its productivity. This 
unique cultivar, SRN 39, has been officially released for 
farm cultivation in Sudan and in its first year of release some 
24,000 hectares were grown. The beneficial eflcts of her-
bicide and/or supplemental nitrogen on resistant lnd tolerant
sorghum genotype in Striga infected fields was shown. 
Under these conditions, suscelptible sorghums get heavily
infested and produce no crop while resistant varieties such 
as SRN39 reach near full yield potential and show no sign
of dLamage. Work in Sud:in has also shown that sorghum 
crops planted in rotatio; with a legume crop supports sig-
nificantly less Striga than that grown with no legume rola-
tion. Asreported in PRF-104B13wid PRF.I II anarray of new 
scientific findings have been generated from Striga work in 
INTSORMIL, and much of which, has been as a result of 
collaborative work with scientists at ARC, Sudan. 

Plant Pathology 

An effective partnership has also been developed be
tween INTSORMIL and ARC, Sudan scientists in the area 
of plant disease control. Though several sorghum diseases 
have been addressed, !he work on long smut has been 
notable. Long smut is a disease thal is emerging as an 
economically significant sorghum disease in many African 
countries. Results of our collaborative program has focused 
on development of ascreening technique for differentiating
resistant and susceptible sorghum genotypes. Investigations
focused on find:ng optiin, ,typeof,'poie and stage of plant
development when infection is maximized. Results of sev
eral years of testing have shown dta sporidial inoculation 
gives highest percent infection compared to teliospore in
ocu!. The early boot stage is tie most receptive stage for 
infection. Delayed bloom of sorghum panicles favors pro
duction of high infection level. Also shown is the tendency 
for wild sorghum (adars) to support more infection, :ud thus 
may play a role in increasing inoculum potential. Studies on 
effects of tempcrature and humidity showed that teliospores 
tolerate elevated temperature where as sporidia are sensitive 
to both high temperature and desiccation. Anatoni,-a; and 
histological studies have established that penetra!ion of the 
fungus is only achieved through the stylar region of devel
oping florets. The development of the pathogen in tie in
fected kernels takes place from the upper part of the ovary
and then progresses downward to the center of the infected 
ovaries. This was confirmed by the production of mature 
spoie balls situated at the upper portion of tie ovary and at 
the upper ovary sides, and spore balls in the phase of 
formnation and reorganization located at the bottom part of 
tie ovaries. Sections of early smutted kernels also show a 
non commuted region present under the immature spore 
balls. 

The collaborating Pis on the project have effectively

transferred the technology for screening against long smut
 
in sorghum to collaborators in West Africa. The PI from
 
Sudan, Dr. Hilu Omer, 
was invited to train Mr. Issoufou
 
Kollo on developing an appropriate protocol for estab
lishing long smut infection under Niger (Niamey) condi
tions. Mr. Kollo 
has since utilized this technique in
 
germplasn evaluation for resistance to long smut in the
 
INRAN program in Niger. 

Sorghum Food Quality 

The Food Research Center (FRC) at Shambat, Sudan is 
one of the leading centers in Cereal Quality Research in 
Africa. Research and development efforts at FRC include 
direct and value-added use of sorghum and millet in both 
traditional and new products made from these important
staple crops. Most food products made from sorghum and 
millet in Sudan are processed through sonic level of fermen
lation. Collalmxrative research between ARC and INTSOR-
MIL has shown that fermentation as practiced in Sudanese 
households improves protein digestibility of cooked sor
ghum products. This work conduc,ed on both Kisra (the 
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staple bread) and nasha (a weaning food) has made signifi-
cant contributions to a better understanding of the factors 
that influence protein digestibility in grain sorghum. 

Dr. Laila Manawar spent time at Purdue University and 
conducted studies that led to developing a weaning food 
called "instant nasha" by the FRC. The instant nasha is a 
drum dried product which can be reconstituted to make a 
ready-to-eat gruel by adding water. One of the studies 
conducted was to evaluate the feasibility of utilizing the 
process of heat extrusion, which is less expensive, as a 
replacement for the more entrgy intensive and thus expen-
sive process of drum drying to filethe product affordable 
to poor people. They also evaluated the in vitro protein 
digestibility of the extruded products and found it to be 
highly digestible. 

Dr. Sitt Badi, Director of FRC and Dr. Paul Bureng have 
tested various proporlions of mixtures of wheat and sor-
ghum that would result in acceptable bread. Their work has 
shown that of all the commercially available sorghum varie-
ties that they tested, the new commercial hybrid, HD- I had 
the hardest grain, more easily decorticated than most local 
sorghum, and thus produces a high yield of very white 
sorghum flour. As a result an acceptable good quality bread 
can be made with acomposite flour containing up to 40% 
HD- I decorticated flour. Local Sudanese sorghum can only 
be added at 10-20% level without adversely affecting the 
qudily and acceptability of the bread product. ilis technol-
ogy, composite flour mixture for bread making, was recoin-
mended for commercialization using LID-I as the sorghum 
flour of choice. However, implementation and wide use was 
limited because of non-technical x)licy concerns between 
millers and the Government of Sudan (GOS). 

Kisra is a fermented, thin pancakc-like bread eaten as a 
staple in Sudan. There is a trend towards commercialization 
of kisra in urban areas. Studies wecre conducted at Purdue 
University in cooperation with Sudanese investigators to I) 
find a standardized predictive teri for consistency of kisra 
batter to be used in commercial operation and to predict kisra 
making quality of different sorghums, and 2) characterize 
the changes occurring during the fermentation process and 
develop a starter culture that could be used commercially. 
A critical step in the kisra making process is the thinning of 
the thick fermented batter so that it can easily be spread on 
the hot griddle to make the pancake. The thinness of the 
batter deternines the ease of spreading, thickness of the 
kisra sheet, and the ease of removing ihe baked kisra from 
the griddle. This step is a subjective one necessarily made 
by an experienced kisra maker. An objective test was devcl-
oped using a Bostwick con.:istometer, an inexpensive and 
simple fluid viscosity tester. Bostwick readings were found 
to increase linearly for batters with water/flour ratios from 
1.40-1.67. A water/flour ratio of 1.45 was used to compare 
the behavior of fermented and unfermenled suspensions of 
five Sudanese sorghum flours. All flours exhibited an in-
crease in Bostwick consistency (became more fluid) afler 
fermentation, however, those with the lowest unfernented 

values increased more after fermentation than samples with 
higher Bostwick values. 

The fermentation process was studied and it was found 
that in a naturally feinented flour (microbes found in the 
flour, cultivar - Dabar) bacterial population increased with 
fermentation time and reached a plateau at 18 hours. The 
micro flora of the sorghum flour obtained from Sudan 
consisted of lactic acid, colifomns, and other acid producing 
bacterial and yeasts/molds. Lactic acid content increased to 
0.8% causing a pH drop from 5.95 to 3.73. In flour that was 
fermented by adding a backstop from a previously fer
me.,1cd sorghum, the bacterial population increased with 
time and fermentation plateaued at ninc hours. The bacterial 
population consisted mainly of lactic acid bacteria. Yeast 
and mold counts were low, and coliform growth was sup
pressed by other organisms. At the end of nine hours the 
lactic acid content was 1.5% and pH was 3.73. The end 
products produced from the sorghum flour fermentation 
were lactic acid, acctic acid, proprionic acid, isobutyric acid, 
ethanol, propyl acetate, and 2-furan-methanol. By the end 
of the fermentation using an inoculum from previous fer
mentation, simple sugars were not detectable. Starter cul
tures developed in the laboratory from combinations of 
lactic acid bacteria with different proportions of hetero- to 
homolactics or combinations of lactic acid bacteria and 
yeasts did not produce the same amount or types of end 
products that were produced during natural fermentation of 
sorghum flour. Sensory trials remain key to selecting proper 
combinations of microorganisms for an optimal kisra. A 
suitable culture and objective testing method would permit 
larger scale kisra bakeries to operate to produce good, 
consistent quality product that could compete with large 
wheat bread operations. 

Economics 

The principal focus of economic research in Sudan has 
been in studying the diffusion of lHageen Dura-1, a sorghum 
hybrid, in the Gezira Irrigated Scheme; estimation of the 
returns to research from investment in [ID-1; studying the 
impact of deteriorating soil fertility resulting from extensive 
production practices as land becomes scarce and fallowing 
i., discontinued, and studying the operation of the ini,!it 
markets, particularly fertilizer and seeds. 

In the summer of 1990, Mohammed M. Ahmed and John 
H. Sanders did field work in the Gezira irrigation project to 
estimate the returns to research from investment in HD-I. 
[ID-I is in the early stage of diffusion there on approxi
mately 17,000 hectares, or 8-9% of the sorghum crop area. 
Even a' this early stage of diffusion, there is a reasonable 
financial rate of return of 23 to 31 %.Eliminating the price 
and exchinge-rate distorlions gives an economic return of 
16 to 21%. Measures to eliminate these distortions, espe
cially the overvalued exchange rate, would encourage sor
ghum exports by increasing their competitiveness and 
would enable the market rather than the governmental sector 
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and foreign-aid donors to allocate the critical input ofchemi-
cal fertilizer, 

The diffusion of Hageen Dura I in 1991-92 has reached 
35,229 ha., that is 12% of the total sorghum area in Gezira. 
This represents a 103% area increase over what it was in 
1990-91. The extent of diffusion would have been greater if 
hybrid seeds was avxil:lJe. Thie public seed producers were 
unable to respond to the ,,pidly increasing demand in both 
1990-91 and 1991-92. This shortage in seeds has been 
shown to have imp!ications in fan level adoption studies,
where an objective '- to idcntify the farmer and farm char-
acteristics that are influenc>'g the decision to adopt. When 
the impact of the supply shortage is not taken into account 
some of the variableb identified econometrically, may be 
measuring the differential ability of farmers o have access 
to the rationed seeds. The diffusion of 1-lageen Dura I in the 
rainfed sector so far is minimal. The cnly documented large 
scale seed distribution of Hlageen Diora-I was made by
Pioneer Seed Company/Sudan in 1991-92. They distributed 
66 Mi. 

The research emphasis in the mechanized rainfed sector 
is on evaluating the long-run sustainability effects of present 
and po!zntial technologies on the vertisols. The 
crop/water/soil sustainability effects of present potential
technologies on the vertisols were evaluated. The 
crop/water/soil model (Erosion Productivity Impact Calcu-
lator - EPIC) was used to look at changes in crop yields and 
soil characteristics over time. The simulation results of the 
model show that extensive sorghum production has led to 
approximately 50% declined in yield after e;'lit years. The 
model results also show that through de u.,e of moderate 
levels of chemical fertilizer, an improved cultivar, and im-
proved agronomic practices, yields can be raised and be 
maintained at 1.2 to !.4 mt/ha. from the observed average 
yields of 06. Mt/ha. 

Institution Building 

Research Support 

The INTSORMIL/Sudan program has continued to pro-

vide direct allocation of funds to the Agricultural Research 

Corporation. 


During 1990. INTSORMIL purchased two vehicles for 
use by ARC/INTSORMIL staff in Sudan. These vehicle
have greatly facilitated collaborative activities in-country. 
Acquisitions for the ARC libraries continue to be based 
upon requests from Sudanese scientists. 

Buy-in 

At the suggestion of the USAID Mission in Khartoum, a 
grant proposal was prepared in November 1989 requesting
PL 480 counterpart funds to supplement the INTSOR-
MIL/ARC budgetary commitments. This grant was 
awarded after persistent follow-up by ARC staff, INTSOR-

MIL, and the USAID Mission Staff in Khartoum. The grant 
was approved as requested for a total of L.S. 1,549,000 
(Sudanese pounds) during the first year, all in local cur
rency. 

Since 1989, regular reimbursement of these funds have 
been provided by the Ministry of Finance and planning thus 
effectively enhancing the supplies and equipment budget of 
sorghum and millet research at the Agricultural Research 
Corporation. 

The grant proposal was prepared by INTSORMIL/ARC 
staff in consultation with the USAID Mission. This grant 
has been governed by GOS regulations, involving certain 
rigid restrictions such as the requirement of prior Ministry
of Planning approval for purchase greater than L.S. 5000. 
An understanding has been developed with ARC staff that 
as long as the PL480 local currency fund is available, 
INTSORMIL dollar funds will be used for purchase of 
equipment and travel support. As a result, much of the 
INTSORMIL financial support to ARC during the last few 
years has been in sponsoring travel and purchasing equip
nient and supplies for ARC scientists. Table I shows the 
ARC scientists sponsored to attend international confer
ences both in the U.S. and overseas. 

In addition to expendable supplies and equipment 
shipped to the Agricultural Research Corporation and the 
Food Research Centre the following major laboratory and 
office equipment were shipped to Sudan: Autoclave Dryer,
Alpine Air Jet Sieve with accessories, Percival controlled 
temperature and lighting biological incubator, Swanson 
mixer, analytical balance, precision top pan balance, Bench 
top centrifuge, convection oven, count-a-pack seed counter, 
germinator, Model 140 Ph Meter, Bench Top Centrifuge, 
and Luxmeter PVI50 with accessories. 

In addition, an IBM PS/2 IModel 50 with printer as well 
as overhead and slide projectors and Minolta copier were 
also purchased for the Agricultural Research Corporation. 

In 1990, two vehicles were also purchased in support of
 
our collaborativ,. program. A Toyota Land Cruiser station
 
wagon and 4-whcel ,Irive diesel pick up truck were ordered
 
and shipped from Saudi Arabia.
 

Summary 

The collaborative research relationship between the Ag
ricultural Research Corporation (ARC), Sudan and INT-
SORMIL thai starled in 1980 has developed into a strong, 
mutually beneficial partnership that produced several excel
lent results. Tangible results ranging from training to devel
opment of useful technologies and elite germplasm have 
been generated. 

Even before theadventof INTSORMIL, ARC/Sudan had 
a "critical mass" of well trained manpower in place. Sudan 
is unique in Africa in this regard. Over decades it had 
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Table 1. ARC scientists sponsored to attend international conferences both in the U.S. and overseas. 

Name 	 Purpose Dates 

Sit: Nafr elBadi 	 Participate in Interational Crop Science Congress, Ames, IA. 7/14/92 - 7/27/92

Purdue - INTSORMIl./Sudan planning meeting
 

Mahmoud M. Ahmed 	 International Crop Science Congress, Ames, IA 7/14/92 - 8/3/92

Purdue - INISORM I[/Sudan ptaning tmeeting
 

Laila Monawar 	 Cairo, Purdue, Texas - sorghtn food quality research 9/20/89 - 10/18/89 

Ahmed Taha 	 Intemational Crop Science Congress. Attes, IA 7/14/92 - 7/27/92 

Omer 
INTSORMII. PI meeting inArizona and to Kansas State to work with Larry Claflin on 1/2/89 - 1/14/89
bacterial disease technques
International Crop Science Cotngress, Ames, Iowa and Purdue University 7/14/92 - 7/27/92
Niger -participate in 10 year IN ISORMIL Strategy planning meeting 10/10/93 - 1024/93 

El Ililu 	 Niger- Collaborate with R. Frederiksen & I. Kollo (INRAN) on long smut research 10/21/88 - 11/1/88 

Osman Ibrahim 	 Texas - International Conference on DRyland Agriculture: 8/15/88 - 8/19/88

Texas A& M (Rooney. Miller, Frederiksen)

Agricultural Research Center, Lutock (Rosenow)

University of Nebraska (Andrews, Eastin)
 
Purdue University (lEjeta)

Collect materials and exchange information on sorghum breeding with collaborators
 
International Crop Science Congress, Ames. Iowa Purdue, Sudan planning neetings 7/14/92 -7/27/92

Attend conference on Adataation of Plants to Soil Stresses, Nebraska and to 7/30/93 -8/9/93

Purdue University to work with F'jeta on data analysis
 

Abdel Gabbar Babiker 	 Charlotteville, VA; Whiteville. NC and Lafayette, IN 8/9/87 - 8/22/87

Frankfurt, Gennany - International Weed Symposiuno 7/31/87 - 8-8/87

Purdue - sabbatic to work on Striga with Buller and Ejeta 1/4/92 - 2/18/93

Sudan - Participte in field trials on Stri a 6/29/92 - 7/21/92
FPurdue/Denver - inWeed Science Society of America 2/8/93 - 2/11/93participate

Anslerdam - Itermational Weed SmIn posium 	 11/6/93 - 11/14/93 

invested its own scant resources into developing asufficient INTSORMIL PIs in setting the national agenda around 
cadre of agricultural manpower. However INTSORMIL has sorghum/miulct research as well as in finding better ways of 
also trained several Sudanese scientisls who have ieturned extending technologies derived from research. 
and filled in key positions particularly in sorghum/millet 
research related areas. Sudanese graduates of INTSORMIL Tangible technologies that resulted from ARC/INTSOR
institutions currently provide service in sorghum breeding MIL partnership include: 
(2), plant pathology (1), entomology (1), agronotny (1), food 
science (1) and agricultural economics (I). A few Sudanese • development, release, and distribution of Hageen 
trained and sponsored by INTSORMIL currently also serve Dura-I, as (lte first commercial sorghum hybrid 
in IARCs and national prograns elsewhere. Of significance 
has been the contribution made by INTSORMIL in men- * identification, wide-testing and release of SRN39 and 
toring of young graduates as they returned to ARC. Further- IS-9830 as Ihe first Srigaresistant sorghum releases 
more several ARC scientists have spent valuable time inthe 
laboratories of their counterparts in the U.S. Some have • the development of an infant seed industry that began 
done this more than once. In some of these cases, significant with the pilot project around HD- I seed production 
research findings have come out of these experiences and 
the results have been published as joint contributions of * the testing and recomn ndation of use of composite -
ARC and INTSORMIL. flour for bread making, and the better quality mix 

obtained with use of HD-I grain 
On numerous occasions, and at limes on a regular basis 

annually, INTSORMIL and ARC scientist have held round * the economic evaluation on the impact of HD-l (the 
table discussions on assessing and reevaluating production social returns to research invastments) 
and utilization constraints in sorghum and millets in Sudan, 
assessing of research findings and utility of technologies * the development of a technology to produce "instant 
jointly developed, and more significantly insetting priori- nasha" as a weaning food 
ties. The ARC has used these deliberations to asscs priori
ties and progress and to sharpen the focus in the 
soi+ghum/millet research in Sudan. ARC has often involved 
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* 	establishing fermentation (a traditional process) as an 
effective method to alleviate problems of protein di
gestibility associated with sorghum grain. 

Benefits accrued to INTSORMIL scientists and U.S. 
agriculture from ARC/INTSORMIL collaboration include 
the following: 

" 	Contribution of gernplasin tested in Sudan inenhanc
ing drought tolerance of material developed for the 
U.S. seed industry. Recently 10 drought tolernt lines 
derived from crosses between U.S. and Sudan sections 
were released to the seed industry in the U.S. 

" 	Raw germplasm from Sudan for potential use in the 
U.S. Recently over 3000 Sudanese land races were 
contributed by ARC to the USDA. 

" 	The development and refinement of new technologies 
with potential use in the U.S. For instance Long Smut 
is not a disease of economic importance in the U.S. 
However, should it become one. screening technology 
INTSORMIL scientists helped develop in Suckn, will 
come in handy. 

* 	The finoing that the traditional process of fernenta
tion as a means to alleviate the protein digestibility 
problem in sorghum laid the foundation for the scien
tific understanding of factors that influence protein 
digestibility in grain sorghum. 

The excellent field demonstration program by Global 
2000 and die persistent efforts of ARC/INTSORMIL in 
assisting the seed production programs have established 
Hagecn Dura-I as an ARC generated technology with sig
nificant impact to sorghum agriculture in Sudan. Added to 
other research technologies which have been generated by 
ARC, including those listed above, ARC has been recog
nized by the GOS and other agencies operating in the Sudan. 
For instance, the USAID mission with prodding from INT-
SORMIL Pls, granted a substantial amount of PL480 funds 
to ARC in support of sorghum/millet research. In return, that 
encouraged the Ministry of Planning to continue to provide 
unprecedented level of support specifically for sor
ghum/millet research in Sudan. Individually, particularly 
ARC scientists in the area of Striga, pathology, and cereal 
quality, have produced significant results that have given 
them due recognition in the sorghuni/millct research com
munity. The collaborative partnership between INTSOR-
MIL and ARC has clearly demonstrated that su,-tained 
support and focused research efforts would produce tangible 
and useful results. It also showed that an effective utilization 
of research generated technologies would in return eventu
ally bring due recognition to scientists and research pro
grams, and generate increased and sustained support for 
agricultural research, even in a national program of a devel
oping country with numerous, seemingly insunnountable 
problems. 
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INTSORMIL gives high priority to training host country 
scientists who will have major responsibilities for sorghum 
and millet research in their home countries. Training isalso 
provided for young U.S. scientists who plan for careers in 
overseas development work. 

The most frequently used mode of training is graduate 
study for advanced degrees, with the students' research 
forming an integ.al part of an INTSORMIL project. During 
the year covered by this report, 90 students from 33 different 
countries were enrolled inan INTSORMIL advanced degree 
program. Approximately 77% of these students come from 
countries other than the U.S. which shows the emphasis 
placed on host country institutional development (Figure 1). 

Figure 1. Training analysis - country breakdown. 
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Figure 2. Training analysis -gender breakdown. 

INTSORMIL also places a high priority on training 
women which is reflected in Figure 2. In 1993, 22% of all 
1N4TSORMIL graduate participants were women. Twenty of 
the total 90 students received full INTSORMIL scholar
ships. Al additional 26 students received partial INTSOR-
MIL funding and the remaining 44 students were funded 
from oier sources as shown in Figure 3. 

Figure 3. Training analysis - Source of Funding. 

INTSORMIL 

SADO 19 Other 25 

All 90 students worked directly with INTSORMIL principal
investigators on INTSORMIL projects. These students are 
enrolled in graduate programs in all seven INTSORMIL 
disciplines. Figure 4 also shows that there has been a sig
nificant increase inthe number of students enrolling infood 
techology, reflecting the importance of product develop
ment and food processing. 

Figure 4. Training analysis - Discipline breakdown. 
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Total student numbers decreased slightly in 1992-93 as 
compared to 1991 and 1992. However, tie number of INT-
SORMIL funded students has decreased gradually over the 
years. 

In addition to graduate degree programs, short term train-i 
ing programs have been designed and implemented on a 
case by case basis to suit the needs of host country scientists. 
Several Host Country scientists were provided the opportu
nity to upgrade their skills in this fashion during 1993. 

INTSORMIL cooperated with ICRISAT on a ten year
special training program for countries of the Southern Afri-
can Development Community SADC which terminated in 
1993. The SADC/ICRISAT regional Sorghum and Millet 
Research Program was designed to respond to the need of 
the 10 member states of SADC, to initiate research on 
sorghum and millets in (he marginal rainfall areas of the 
region. The program is implemented by ICRISAT and 
funded by USAID, CIDA and GTZ. 

A major component of the program has been Training
and StaffDevelopment. The objective of this component has
been to strengthen the scientific and technical research 
capability of National Research Programs through advanced 
degree and technical training. In order to accomplish the 
objective, ICRISAT has sub-contracted the advanced de
gree training element to INTSORMIL, the International 
Sorghum and Millet Collaborative Research Support Pro
gram, where the necessary linkages and institutions exist. 

The total number of active SADC students is 60 for
 
1992-93. (Figure 5)
 

The SADC/ICRISAT Southern African training program
held ahigh profile in INTSORMIL training activities. Of 48 
students matriculating in the U.S., Canada and Brazil, 19 are 
studying under INTSORMIL scientists while the remainder 
are with subject matter specialists not covered by INTSOR-
MIL scientists. There were 12 degree completions in 1992. 

Figure 5. SADC training analysis - annual status. 

-Proam... .. 

The following table is acompilation of all INTSORMIL 
training activities for the period July 1, 1992 through June 
30, 1993. 
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Year 14 INTSORMIL Training Participants
 

Name Country Univ. Discipline Advisor Degree Gender Funding* 

Gono. Lawrence Zimbabwe KSU Agronomy Vanderlip PIllD M S 
Iteiniger, Ronnie U.S. KSU Agronomy Vanderlip PIlD M I 
Lele, Etani Botswana KSU Agronomy Vanderlip MSC M S 
Madulu. Ruth Tanzania KSU Agronomy Vanderlip MSC F S 
Gutierrez, Patricio F. E"uador UNI, Agronomy Clegg MSC M I 
Maliro, Charles Malawi UNL Agronomy Clegg PIlD M S 
Mohamed, Mirghani S. Sudan UNL Agronomy Clegg PIID M I 
Buah. Samuel Ghana UNL Agronomy Maranville/Andrews MISC M 0 
Masi. Cassim Zambia UNL Agronomy Maranville PIID M S 
Rivera, Roberto Honduras UNL Agronomy Maranville PI ID M 0 
Traore, Abdoulaye Mali UNL Agronomy Maranville PIID M I 
Wu, Yi China UNL Agronomy Maranville PIID F 0 

Rao, Aluri Sambosiva India KSU Breeding Stegmeier VS1 M I 
Goggi. Susani Argentina MSU Breeding Gourley PD 2 F I 
Zake, Vincent Uganda MS U Breeding Gourley PIlID M 0 
Kapran. Issoufou Niger PRIJ Breeding Axtell PIlD M P 
Peters, Paul U.S. PRF Breeding Axtell PIlD M P 
Cisse. N'Diaga Senegal PRF Breeding Ejeta PIlID M 0 
Grote. Ed U.S. PRI- Breeding i-jeta PIll) M 0 
Ibrahim. Yahia Sudan 'RF Breeding Ejeta MSC M 0 
Johnson, Richard U.S. PRF Breeding Ejeta MSC M 0 
Menkir, Abebe Ethiopia PIWud Breeding Ejeta PD. M 0 
Tuinstra, Mitchell U.S. I'RF Breeding EIjeta PIID M 0 
Vogler, Renee U.S. I'RF Breeding Ejeta MSC F I 
Wezrasuriya. Yohan Sr Lanka lIWR Breeding Fjeta PID M 0 
Gouveia, Sergio Jeremias Mozambique TAM Breeding Miller/Rosenow MSC M P 
Nesbitt, T. Clint U.S. TAM Breeding Miller MSC M P 
Ombakho, George Kenya TAM Breeding Miller/Rosenow PIlD M P 
Palma Carias. Alejandro Ilonduras TAM Breeding Miller NISC M P 
Stewart, Klint G. U.S. TAM Breeding Miller NISC M P 
Tenkouano, Abdou Burkina Faso TAM Breeding Miller PI It) M P 
Crasta. Oswald India TAM Breeding Rosenow PIID M P 
Mkhabela, Milton Swaziland Tl'U Breeding Rosenow 'lID M S 
Munera, Alvaro Colombia TI'U Breeding Rosenow MSC M P 
Doumbia, Marnadou Mali TAM Breeding I'etcrson/Onken '11D M 0 
Jeutong, Fabien Cameroon UNL Breeding Andrews pIll) M 0 
Kiula, Barnabas Tanzania UNL Breeding Andrews MSC M S 
Mahama, A. Assibi Ghana UNL Breeding Andrews MSC M 0 
Muza. F.R. Zimbabwe UNL Breeding Andrews PilID M S 

Ahmed, Mohamed Sudan PRF Economics Sanders PIID M I 
Coulibaly, Ousmane Mali PRF Economics Sanders PID M I 
Garcia. Joao Carlos Brazil PR Economics Sanders VS M 0 
Lawrence, Pareena Gupta U.S. PRFW Economics Sanders PIID F P 
Nichola, Tennassie Ethiopia I'RF Economics Sanders PillD M I 

Ching'oma. Godfrey Malawi MS U Entomology 'itre MSC M S 
Lopez, Julio Ilonduras MS U Entomology l'itre MSC M I 
Portillo, !lector Honduras NtS U Iiil smology Pitre PIllD M I 
Bayoum, Imad Lebanon TAM Entomology Gilslrap PIll) M P 
Behle, Robert U.S. TAM Entalomology (.jilstrap PI ID M I 
Ciomperlik, Matthew U.S. TAM Entomology Gilstrap PIID M P 
Rao, Asha India TAM Entomology Gjilstrap NISC F I 
Roque, Javier Mexico TAM Entomology Gilstrap PIID M P 
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Name Country Univ. Discipline Advisor Degree Gender Funding* 

Diarisso Yaw, Niamoye Mali TAM Entomology Teetes PillD F 0 
Jimenez. Nora Colombia TAM Entomology Teetes MSC F P 
Jost. Douglas U.S. TAM Entomology Teetes MSC M I 
Magallcnes. Ricardo Mexico TAM ultomology Teetes PID M P 
Paliani, Anderson Malawi TAM -ntomology Teetes MSC M S 
Pendleton. Bonnie U.S. TAM Entomology Teetes P1ID F P 

Lelong, Dolly Bell Tanzania PRF Food Quality/Util Butler MID F 0 
Siarne. Anthony Bupe Zambia PRF Food Quality/Util Butler PIID M S 

Tarimto, Thadeo Tanzania PRF Food Quality/Util Butler PIID M S 
Aboubacar, Adam U.S. PRF Food Quality/Util Ilanmaker MSC M 0 
Mamadou. Lewamy Niger PRF Food Qua]ity/Util Ilamaker MSC M 0 
Oria.Maria P. Spain PRF Food Quality/Util Ilamaker PilD F I 
Weaver, Charlotte U.S. PRF Food Quality/Util Ilamaker MSC F I 

Anderson, Brian U.S. TAM Food Quality/Util Rooney MSC M P 

Beta. Trust Zimbabwe TAM Food Quality/Util Rooney MSC F S 

Cruz y Celis, Laura Mexico TAM Food Quality/Util Rooney MSC F P 

Floyd, Cherie U.S. TAM Food Quality/Util Rooney MSC M P 
lugo. Leda Mozambique TAM Food Quality/Util Rooney MSC F S 

Islas-Rubio, Alma Mexico TAM Food Quality/Ulil Rooney PIID F P 
Lekalake. Rosemary Botswana TAM Food Quality/Util Rooney MSC F S 

Mirrles. Raquel U.S. TAM Food Quality/Util Rooney MSC F P 
Mrema, Greyson Tanzania TAM Food Quality/Util Rooney MSC M S 
Suhendro. Elly Indonesia TAM Food Qua]ityiUtil Rooney MSC F 0 

Wright, Lee U.S. TAM Food Quatity/Util Rooney MSC M P 

Diourte. Mainourou Mali KSU Pathology Clallin 1IID M 0 
Muriithi. Linus M. Kenya KSU Pathology Clallin 1Ill) M 0 
Anderson. Cindy U.S. KSU Pathology l.eslie M.S. F 0 
Iluss. Martin U.S. KSU Pathology I.eslie Pl)2 M P 
Xu,Jin-R~ng China KSU Pathology Leslie 1ID M P 
Oh. B.J. Korea TAM Pathology Frederiksen |'1l) M 0 
Rosewich. Ute L. Gennany TAM Pathology Frederiksen PIID F I 

Outline, liillip Great Britain TAM Pathology Odvody/Frederiksen PIID M I 

Mansuetus. Anaclet Tanzania TAM Pathology Odvody/:rederiksen PIID M S 
Alexander. John U.S. TAM I'athology Toler PIID M 0 

Gandoul, Gandoul I. 
Kuhic, Keith 

Sudan 
U.S. 

t:NI. 
UNL 

lyslology
Physiology 

astin 
Eastin 

PIlID 
ll) 

M 
M 

I 
P 

Nguluhe-M sikita, Rachel Zambia UNI. 'hysiology Eastin MSC F S 
Nyakatawa. Ennson Zimbabwe UNI. Physiology Eastin MSC M S 

* I = Completely funded by IN'ITORMI, 
P = Partially funded by INTSORIL 
S = SADC/I(RISAT funded 
0 = Other source 

VS = Visiting Scientist 
i'D = I'ost 1)octoral 

KSU = Kansas State University 
MSU = Mississippi Stale University 
PRF = iurdue University 
TAM= Texas A&M University 
TI'U = Texas TeLh University 
UNI. = University of Nebraska - Lincoln 
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Training 

Year 14 SADC/ICRISAT Training Participants 

Name Country University Discipline Advisor Degree Gender 

Alfredo, Manuel Angola Vicosa Pathology Ferreira da Silva MSC M 
Chitengue, Jone Angola Vicosa Breeding Vicira MSC M 
Domingos, M'panzo Angola Vicosa Agronomy Nogueira Fontes MSC M 
Jose, Joao Angola Vicosa Breeding Cardosa MSC M 

Lekalake, Rosemary Botswana TAM Food Science Rooney MSC F 
Lele, Etani Botswana KSU Agronony Vanderlip MSC M 
Makhwaje, Ernest Botswana KSU FSR/ILcon Noman MSC M 
Malepa, Dollina Botswana UNL Plant/Soil Waiters PID F 
Molapong, Keoagile Botswana N. Carolina St. Plant/Soil Cox PID M 

Khalemra. Ticiso Lesotho Texas Tech FS R/Econ Ervin MSC M 
Mokhoro, Cyprian Lesotho UNL Food Science Jackson MSC M 
Ranthamane, Mala Lesotho KSU Breeding BraneIl-Cox MSC M 
Sefika, Phakiso Lesotho UNL Forages Anderson. B. MSC M 

Ching'oma, Godfrey Malawi MSU Entomology Puire MSC M 
Maliro, Charles Malawi UNL Agronomy Clegg M ID M 
Paliani. Anderson Malawi TAM Entomology Teetes MSC M 

Brito, Rui Mozambique CSU Agrononty Dumford PID M 
Gouveia, Sergio Mozambique TAM Breeding Miller MSC M 
Hugo, Leda Mozambique TAM Food Science Rooney MSC F 
Maposse. lnacio Mozambique UNL Forages Anderson, B. MSC M 
Mucavele, Firnino Mozambique Florida FS R/Econ Spreen HIID M 

Mabuza, Khanyisile Swaziland Guelph Food Science Gullet MSC F 
Malaza, Millicent Swaziland Penn St. FS RiEcon Warland P111D F 
Matsebula, Sebenzile Swaziland Saskatchewan Biometrics Baker PI[D F 
Mkhabela. Milton Swaziland Texas Tech Breeding Rosenow/Nguyen PIID M 

Felix, Joel Tanzania PRF Agronomy Vorst MSC M 
Kaganda. Suleiman Tanzania UNL Forages Anderson/Moser MSC M 
Kiula. Barnabas Tanzania UNL Breeding Andrews MSC M 
Madulu, Ruth Tanzania KSLU Agronomy Vanderlip MSC F 
Mansuetus, Anaclet Tanzanaia TAM Pathology Fredriksen PIID M 
Matowo. Peter Tanzania KSU Agronomy Pierzwnski PID M 
Mbuya, Odemari Tanzania Florida Agronomy Boole P1ID M 
Mrema, William Tanzania TAM Food Science Rooney MSC M 
Mtwaenzi, Ilamnis Tanzania MSU Weed Science Coats MSC M 
Tarinto. Thadeo Tanzania P1W: Bird Control Buller/Weeks 1ID M 

Chisi, Medson Zambia KSU Breeding BrameIl-Cox PIID M 
llikeezj, Doreen Zambia KSU Food Science Walker MSC F 
Masi, Cassim Zambia UNL Agronomy Maranville PID M 
Mwale, Moses Zambia UNL Plant/Soil Walters MSC M 
Ngulube-Msikita. RaLhel 7nbia UNI[ Breeding Moser BSC F 
Siame. Anthony Zambia IRF Food Science Butler IID M 

Beta, Trust Zimbabwe TAM Food Science Rooney MSC F 
Gono, Tiger Lawrence Zimbabwe KSU Agronomy Vanderlip 1HID M 
Mahuku, George Zimbahwe Guelph Pathology lall P1lll) M 
Makaudze. Ephias Zimbabwe TAM FSRlcon Fuller MSC M 
Mazhangara, Edward Zimbabwe PRF FSRAICoIn Masters MSC M 
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Training 

Name Country University Discipline Advisor Degree Gender 

Muza, Figuhr 
Nyakatawa, Ennson 

Zimbabwe 
Zimbabwe 

UNL 
UNL 

Breeding 

Agronomy 
Lee 
Eastin/Schillig 

PID 

MSC 
M 
M 

CSU = Colorado State University, Fort Collins, Colorado 
KSU = Kansas State University. Manhattan, Kansas 
MSU= Mississippi State University. Missississippi State, Mississippi 
PRF = Purdue University, West Lafayete. Indiana 
TAM= Texas A&M University. College Station, Texas 
UNL = University of Nebraska, Lincoln, Nebraska 

Florida = University of Florida. Gainesville, Florida 
Guelph = University of Guelph, Ontario, Canada 
N. Carolina St. z- North Carolina State University. Raleigh, North Carolina 
Penn St. = Penm State University. University Park. Pennsylvania 
Saskatchewan = University of Saskatchewan. Saskatoon, Canada 
So. Illinois = Southern Illinois University. Cadondale, Illinois 
Texas Tech = Texas Tech University, L.ubbock, Texas 
Vicosa = Universidad Federal de Vicosa, Brazil 
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INTSORMIL Buy-Ins
 

University/ 
Proiect No. Buy-In Year 

Life of 
Buy-In 

Annual 
Amount Total 

KSU-106 Kansas Sorghum iloard 

Kansas Agric. Exp. Station 
Kansas Agric. Exp. Station 
Kansas Sorgh,2m Board 
Kansas Agric. Exp. Station 
ElPA/Univ. of Nebraska 

1985 
1989 
1989 
1991 
1990 
1990 

6 years 
3 years 
3 years 
4 years 
3 years 
2 years 

17.500 
19,000 

13,333 
15,334 
19,000 
32,518 

105,000 
57,000 

40,000 
61,338 
57,000 
65,036 

$385,374 

KS U- 108 Kansas Sorghum Board 
Kansas Com Commission 
Kansas Sorghumn Conunission 
Kansas Sorghum Commission 
EPA 
Kansas Agric. Exp. Station 
USDA/ARS 

1985 

1988 
1989 
1989 
1990 

1991 
1992 

9 years 
3 years 
I year 
I year 
3 years 

3 years 
1 year 

18,482 
16,845 
7,166 
6.500 

39,523 
19,000 
14,400 

166,338 
50,535 

7,166 
6,500 

118,569 
57,000 
14,400 

$420,508 

MSU-I(0 MIACfKenya 
MIAC/Kenya 

1990 

1992 

2 years 
3.5 years 

115.725 
142,000 

231,450 
497,000 

$ 728,450 

MSU- 105 FAO 1992 3 years 2,245 $6,735 

MSU-111 Fedearroz 

El Alcaravan Foundation 
Fenalce 

1990 
1990 
1991 

5 years 
2 years 
1 year 

10,000 
200,000 

5,000 

50,000 
,400,000 

5,000 
$ 455,000 

PRF- 103A AID/Program Support Grant 

Agric. Exp. Station 
Purdue Agronomy Dept. 
McKnight Foundation 
Corporation for Science & Tech. 

Pioneer Ili-Bred Intern. 
Purdue Agronomy Dept. 
McKnight Foundation 

1988 

1988 
1989 
1989 
1991 

1992 
1992 
1992 

2 years 

2 years 
2 years 
3 years 
I year 

3 years 
1 year 
3 years 

7,500 

6,000 
1,000 

250,000 
10,000 

33,900 
1.000 

250,000 

15,000 

12,000 
2,000 

750,000 
10,000 

101,693 
1,000 

750,000 
$1,641,693 

PRF- 103B USDA Training 
AFGRAD Training 

NAAR Project 

1989 
1989 

1991 

3 years 
4 years 

I year 

15,000 
9,000 

3,000 

45,000 
36,000 

3,000 
$ 84,000 

PRF- 104B 
& 104C 

USAID PSG 
Rockefeller Foundation 

USAID/P'STC 
USAID PSG 
Purdue Research Foundation 

Pioneer Seed Co. 
PSTC/USAID 
Pioneer Seed Co. 
NSF 
Pioneer Seed Co. 

1989 
1989 

1990 
1991 
1991 

1991 
1991 
1991 
1992 
1993 

2 years 
3 years 

4 years 
2 years 
I year 

3 years 
3 years 
2 years 
1.5 years 
2 years 

7,500 
23,067 

37,450 
10,000 
2,800 

40,000 
50,000 
30,000 

173,333 
13,600 

15,000 
69,200 

150,000 
20,000 

2,800 

120,000 
150,000 
60,000 

260,000 
27,192 

$874,192 

PRF- 105 USAID l'SG 
USAID PSG 
World Bank 
World Bank/IDA 

LSAII)/Bean-Cowpea 
EMIIRAPA 

USAID/AFT/ARTS 

CRSI' 

1989 
1989 
1989 
1989 

1990 
1992 

1992 

4 years 
3 years 
2.5 years 
I year 

I year 
I year 

I year 

5,000 
5,000 

10.000 
4,500 

27,000 
10,000 
20,000 

20,000 
15.000 
25,00. 
4,500 

27.000 
10,000 

20,000 

$ 121,500 
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INTSORMIL Buy-Ins 

University/
Project No. Buy-In Year 

Life of 
Buy-In 

Annual 
Amount Total 

PRF-107 Purdue Agronomy Dept. 
State of Indiana 
McKnight Foundation 
USAID PSG 
McKnight Foundation 
Pioneer Seed Co. 
State of Indiana 

1988 
1990 
1990 
1990 
1990 
1991 
1991 

1year 
1year 
3years 
2years 
3years 
2years 
1year 

1.500 
7.000 

20,632 
14.000 
22.000 
30,000 

1,200 

1,500 
7,000 

61,896 
28,000 
66,000 
60,000 

1,200 

$ 225,596 

PRF- 109 USDA Grant 1990 2 years 60,000 $120,000 

TAM Joint USAID/TAMU 
USAID/TAMU 

1989 
1991 

3 years 
3 years 

15,000 
15,000 

45,000 
45,000 

$90,000 

TAM- 122 State of Texas Grant 
USAID/TAM U 
USAIDfrAMU 
Texas Iligher Coordinating Board 
USDA 
USAID/TAMU 

1989 
1990 
1990 
1991 
1991 
1992 

2 years 
2years 
3years 
2 years 
2 years 
2 years 

20,000 
10,000 
13,000 
27,000 
7,500 

28,000 

'0,000 
20,000 
39,000 
54,000 
15,000 

56,000 

$ 224,000 

TAM. 123 Texas Grain Sorghum Producers 
USAID/TAM U 
USAIDiFAMU 

1990 
1990 
1991 

5years 
I year 
I year 

50,000 
17,000 
28.000 

250,000 
17,000 
28,000 

$ 295,000 

TAM- 124 USDA 
Texas Advanced Research 
TAES/ERA 
Texas Advanced Research 
Rockefeller Foundation 
Texas Advanced Research 
Rockefeller Foundation 

1989 
1989 
1989 
1990 
1990 
1992 
1992 

3 years 
1year 
2years 
3years 
2years 
2years 
2 years 

10,000 
75,000 
32,000 
15,000 
30.000 
10,000 
7,000 

30,000 
75,000 
64,000 
45,000 
60,000 
20,000 
14,000 

$308,000 

TAM- 125 TAMU/PSG 
Industry Grant 
USDA/CRSP 
USDA/AP (IS 
USDA/API 1IS 
Texas Agric. Exp. Station 
USDA/APtIIS 
US DA/CSRS 
TAMU/Progran Support Grant 
TAMU/Program Support Grant 
Texas Grain Sorghwu Producers 
US DA/APIIIS 
TAMU/Prograrn Support Grant 
Texas Grain Sorghumn Producers 

1989 
1989 
1989 
1989 
1989 
1990 
1990 
1990 
1990 
1990 
1990 
1991 
1990 
1993 

2years 
2years 
1 year 
2 years 
1 year 
2years 
3years 
2years 
2years 
2 years 
2 years 
Iyear 
3years 
5years 

45,000 
I0.000 
15,000 
15,000 
14,000 
7,000 

23,734 
59,819 
18,638 
30,000 
50,000 
13,200 
27.000 
25,000 

90,000 
20,000 
15,000 

30,000 
14.000 
14,000 
71.202 

119,638 
37,276 
60,000 

100,000 
13,200 
81,000 

125,000 

$ 790,316 

TAMI25.B TAES 
USDA/APIIS 
USDA/CSRS-SR 
USDA/APIIlS 

1993 
1993 
1993 
1993 

2 years 
4 years 
2 years 
4 years 

29,000 
32,500 
45,000 
15,000 

58,000 
130.000 
90,000 
60,000 

$338,000 

TAM-126 Texas Center for Energy 
TAMU/Progran Support Grant 
Texas Agr. Exp. Station 
TAES/ERA 
IIATCH 
Texas Sorhurm Producers 

1989 
1989 
1989 
1990 
1990 
1990 

Iyear 
3years 
5 years 
2 years 
4 years 
I year 

14,500 
10,000 
50,000 
25,000 
35,000 
15,000 

14,500 
30,000 

250,000 
50,000 

140W00 
15,000 
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University/ 
Proicet No. 
rAM- 126 
(Cont.) 

TAM- 131 

UNL-113 

UNL-1 14 

UNL- 115 
& 118 

UNL-116 

UNL-123 

M.E. 

Total Buy-Ins 

Buy-In 
Grain Sorghum Producers 
TAMU/Ilatch 
TAES/ERA 
Grain Sorghum Producers 

USAID/Ilonduras PL480 
USAID/Ilonduras PL480 
USAID/londuras PL480 
USAID/lIonduras PL480 
Commcrcii.l Seed Co. 
EEC/ICA1PRAIG 
EEC/ICA/PRAIG 

Rockefeller Foundation 
Ministry of Science (Leave) 

Gemian Acad.Exchange Serv. 

Michigan Stale/Senega! Agric. 
USAID/Dakar 

Elliott Grant 
USDA/OICD 
Nebraska Sorghtun Board 
USAID/OICD 
USAID/OICD 

USAID/STC Grant 
US DA/ARS 
US DA/ARS 

INTSORMIL/Egypt/NARP 
Nebraska/Kansas St. 

SADC/ICRISATI1NTSORMIL Training 
AID/CROSS CRSP Activities 
USAID/Botswana/DAR 
USAID/Khariouni/ARC 
Social Science Research Workshop 
Adaptation of Plants to Soil Stress Workshop 
Rockefeller Foundation-Conference 

INTSORMIL Buy-Ins 

Year 
1991 
1992 
1990 
1992 

1990 
1991 
1992 
1993 
1992 
1992 
1993 

1988 
1991 

1993 

1989 
1992 

1986 
1989 
1990 
1990 
1990 

1989 
1986 
1991 

1991 

1990 
1990 
1990 
1990 
1991 
1992 
1993 

Life of 
Buy-In 

3 years 
5 years 
2 years 
2 years 

1 year 
1 year 
1year 
1year 
1year 
3 years 
3 years 

3 years 
I year 

2.5 years 

3years 
5 years 

4 years 
3years 
3years 
3years 
1year 

3 years 
5 years 
5 years 

3years 

5years 
I year 
I year 
I year 
I year 
1year 
I year 

Annual 
Amount 

10.300 
31,184 
19,000 
29,000 

111,395 
i20,000 
88,704 
88,704 
7,000 
9,260 

10,975 

8,333 
25,000 

11,000 

46,700 
70,000 

17,250 
14,667 
24,00 

43,000 
4,000 

50,000 
22,669 
24,356 

156.727 

1,280,400 
100,000 
35,860 
80,000 
31.600 
25,000 

6,500 

Total 
30,900 

155.920 
38,000 
40,000 

$764,320 

111,395 
120,000 
88,704 
88,704 

7,000 
27,780 
32,920 

$476,508 

25,000 
25,000 

$ 50,000 

$27,500 

140,000 
350,000 

$490,000 

69,000 
44,000 
72,000 

129,000 
4,000 

$318,000 

150,000 
113,345 
121,780 

$271,750 

$470,183 

6,402.039 
100,000 
35,860 
80,000 
31.600 
25,000 
6,500 

$7,151,182 

$ 16,770,969 
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23 

INTSORMIL Sponsored and Co-Sponsored Workshops 1979 - 1993
 

Name 

1. 	 International Short Course in Ilost Plant Resistance 
2. 	 INTSORMIL PI Conference 
3. 	 West Africa Fanning Systems 
4. 	 Sorghum Disease Short Course for Latin America 
5. 	 International Symposiwni on Sorghum Grain Quality 
6. 	 International Symposium on Food Quality 
7. 	 Agrimeteorology of Sorghun and Millet in the Semi-Arid Tropics 
8. 	 Latin America Sorghuni Quality Short Course 
9. 	 Sorghum Food Quality Workshop 
10. Sorghun Downy Mildew Workshop 

i1. Plant Pathology 

12. 	 Striga Workshop 
13. 	 INTSORMIL III Conference 
14. 	 INTSORMIL-ICRJSAT Plant Breeding Workshop 
15. 	 1lybrid Sorghum Seed Workshop 
16. 	 Stalk and Root Rots 
17. 	 Sorghwn in the '8Ms 
18. 	 Dominican Republic/Sorghun 
19. 	 Sorghum Production Systems in Latin America 
20. 	 INTISORMIL III Conference 
21. 	 Primer Seminario National Sobre Produccion y Utilizacion delSorgo 
22. 	 Ei:duating Sorghum for Al Toxicity in Tropical Soils of Latin America 

First Consultative and Review on Sorghum Research in the Philippines 
24. 	 INI'SORM IL Graduate Student Workshop and Tour 
25. 	 International Sorghum Entomology Workshop 
26. 	 INTSORMIL PIConference 
27. 	 Niger Prime Site Workshop 
28. 	 Sorghum Seed Production Workshop 
29. 	 International Millet Conference 
30. 	 Maicillos Criollos and Other Sorghum in Middle America Workshop 
31. 	 INTSORMIL P] Conference 
32. 	 2nd Global Conference on Sorghum/Millet Diseases 
33. 	 6th Annual CLAIS Meeting 
34. 	 International INTSORMIL Research Conference 
35. 	 INISORMIL Graduate Student Workshop and Tour 
36. 	 ARC/INTSORMII, Sorghumn/Millet Workshop 
37. 	 Workshop on Sorghum Nutritional Grain Quality 
38. 	 Sorghtun for the Future Workshop 
39. 	 INTSORMIL PI Conference 
40. 	 Social Science Research and the CRSPs 

Where When 

College Station, Texas 1979 
Lincoln, Nebraska 1/80 
West Lafayette, Indiana 5/80 
Mexico 3/81 
ICRISAT 10/81 
Hlyderabad, India 10/81 
ICRISAT 1982 
El Batan, Mexico 4/82 
El Batan, Mexico 4/82 
Corpus Christi, Texas 6/82 
CIMMYT 682 
Raleigh, North Carolina 8/82 
Scottsdale, Arizona 1/83 
CIMMYT 4/83 
Wad MeJani, Sudan 11/83 
Bellagio, Italy 11/83 
ICRISAT 1984 
Santo Domingo 1984 
CIMMYT 1984 
Scottsdale, Arizona 1/84 
Santo Domingo. Dominican Republic 2/84 
Cali, Colombia 4/84 
Los Banos, Philippines 6/84 
College Station, Texas 6/84 
College Station, Texas 7/84 
Lubbock, Texas 2/85 
Nianey, Niger 10/85 
CIMMYT 10/85 
ICRISAT 4/86 
Tegucigalpa, ilonduras 12/87 
Kansas City, Missouri 1/87 
Hlarare, Zimbabwe 3/88 
San Salvador, El Salvador 12/88 
Scottsdale, Arizona 1/89 
College Station, Texas 7/89 
Wad Medani, Sudan 11/89 
West Lafayette, Indiana 2/90 
Cali, Colombia 1/91 
Corpus Christi, Texas 7/91 
Lexington, KY 6/92 
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Acronyms
 

AAA/'FAA Amurican Anthropological Association/Society for Applied Anthropology
 

ABA Abscisic Acid
 

ADC's Advanced Developing Countries
 

ADIN All Disease and Insect Nursery
 

ADRA Adventist Development and Relief Agency
 

A.I.D Agency for International Development
 

AID/H Agency for International Development in Honduras
 

ALDEP Arable Lands Development Program
 

APHIS Animal and Plant Iealth Inspection Service, U.S.
 

ARC Agricultural Research Corporation, Sudan 

ARGN Antliracnose Resistant Germplasm Nursery 

ARS Agricultural Research Service 

ASA American Society of Agionomy 

ATIP Agricultural Technology Improvement Project 

BAMB Botswana Agricultural Marketing Board 

BIFADEC Boaid for Intemnalional Food and Agricultural Development and Economic Cooperation 

BFTC Btswaria Food Technology Centre 

CARE Cooperative for American Remittances to Europe, Inc. 

CARO Chie! Agricu!tural Research Officer 

CARS Central Agricultural Research Station, Kenya 

CATIE Centro Agron6mico Tropical do Investigaci6n y Enserianza, Costa Rica 

CEDA Centro do Ensehanza y Adiestramiento, SRN, Honduras 

CEDIA Agricultural Document and Information Center, Honduras 

CENTA Centro de Technologia do Agricola, El Salvador 

CGIAR Consultative Group on International Agricultural Research 

CIAB Agricultural Research Center of the Lowlands, Mexico 

CIDA Canadian International Development Agency 

CIAT International Center for Tropica! Agriculture, Colombia 

CILSS Interstate Committee to Combat Drought in the Sahel 

CIMAR Centro de Investigaci6n en Ciencias del Mar y Umnologia, Costa Rica 

CIMMYT International Maize and Wheat Improvement Center 

CIRAD Centre Internationa! en Recherche Agronomique pour le D~veloppement 

CLAIS Consejo Latin Americana do Investigadores en Sorgho 

CNPQ Conselo Nacional do Desenvolvimento Cientifico e Tecnologico 

CNRA National Center for Agricultural Research, Senegal 

CRSP Collaborative Research Support Program 

CSIR Couicil for Scientific and Industrial Research 
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CSIRO Commonwealth Scientific and Industrial Research Organization, Australia 

DAR Department of Agricultural Research, Botswana 

DR Dominican Republic 

DRI-Yoro Integrated Rural Development Project, Honduras-Switzerland 

EAP Escuela Agricola Panamencana, Honduras 

EARSAM East Africa Regional Sorghum and Millets 

EAVN Extended Anthracnose Virulence Nursery 

ECHO Educational Concerns for Hunger Organization 

EEC European Economic Community 

EEP External Evaluation Panel 

EIME Ensayo Internacional de los Maicillos Enanos 

ELISA Enzyme-linked Immunosorbent Assay 

EMBRAPA Empresa Brasileira de Pesquisa Agropecuaria, Brazil 

EMBRAPA-CNPMS EMBRAPA-Centro Nacional para Maize e Sorgo 

ENA National ,chool of Agriculture, Honduras 

EPIC Erosio;,i Productivity Impact Calculator 

ERS/IEC Economic Research Service/International Economic Development 

EZC Ecogeographic Zone Council 

DRA Division de laRecherche Agronomique, IER Mali 

FAO Food and Agriculture Organization of the United States 

FEDEARROZ Federaci6n Nacional de Arroceros de Colombia 

FENALCE Federacion Nacional de Cultivadores de Cereales 

FHIA Fundacion Hondurena de Investigacion Agricola, Honduras 

FPX Federation of Agricultural and Agro-Industrial Producers and Exporters 

FSR Farming Systems Research 

FSR/E Farming Systems Research/Extension 

GASGA Group for Assistance on Systems Relating to Grain after Harvept 

GMB Grain Marketing Board 

GOB Government of Botswana 

GOH Government of Honduras 

GTZ German Agency for Technical Cooperation 

HIAH Honduran Institute of Anthropology and History 

IAN Institute Agronomia Nacional, Paraguay 

IANR Institute of Agriculture and Natural Resources, University of Nebraska - Lincoln 

IARC International Agriculture Research Center 

IBSNAT International Benchmark Soils Network for Agrotechnology Transfer 

ICA Institute Colombiano Agropecuario/Colombian Agricultural Institute 

ICAR Indian Council of Agricultural Research 

ICARDA International Centre for Agricultural Research in the Dry Areas 

ICC International Association for Cereal Chemistry 
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ICRISAT International Crops Research Institute for the Semiarid Tropics 

ICTA Instituto de Ciencias yTechnologia Agricolas, Guatemala 

IDIAP Agricultural Research Institute of Panama 

IDIN International Disease and Insect Nursery 

IDRC International Development Research Center 

IER Institute of Rural Economy, Mali 

IFPRI International Food Policy Research Institute 

IFSAT International Food Sorghum Adaptation Trial 

IHAH Instituto Hondureno de Antxopologia e Historia 

IICA Instituto Interamericano de Cooperaci6n para la Agricultura 

IIMYT International Improved Maicillo Yield Trial 

IITA International Ins".'tute of Tropical Agriculture 

ILCA Instituto Interamericano de Cooperaci6n para la Agricultura 

INCAP Instituto de Nutricion de Centro America y Panama 

IN.ERA Institut d'Etudes et de Recherche Agricoles Agricultural Research Institute 

INFOP National Institute for Professional Development 

INIA Instituto Nacional de Investigacions Agricola, Mexico 

INIAP National Agricultural Research Institute. Ecuador 

INIPA National Agricultural Research Institute, 'eru 

INRAN Institute Nigerien du Recherche Agronomic, Niger 

INTSORMIL International Sorghum/Millet, Collaborative Research Support Program (CRSP) 

IPA Instituto de Pesquisas Agronomicas, Brazil 

IPIA International Programs inAgriculture, Purdue University 

IPM Integrated Pest Management 

IRAT Institute of Tropical Agriculture and Food Crop Research 

IRRI International Rice Research Institute, Philippines 

ISAVN International Sorghum Antnracnose Virulence Nursery 

ISC ICRISAT Sahelian Center 

ISRA Institute of Agricultural Research, Senegal 

ISVN International Sorghum Virus Nursery 

ITA Institut de Technoogie AJimentalre, Senegal 

ITAT International Tropical Adaptation Trials 

ITESM Monterrey Institute of Technology, Mexico 

ITVAN International Tall Variety Adaptation Nursery 

JCARD Joint Committee on Agricultural Research and Development 

KARl Kenya Agriculture Research Institute 

KIRDI Kenya Industrial Research and Development Institute 

KSU Kansas State University 

LASIP Latin American Sorghum Improvement Project, Mexico 

LDC Less Developed Country 
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LIDA Low Input Dryland Agriculture 

LIFE League for International Food Education 

LUPE Land Use and Productivity Enhancement 

LWMP Land and Water Management Project 

MAFES Mississippi Agricultural and Forestry Experiment Station 

MC Malcillc Criollo 

ME Management Entity 

MFC Mechanized Farming Corporation, Sudan 

MIAC MidAmerica Internatonal Aqricultural Consortium 

MIPH Honduran Integrated Pest Management Project 

MNR Ministry of Natural Resources, Honduras 

MOA Memorandum of Agreement 

MOA Ministry of Agriculture. Botswana 

MOALD Ministry of Agriculture and Livestock Development, Kenya 

MOU Memorandum ot Understanding 

MRN Ministerio de Recursos Naturales, Honduras 

MSU Mississippi State University 

NAARP Niger Applied Agricultural Research Project 

NARP National Agricultural Research Project 

NARS National Agricultural Research System 

NCRP Niger Cereals Research Project 

NGO Non-Government Organization 

NSF National Science Foundation 

NSP National Sorghum Program 

NSSL National Seed Storage Laboratory, Fort Collins, CO 

NU University of Nebraska 

OAS Organization of American States 

OAU Organization of African Unity 

OICD Office of International Cooperation and Development 

PCCMCA Programa Cooperativo Centroamericano para el Mejoramiento de Cultivos AlimenticIos 

PI Principal Investigator 

PL480 Public Law No. 480 

PRF Purdue Research Foundation 

PRIAG Regional Program to Strengthen Agronomical Research on Basic Grains in Central America 

PROMEC Program for Research on Mycotoxicology and Experimental Carcinogensis, South African Medical Research 
Council 

PSTC Program inScience &Technology Cooperation 

PVO Private Volunteer Organization 

RADRSN Regional Advanced Disease Resistance Screening Nursery 

RARSN Regional Anthracnose Resistance Screening Nursery 
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RFP Request for Proposals
 

RIIC 
 Rural Industry Innovation Centre, Botswana
 
ROCAFREMI 
 R~seau Ouest ot Centre Africain de Recherche sur le Md, Niger
 
RPDRSN Regional Preliminary Disease Resistance Screening Nursery
 
SACCAR 
 Southern African Centre for Cooperation in Agricultural Pesearch
 
SADC 
 Southern Africa Development Conference
 
SAFGRAD 
 Semi-Arid Food Grains Research and Development Project
 
SANREM Sustainable Agriculture and Natural Resource Management CRSP
 
SAT Semi-Arid Tropics 

SDM Sorghum Downy Mildew
 

SDMVN 
 Sorghum Downy Mildew Virulent Nursery 

SICNA Sorghum Improvement Conference of North America 
SIDA Swedish International Devlopment Agency 

SMIP Sorghum and Millet Improvement Program
 
SPARC 
 Strengthening Research Planning and Research on Commodities Project, Mali 
SRCVO Sc-tion of Food Crops Research, Mali
 
SRN 
 Secretaria de Recursos Naturales, Honduras 

TAES Texas Agricultural Experiment Station
 

TAMU 
 Texas A&M University
 

TARS 
 Tropical Agriculture Research Station 

TC Technical Committee 

TropSoils Tropical Soils Collaborative Research Program, CRSP
 
UANL Universidad Autonoma do Nuevo Leon, Mexico
 

UHSN Uniform Head Smut Nursery
 

UNILLANOS 
 Universidad Technologica do los Uanos 

UNL University of Nebraska- Uncoln 

USAID United States Agency for International Development 

USDA United States Department of Agriculture 
USDA/TARS United States Department of Agriculture/Tropical Agriculture Research Station 
VCG Vegetative Compatibility Group 

WASAT West African Semi-Arid Tropics 

WASIP West Africa Sorghum Improvement Program 

WSARP Western Sudan Agricultural Research Project 
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